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Knowing others is intelligence;
knowing yourself is true

wisdom. Mastering others is
strength; mastering yourself

is true power.
— Lao Tzu
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FOREWORD

As a foreword, I would like to express that the source of inspiration behind the crea-
tion of this book is Prof. K. Sambamurthy. He is among those pioneers who started the
Biotechnology Department in Andhra University, Visakhapatnam. He also held the most
coveted status of being the Emeritus Fellow, University Grants Commission, New Delhi.

His first book Pharmaceutical Engineering was a great success in India and abroad.
The great response from the students and professors encouraged him to initiate another
book on Pharmaceutical Biotechnology but unfortunately his sudden untimely demise
stopped the progress of the book half way through.

His dreams are being fulfilled by Prof. Asuthosh Kar who has taken a lot of trouble
and interest in the development and completion of the book.

My heart felt thanks and gratitude to Prof. Asuthosh Kar for making my husband’s
dream a reality.

I hope and believe that this book would be of great help to the students in the disci-
pline of pharmaceutical sciences.

Smt. K. Sambamurthy
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PREFACE

Biotechnology essentially and predominantly deals with the meticulous application of living
organisms or their corresponding products in a variety of large-scale industrial processes. Besides,
biotechnology is extremely multidisciplinary in nature ; it has its foundations and domain prominently
spread in a wide spectrum of fields, such as : pharmaceutical sciences, microbiology, biology, biochem-
istry, molecular biology, genetics, genomics, genetic engineering, chemistry, and chemical and process
engineering. Therefore, it may be genuinely and rightly regarded as a series of ‘enabling technologies’
embracing the practical application of host specific organisms and their respective cellular components
to either environmental management or to manufacturing and service industries.

Interestingly, from a historical aspect biotechnology could be regarded as a pragmatic, realistic,
and tangible strategy to an ‘art’ more than a ‘science’, which may be enormously exemplified and duly
expatiated in the commercial production of wines, beers, cheeses, and the like, whereby the modus
operandi of various techniques involved were well-known and reproducible, but the exact molecular
mechanisms were not known adequately. Nevertheless, at present biotechnology is passing through an
amazing growth phase whose ultimate destiny is not too far in sight. With the advent of major advances
in the better in-depth knowledge of ‘microbiology’ and ‘biochemistry’, these molecular mechanisms
(viz., processes) have been rendered more logically understandable.

Pharmaceutical Biotechnology, based entirely on modern biotechnological techniques, as to
date encompass a wider range of altogether newer medicinal compounds, e.g., antibiotics, vaccines, and
monclonal antibodies (MABs) that may now be produced commercially using well-defined, optimized,
and improved fermentative methodologies. In fact, genetic engineering has brought in a sea change by
virtue of the directed construction of microorganisms resulting in a plethora of newer life-saving drugs.

The present textbook on ‘Pharmaceutical Biotechnology’ is strictly developed, structured, ex-
panded, and expatiated along the guidelines provided by AICTE syllabus for B. Pharmacy–2000. It
essentially consists of five main chapters, namely : Immunology and Immunological Preparations ;
Genetic Recombination ; Antibiotics ; Microbial Transformations ; and Enzyme Immobilization.
In addition to this, there are five auxilliary chapters, namely : Advent of Biotechnology ; Biosensor
Technology ; Bioinformatics and Data Mining ; Regulatory Issues in Biotechnology ; and Safety
in Biotechnology, which have been duly included so as to stimulate the students’ interest and expand
their knowledge.

Each chapter has been carefully and adequately supported with a brief introductory note, fol-
lowed by theoretical aspects, graphics, neat well-labeled diagrams, explanations, discussions, and pro-
fusely supplemented with appropriate examples to make the relevance of each topic more comprehensi-
ble to the students of Pharmacy both in India and abroad.

It is earnestly believed that students, learning Pharmaceutical Biotechnology will certainly find
this text not only useful but also a good companion for further pursuit of higher knowledge. Besides,
research scientists, teachers, food technologists, industrial technical personnels, postgraduate students
involved in ‘industrial microbiology’ shall definitely be benefitted from this practical approach to the
broader horizons of biotechnology.

The authors solemnly believe that this modern, well documented, lucid and easy presentation of
topics contained in the textbook on ‘Pharmaceutical Biotechnology’ will prove to be of immense
value to students, teachers, and practising researchers.

K. SAMBAMURTHY

ASHUTOSH KAR
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1CHAPTER

IMMUNOLOGY AND IMMUNOLOGICAL
PREPARATIONS

1. INTRODUCTION

The ‘science of immunology’ virtually saw the light of the day through the earnest efforts of
Edward Jenner in 1798 who assumed to be true on the basis of reasoning that the value of ‘vaccination’
as a probable means of protection against the cowpox (vaccinia) ailment. In fact, it was Jenner who first
and foremost suggested the protective means of ‘vaccination’ with non-virulent cowpox against small-
pox infection. It is, however, pertinent to mention here that the science of immunology ultimately got its
legitimate recognition as a branch of knowledge requiring systematic study and method only in 1881
when the entire universe witnessed an epoch making spate of progress put forward by two eminent
scientists Louis Pasteur and Robert Koch. In reality, Pasteur’s development of a vaccine for anthrax
i.e., an acute infectious disease caused by Bacillus anthracis, using attenuated organisms was enor-
mously hailed by many scientists across the globe.

Elie Metchnikoff (1833)*, a noted Russian scientist spotted the pivoted role of phagocytes** in
causing immunity in the course of an extensive and intensive research due to infection of the popular
waterflea, Daphnia, by a specific fungus. Metchinkoff’s observations and findings put forward the well-
known phagocytic theory, which essentially postulated that the prevailing ‘inflammatory responses’ in
the human body were, in fact, the very outcome of numerous on-going cellular reactions instead of the
vasculogenic reactions as suggested earlier by Julius Cohnhein. In short, the preliminary as well as the
pioneering work of Metchinkoff not only proved adequately but also established the justified role of the
cellular substances present in the blood in accomplishing pathogenic microorganisms to a significant
extent.

Interestingly, Metchinkoff’s articulated concept and belief that ‘inflammation produced’ happen
to be a ‘protective’ rather than a ‘destructive’ phenomenon. As on date, it has been recognized beyond
any reasonable doubt that the phagocytic activity of human WBC designates the primary line of defence
against invasion on the body by a host of pathogenic organisms. Virchow and Pfeiffer vehemently
opposed Metchinkoff’s phagocytic theory based on their claim that the entire process caused solely due

* Metchinkoff E., (1893) : Comparative Pathology of Inflammation, Transl FA et. al., Trübner and Co., Lon-
don.

** A cell e.g. leukocyte or microphage having the ability to ingest and destroy particulate substances, such as :
bacteria, protozoa, cells and cell debris.
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to the action of antibodies, which they ultimately laid as the fundamental foundation of the very under-
standing of the ensuing immume bacteriolysis.

Salient Features of Metchnikoff’s Doctrine : The various salient features of Metchnikoff’s
doctrine are, namely :

(a) importance of activated microphage,

(b) latest concept that certain diseases are controlled by circulating antibodies,

(c) ‘phagocytes’ (specialized cells) active participation in causing protection against other preva-
lent diseases,

(d) ‘humoral antibodies’ responsible for the pathogenesis of autoimmune plus other immunogenic
ailments, and

(e) certain diseases are also produced by cell-mediated reactions.

Later on in 1890 Vohn Behring, duly recognized ‘antibodies’ present in serum to diphtheria
toxin. Denys and Leclef (1895) observed that phagocytosis invariably get enhanced by immunization to
a substantial extent. Bordet in 1899 observed that the lysis of cells by antibody essentially requires the
earnest cooperation of various serum factors that are now collectively known as ‘complement’.
Landsteiner in 1900, discovered the ABO antigens, a magnificent invention that eventually laid the
foundation stone of the ‘science of serology’. Richet and Portier (1902) introduced the terminology
‘anaphylaxis’ i.e., opposite of prophylaxis. In 1903, Almorth Wright based on the clue derived from the
‘humoral theory’ propounded another theory termed as the ‘theory of opsonization’ in relation to
opsonic activity to phagocytosis. In other words, it explains that antibodies as well as phagocytes are
equally important and necessary to cause infectious diseases, and supplement each other in the com-
plete eradication of pathogenic organisms. His remarkable research outputs conferred on him the
Noble Prize in 1908. Almost after a lapse of 22 long years, Zinsser (1925) put forward a well-defined
and explicite contrast between immediate and delayed-type hypersensitivity. Lastly, Heidelberger and
Kendall (1930-35) carried out an elaborated ‘precipitin* studies’ an antigen-antibody interactions.

2. PRINCIPLES

The ‘science of immunology’ categorically deals with the specific mechanisms by which the
living tissues invariably react to the so called foreign biological materials, such as : invading pathogenic
microorganisms, so that ultimately either immunity or resistance gets developed in vivo to combat the
dreadful diseases in the humans and animals. The credibility as well as the integrity of the defence
mechanism system of the host, and in turn its ability to undergo critical and specific reaction(s) thereby
counteract the possible invasion by microorganisms seems to be of prime and vital importance for the
ultimate survival of the individual.

Obviously, the ‘foreign biological materials’ quite often gain entry into a living body through
such barriers as : hair, skin or ruptured spaces. Consequently, the innate immune mechanisms of the
body trigers its action to offer adequate protection required spontaneously, which is actually carried out
by WBC or leucocytes. It has been duly observed that this particular mechanism is absolutely insuffi-
cient to afford full protection in most of the instances commonly encountered ; and, therefore, the body
does respond through an immune system.

* An antibody formed in the blood serum of an animal owing to the presence of a soluble antigen, usually a
protein. When added to a solution of the antigen, it brings about precipitation. The injected protein is known
as antigen, and the antibody produced is the precipitin.
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In fact, the entire prevailing ‘immune system’ is essentially made up of cells and macromolecules
that usually give rise to a rather complex network of cellular and molecular interactions so designed to
negate the adverse effect caused by microorganisms and parasites. In other words, one may explain this
intricate immune response as a mechanism explicitely exhibited either by humans or higher organisms,
whereby a very critical as well as specific response is invariably drawn out against the probable inva-
sion of well-defined pathogenic microorganisms and other foreign substances. Besides, it may also be
regarded as a ‘specific physiological response’ which protects human beings against a plethora of dreadful
diseases. Interestingly, the ensuing immune response is appreciably signified by memory, specificity
and above all the capability to differentiate between ‘self’ from ‘non-self’ at the molecular level even.

3. ANTIGENS AND HAPTENS

The two terminologies viz., antigens and haptens are intimately associated with immunology ;
and, hence one may understand and have a clear concept about them as far as possible.

3.1. Antigens

An antigen is either a cell or molecule which will bind with preexiting antibody but will not
definitely cause induction of antibody production.

Antigen may also be defined as — ‘a macromolecular entity that essentially elicits an immune
response via the formation of specific antibodies in the body of the host’.

In a broader perspective the antigen (or immunogen*) is invariably regarded as the afferent
branch of the prevailing immune system, as illustrated in Fig. 1.1 below, and is any cell or molecule
which would provoke an immune response** very much in an immunologically viable and competent
individual. Generally, immunogens (antigens) must fulfil the following two cardinal characteristic fea-
tures, namely :

(a) should be larger than 2000 in molecular weight, e.g., protein, glycoprotein and carbohy-
drates, and

(b) must be absolutely foreign to the individual into whom they have been introduced appropri-
ately.

Fig. 1.1. Immune Mechanism.

* Sometimes, the term antigen is used synonymously with immunogen, although this usage is incorrect.

** Production of antibodies and/or sensitization of lymphoid cells.
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Example : The most befitting example of an ‘antigen’ is ones own erythrocytes (WBC). Be-
cause, they will not induce antibody formation in oneself but will definitely react with an antibody
essentially contained in an improperly matched blood transfusion.

It is, however, pertinent to state here that quite often an antigen is a protein, but it could also be
a polysaccharide or nucleic acid or any other substance. Importantly, it may also be possible that a
foreign substance (e.g., protein)-not necessarily belonging to a pathogenic microorganism, may act as
an antigen so that on being injected into a host, it may induce antibody formation. Besides, they may
turn out to be antigenic and thereby cause stimulation of antibody production, incase they are intimately
and lightly get bound to certain macromolecules, for instance : proteins, carbohydrates and nucleic
acids.

3.2. Haptens

In usual practice, the relatively smaller, less rigid or rather less complex molecules usually are
not immunogenetic in their purest form, but may be made so by simply linking them strategically to
either larger or more complex structures. Consequently, the smaller molecules are invariably termed as
haptens ; whereas, the larger molecules or cells are known as carriers.

Hapten may also be defined—‘as a substance that normally does not act as an antigen or stimu-
late an immune response but that can be combined with an antigen and, at a later time, initiate a
specific antibody response on its own’.

Furthermore, small molecules (micromolecular), such as : drug substances, that may serve as
‘haptens’ and can normally be made antigenic by coupling them chemically to a macromolecular
substance e.g., protein, polysaccharide, carbohydrate etc. The hapten is obtained from a non-antigenic
compound (micromolecule) e.g., morphine, carteolol etc., which is ultimately conjugated*, covalently
to a carrier* macromolecule to render it antigenic.

Morphine should be first converted to the corresponding 3-o-carboxymethyl derivative prior to
carbodiimides (CCD) coupling with albumin to provide a functional coupling moiety in the hapten.

Another glaring example is of gastrin (hapten) which is duly coupled to albumin (i.e., protein-
carrier) by treatment with carbodiimides (CCD), which couple functional carboxyl, amino, alcohol,
phosphate or thiol moieties.

Importantly, the hapten-conjugate thus obtained is normally subjected to emulsification in a
highly refined ‘mineral oil’ preparation containing-killed Mycobacterium (Complete Freund’s

* Conjugate : The combined ‘hapten’ and ‘carrier’.

** Carrier : A protein, polypeptide, or inert matrix that is coupled to the hapten to form an antigen.
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Adjivant*), and subsequently injected intradermally either in healthy rabbits or guinea pigs on several
occassions at intervals. Evidently, the serum antibody should have not only high degree of specificity but
also a reasonably strong affinity for the prevailing antigens.

It has been observed that a relatively large variety of low molecular-weight chemical substances
may cater for as allergenic haptens (partial immunogens) and induce allergy after combining covalently
with an appropriate protein carrier. On one hand this serves as a vital and important phenomenon spe-
cifically in drug allergy ; however, the most widely found ‘environmental allergens’. Perhaps the most
notable exception in the instance of common allergic contact dermatitis produced by a variety of plants,
drugs, clothing additives and other similar substances.

Examples : (a) Urshiols : The allergenic constituents i.e., the oleoresin fraction, derivatives of
pentadecycatechol or heptadecylcatechol, that are solely responsible for causing contact dermatitis in
North America usually belong to the natural order Anacardiaceae, the genus Toxicodendron (Rhus),
and quite often include oak, sumac and poison ivy.

(b) Several plants which essentially belong to the natural order compositae viz., ragweeds, also
responsible for causing contact dermatitis, and the allergens have been duly isolated and characterized
as sesquiterpinoid lactones.

4. IMMUNE SYSTEMS

Immunology, the generation of an immune response or the defence mechanism exclusively
depends upon the interaction of the three most vital components of the immune mechanism, namely :
(a) immunogen stimulation ; (b) humoral immune system ; and (c) cellular immune system. Since 1901
and 1984 an enormous and substantial research inputs, were made by various scientists across the globe
which have enabled the inhabitants of the world to lead a better and safer quality of life through the
evolution of ‘immunotechnology’ i.e., conglomeration of various immune systems. During the said
long period (1901-1984) the wonderful findings of scientists and researchers not only brought them
wide recognition through most coveted Noble Prizes but also paved the way towards the introduction of
remarkable and most trustworthy remedies for complicated not-so-easy diseases of the present day.

It would be worthwhile to make a brief and comprehensive illustration of some of these meaning-
ful contributions in a chronological manner as stated below :

•  Emil von Behring (1901) : Awarded with Noble Prize for his interesting discovery that quite a
few diseases are caused due to the expression of toxins, which he demonstrated by inoculating healthy
animals with diphtheria tetanus toxins to generate antitoxins.

•  Jules Bordet (1919) : Bagged the Nobel Prize for proving that erythrocytes may be haemolyzed
with particular antibody and complement accordingly. His work further demonstrated quite successfully
the strategical involvement of certain biological processes taking place in vivo, namely : bacterial ag-
glutination**, neutralization of the precipitin reaction, and complementary mediated immune
haemolysis.

* [Jules Thomas Freund, Hungarian-born US immunologist 1890-1960] A mixture of killed microorganisms,
usually mycobacteria, in an oil and water emulsion. The material is adiministered to induce antibody forma-
tion. Because the oil retards absorption of the mixture, the antibody response is much greater than if the
killed microorganisms were administered alone.

** A type of antigen-antibody reaction in which a solid antigen clumps together with a soluble antibody. It
requires a cell with antigenic markers close to the surface, available for interaction with the antibody. The
term often refers to laboratory tests and to transfusion reactions in which antibodies attach the antigens on
RBC of a different blood type.
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•  Karl Landsteiner (1930) : Became the Nobel Laureate for his epoch making findings for a
deeper and vivid immunological concepts with regard to the discovery of blood group antigens i.e., A-
B-O blood groups, that was eventually used for successful transfusions in humans.

•  Ehrlich’s Selection Theory : It is directly associated with antibody production, and it was
amply revealed that during the intricate phenomenon of acquiring ‘immunity’, the critical substances
that are exclusively responsible for the fine specificity of recognition were revealed to be the globular
proteins that are strategically located in the γ-fraction of blood serum.Subsequently, Landsteiner ex-
perimentally demonstrated the aforesaid theory to be ‘false’, based on blood transfusions. In other words,
Ehrlich failed to substantiate his assumption that traces of each individual kind of antibody are carried
out in the organism specifically ; whereas, Landsteiner adequately proved that antibodies may only be
generated under the influence of foreign substances, i.e., via an instructive process.

•  Linus Pauling’s Instructive Theory (1940s) : Pauling was pioneer in assigning a ‘helical
structure’ to the protein molecules ; and, soon after proposed the instructive theory. He even went a
step ahead and postulated a ‘template theory’ particularly for the synthesis of antibody molecules that
could have a relativeily broad range of diversity in shapes. However, at a later stage a renowned immu-
nologist Sir Macfarlane Burnet heavily criticized the ‘template theory’ on logical grounds.

•  Natural Selection Theory (1955) : Niels Kaj Jerne put forward the ‘natural selection theory’
for the production of antibody. In fact, his proposed theorization revolves round his logical explanation
that — ‘the antigen neither serves as a template nor as an enzyme modifier’. In other words, the antigen
is exclusively a highly selection carrier closely associated with a spontaneously circulating antibody to
a ‘system of cells’ that is capable of reproducing this antibody. It has been duly observed that globulins*
are being synthesized in a large variant of different configuration. At this juncture the introduction of an
antigen into the blood stream essentially gives rise to the selective attachment onto the surface of the
antigen only such globulin molecules that should exhibit a complementary configuration. In short, Niels
Kaj Jarne brought back a new lease of life to the ‘Ehrlich’s Selection Theory’ almost after a long gap
of six decades.

•  Clonal Selection Theory : Burnet in 1957, put forward clonal selection theory with regard to
‘antibody formation’ that vehemently offered a positive clue that each cell following an usual contact
with an antigen yields a clone** of cells that would be exclusively engaged in the production of anti-
body of a particular kind. Importantly, Burnet’s theory suggests two responses taking place, namely :
primary and secondary, of which the latter one seems to be more powerful by virtue of the fact that
‘antigenic memory ultimately gives rise to colossal clonal expansion in an extraordinarily rapid man-
ner in the course of subsequent exposure to antigen. Hence, the said theory has not only been accepted
across the globe but also attracted enormous glory, fame and recognition which enabled Burnet to bag
the Nobel Prize in 1960 (also shared by Sir Peter Medawar).

It is, however, pertinent to mention here that Niel’s Kaj Jerne also overwhelmingly was honoured
with the Nobel Prize in 1984 i.e., almost after a gap of 24 long years for his ever enlightening and
wonderful discovery of the following two aspects in the immunological concepts, namely :

* One of a group of simple proteins insoluble in pure water but soluble in neutral solutions of salts of strong
acids e.g., serum globulin, fibrinogen, and lactoglobulin.

** A group of organisms or cells produced asexually from one ancestor.
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(a) clonal expansion concept, and

(b) evaluation of idiotype* network in regulatory mechanism of immune responses.

•  Rodney R Porter and Gerald M Edelman (1972) : The pioneering discovery made by Porter
and Edelman with regard to the elucidation of the structure of antibody molecule, which is extremely
vital and important in the elaborated study of antigen-antibody interactions, helped them to be hon-
oured with the most coveted and prestigeous Nobel Prize in 1972. Importantly, their findings not only
proved but also established the most glaring fact that the four polypeptide chains comprising of each
immunoglobulin molecule may be enzytmetically cleaved into three distinct segments, such as : two
antibody fragements (Fab) ; and one crystalline fragment (Fc).

•  Wu and Kabat’s Observations : In 1970, these researchers adequately demonstrated the pres-
ence of specific ‘hypervariable regions’ strategically located on the ‘antibody molecule’. These criti-
cal observations, in fact, virtually paved the way towards the rapid and tremendous progress in the field
of immunology ; and, therefore, legitimately caused a geometrical development equally stretched over
the two most virulant segments of medicine as well as modern biology, for instance : organ and tissue
transplantation, vaccinology, and molecular biology.

•  Identification of HLA-Complex : The structure and eventually the specialized role and func-
tions of the human leucocyte antigens (HLA) complex were scientifically revealed by Snell, Dausset
and Benacerraf in late seventies earned them the Nobel Prize in 1980.

•  Somatic Hybridization : The ever sensational production of immunologically homogeneous
monoclonal antibodies was accomplished through a wonderful major historical breakthrough by two
immunologists : George Kohler and Ceasar Milstein in the year 1975, which bagged them the Nobel
Prize in 1982.

•  S. Tonegawa’s Immunoglobulin Gene Rearrangement : The evolution of somatic recombi-
nation theory logistically suggesting the individual coding in fragments of the ensuing variable and
constant regions that are ultimately ressembled to generate an enormous quantum of binding sites ;
and, therefore, various binding sites may be adequately obtained due to the different combinations and
permutations of relatively lighter and heavier chains. At this material time Tonegawa’s remarkable
epoch making discovery of the most plausible mechanism of shuffling of several gene segments in the
plasma cells (i.e., antibody secreting cells) producing a huge variety of antiody molecules. In short,
Tonegawa’s spectacular and superb scientific observations on the immunoglobulin gene rearrangement
made an appreciable contribution both in the fields of immunology and molecular biology. Tonegawa
was rightfully awarded with the prestigious Nobel Prize in the year 1987.

In a nut-shell, one may interestingly observe and access the tremendous sea-change in the most
scientific and logistic progress and development during the period 1901-1987 and even after that in the
fields of immunology and molecular biology which, of course, have enormously improved upon the
quality of life of humans across the globe irrespective of their caste and creed.

However, the ‘immune systems’ may be viewed from the following two aspects critically, such
as :

(a) Manipulation of immune system, and

(b) Types of immunity.

* In immunology, the set of antigenic determinants (idiotopes) on an antibody that make that antibody unique.
It is associated with the amino acids of immunoglobulin light and heavy chains.



8 PHARMACEUTICAL BIOTECHNOLOGY

4.1. Manipulation of Immune Systems

The ‘immune system’ or the ‘immune defence mechanism’ in an individual person may be sub-
jected to a wide spectrum of articulated well-planned manipulation against a host of dreadful and even
fatal infectious diseases, caused by highly dangerous and most pathogenic microorganisms, such as :
cholera, polio, chicken-pox, small-pox, diphtheria, measles, whooping cough, Hongkong Flu, anthrax,
jaundice, hepatitis A, B and C and the like by immunization squarely and effectively. The underlying
principle of immunization is solely based on injecting an individual subject with an appropriate dosage
with a sterilized and pre-tested/evaluated preparation of a pathogenic microorganism (disease-causing
microorganism) that has been rendered harmless absolutely.

It has been duly proved and established beyond any reasonable doubt that immune system pre-
dominantly and essentially possess two extremely special characteristic features which not only enable
the body in preventing the individual from the dreadful infection but also ensure that he must not suffer
from the same infection once again i.e., one normally suffers from certain infectious ailments only once
in one’s life-time (small-pox, measles etc.,). Interestingly, the said two special characteristic features are,
namely : (a) Memory : and (b) adaptibility.

More explicitely one may understand that the very first encounter of an infections agent, the
body starts to learn whether it is either a foreign entity or a nonself entity : and subsequently gets adapted
to fight back the caused infection (MEMORY). But, the same individual on being exposed to the infect-
ing agent, the body in turn exhibits a substantially increased agent, the body in turn exhibits a substan-
tially increased immune response that is actually dependent on the earlier encounter. In the science of
immunology these are invariably termed as primary and secondary immune responses. Consequently,
as a fundamental characteristic features one may proclaim that the immune system has acquired ad-
equate adaptibility.

4.2. Types of Immunity

The various types of immunity that are commonly identified, characterized and studied at length
are as stated below :

(i) Humoral Immunity
(ii) Cell-mediated Immunity,

(iii) Innate (or Natural Immunity),

(iv) Acquired Immunity, and
(v) Non-specific Immunity.
These different types of immunities shall now be treated individually in the sections that follows :

4.2.1. Humoral Immunity

Antibodies are immunoglobulin (Ig) molecules (e.g., serum proteins) and they are usually com-
prised of several categories designated as IgA, IgD, IgE, IgG, and IgM respectively. However, it is pertinent
to state here that each category essentially possesses certain specific characteristic features, such as :
size, carbohydrate content, electrophoretic-migration velocity, quantum of antigen-combining sites, im-
munological response, and immunological objective.

Examples :

(a) IgM : Almost always enjoys the reputation of being the first class of antibody generated
invariably in most humoral responses but normally gets switched over to the corresponding
IgA, IgE, or IgG at the very early stage in the immune response.
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(b) IgG : Most versatile important and abundantly available class of antibodies taking part in
largest humoral immune reactions. Besides, it happens to cross the placenta thereby pro-
viding a newly born baby absolute temporary immunity against whatever immunogens the
mother has earlier against IgG.

(c) IgA : Antibodies are invariably found in a plethora of such secretions as : tears, saliva and
mucous membranes. These are quite frequently termed as our first-line-of-defense mecha-
nism by virtue of the fact that most bacteria, viruses and fungi that eventually gain entry
into the body do cross a mucous membrane.

(d) IgE : Antibodies are equally important in our body’s defense against the parasitic worm
infections specifically. Prominently and predominantly several allergic manifestations give
rise to the release of histamines e.g., allergy due to pollens, house dust, dust mite, human
hair, food allergens etc., which in turn afford the apparent discomforts resulting into extrin-
sic asthma, hay fever, or hives, or excessive sneezing (during changes of season due to
pollens in the air).

(e) Antibodies normally serve as surface receptors strategically located on certain
immunologically active cells so as to enable them to bind immunogen.

Importantly, the different types of cells or entities that are held responsible for contributing im-
mensely to the humoral immunity are as follows :

(i) B Lymphocytes (or B Cells),

(ii) Immunodominant peptides (IDPs),

(iii) Antigen-presenting cell (APC),

(iv) T Cell subsets

(v) Class II MHC (major histocompatibility complex) proteins.

It would be worthwhile to have a closer and detailed description and functionalities of each of the
cell or entity cited above in the selections that follows :

4.2.1.1. B Lymphocytes [or B cells]

The B lymphocytes or B cells are so named because they were first and foremost found in the
Bursa* of Fabricius of birds. It has been observed that in ‘birds’ the multipotent stem cells actually
originate in the bone marrow usually migrate to the bursa, and here they virtually get differentiated into
specific antibody synthesizing cells. In fact, antibody molecules are normally generated by the plasma
cells which are vividly differentiated from B cells. It has been found that B cells are concentrated in
various parts of the body, such as : spleen, mucous-associated lymphoid tissue, and regional lymph
nodes, where they actually await contact by the foreign epitopes** which promptly initiate the process
of conversion into the plasma cells.

Interestingly, the characteristic features of B cells may be enumerated as stated below :

1. B cells possess essentially surface immunoglobulins (sIgs) plus a number of receptors.

2. The sIg form an integral part of B cells ; and, therefore, act as receptor for antigens.

* A padlike sae or cavity found in connective tissue usually in the vicinity of joints.

** Any component of an antigen molecule that functions as an antigen determinant by permitting the attach-
ment certain antibodies. (Syn : Antigenic determinant).
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3. B cells may also have immunoglobulines (Ig) in their cytoplasm.

4. Intially, when B cells are ‘immature’, sIg molecules which are exhibited specially belong to
IgM category that do not cross link with other IgMs.

5. IgD molecules appear prominently on the surface showing extremely high levels with B cell
marching ahead to its developmental pathway.

6. Activation of B cell initiates loss of IgDs together with other receptors appearing in the
membrane that eventually enhance the phenomenon of activation.

7. B cells may undergo activation by the aid of lipopolysaccharide preparations from Gram-
negative organisms e.g., E. coli, Salmonlla. Besides, activation may be followed by the ap-
pearance of a plethora of surface receptors for Igs, ocystalline fragment (Fc) component of
heavy Ig chain, and also for Epstein-Barr virus*.

8. Antigen critically trigers selection of an appropriate antibody-producing cell and this selec-
tion is exclusively based upon the surface receptors.

9. Receptors which are found to be absolutely specific for an antigenic determinant not only
provoke but also interact with B cells to initiate strategic proliferation and generate a clone
of blast cells**, most of which are capable of giving rise to the same antibody.

10. A portion of the prevailing blast cells get segregated and pass into the plasma cells (i.e.,
antibody secreting cells), while others do remain behind in lymphoid tissue in the form of
memory cells.

11. B cell is characterized by a genetic composition which enables it to produce only one
specificity of antibody ; and this is accomplished via random rearrangment of genes which
essentially control and monitor both gross and minute antibody structure.

12. B cells are produced continuously in vivo throughout life since the life-span of a mature B
cell is only a few days unless contacted by the immunogen for that it remains specific.

4.2.1.2. Immunodominant Peptides (IDPs)

It is, however, an universal truth that ‘antibody production’ invariably takes place through the
earnest cooperation and interaction of various types of cells. It has been duly observed that either
macrophages*** or other cells having identical lineage encounter predominantly the extracellular foreign
immunogen present in the blood or lympth, undergoes phagocytocis, and ultimately meets complete
destruction. Importantly, in the course of the ‘phagocytic phenomenon’ the ensuing macrophase criti-
cally identifies and recognizes epitope structures present on the immunogen, and notably protects
them in the shape of short peptide chains having 10-18 amino acid lengths that are usually referred to as
immunodominant peptides (IDPs).

* A member of the herpes virus family, discovered in 1964. It is one of the causes of infections mononucleogis.

** The most popular tool for searching sequence databases is a package called BLAST (basic local alignment
sequence tool).

*** A monocyte that has left the circulation and settled and matured in a tissue. Macrophages are found in
abundance in spleen, lymphnodes, alveoli and tonsils. [Syn : Macrophagus]
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4.2.1.3. Antigen-Presenting Cell (APC)

The antigen has to be presented correctly and precisely onto the surface of an antigen-present-
ing cell (APC) which is normally a macrophage, or similar cell. Most commonly the antigen is pre-
sented in association with self Ia molecules duly coded by MHC-genes.

4.2.1.4. T Cell Subsets

T Cells or thymus-derived T lymphocytes do play extremely vital and equally important roles
in the domain of immune response mechanism, particularly in the cell-mediated immunity (CMI). In
true sense, the different types of immunological functionalities mediated by them usually fall under two
distinct categories, namely : (a) effector responses ; and (b) regulatory responses.

Examples of Effector Functions (Responses) : The various types of effector functions are as
stated under :

(i) tuberculin reaction (or delayed hypersensitivity response),

(ii) destruction of tissue grafts, and

(iii) lymphokines vis-a-vis their ability to perform ‘killer functions’ of other cells due to the
secretion of soluble chemical mediators,

Example of Regulatory Function (Response) : The essential kind of regulatory function in-
volves their close cooperation with B cells to give rise to the formation of antibodies. Explicitely and
precisely but for their excellent mutual cooperation, a good number of antigens would have not suc-
ceeded in the induction of antibody formation in animals.

T cells, in general, possess a host of ‘subpopulations’ that essentially contribute remarkable,
explicit and above all an excellent array of immune responses, for instance : cytotoxicity, killer proper-
ties and significant suppression.

Emergence : The ‘thymus’ is the focal point wherein the actual emergence of pre-T cells invari-
ably commence and undergo massive proliferation and differentiation to get converted into
immunocomplement T cells. Consequently, the resulting cells undergo migration right into the blood
stream and along with B cells help to populate the prevailing secondary lymphoid organs. T cells get
matured in thymus, migrate to the peripheral regions of thymus, and ultimately to spleen where they
are subjected to further stage of maturation thereby yielding a variety of T cell subsets.

Kinds of T Cell Subjects : There are in all four kinds of T cell subsets that have been duly
identified based on their surface markers, namely :

(a) T helper cells (TH cells or CD4 cell) :

An appropriate TH cell is one that essentially possesses a good number of surface receptors
arranged in a series and are capable of interacting with the class II major histocompatibility* complex
[or class II MHC] of the APC, and also specific for the epitopes present on the IDP. Besides, the T cell
receptor series prominently comprises of T cell receptors (TcRs) that are found to be quite specific for :

the prevailing foreign epitopes on the IDP,

CD4 (T4) receptors that essentially interact with class II MHC structures,

CD28—which being a costimulatory structure, and

CD3—surface molecules that predominantly cater for a possible communication linkage
between TCR, CD4, and the cytoplasm of the TH cell.

* The quality of certain tissues that have antigens of the same human leukocyte antigens (HLA) complex ;
and, therefore, will not cause an immunological response if transplanted from one individual to another.
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Interestingly, the prevailing interaction betweem the APC and TH cells gives rise to the secretion
APC yielding a cytokine termed as interleukin-1 (IL-1), which prominently aids to activate the TH cell.
Furthermore, the activated TH cell subsequently gives rise to another cytokine known as interleukin-2
(IL-2), that eventually acts as an autocrine* there by raising the TH cell to a relatively higher peak of
metabolic activity and also inducing TH cell proliferation. In actual reality, the ensuing activated and
duplicated TH cells adequately generate more IL-2 and do help in the production of IL-4, IL-6, IL-13 in
addition to quite a few other molecules, including CD4OL, which activate suitable B cells in a concerted
manner.

Two subsets of T helper cells (TH) [CF4+] (Th1 and Th2) :

The T helper cells (TH) are of two types, namely : (a) Th1 cells ; and (b) Th 2 cells which would
be discussed separately at length as under :

1. Th 1 cells : It is, however, pertinent to state here that since the remarkable discovery of subsets
of T helper cells i.e., Th 1 and Th 2, gained wide recognition and acceptance for the first time in 1986,
a tremendous and copious volume of work has been duly accomplished and concepts with newer ideas
conceived.

Salient features of Th 1 cells : The various salient features of these cells are as follows :

(i) They activate macrophages,

(ii) Their clones specifically give rise to interleukin (IL-2), interferon (IFN-γ), and tumour necrosis
factor (TNF-β),

(iii) They produce strong delayed-type hypersensitivity reaction (DTH-reaction),

(iv) They invariably generate cytokines for its own proliferation e.g., autocrine growth factor
IL-2 for Th 1, and

(v) They produce cytokines which cross-regulates each other’s development and activity viz.,
IL-4 and IL-10 suppressing Th 1.

2. Th 2 cells : The salient features of Th 2 cells are as enumerated below :

(i) Their clones give rise to IL-3, IL-4, IL-5, IL-10 and IL-13. However, it was earlier believed
that IL-10 to be the product of Th 2, and later on it was demonstrated to be the product of
both Th 1 and Th 2.

(ii) They generate weak DTH reaction involving relatively higher level of ‘antibody production’.

(iii) They product cytokines for its own proliferation viz., autocrine growth factor IL-4 for Th 2.

(iv) They also produce cytokines, which essentially cross-regulate each other’s development and
activity e.g., IFN-γ suppressing Th 2.

In general, leishmaniasis**, is found to be a ‘model’ for the functional dichotomy of helper
T-cells, whereby Th 1 associated with resistance and Th 2 with succeptibility of this ailment.

(b) Cytotoxic T cells [CTLs or Tc] : These represent a subset of T cells that essentially act as
‘killer cells’ and are strategically located in the human peripheral blood. In fact, they kill the cells which
are invariably infected either with a virus or any other pathogenic (i.e., disease producing) microorgan-
isms. CTLs are also termed as effector T cells, or CD8 cells. Since the Tc cells are recruited to an area
infested with viral infection, growing tumour, or foreign organ (i.e., transplanted organ like kidney) ;

* The secretion of a cell that acts to influence only its own growth.

** A spectrum of disease caused by Leishmania species e.g., kala azar.
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and those with TCRs specific for the epitopes of the target shall eventually get bound to the ‘target cell’
which specifically exhibits either the foreign tumour or virus epitopes in perfect harmony with its class I
MHC surface structures. Interestingly, this usually affords an activation of the IL-2 receptors upon the
recruited as well as attached Tc cells. As a result the ensuing IL-2 generated by the TH cells activates,
proliferates, and also differentiates TC cells, thereby enabling their conversion to the corresponding
CTL cells ; and, therefore, causing an effective initiation of the ‘effector phase’ of the prevailing
immune response mechanism to a considerable extent.

(c) Supperssor-inducer T cells [Ts] : These cells are believed to serve as suppresor of helper
T cells (TH) on one hand and in turn cause inhibition of the B cells to generate antibodies significantly.
They are essentially found to bear CV8 markers.

(d) Delayed Hypersensitivity T cells [TDH] : It has been recently demonstrated and advocated
that the delayed hypersensitivity cells (TDH) essentially form an integral part of a subset of T cells that
have been shown to take part actively in delayed hypersensitivity reactions.

The following two Figs. 1.2 and 1.3 evidently illustrate the development of T cells before they
are actually exposed to the antigen, and the subsets of T cells that actively participate in the regulatory
immune response mechanism respectively.

T HELPER CELL [T ]H

T SUPPRESSOR CELL [T ]S

T CYTOTOXIC CELL [T ]C

T DELAYED HYPER
SENSITIVITY CELL [T ]DH

THYMUSPRE-T CELLMULTIPOTENT STEM CELLS

Fig. 1.2. Development of T cells Prior to their Exposure to Antigen.

Explanation of Fig. 1.2 : A situation when the T cells are under the process of ‘differentiation’
and ‘proliferation’ in the thymus, these are invariably termed as thymocytes*. Subsequently, these
thermocytes eventually emerge as completely differentiated and fully distinguishable T cells, that
essentially undergo clonal expansion on being subjected to interaction with the ensuing antigen, such
as : TH ; TS ; TC ; and TDH.

Explanation of Fig. 1.3 : It vividly illustrates the various emerging subsets of T cells that actu-
ally take part in the regulatory immune response mechanism thereby giving rise to TS (suppressor T
cell), B lymphocyte (B cell), TC (cytotoxic T cell), and macrophage respectively. The ‘arrrows’ indi-
cated here designate the activating signals explicitely and squarely.

* A cell in the thymus that migrated there as a prothymocyte from the bone marrow. Thymocytes usually
mature as they develop, and some of them leave the thymus to become various types of T lymphocytes.
[T cells].
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Fig. 1.4 : Designates the two typical kinds of helper T cells e.g., Th 1 and Th 2, respresenting
explicitely the molecules secreted by them, their effector functions together with other similar interac-
tions.

Fig. 1.3. Subsets of T cells Participating in Regulatory Immune Response Mechanism.

Fig. 1.4. Molecules Secreted by Th 1 and Th 2 cells ; Effector Functions and Interactions.
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* A large tissue cell resembling basophil that does not circulate in the blood. It contains hydrolylic enzymes.

** Diseases produced when the body’s normal tolerance of its own antigenic markers on cells disappears.

Effector Functions of Th 1 and Th 2

It has been adequately established and proved beyond any reasonable doubt that Th 1 cells are
both essentially and primarily responsible for the cell-mediated immunity (CMI). In other words, ac-
quiring a strong level of delayed-type hypersensitivity (DTH) (i.e., killing through phagocytosing the
antigen containing cells e.g., viruses loaded cells. Likewise, Th 2 are specifically and solely engaged in
the humoral immunity (HI) ; or distinctly possessing weak DTH (i.e., they profusely help both B cells
and other cells in generating antibodies adequately. Based on the fact that IFN-γ, usually released by
Th 1 cells, causes induction and subsequent conversion of B cells to a good number of IgG isotypes
have undoubtedly raised doubt upon the integrity of the aforesaid classification linked to their effector
functions. In order to get rid of such an ambiguity the effector functions of Th 1 and Th 2 logically may
be classified exclusively based on the observed ‘biological activities’ of the cytokines produced by
them.

Examples :

Principal cytokine of Th 1 being IFN-γ : It plays two vital roles :

(a) activation of microphages for microbicidal action, and

(b) stimulation for the production of IgG antibodies.

Principal cytokines of Th 2 being IL-4 and IL-5 :

(a) IL-4 : causes induction of B-cell switching to IgE production, and

(b) IL-5 : causes activation of eosinophils ; and both IgE and eosinophil mediated defense is very
vital for eliminating certain, but not all helminths.

Th1 and Th 2 [Subsets of CD4+ helper T-cells] and Diseases

The Th 1 and Th 2 helper cells have been observed to be intimately linked with several dreadful
ailments. Evidently, it is on account of the critical indulgence by each separate cytokines that are associ-
ated with the management and control of serious pathological immune responses. A few such infec-
tious diseases are, namely : (a) leischmaniasis ; (b) allergic disease conditions (which involves mast-
cells* and IgE ; and also autoimmune diseases.**

Importantly, one is loaded with so much solid evidences to suggest that modulation of Th1/Th2
equilibriation by the adequate and timely administration of either recombinant cytokines or cytokine
antagonists helps to change the flare up and intensity of the disease.

Examples :

(a) IL-12 : When given at the time of infection usually increases significant resistance to a host
of several intracellular pathogens, such as : protozoa, viruses, fungi, and microorganisms.

(b) IL-12 : May also be indicated for the effective treatment of cancer, and allergic symptoms,
and is also under active investigation in certain antineoplastic vaccine protocols.

(c) IL-12 : Invariably finds its usage as vaccine adjuvant along with specific sensitizing dos-
age resimens of ‘antigen’, which not only helps in the genuine conversion of Th 2 pattern
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* Toxemia caused due to the presence of endotoxins in the blood.

** A disease produced when the body’s normal tolerance of its own antigenic markers on the cells disappears.

into Th 1 pattern, but also augment resistance to ensuing infection and therby suppressing
the prevailing Th 2 dependent pathological conditions aprreciably.

(d) IL-10 : Can reasonably suppress lipopolysaccharide-induced endotoxemia* and also in-
flammatory bowel disease in experimental animals.

(e) Th 2 cells : On being subjected to ‘selective induction’ may be used for the treatment and
cure of tissue autoimmune diseases** e.g., diabetes mellitus : in which the autoantibodies
(AAbs) attack the insulin-producing cells of the pancreases ; rhematoid arthritis : caused by
inflammatory changes in the connective tissue of joints ; and multiple sclerosis : produced by
AAb destruction of the myclin sheath covering nerves.

Therefore, one may accomplish almost the same rate of success by administering instead of
cytokine or cytokine antagonists, disturbing the prevailing balance between Th 1/Th 2 with a particular
course of treatment.

Example : It is possible to prevent the incidence of ‘autoimmune diseases’ (as mentioned in ‘e’
above) by the oral administration of antigens which particularly helps in the development of T-cells that
essentially produce the transforming growth factor (TGF-β) and Th 2 cytokins.

Future Development : In the light of the aforesaid latest and remarkable achievements to com-
bat the dreadful autoimmune diseases, such as : diabetes mellitus, rheumatoid arthritis, and multiple
sclerosis, there exists an ample and tremendous scope for a better indepth knowledge vis-a-vis
understading of Th 1/Th 2 dichotomy towards the development of ‘prophylactic vaccines’ ; and, there-
fore, the therapy for many ailments that are intimately associated with it.

Surface Markers of T-cells : It has been adequately proved and demonstrated that
‘undifferentiated stem cells’ practically do not exhibit any surface markers ; however, as they happen
to travel through the thymus cortex and the medulla, they are subjected to multiple divisions and
thereby accomplish maturity to a significant extent. Consequently, thymus helps to programme T-cells
which pass through it to follow meticulously the prevailing T-cell differentiation into the various subsets ;
and, hence, it essentially encompasses its legitimate development to perform various immune functions
as illustrated in Fig. 1.5 below.
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Fig. 1.5. Block Diagram of Thymus Programme T-cells Passing through it to follow T-cell Differentiation
in Subset Variants.

Interestingly, in the life-span within the thymus, lasting for nearly three days, the T cells start
showing typical and specific surface markers. Besides, these surface markers are nothing but macro-
molecules (e.g., glycoproteins) that have a well-defined clear cut distinction from the glycoproteins
that are strategically coded for by the major histocompatibility complex (MHC) genes shared
equally by all T-cells. However, a good part of these markers have been duly well defined both in human
T cells as well as in mouse T cells.

In actual practice, however, there are several other surface markers that are critically and exclu-
sively exhibited on a population of T cells ; and, therefore, these are invariably employed to identify the
T cell subsets and their individual prevailing functions as depicted in Table 1 below :

Table 1 : Surface Markers of T-cells and Their Corresponding Subsets.

T-Cells Surface T-Cell Individual Functions
Markers Subsets

T-Cells CD4+ T-helper cell — Regulator cells ;

(TH) — Inducers of TC cells that are CD8- ;

— Stimulate B cell to generate antibodies ;

CD8+ T-cytotoxic — Kill (lyse) antigen-loaded target cells
cell (TC) (i.e., effector cells)

CD2+ ; CD8+ ; T-suppressor — Prevent production of antibody by B-cells ;

CD3-cell cells (TS) — Exert action on CD4– and TH cells.
receptor

(Contd.)
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Unknown (?) T-delayed — Rejection of ‘grafts’ ;
hypersensitivity — Aggravation of inflammatory response by
cell (TDH) effector cells ;

— Induction of IDH to cause secretion of
lymphokines* to affect phagocytes ;

K-cells CD2+ ; CD3+ ; — — Surveillance of tumours ;
CD8+ ; CD16 ; — Affect Fc receptors for Fe regions of IgG ;

— Exhibit distinct antibody-dependent killer
activity ;

NK-cells CD2+ ; CD56+ ; — Surveillance of tumours ;
CD4– ; C 8– ; — Exhibit both anti-microbial and
CD3– ; antiviral profile.

Differentiation between T-cells and B-cells in Immune System

The cardinal points of differentiation between T-cells and B-cells in the prevailing human im-
mune system are three, which are enumerated as under in Table 2.

Table 2 : Differentiation Between T-cells and B-cells in Immune System.

S.No. T-Cells S.No. B-Cells

1. � Usually act at short range, thereby 1. � Secrete antibodies that may exert its
causing cidal action on the ‘target cells’. action strategically located at far away

distances.

� Fail to secrete antibodies, but secrete � Antibodies positioned on the surface of
ILs. B-cells are normally termed as B-cell

receptors.

� Retain on their surface T-cell receptors
showing homology** with antibodies.

2. � T-cells do recognize : 2. B-cells do recognize free antigens in the
(a) antigens solely located on cell sur- circulating system of body that essentially
face, and that too in presence of MHC ; includes : blood and lymphatic system.
and

(b) foreign extracellular antigens and
microorganisms by the cell.

3. � T-cells predominantly recognize the 3. � B-cells are known to recognize the
‘peptide fragments of antigens’ which ‘intact antigens’ and certainly not their
are found to undergo partial degrada- corresponding ‘fragments’.
tion inside the cell ; and carried to the

cell surface subsequently.

* A cytokine released by lymphocytes, including many of the ILs, IFN-r, TNF-β, and chemokines ;

** Similarity in structure but not necessarily in function ; the opposite of analogy.
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* The fluid portion of protoplasm ; the basic ground substance, also called basic or fundamental protoplasm.
[Syn : HYLOPLASM].

T-cell Receptors : It is quite well known that ‘surface receptors’ in particular are fit to recog-
nize the ‘free-antigens’. In fact, the receptors for B-cells have already been identified fully as IgM
monomer molecular entities that have been strategically anchored onto the cell surface via the
crystallizable fraction (Fc) region in such a fashion that fragment antibody binding (Fab) region are more
or less absolutely ‘free’ to interact with the antigen. It is, however, pertinent to state here that the T-cells
do possess ‘receptors’ that are prominently antigen-specific. In one of the recent studies it has been
established duly that the T-cell receptors is nothing but a heterodimer comprised of two distinct chains,
namely ; α-chain, and β-chain, duly hooked on by several disulphide bonds [—S—S—]. Besides, each
chain is strategically folded into two separate domains that are analogous to not only constant but also to
the variable regions of an immunoglobulin molecule. Intensive and extensive studies with regard to
the genetic organization of the α-chain and β-chain have duly revealed that each individual chain is
adequately and specifically coded by an altogether separate set of genes. Evidently, the ααααα-chain genes
are located on the 14th chromosome, and the corresponding βββββ-chain genes are present on the 7th chro-
mosome. More recently, two further chains, namely : γ-chain and δ-chain have been discovered, identi-
fied and hence recognized that are also found to be encoded by corresponding individual set of genes.

Fig. 1.6 illustrate below a T-cell heterodimer, comprising of α- and β-polypeptide chains that are
duly linked by several disulphide (—S—S—) bonds :

Fig. 1.6. The T-cell Receptor Heterodimer

[Adapted from : Albert et al. ‘Molecular Biology of the Cell’. (1994)]
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* Binding of T-cell receptor with MHC molecule.

CD3-Complex : It has been amply evidenced that invariably all T-cells do have CD3 molecules
in their membranes that go a long way in the stabilisation of the T-cell antigen receptor. Besides, a T-cell
receptor is observed to be always intimately associated usually with a set of transmembrane proteins
that are more or less stable and static in nature. In reality these rather rigid, stable, and static type of
transmembrane proteins are termed as CD3-complex. Importantly, the CD3 complex predominantly
aids not only in the process of ‘signal transduction’ but also in the ‘transmittance of information’ with
respect to the ensuing extracellular binding* characteristic features to the prevailing intracellular signals
thereby giving rise to the activation of T-cells. As a result of the signal transduction the generated
tyrosine kinases affords the much desired phosphorylation of a variety of cellular proteins e.g., CD3
complex and phospholipase C-r (PLC-γ). In short, the released phosphorylated proteins trigger off the
most vital activation of the inositol phospholipid signaling pathway.

(A)

(B) ∝β ∝ γ

Cytosol

Lyn Protein

B  C E L L  R E C E P TO R  (I )g

Fig. 1.7. Comparison of Antigen Receptors on : (A) T-cells ; and (B) B-cells
[Adapted from : Alberts et. al. Molecular Biology of the Cell, (1994)].

Fig. 1.7 explicitely exhibits the comparison of T-cell receptors and B-cell receptors.
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T-cell Co-Receptors (CD4 and CD8) : It is worthwhile to mention here that the CD4 and CD8
molecules indulge in active participation in the T-cell activation, and are known to recognise MHC
gene products. It has been duly observed that CD4 molecules solely recognise MHC class II molecules,
whereas CD8 recognise MHC class I molecules exclusively ; and simultaneously monitor and guide the
T-cell receptor to interact with the antigen appropriately. In fact, the T-cells with their inherent T-cell
receptors and CD-complex invariably facilitate the ensuing interaction taking place between the T-cells
and the target cells with marked and pronounced peptide MHC complex on their surface. However, such
an interaction is neither sufficiently strong nor quite stable ; therefore, the presence of other ‘accessory
receptors’ known as co-receptors are absolutely necessary to stabilize adequately the interaction via
cell-cell cohesion. Besides, these newer breed of co-receptors are found not only in activating the
T-cells by producing their own intracellular signals but also required urgently the development of T-cell
properly. Importantly, they get bound to the corresponding non-variable component of the specific MHC
and are thereby rendered invariant entities. The two CD-receptors are, namely :

(a) CD4 strategically located on helper T-cells and binding class II MHC, and

(b) CD8 specifically positioned on cytotoxic T-cells and binding class I MHC.

Salient Features of T-cell Co-Receptors : Following are some of the salient features of the T-cell
co-receptors, such as :

(1) The two co-receptors are found to be single transmemebrane proteins. Besides, their cyto-
plasmic tail are intimately linked with the members of the Src family of tyrosine specific
protein kinases known as the Lck Protein.

(2) The resulting specific protein kinase usually phosphorylates a plethora of cellular proteins
thereby activating the T-cell.

(3) CD4 serves as a receptor for the HIV* causing AIDS,** thereby allowing the prevailing
virus to gain entry into the helper T-cells (TH), and causing paralysis to the ensuing immune
system.

Figure 1.8 illustrate the two T-cell co-receptors with CD4 and CD8 proteins (also referred to as
T4 and T8 proteins) :

Immunological tolerance may be defined as — ‘the condition wherein an immunologically
competent individual is unresponsive to a given epitope*** while reaction to other structures is unim-
paired’. Therefore, tolerance may turn out to be a very specific event for a given epitope.

* HIV : Human Immunodeficiency Virus.

** AIDS : Acquired Immunodeficiency Syndrome.

*** Epitope : Any component of an antigen molecule that usually functions as an antigenic determinant by
permitting the attachment of certain antibodies. (Synonym : Antigenic determinant).
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Fig. 1.8. T-cell Co-receptors with CD4 and CD8 proteins
[Adapted and Redrawn from : Albert et. al. Molecular Biology of the Cell, 1994]

Autoimmunity : Based on the intriguing observation that the prevailing immune system critically
and significantly distinguishes the ‘foreign molecules’ from the ‘self molecules’, and subsequently react
only against such foreign molecules. Thus two different probabilities may arise, namely :

(a) that an animal may receive genes which encode receptors specifically for foreign antigens
and not for self antigens, and

(b) that the immune system of an animal is particularly capable of responding to both foreign
and self antigens inherently. However, during the course of the development it learns how to
responds to foreign antigens only ; thereby ascertaining the fact that the ensuing differential
response to foreign antigens is nothing but an outcome of an acquired characteristic property.

Interestingly, the past two decades have witnessed a remarkable progress in an intensive research
in this direction which pinpointed with enough evidence that the second alternative [i.e., (b)] holds good
and the prevailing immune system ultimately succeeds in acquiring the attribute of responding to only
the foreign antigenis. However, the aforesaid findings were adequately substantiated with the follow-
ing two observations, namely :

(a) tissues from one particular individual on being transplanted into the living body of another,
are always regarded to be as ‘foreign’ and hence destroyed rapidly, and

(b) genetically different (i.e., dizygotic) twins, when cells of one mouse are introduced strategi-
cally in the body of another healthy mouse (i.e., at neonatal stage, prior to the maturation of
the ‘immune system’) ; consequently, a little positive response to these foreign cells was ever
noticeable for a relatively longer span.

It is pertinent to state at this point in time that a reasonable degree of ‘immunological tolerance’
may be accomplished artificially.
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* Occurring after birth.

Examples :

(1) When a ‘trimester human embryo’ is exposed adequately to a foreign epitope, it may be
rendered tolerant to it, because it usually recognizes it as self. And the exact mechanism by
which it is achieved is not understood vividly. It may probably be explained by virtue of the
fact that the epitomes which are present strategically at that specific moment when the im-
mune system attains a certain degree of maturity are conspicuously regarded as self-epitomes,
irrespective of its origin.

(2) In postnatal* subjects the requisite tolerance may also be induced on being administered
with massive doses of a immunogen. In this specific instance the immunocytes** responsi-
ble for attributing resistance to the prevailing foreign entities become substantially over-
whelmed.

In either of the above two cited instances the follow up exposure to the immunogens is very much
needed in case the tolerance has to be maintained adequately and effectively.

Scientists across the globe are making an earnest concerted effort in exploring every possible,
viable and feasible means and ways to decepher the exact mechanisms of tolerance so that the accumu-
lated wisdom and knowledge can have application to the development of newer human medicines for a
better world of tomorrow.

Amazingly, both IV or IM administration of relatively lower doses of a highly purified
immunogen has certain undisputable practical applicability. In actual practice, however, the careful
initiation of the development of low-dose-tolerance has been employed with a thumbing glorious suc-
cess to afford a prolonged ‘graft-survival’ in laboratory animals. Likewise, in the same vein the princi-
ple of low-dose tolerance is also-employed to effectively desensitize humans against a host of immunogens
solely responsible for a wide spectrum of allergy syndromes.

As grossly indicated by the ever expanding state of skill, knowledge and excellence in techno-
logical advancements in medical sciences (e.g., robotic open-heart surgeries including transplants) evi-
dently suggests that if the real mechanism of tolerance can be unfolded, a very bright ray of hope with
respect to organ transplants may turn out to be 100% successful without the aid of immunosuppressive
therapy. Perhaps, the ‘organ recepients of tomorrow’ might live perennial normal lives and defend
themselves fully and efficaciously against the most common infections that eventually claim the lives of
plethora of recepients or ultimately lead to the rejection of the new organ.

Autoimmune Diseases : It has been adequately observed that the prevailing degree of tolerance
of self-antigens sometimes undergo cessation whereby the T-cells or B-cells or both start interaction
with their own antigens effectively. This particular phenomenon in vivo largely is responsible for pro-
ducing disease conditions which is described as autoimmune diseases.

A few such predominant autoimmune diseases vis-a-vis their respective supramolecular com-
plexes involved are duly enumerated in Table 3 as under :
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Table 3 : Organ Specific Autoimmune Diseases Involving Supramolecular Complexes*

S.No. Auto Immune Diseases Supramolecular Complex

1. Myasthenia gravis ACh1 receptor : All subunits

2. Multiple sclerosis (MS) Myelin : MBP protecolipid protein ; myelin
oligodendroglial protein ; αβ crystallin.

3. Thyroiditis Thyroid stimulating hormone receptor ;
thyroglobulin ; thyroperoxidase ;

4. Insulin-dependent diabetes melitus (IDDM) Islet antigens : GAD ; heat-shock protein 65

5. Primary biliary cirrhosis Mitochondrial branched-chain keto acid
dehydro-genase complexes.

6. Uveitis2 Photoreceptor-interphotoreceptor retinoid-bin-
ding protein ; S-antigen of rout outer segment.

[*Adapted from : Steinman (1996) :

1 : Acetycholine ; 2. A nonspecific term for any intraocular inflammatory disorder.

Equilibrium : Autoimmunity Vs Tolerance :

A striking balance between the limits of tolerance and immunity is virtually attainable and actu-
ally maintained in an immune system which is quite evident in the following Fig. 1.9.

Explanation : To accomplish an equilibrium between tolerance and immunity the involvement of
positive and negative selections is an absolute necessity ; the former takes care of survival, activation and
expansion of one class of T-cells ; while the latter involves the inhibition and elimination of another class
of T-cells. Importantly, any slightest apparent shift in the aforesaid balance on either side ultimately gives
rise to prevalent resistance or noticeable suceptiability to an autoimmune disease as stated in Table 3.

CloneClone Inhibition,
Elimination

Survival
Activation,
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′

Immunity

Triggering off Set Points
+

Inherited Tuning
Acquired Tuning [Due to anergy + Memory]

Tolerance

Amount,
Avidity,
Timing,
Costimult

Antigen
Presentation

Fig. 1.9. An Equilibrium Between Autoimmunity Vs Tolerance.
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* Animals of the same species but not of the same genotype.
** The complete set of chromsomes, and thus the entire genetic information present in a cell.

4.2.1.5. Class II MHC (Major Histocompatiability Complex) Proteins

The articulated and geometrical progression development specifically in the field of major
histocompatiability complex (MHC) came into being from the extensive and intensive studies carried
out solely upon transplantable tumours that are capable of growing in nearly 100% of either homolo-
gous or allogenic recipients*. In fact, this particular observation was anchored as a solid and strong
evidence not only towards the host-tumour compatibility but also for the high levels of resistance attain-
able by different types of immunization characteristics more or less strengthened the belief that tumour
cells invariably are associated with both extremely specific and apparently strong foreign antigens.
Surprisingly, the aforesaid observation was not found to be correct and genuine based on the indepth
study of highly inbred strains of mouse. It was, however, further revealed that such ‘tumours’ which
either are produced or propagated via highly inbred strains do not necessarily afford active support to
the various prevailing immunization procedures.

The advent of the knowledge of ‘immunogenic laws of tissue transplanation’ that virtually led to
the identification of the Mendelian segregation of the dominant genes. The resulting genes were duly
designated as ‘histocompatibility factor’ or H-genes and found to govern the transplantability of both
normal tissues and neoplastic ones in experimental laboratory animals. In reality, the transplantable
tumours attempt to grow freely across the genetic barriers by avoiding the host response directly and not
due to any shortage/availability of the specific histocompatibility antigenes. Elaborated experiments
being conducted on the initiation of pre-immunization against their H-antigens amply gives evidence of
the rejectibility of such tumour lines absolutely. Such a quick and a premature inference drawn was
found to be not so authentic and true, and hence rejected. Further substantial evidences generated showed
that the actual population of T-cells (specifically TC) really direct their activity against the antigens of
the tissue cell surface usually, termed as the major histocompatibility complex (MHC complex) re-
gion of the genome.**

Classification of MHC-Complex. Studies have revealed that there exists two kinds of MHC-
complexes (molecules), namely : (a) Class I MHC Complexes (molecules) ; and (b) Class II MHC
Complexes (molecules). Interestingly, either of the above two complexes categorically represent
transmembrane heterodimers the extracellular-NH2 terminal regions which get bound to the peptide
fragment of the prevailing antigen for logical presentation to the corresponding available T cells. The
salient and characteristic features of the aforesaid two kinds of MHC complexes are briefly summarized
in Table 4 as under :

Table 4 : Characteristic Salient Features of Class I and Class II MHC Molecules

S.No. Class I MHC S.No. Class II MHC

1. — Seen on all nucleated cells 1. — Seen on highly specialized cells viz.,
B cells and thymus cells.

— Involved in bondage of peptide frag- — Involved in binding endocytosed or
ment from virus (i.e., intracellular extracellular peptide segments.
antigens)

— Present cells to cytotoxic T cells (TC) — Present cells to helper T cells (TH).

(Contd. ...)
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2. Comprises essentially of : 2. Comprises of two transmembrane
(a) single polymorphic transmembrane polymorphic polypeptides α and β each

polypeptide chain termed as ‘α’ (made made up of two extracellular domain
up of 3 domains viz., α1 : α2 : α3). pairs α1 and α2 ; and β1 and β2.

(b) β2-microglobulin i.e., an extracellular
invariant protein.

3. — β2-Microglobulin ; not coded in MHC 3. — Either chains viz., α, β, are usually
encoded in MHC

— Neither glycosylated nor covalently — Either chain are duly glycosylated and
linked with 3 domains of this found is non-covalently linked
α (α1, α2, α3) status.

4. — Immunoglobulin (Ig) resembles 4. — Immunoglobulin (Ig) resembles
α3 and β2. α2 and β2.

5. — α1 and β2 the two outermost domains 5. — α1 and β2 the two outermost domains
are polymorphic in nature and help represent polymorphic features and
in binding form the groove for binding.

— Bonded peptide has a chain of — Bound peptide has a chain of
8-10 amino acids 15-24 amino acids.

6. — Genetic Loci : In humans : — Genetic Loci : In humans :
HLA—A ; B and C ; HLA—DP ; -DQ, -DR ;
In Mice : H-2K, 2D ; and 2L ; In mice : H-2A, —2E clusters.

Fig. 1.10 illustrates the H-2 (mouse) and human leucocyte antigens (HLA) gene complexes,
showing clearly the most preferred location of gene loci encoding the various transmembrane units of
class I and II MHC proteins. For more details on these genetic loci please refer to serial number ‘6’ in
Table : 3.

Fig. 1.10. Showing H-2 (Mouse) and HLA (Humans) Gene Complexes, and the Exact Location of
Gene Loci Encoding The Transmembrane Units of Class I and II MHC Proteins.

[Adapted and Redrawn from : Albert et. al. ‘Molecular Biology of the Cell’, (1996)]
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Explanations of Class I MHC and Class II MHC. A brief explanation of each class of MHC I
and MHC II shall be undertaken in the sections that follows :

Class I MHC. The various important cardinal aspects are :

(a) Its gene invariably encodes a single polypeptide known as ‘ααααα’ as that essentially has the
following three distinct domains, such as :

(i) intracellular domain — comprises of carboxy terminal

(ii) transmembrane — consists of α-helix, and

(iii) extracellular globular domains — three in all viz., α1, α2, and α3.

(b) An individual polypeptide is duly linked (non-covalently) with a specific βββββ2-microglobulin
that happens to be extracellular in nature. However, it is duly coded by a ‘gene’ which is
strategically positioned outside the most predominant MHC gene conglomerate as shown
vividly in Fig. 1.11(a) and 1.11(b).

(c) Importantly, two individual domains of class I MHC, e.g., first β2 and α3 are found to be
homologous to an immunoglobulin (Ig) domain ; and secondly, α1 and α2 usually gives rise
to the formation of a pocket (or groove) that critically affords the bondage of peptide seg-
ments (consisting of 8-10 amino acids length) of the ensuing antigen entitiy.

Class II MHC. This specific molecule also happens to be a heterodimer with α and β
polypeptides. Importantly, each of these polypeptides to possess a particular immunoglobulin (Ig) like
domain (α2 and β2) that are observed to be in the vicinity of the membrane ; and the amino-terminal
domains (α1, β2) positioned far away from the membrane, whereby allocating an appropriate site exclu-
sively for the binding of antigen-peptide segment as depicted in Fig. 1.8. However, the strategic pres-
ence of Ig-like domains explicitely offer a plausible explanation for the existence of a common evolu-
tionary genesis (origin) of MHC molecules, T-cell receptors, and antibodies. Recently, even the 3D-
structures of class I and II MHC molecules have also been proposed.

Thus, it was demonstrated beyond any reasonable doubt that the pocket (groove) of class I MHC
caused by α1 and α2 domains of a polypeptide [as shown in Fig. 8(a) and 8(b)], do comfortably accomodate
8-10 amino acids, whereas the pocket (groove) of the class II MHC molecule, obtained from α1 and β1,
can comfortably accomodate 15-24 amino acids. In short, the variety observed in both class I and II
MHC molecules is capable of getting bound to a wide spectrum of peptides and present them to either
TC or TH cells accordingly.



28 PHARMACEUTICAL BIOTECHNOLOGY

Cytosol

HOOC

Extracellular
Region

Plasma
Membrane

COOH
β2 Microglobulin

Papain
leavage

∝ 3

∝ 2∝ 1

NH2

NH2

–S S  Bond– –

Antigen Binding Groove

(a) Structure of a Human Class I MHC Protein (b) Structure of a Human Class I MHC Protein
Showing Peptide Binding Groove (Side View) Showing Peptide Binding Groove (Top View)

Fig. 1.11. (a) and (b) : Structures of a Human Class I MHC Protein as Determined by
X-Ray Diffraction Analysis.

[Adapted and Redrawn from : Alberts et. al. ‘Moleculear Biology of the Cell’, (1994).]

Figure 1.12 represent a comprehensive summary of the ‘humoral immunity’ which is essen-
tially mediated by antibodies in the body fluids, such as : plasma or lympth. These antibodies are duly
synthesized and secreted by B cells, which protect the body against infection or reinfection by common
pathogenic organisms (e.g., streptococci and staphylococci). B cells are specifically stimulated by direct
contact with a foreign antigen and differentiated into plasma cells (which produce antibodies against the
antigen) and memory cells (which enable the body to quickly produce these antibodies if the same
antigen appears at a later time). B cell differentiation is also stimulated by interleukin–2 (IL-2), secreted
by T4 cells, and by foreign antigens processed by macrophages. [Synonym : B-cell mediated immunity].
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Fig. 1.12. Comprehensive Summary of Humoral Immunity.
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* An active cell of the immune system responsible for destroying or controlling foreign antigens.

** Hemocytoplast.

4.2.2. Cell-Mediated Immunity (CMI)

The cell-mediated immunity (CMI) essentially involves the particular system that is directly
responsible and associated with not only the critical ‘rejection of certain organ transplants’ (e.g., heart,
kidney, liver, eyes etc.,) but also the ‘defence mechanisms’ against intracellular microorganisms, endog-
enous neoplastic (tumour) growths, and host cells infected with various viruses. Importantly, this spe-
cific classification of the relatively huge immune system, e.g., humoral immunity, depends heavily and
exclusively upon the ensuing immunogen (antigen) stimulation for its much desired activation.

Another school of thought explains CMI as inadequacy and insufficiency of antibody mediated
immune response that may eradicate effectively infections caused by a host of pathogenic microorgansisms,
parasites, and viruses as well that would ultimately develop within the host cells, eventually offered a
tremendous impetus to scientists across the globe in the specialized field of ‘immunology’ to evolve a
corrective response mechanism that could go a long way in the management and control of such most
dreadful and serious infections. Therefore, justifiably the prevailing mechanism is invariably termed as
the ‘cell-mediated response’ that not only effectively controls fatal infections emanated by viruses,
microorganism and protozoa that multiply within the host cells significantly, but also affords paramount
attraction of non-specific immune cells by lymphokines solely secreted by lymphocytes. In a nut shell,
the effectiveness of the cell-mediated immune response must be adequately normal because it predomi-
nantly is responsible for providing general and overall protection to these critical situations, namely :
transplantation immunity, hypersensitively reactions, auto-immunity and neoplastic immunity as well.

Genesis of CMI

T-effector cells* which is solely responsible for CMI, in fact, originate from the precursor cells
(stem cells**) generated in bone marrow, very much akin to the instance of the antibody-forming cells in
humoral immunity (see section 4.2.1). Interestingly, in CMI, the effector cells should precisely complete
the differentiation process taking place in the thymus before undergoing circulation more or less freely
in the vascular net work or regional lympth nodes or collecting in the spleen eventually.

Diferentiatied cells thus produced are essentially of different types, that are exclusively depend-
ant upon the type and nature of the prevailing cell-mediated response ; besides, the extraordinary T-cell
receptor (TCR) structures invariably observed on their surface, that is genuinely acquired via random
genetic recognition is the ensuing course of differentiation at two distinct sites, namely : (a) in bone
marrow ; and (b) maturation in thymus.

In actual practice, however, one may divide CMI responses into two distinct major categories
based on the realistic requirement of different effector cell populations, namely :

A. Based on the Requirement of TC cells being converted to Cytotoxic T Lymphocytes (CTLS)
having Direct Toxic Effect on Target

The CMI essentially engaging CTLS is found to be profusely effective as a reasonably solid
defence against a plethora of neoplastic (cancerous) growths, virus infections, and also tissue trans-
plants. On a serious note one may observe that the prevailing ‘immune system’ fails to realize that
CTLS are virtually meant to protect the body, and must not destroy it in the long run.
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Salient Feature : The various salent features are namely :

(1) CTL-resposne may be sub-divided into two distinct phases eg., (a) sensitization phase ; and
(b) effector phase.

(2) Sensitization phase : Usually commences when a macrophage or other antigen-presenting
cell (APC) specifically detects cells sloughed off from the growing tumour (neoplasm) trans-
planted tissue, or previously killed by the infective virus. It is quite normal for any dead,
damaged, partially damaged or even changed cells to become disconnected from the parent
tissue, and travels ultimately to either liver or spleen for final destruction.

(3) APC will afford phagocytization of the ‘target cell’ as it would duly take cognizance of the
viral, tumour or foreign epitopes available on the surface of the cell in its normal passage via
the vascular or the lymphatic systems.

B. Based on the Requirement of Modified TH Cells Adopted for a Delayed Type Hypersensitivity
(DTH) Reaction :

Salient Features : The various salient feature involved in the necessory requirement of modified
TH cells adapted for a DTH-reaction are as follows :

(1) APC would save immunodominant peptides containing the epitopes of the target cell, as
could be seen in HI (humoral immunity), and subsequently present them to the most suitable
TH cells via the prevailing class II MHC. However, the activated TC cell* secretes IL-2, that
eventually gives rise to enhanced activation and duplication of TH cells.

(2) Consequently, the higher activated TH cells now secrete a larger number of cytokines which
act in a concerted manner exerting localizing, chemotactic** and stimulatory, effects on a
variety of entities, such as : neutrophils***, macrophages, and earlier unstimulated cytotoxic
T cells (usually termed as TC, effector T cells, or CD8 cells).

(3) TC cells are selectively and strategically positioned to an area of the viral infection, growing
neoplasm, or foreign organ (e.g., kidney, heart, eyes), and those with TCRS found to be quite
specific for the epitopes of the target will ultimately get bound with the target cell which
distinctly shows the foreign tumour or virus epitopes along with its Class I MHC surface
structures.

(4) As a result the IL-2 receptor get duly activated that were previously recruited and attached to
TC cells. Besides, IL-2 generated by TH cells critically and prominently activates, prolifer-
ates, and also differentiates TC cells, thereby converting them to CTL cells. And perhaps
this initiates overwhelmingly the EFFECTOR PHASE of the prevailing immune response
appreciably.

* Necessary surface receptors along with IL-1 initiates the activation of TH cell.

** Pertaining to chemotaxis i.e., movement additional WBC to an area of inflammation in response to the
release of chemical mediators by neutrophils, monocytes, and infired tissue.

*** A granular WBC, the most common type (55-70%) of WBC. Neutrophils are responsible for much of the
body’s protection against infection. They play a vital role in inflammation, are reality attracted to foreign
antigens and destroy them by phagocytosis.
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4.2.2.1. Immunosuppression

Immunosuppression may be defined as — ‘a phenomenon wherein an organism’s ability to
form antibodies in response to an antigenic stimulus is substantially reduced or suppressed’.

As on date a good number of ‘immunosuppression drugs’ are being used in order to enhance
and prolong the ‘life-expectancy’ of a transplanted organ e.g., heart, kidney, eyes etc. It has been duly
observed that when small doses of immunosuppressive drugs are employed, the recipient’s immune
system usually overcomes the drug, and rejection is indicated vividly by the gradual loss and efficiency
of ‘organ function’ based on the following common symptoms and actions irrespective of the organ,
namely :

(a) fibrous thickening of the innermost small arteries of the transplant,

(b) consequent administration of relatively larger doses of immunosuppressive drugs as an ex-
treme alternative measure, and

(c) for each individual patient an altogether different and suitable ‘immunosuppressive therapy
programme’ is usually slated for.

However, another perception of ‘immunosuppression’ legitimately promulgates the ensuing
‘immune response’ as a coordinated mechanism essentially involving the due recognition of antigen
exclusively by the immunocompetent cells, termed as anti-T lymphocyte serum (ATS) ; besides, occa-
sionally the macrophages that are found to function as an antigen-presenting cells (APC).

Immunosuppression are of two types : (a) non-specific ; and (b) specifc, which will be treated
separately in the sections that follows :

(A) Non-Specific Immunosuppression. It invariably takes places particularly in the natural
instances related to immuno-deficiency disorders, uremia* etc., or may even be inducted by gradual
depletion of lymphoid tissue, or by the administration of immunosuppressive drugs. It has been ob-
served adequately that the undue exposure to radiation gives rise to significant depletion of lymphocytes,
and thus may cause impairment of the antigens present on the macrophages thereby producing
immunosuppression. Interestingly, non-specific immunosuppression can also be induced by
antilymphocyte globulin** (ALG) that specifically affects the T-cells by causing inhibition of their
normal functionalaties or by depleting T-cell dependent areas in the strategically located lymphoid tissue.

(B) Specific Immunosuppression. Broadly speaking the specific immunosuppression is usually
induced either by antigen (immunogen) or antibody. Based on adequate experimental evidences it is
quite feasible and plausible to induce specific immunosuppression measures that may be enumerated
briefly as under :

(1) In actual practice involving tissue transplantation the frequent usage of certain drug
combinations are employed, for instance : Azathiopurine [Immuran(R)] and corticosteroid

* A toxic condition associated with renal insufficiency produced by the retention the blood of nitrogenous
substances normally excreted by the kidney.

** Globulin, developed in animals, containing antibodies directed against lymphocytes that promotes some
degree of immunosuppression on being injected into a patient. The antibodies do not affect the activites of
other WBCs.
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[Budesonide (Rhinocort(R))] ; so as to inhibit cell-mediated immunity (CMI). It has also been
found that the drug ‘cyclosporine’ is extensively employed in immunosuppressive therapy.

[Synonym : Cycloserine] [Seromycin(R) (Lilly)].

(2) In certain particular instances the response of a host to a specific antigen is substantially
eliminated to accomplish ‘tolerance’. In other words, it is a particular instance of
immunosuppression wherein an antigen (immunogen) itself behaves as an
immunosuppresive agent.

(3) The body when exposed to ionising type of radiations it gives rise to the suppression of
lymphocyte proliferation in the haemopoetic system. The overall net effect is non-specific
in nature and causes impairment of haemopoiesis ; and, therefore, periodical inoculation of
the synagenic bone marrow cells in the animal has got to be carried out by all means.

(4) In order to impair the prevailing ‘immune response’ of the host i.e., CMI, predominantly a
specific class of endogenous corticosteriods are employed extensively and profusely, such
as : hydrocortisone, testosterone, corticosterone, prednisone and prednisolone as shown be-
low :
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(5) A few other several ‘drug substances’ derived from natural sources or of synthetic origin
also find their enormous usage as immunosuppressive agents, such as :

(a) Antiproliferative agent : (c) Antibiotic

e.g., cyclophophamide e.g., actinomycin-D

[Cytoxan(R) ; Neosar(R) ;] [Cosmegen(R)]
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(b) DNA-Base analogues : (d) Mitotic poison

e.g., 6-merceaptopurine and its derivaties e.g., mitomycin C

[Purinethol(R)] [Ametycine(R)]

(6) Antilymphocyte Serum (ATS) is also commonly used to combat specific immunosuppression.
It happens to be a T cell inhibitor confined to the recirculating peripheral lymphocytes ; however,
the lymphocytes that are present within the lymphoid organs remain virtually unaffected.

(7) Nevertheless, in the process of tissue/organ transplanation the underlying procedure of in-
hibiting CMI by the help of homologous humoral antibody is invariably termed as ‘en-
hancement’. In reality, the only way to enhance the survival period of transplants is to infuse
a particular antibody to weaken phenomenon of CMI, whereas the formation of the humoral
antibodies is protected duly.

N(CH2CH2Cl2 . (H2O)
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4.2.2.2. Privileged Graft Sites

It is a well-known fact that the very problems of ‘graft rejection’ are not usually encountered in
all transplants. Obviously, there are certain specific organs present in the human body which do accept
foreign tissue quite readily, without any rejection whatsoever, and virtually 100% success rate achiev-
able in all transplantations. In medical terminology, such specific areas in the body are termed as
immunologically privileged graft sites. Interestingly, one such site is the cornea of the eye.

Examples :

Corneal Grafts : The ‘cornea’ being a non vascular tissue, does not own any transplanta-
tion antigens whatsoever ; and, therefore, exhibits no immune response after the corneal
grafting. In other words, even individuals having distinct genetic disparity may have absolutely
successful corneal grafts, and hence privileged immunologically. Besides, immunogens (an-
tigens) from a transplanted cornea fails to gain an access to a lymph node where they can
sensitize lymphocytes.

It is, however, pertinent to state here that the instance of ‘kidney transplantation’ necessarily
involves several immunological reactions in vivo when such a surgical procedure is being carried out
from one individual belonging to the same species to another. In fact, it has been amply demonstrated
that the tissues of virtually all mammals, except those who are isogeneic (or syngeneic) viz., identical
twins, are entirely different ; and, therefore, the antigens of the donor stiumate an antibody response in
the recipient (host) almost exactly in the same manner an ‘antibody response’ in the humans gets
elicited by appropriate injection of a ‘foreign antigen’. The aforesaid statement of facts and realities
may be further expatiated based on the ‘sequence of reactions’ in the typical example of kidney trans-
plantation as detailed below :
Kidney Transplantation :

In kidney transplantation, the various sequence of reactions involved may be outlined as shown
in Fig. 1.13. below :
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Fig. 1.13. Various Sequence of Reactions Involved in a Kidney Transplant.

[Adapted from : Meril JP et al. Triangle, 10 (4), 1971]
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A = Sensitization of circulating lymphocyte ;
B = Lymphocyte gains entry into the kidney ;

C = Antigens (immunogens) emanating from the donor kidney ;
D = Antigens (immunogens) being processed in the microphage ;
E = Availability of processed antigen ;
F = Formation of lymphocyte ;

G = Emanation of lymphoblast ;
H = Production of sensitized-antibody containing lymphocytes ;
I = Emergence of free antibody globulin ;
J = Formation of polymorphonuclear leucocyte ;

K = Conversion to macrophage ;
L = Representation of a complement sequence, and
M = Evolution of migration inhibiting factor (MIF).
The various procedural steps involved in ‘kidney transplantation’ are enumerated below in a

sequential manner :

(1) Donor kidney emanates antigen which is duly processed by a macrophage into a biological
entity that is capable of stimulation of the recipient’s lymphatic system viz., spleen and lym-
phatic nodes.

(2) The lymphatic system subsequently gives rise to small lymphocytes that ultimately develop
into lymphoblasts1, that eventually divide into a host of smaller lymphocytes which in turn
get sensitized against the prevailing tissues of the graft.

(3) These emanating lymphocytes give rise to antibody that may either be available in the ‘free
state’ in the circulating plasma or subsequently get attached to the overwhelmingly sensi-
tized lymphocytes2.

(4) Antibodies in either forms viz., free and bound (to cell) ultimately gain an access to the
tissues of the transplanted kidney where it comes across the prevailing blood vessel for the
very first time.

(5) At this juncture the ensuing antibody undergoes combination with the tissue of the blood
vessels of the ‘graft3, and thereby elicits an immune response duly mediated by the comple-
ment system.

In fact, this step is solely responsible for the attraction of polymorphonuclear4 leukocytes5

that exclusively attack the blood vessels of the ‘graft’ ; and in doing so help in augmentation
of stripping away the basement membrane and also invading the walls of the blood vessels.

(6) As a result, lysozymes6 get liberated that specifically inflict injury and boost up permeability.

(7) In addition to this, the platelets are also deposited on the denuded basement membrane,
initating the phenomenon of aggregation followed by liberation of thermogenic entities7 that
ultimately give rise to the deposition of fibrinogen8 and fibrin9 thereby resulting in blood
clotting.

(8) The prevailing platelets and leukocytes do help in the liberation of vasoactive10 substances
which essentially produce undue constriction of the blood vessels, and thus, resulting in
appreciable slowing down of blood-flow.
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(9) Importantly, the overall net result is first and foremost to lower the rate of blood flow ;
secondly, ischemic 91damage to the ‘graft’ ; and thirdly, necrosis12 of renal parenchyma13

followed by fibrosis14 (incase the said processes are allowed to continue indefinitely).

1. Immature cells that give rise to lymphocytes.

2. Cells present in the blood and lymphatic tissue.

3. Tissue transplanted or implanted in a part of the body to repair a defect.

4. Possessing a nucleus consisting of several parts or lobes connected by fine strands.

5. White blood cell or corpuscle (WBC).

6. An enzyme found in phagocytes, neutrophils, and macrophages, and in tears, saliva, sweat, and
other body secretions, that destroys bacteria by breaking down their walls.

7. Substances that produce heat, especially in the body.

8. A protein synthesized by the liver and present in blood plasma that is converted into fibrin through
the action of thrombin and in the presence of Ca2+ ions. This process is essential to blood clotting.
Fibrinogen is also known as Factor I.

9. A whitish, filamentous protein formed by the action of thrombin or fibrinogen. The conversion of
fibrinogen, a hydrosol, into fibrin, a hydrogel, is the basis for blood clotting.

10. Affecting blood vessels.

11. A local and temporary deficiency of blood supply due to obstruction of the circulation to a part.

12. The death of areas of tissue.

13. Renal parts of an organ (kidney) that are concerned with its function in contradistinction to its
framework.

14. Abnormal formation of fibrous tissue.

4.2.2.3. Graft-Vs-Host Disease (GVHD)

Keeping in view the prevalant common situation whereby the recipient happens to reject the
‘donor graft’, the reverse may also take place when the said donor graft essentially comprises of
immunocompetent cells. In immunological environment this specific phenomenon is invariably known
as graft-Vs-host disease (or reaction). The net result is normally displayed and characterized by the
‘graft’ immunologically rejecting the ‘host’.

Examples : The above very commonly occurring phenomemon may be explicitely explained
with the help of the following typical example :

(1) A patient being administered with fresh bone marrow from a non-identical donor, evi-
dently in such a situation the patients existing immune cells shall attack the ‘grafted cells’,
whereas the grafted bone marrow cells will attack normal body tissues very much present
within the patients body. Hence, in this specific instance it is absolutely necessory to first
completely destroy the entire immune cells of the patient by subjecting him to whole-body
X-Ray irradiation treatment just prior to his receiving the bone-marrow graft so as to
protect the ‘graft’ from any external attack. Besides, it is equally important and vital that the
patient’s tissues may also have to be adequately protected from attack by the prevailing
immune cells in the bone marrow graft. If by any chance this protection to the patient’s
tissues are not accomplished duly, there could be a serious lethal condition developed ulti-
mately usually termed as graft-Vs-host disease (GVHD). In order to avoid, manage and
control this condition from the very grass-root that pre-operative corrective measures should
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be swung into action to suppress the immune responsiveness of the grafted cells by the
help of appropriate ‘drugs’. However it is quite necessary and important that the dosage
regimen of the drug must be reduced slowly and gradually over a certain length of time till
the ‘graft’ is rendered fully tolerant and totally acceptable in its new environment.

Ultimate prevention of GVHD essentially needs an extremely sensitive and careful balanc-
ing of the immunosuppressive drugs therapy for relatively longer span wherein the patient is
required to be confined in an isolated sterile environment.

It has been observed that the immunosupressive drugs do possess two serious drawbacks,
namely : (a) rendering the patient quite vulnerable to infection ; and (b) exerting enormous
unpleasant side-effects. However, the discovery of a new drug cyclosporin A has consider-
ably eased the situation which is found to be both more effective and having relatively fewer
side-effects.

(2) Leukemia and GVHD : Leukemia* has been pronounced as one of the most dreadful
diseases ; and the extension of longivity vis-a-vis a positive hope of complete cure particu-
larly in adults may be accomplished successfully by replacing the patient’s abnormal bone-
marrow with healthier cells. It has been duly observed that only a small fraction of the pa-
tient’s bone marrow actually made up of malignant (i.e., cancerous) cells. Therefore, logi-
cally and ideally such a grave condition may be tackled by adopting the three vital steps in a
sequential manner, namely : (a) removal of the bone marrow ; (b) destruction of the leukemia
cells ; and (c) replenishing the healthy cells to the original subject. In fact, such a stream-
lined meticulous stepwise operation shall not only minimise drastically the higher chances
of survival and the utmost danger of GVHD, but also to negate the requirement for inducing
immunosuppression.

Though substantial break throughs have already been accomplished and reported, such as : cleaning
up of bone marrow by employing monoclonal antibodies** to neoplasm (tumour) determinants which
are strategically attached to toxins, radioisotopes or magnetic beads, that could be detached and re-
moved subsequently along with the cancerous cells to which they get intimately bound by means of the
electromagnets. In nut shell, one has to travel a long zig-zag path to hit bull’s eye i.e., to lay its hands on
to an absolutely fool-proof, doubly sure and efficient means of ‘immunotherapy’.

Fig. 1.14 designates the summarized form of the ‘cell-mediated immunity’ whereby the regula-
tory and the cytotoxic activities of T cells during the specific immune response. This process requires
approximately 36 hours to reach its full effect. Unlike B cells, T cells cannot recognize foreign antigens
on their own. A foreign antigen is normally recognized by a macrophage that engulfs it and displays part
of the antigen on its surface next to a histocompatibility or ‘‘self’’ antigen (i.e., macrophage processing).
The very presence of these two markers together with the secretion of a cytokine, interleukin-1 (IL-1) by
macrophages and other antigen-presenting cells (APCs) activaties specifically CD4+/CD8– T cells [helper
T cells (TH)], that modulate the activities of other cells involved in the ensuing immune response
significantly.

* A malignancy of the blood forming cells in the bone marrow.

** A type of antibody derived from hybridoma cells. Such antibodies are of exceptional purity and specificity.
They are being used to identify many infections organisms and hormones e.g., human corionic gonadotropin.



IMMUNOLOGY AND IMMUNOLOGICAL PREPARATIONS 39

Fig. 1.14. Summary of Cell-Mediated Immunity.



40 PHARMACEUTICAL BIOTECHNOLOGY

*An acute contagious, febrile disease marked by inflammation of the parotid glands and other salivary glands.

4.2.3. Innate (or Natural Immunity)

Natural immunity of an animal is also invariably termed as innate immunity, or native immunity
or inherited immunity.

Natural immunity may be defined as — ‘an inherited (in built) resistance to infection(s) and is
concerned with species, races or individuals’.

In fact, as to date the exact mechanism of its defence has not yet been fully established and
understood explicitely, inspite of its natural presence in an individual and not acquired through any
prior exposure to the infectious agent. In other words, the natural immunity solely related to a general
or non-specific type of resistance, that ultimately affords prevention of infection caused by different
kinds of pathogenic microorgansisms (or pathogens). Interestingly, the degree and extent of the pre-
vailing ‘natural immunity’ largely differs in various organisms, which may be expatiated further with
the help of the following typical examples ;

Examples : Mumps* may be infected in humans, whereas the kennels like dogs and cats are
practically immune to this disease.

NOTE : The extent of ‘natural immunity’ may alter between various species, races, strains,
and sexes ; and, may be controlled by nutrition, hormones and a large number of other factors.

4.2.4. Acquired Immunity

Acquired immunity is a type of immunity which develops in an individual subject in response
to an immunogen (antigen). It may, however, be acquired naturally by intentional or accidental expo-
sure to an infectious disease or artifically acquired by receiving active immunizing agents, such as : vaccines.

It has been observed that ‘acquired immunity’ usually gets developed during the life-span of an
individual and hence critically refers to the immunity, that a particular individual predominantly exhibits
against a specific pathogen. Interestingly, it is quite often related to the very existence of either antibodies
or interferons (ITFs) present in the circulating blood in vivo.

The acquired immunity may be justifiably classified into two distinct categories solely based on
the antibodies, for instance :

(a) actively acquired immunity, and

(b) passively acquired immunity.

These two special types of acquired immunities shall now be dealt with individually in the sec-
tions that follows :

4.2.4.1. Actively Acquired Immunity

The actively acquired immunity could be either due to, ‘natural’ or ‘artificial’ derived sources.

(a) Actively acquired natural immunity (AANI) : It is precisely caused due to any disease-produc-
ing infection (i.e., pathogenic organism based) from which a human being recovers ultimately.

It is observed that during the course of infection, the quantam of antibody production for the
causative specific pathogenic entity gets stimulated in vivo to such an extent so that when there is a
subsequent infection either by the same or antigenically compromised or antigenically related patho-
gen, the resultant antibodies thus generated do assist overwhelmingly in boosting up the body’s defense
mechanism profile appreciably.



IMMUNOLOGY AND IMMUNOLOGICAL PREPARATIONS 41

(b) Actively acquired artificial immunity. It is regarded universally as the most widely accepted
and common mode of accomplishing immunization of ‘vaccination’. In actual practice, the antigens
(immunogens) are adiminiistered into the body in a meticulously controlled amount as to stimulate the
production of immunoglobulisn (Ig). With the advent of geometrical progression of research in the field
of immunology based on ultra-modern preparation and screening/evaluation methodologies, both at-
tenuated and killed strains of microorganisms and viruses are being employed both intensively and
extensively for affording immunization against a plethora of dreadful diseases in man, for instance :
small pox, typhoid, measles, poliomyletis, yellow fever and the like.

Vaccines are being developed and prepared by the aid of a large variant of methods and tech-
nologies involving the well known ‘recombinant DNA technology’ (treated elsewhere in this text
book comprehensively).

4.2.4.2. Passively Acquired Immunity

As a striking coincidence the passively acquired immunity can also be acquired either by natu-
ral or artificial manner.

(a) Passively acquired immunity for ‘natural’ means. It essentially involves the actual progres-
sive transfer of antibodies from mother to her yet unborn baby in the womb via the pla-
centa in the course of the ‘latter stage of pregnancy’.

(b) Passively acquired immunity by ‘artificial means’. It specifically concerns to the original
production of ‘antibodies’ in some altogether different entity (humans or lower mammals) ;
and subsequently followed by the calculated dosage regimens of these ‘antibodies’ in af-
fected patients via sterile injection.

Some renowned organizations viz., Hoffkine Institute, Mumbai ; Central Vaccine Institute,
Kasauli ; and several other Drug Manufacturing Units, are actively engaged in the com-
mercial production of ‘antibodies’ in horses and cows by active immunization for subse-
quent usage for passively acquired immunity in humans.

4.2.5. Non Specific Immunity

The vertebrates, particularly the mammals, are not only privileged but also fortunate enough in
possessing a primitive immune system that essentially confers in them non-specific immunity. It is,
however, pertinent to state here that the cells as well as the macromolecules of the prevailing system
may render a clear cut basic distinction between either self or non-self determinants. Furthermore,
these self and non-self determinants fail to distinguish specifically one antigen (immunogen) from
another ; and, therefore, are perhaps in a better and more vulnerable position to attack ‘foreign material’
in a non-specific manner. Interestingly, the cells that are particularly engaged in causing non-specific
immunity are nothing but white blood corpuscles (cells) [WBCs), but do specialize in the process of
phagocytosis*, as illustrated in Fig. 1.15. below :

* Destruction of disintegration of phagocytes (cells such as leukocyte or macrophage).
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Fig. 1.15. Model Exhibiting an Overview of Non-Specific Mechanisms that Essentially
Contribute to an Immune Response System.

Nevertheless, the non-specific immunity may also be categorized into two predominant divi-
sions, namely : (a) humoral immunity (HI) (discussed under section 4.2.1) ; and (b) cell-mediated
immunity (CMI) (discussed under section 4.2.2) as illustrated in Fig. 1.16.
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Fig. 1.16. Subdivisions of Non-Specific Immune Response

5. ANTIGEN ANTIBODIES REACTIONS AND THEIR APPLICATIONS

Euphorically, even thousands of years ago man commenced to explore, exploit and utilize
biotechnological processes, phenomena and principles in both development and production of wonder-
ful foods and exotic beverages, such as : beer, apple cider (brewing) ; bakery products like breads,
biscuits, cookies, short-cakes, cakes (baking) ; and red wine, dry wine, white wine (wine-making). With
advent of its deep roots in the tradition, legendary, and supported by an enormous progress and advances
of the modern ‘molecular biology’, biotechnology has legitimately undergone a sea change and secured
a world-wide recognition in the past few decades. Amalgamated with copious skill, knowledge, and
wisdom a few innovative areas like : genetic engineering, novel immunotechniques, biosensors, and
protein engineering in the most recent era appear at the leading edge of biotechnology in either research
or practical applications.

However, in the recent years it is not only felt strongly but also realized understandably that in a
world with ever expanding populations vis-a-vis limited resources, a calculated reasonably acceptable
expenditure on the prevention of a ‘disease’ is certainly more productive logically than a sizable en-
hanced expenditure on its cure. In other words, it always sounds sensible and sane to ‘acquire immunity’
against a specific disease rather than waiting for the disease to appear and cure it subsequently. Evi-
dently, there are quite a few glaring examples widely publicized world-wide in the recent times as the
stringent ‘Statutory Requirements’ and ‘Warnings’ with regard to the following several important
aspects, namely : (a) purity of drinking water ; (b) sewage disposal after adequate treatment ; (c) use of
permitted ‘food colours’, ban on ‘Sodium Glutamate (as flavour enhancer), and adulteration of food
with cheaper and non-conventional substitutes ; (d) warnings against ‘Pan-Masala’, tobacco, alcoholic
beverages, and even over-eating.
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In the light of the above cited dire necessities to improve upon the ‘quality of life and longevity’,
an immense galloping, progress has been duly accomplished in the highly specialized field of
‘immunobiology’ together with a much deeper and better understanding of ‘immunogenetics’* that
have virtually opened the blood gates of comparatively altogether newer avenues in a host of meticulous
industrial technological, advancements in the production of life-saving ‘antibiotics’, ‘vaccines’ and
pharmaceuticals having an enormous clinical application.

Kohler and Milstein** in 1975, instituted for the first time the wonderful and spectacular discov-
ery of the ‘hybridoma’*** technology which ultimately turned out to be the fundamental basis of the
ever-increasing potential of monoclonal antibodies (Mabs) to revolutionize the methodologies in
‘biosciences’.

5.1. Antigen Antibodies Reactions

In order to have an explicite concept of the antigen-antibodies reactions, one may understand
vividly what are ‘antigens’ and ‘antibodies’ ; and their specific roles in vivo.

5.5.1. Antigens

An antigen is a protein or an oligosaccharide marker strategically located on the surface of cells
that identifies the cell as self or non-self ; identifies the type of cell, e.g., skin, kidney ; stimulates the
production of antibodies, by B lymphocytes that will essentially neutralize or destroy the cell if neces-
sary ; and stimulates cytotoxic responses by the help of granulocytes, monocytes, and lymphocytes.

It has been amply demonstrated as well as established that the ‘immunity’ in general in invariably
induced by the antigens of pathogen origin and normally present in the vaccine. Therefore, one may
have another definition of antigen as — ‘any molecule that induces production of antibodies specific to
itself when introduced in the body of an animal is termed as antigen’.

It has also been observed that normally the ‘antigenic function’ is more or less confined to a
relatively smaller portion of the antigen molecules ; and, therefore, such a region is known as an antigenic
determinant or epitope.

However, in the recent years the definition of ‘antigen’ has been still broadened to an extent that
it may not necessarily be restricted to a ‘foreign substance’ i.e., a patient’s own tissue may itself act as
an antigen. Importantly, an antigen bears a comparatively much higher molecular weight, approxi-
mately 10,000 daltons or even higher, but with a few exceptions, for instance : ‘insulin’ which has a
molecular wieght ~ 6,000 only. Besides, there are a plethora of substances that may also exert their
biological activity as ‘antigens’, such as : haemoglobin, microbial toxins, bee-venom, snake-venom,
caseins (milk-proteins) and above all host of ‘chemical constituents’ belonging to the bacterial flagella.

In fact, small molecules (micromolecular) for instance ; drugs that may serve as haptens and can
usually be made antigenic by coupling them chemically to a macromolecular substance, for instance :
protein, polysaccharide, carbohydrates etc. The ‘hapten’ is obtained from a non-antigenic compound

* The study of ‘genetics’ by use of immune responses, including investigations of immunoglobulins and histo
compatibility antigens.

** Kohler G and Milsterin C : Constinuous cultures of fused cells secerting antibody of predefined specificity,
Nature, 256 : 485-497 (1975).

*** The cell produced by the fusion of an antibody-producing cell and a multiple myeloma cell. This hybrid cell
is capable of producing a continuous supply of identical antibodies.
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(micromolecule) viz., morphine and cartelol that gets finally conjugated covalently to a carrier macro-
molecule to transform into an antigen entity. Another typical example of a ‘drug substance’ is the
penicillin molecule which is an example of a ‘hapten’ which promptly gets combined with tissue protein
to form an ‘antigen’. A few other examples of ‘haptens’ include poison ivy*, poison oak**, poison
sumac***, certain chemical dyes and cosmetics (chemical based).

As mentioned earlier, each antigen has an antigenic determinant site (or epitope) which being
specifically analogous to coenzyme and conspicuously comprise of a chain of amino acids ranging
between 6 to 8 or alternatively polysaccharides having molecular weight 750 dalton as depicted in
Fig. 1.17, which illustrates the molecular configuration of an ‘antigen’.

Pro Pro

Pro

Asp Iso

Leu Asp

Val Val Tryp Asp AspLeu Phe Lys Tryp

Iso

Cys

Ala

Asp Glu Val Glu Phe

Cys

Tyr
Antigenic Determinant Sites

Fig. 1.17. An Antigen Showing its Molecular Configuration

It is pertinent to state at this point in time that a specific substance can only be recognized as an
‘antigen’ in case it should undergo the phenomemon of ‘degradation’ by the host’s macrophage as
completely as possible.

Classification. In a broader perspective the ‘antigens’ are duly classified depending upon their
origin and action as given under :

  (i) Autoantigens,

 (ii) Allogenic antigen,

(iii) Alpha-fetoprotein antigen, and

(iv) Carrinoembryonic antigen.

* Poison Ivy. A climbing vine. Rhus toxicodendron, which on contact may produce a severe form of dermati-
tis. Rhus species contain urushiol, an extremely irritative oily resin. Urushiol may also be potent sensitizer
since in many cases subsequent contact produce increasingly severe reactions.

** Poison Oak. A climbing vine, Rhus radicans or R. diversiloba, closely related to poison ivy and containing
the same active toxic principle. The symptoms and treatment of poison oak dermatitis are identical to those
for poison ivy dermatitis.

*** Poison Sumac. A shrublike plant, Toxicodendron vernix, widely distributed in the US. Because it contains
the same active toxic principle as poison ivy, the symptons and treatment of poison sumac dermatitis are the
same as for poison ivy dermatitis.
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These variants of ‘antigens’ shall now be discussed briefly below :

(a) Autoantigens. These represent an individual’s own proteins together with other biochemicals
which evidently elicit adequate ‘immune responses’ only in the event or circumstances
when the prevailing self-tolerance mechanism either collapses or breaks down completely or
partially.

(b) Allogenic Antigen. An antigen that occurs in some individual’s of the some species. A
glaring typical example is the human blood group antigens.

(c) Alpha-fetoprotein Antigen [AFP-Antigen]. It is an antigen present in the human fetus, and
also in certain pathological conditions in the adult. The material serum level can be evalu-
ated at 16-18 weeks of pregnancy to detect fetal abnormalities. Elevated levels indicate the
possibility that neural tube defects are present in the fetus. Decreased levels may indicate an
enhanced risk of having a baby with Down Syndrome. In case, an abnormal level of AFP is
found, further tests, such as : ultrasound or amniocentesis will need to be done. Elevated
serum levels are found in adults with certain hepatic carcinomas or chemical injuries. Test
results may also be abnormal in patients having diabetes, multiple pregnancies, or obesity.

(d) Carcinoembryonic Antigen [CEA]. One of a class of antigens normally present in the
fetus. Originally isolated from colon neoplasms (tumours), they were thought erroneously to
be specific for those tumours. In a situation when the previously elevated CEA level gets
back to normal after surgery, removal of the colonic tumour is thought to be complete and
successful.

5.1.2. Antibodies [Synonym : Immunoglobulins (Igs)]

In the recent past the entire field of ‘biotechnology’ received a thumping broadening and rede-
fining of concepts and ideas that actually helped in exploring the intricacies of various reactions taking
place in vivo. It has been well established that the conglomeration of major macromolecules particularly
associated with the immune response mechanisms are indeed a unique family of protein molecules
commonly termed as ‘antibodies’. But in the biochemical conditions accepted these prevailing mol-
ecules are invariably known as ‘immunoglobulins’ that in fact go a long way to explain vividly their
structural relationship with the globular proteins. Therefore, in ‘pharmaceutical biotechnology’ both
these terminologies are used generously and hence interchangeable.

Antibody may be regarded as any of the complex glycoproteins generated by B cells in response
to the presence of an antigen. A single antibody molecule comprises of four polypeptide chains, two of
which are light and two heavy, but all of them are duly joined by disulphide bonds.

In reality, antibodies, all of which are immunoglobulins (Igs), may combine with specific anti-
gens to destroy and control them effectively and ultimately provide them adequate protection against
most common infections.

Immunoglobulins [Igs] i.e., antibodies invariably provide a sophisticated defense mechanism
that particularly operates at the molecular level. Igs-are mostly found in the serum of the blood ; and are
of five distinct classes having minor but specific structural details. All the five categories of Igs found in
the human serum are duly isolated, identified and characterized based on their clearly distinguishable
electrophoretic behaviour ; and, therefore, could be partially separated from one another by the ‘gel
filtration technique’ that affords the separation strictly as per their individual molecular size.
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Table 5. records the relative molecular weights and concentrations of the five purified categories
of immunoglobin (Igs) available in the human serum :

Table 5. Five Immuglobulin Categories : Their Molecular Weights, Concentration of Ig ,
Total Ig (%) and Carbohydrate %).

S.No. Immunoglobulin Molecular Weight Concentration Total Ig Carbohydrate

Category Per mg. cm– 3 (%) (%)

1 IgG (Blood Lymph) 1,50,000 8.0 — 16.0 80 2.9

2 IgA (Secretions, 1,60,000 1.5—4.0 13 7.5

Body Cavities)

3 IgM (Blood Lymph) 9,00,000 0.6—2.0 6 7.7—10.7

4 IgD (Blood Lymph) 1,80,000 0.03 1 12

5 IgE (Blood Lymph) 1,80,000 0.0003 0.002 10.7

In other words, a single antigenic determinant entity is capable of provoking the ultimate
synthesis of the above five altogether different classes of immunoglobulin molecules ; and this categori-
cal display of heterogeneity is prevalent of the antibody response to antigen. This perhaps is the funda-
mental basis by which an antigenic determinant could be overwhelmingly attacked by various catego-
ries of an antibody molecule, thereby giving rise to the very existence of a reasonably powerful defense
mechanism within a living system (i.e., humans and animals).

Salient Features of the Antibody — Synthesizing Cell

These are as stated below :

(1) Each antibody-synthesizing cell may cause the production of only antibodies that will even-
tually combine with one specific determinant on the antigen.

(2) Importantly, the antibody-synthesizing cells do possess the unique ability to switch the cat-
egory of antibody (e.g., IgG, IgA, IgM, IgD and IgE) without altering the specific site of
combination for the respective antigen.

(3) Interestingly, this particular portion of the ‘antibody’ belonging to a given specific Ig-class is
observed to be altogether separate from the portion essentially containing the site of combi-
nation for the antigenic determinant.

Fig. 1.18 illustrates schematically the sketch of an ‘antigen’ displaying evidently several vital
characteristic features viz., number of antigenic determinants ; Igs of different categories binding to the
same determinant ; portions of the antibody molecule having separate zones that determines the type of
Ig ; and the part which precisely determines the best fit between an antibody and a corresponding
antigen determinant.
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* A substance that opposes the action of ‘globulin’.
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Fig. 1.18. A Schematic Sketch of a Antigen Exhibiting a Plethora of Antigen Determinants.

Conclusions. It has been duly observed that approximately 108 different antibody molecules
(i.e., Igs) may be synthesized in the human body. In other words, almost the same quantum of the
‘antigenic determinants’ may be eventually recognized by the system. From these actual sequence of
events taking place in vivo one may safely conclude that it is invariably possible that antibodies of the
same category having combining sites of the same antigenic determinant will display varying degrees of
affinity for that particular determinant.

5.1.3. Immunoglobulins as Antigens

After having a detailed discussion on the two important terminologies viz., antibodies (or
immunoglobulin, Igs) and antigens, one may raise a very important and crucial question at this junction,
whether the former entities can actually behave as the latter entities. So far it is quite vividly expressed
that the Igs are invariably and abundantly located in the human serum. It has so far been adequately
demonstrated and proved that the five variants of Igs found in humans are also available in all the
mammalian species ; however, it is quite pertinent to state here that though there exists certain funda-
mental close similarities amongst the said categories of Igs there also exists some mild but apparent
differences in their prevailing structures. Interestingly, the immunologists exploited these subtle differ-
ences that ultimately resulted in the evolution of anti-antibodies or antiglobulins* which find their
enormous use for diagnostic purposes.

It is well established that the ‘immune system’ in humans happens to be very sensitive to foreign
substances ; and, therefore, Ig derived from one mammalian species and subsequently injected into an
altogether different mammalian species shall predominantly prove to be immunogenic i.e., capable of
inducing an immune response, in character.
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Example :

The IgG molecular entities derived from a ‘rabbit’ and then injected into ‘sheep’ shall behave as
a foreign substance due to the fact that minor differences which essentially prevail in the heavy chain
fragment crystallisable (Fc) regions. Although there are significant differences amongst the Igs belong-
ing to the same class but derived from altogether different species, that are strategically located in the
heavy-chain Fc tail portions of the molecule. Eventually, the recipient species generates Igs which pre-
dominantly combines with this region. And the resulting products i.e., antibodies-against-antibodies
are usually termed as ‘antiglobulins’. In reality, it is indeed quite feasible as well as possible to generate
several anti-human Igs, namely : IgG, IgA, and IgM in a variety of species.

5.1.4. Structure of Antibody (or Ig)

Antibody (or immunoglobulin, Ig) comprises of five distinct classes as discussed under section
5.1.2 earlier. The sturcture of antibodies in this particular section shall be confined to only two classes,
namely : IgA and IgG molecules.

5.1.4.1. Ig A Molecule

It has been observed that the IgA molecule designates the second largest class of
immunoglobulins present in the human serum. It is found to be made up of two light and two heavy
chains. The heavy chains are duly indicated by ‘α’. It essentially possesses a higher carbohydrate con-
tent (7.5%) and also more ‘disulphide bonds (—S—S—)’ directly hooked onto the heavy chains (∝ ).
Interestingly, the exact location of the bonds markedly varies from the IgG. Besides, the C—terminal has
free-SH moiety in each and every heavy chain. Fig. 1.19 represents the structure of an IgA molecule in
the human serum ; and also depicting the presence of higher carbohydrate content.

Fig. 1.19. Structure of IgA Molecule Present in Human Serum.
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* A tumour originating in cells of the hematopoietic portion of bone marrow.

** A protein polysaccharide complex having starch like characteristics produced and deposited in tissues dur-
ing certain pathological conditions. It is also associated with a variety of chronic diseases, particularly TB,
leprosy, carcinoma, Hodgkin’s disease and osteomyelitis.

*** The light chains (L) proteins.

**** The set of antigenic determinants (idiotopes) on an antibody that make the antibody unique in exerting an
opposite action. It is associated with amino acids of Ig light and heavy chains.

5.1.4.2. IgG Molecule

In order to have better in-depth knowledge and vivid concept of the ensuing relationship between
the basic structure of IgG and its biological activities, an intensive exploration investigative was carried
out on patients specifically suffering from a disease termed as mycloma*.

This situation is regarded as a neoplastic condition of the cells whereby they are capable of
synthesizing an enormous quantum of both heavy and light chains that are generated almost monoclonally.
However, the patients generally secrete excessive quantities of Igs having light chains in the urine.
Because they invariably show up as identical entities, the variable segment of the fragments undergo
polymerization, that ultimately give rise to the formation of amyloid** fibrils, with specific character-
istic features, and found in urine.

VL-Type amyloid fibrils. Found in patients excreting Bence Jones Proteins*** which is only
possible by the application of antizidiotypic sera**** appropriately.

It has been duly observed that the paired light (L) and heavy chains (H) do exhibit an appreciable
variation i.e., variable region ‘A’ in amino acid sequence at the N-terminals ; and maintaining a farily
reasonable constancy in the rest of the portion. Interestingly, the constant region ‘B’ do posses a plethora
of ‘homologous segments’ that are found to be very much identical which an IgG molecule and also
between different IgG molecules.
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Fig. 1.20. Schematic Structure of an IgG Antibody.  Fig. 1.21. An IgG Molecule Exhibiting Overlapping
Domains Comprised of β-Pleated Sheets.
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Fig. 1.20 : illustrates the schematic structure of an IgG antibody wherein the antigen-binding
sites, disulphide bonds, light chain, heavy chain, complement binding sites and an antibody have been
ear-marked explicity.

Fig. 1.21 : designates an IgG molecule exhibiting the overlapping domains comprised of essentially
the β-pleated sheets. Importantly, the heavy chains consists of primarily four vital segments viz., VH, CH1,
CH2 and CH3 ; whereas, the light chain cosists of only segment, namely : VL. The three predominant
zones are : (a) antibody combining site ; (b) fragment antibody binding site (Fab) ; and (c) fragement
crystallisable site (FC). The coupling of CH1 and CH2 designated as the hinge region. The two hinges are
strategically joined with each other by a disulphide bond.
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Fig. 1.22. 3D-Conformation Variable and Constant Domains of a Single Light Chain (L) of IgG Molecule.

Fig. 1.22 : reveals explicitely the spectacular analysis of Bence-Jones light chains (L) by the help
of X-ray crystallographic studies whereby it was virtually established that the IgG molecule essentially
possessed three dimensional (3D) configuration. Furthermore, it predominantly comprised of two dis-
tinct segments usually known as : (a) variable domain, designated by VL ; and (b) constant domain,
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designated by CL. Interestingly, both these domains (or regions) have βββββ-pleated sheets that were me-
ticulously joined together by the help of short and irregularly folded chains. In fact, these two above
mentioned regions are commonly termed as ‘structural domains’.

It is, however, pertinent to state here that the variable domain (VL) is essentially comprised of light
chain (L) ; and the constant domain (CL) is distinctly connected by the help of β-pleated sheets, thereby
eliciting a marked and pronounced similarity in the folding patterns of these two domains specifically.

Though there exists several points of differences in the basic structure of these two domains,
yet in the prevailing 3D-structure there are several points of similarities that the predominantly due to :
(a) glaring stabilizing influence of single intra-chain disulphide bond (see Fig. 19) in each domain ;
and (b) partially by virtue of the presence of a huge quantum of ‘hydrophobic’ amino acid residues
strategically located within the interior of the folds.

It has been amply observed that a good number of ‘glycyine residues’ are located wherever the
chain is involved in the process of ‘folding back on itself’. Therefore, it has been duly advocated that the
ensuing degree of flexibility prevailed upon by the presence of rather small side chain (e.g., H-atom) in
glycine [H2N—CH2—COOH] is an absolute necessity to enable and execute the phenomenon of the
folding pattern.

5.1.4.3. Glycosylation of Antibody (IgG)

Generally, an ‘antibody’ gets glycosylated, invariably carrying carbohydrate residues specifically
located in the CH2 region. It has been established that the carbohydrate portion of the Ig is essentially an
oligosaccharide loaded with several ‘monosaccharide units’. It may include rather complex N-acetyl
lactosamine rich segments as depicted in Fig. 1.23 given below :
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Fig. 1.23. Structure of Carbohydrate Moieties (Oligosaccharide Segments)
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* The cell produced by the fusion of an antibody-producing cell and a multiple mycloma cell. This hybrid cell
is capable of producing a continuous supply of identical antibodies.

However, it has been found that in IgG, the presence of the ‘carbohydrate segment’ extends upto
2.5% of the entire molecule ; and, besides, it is practically equally divided between the prevailing two γγγγγ-
heavy chains (H), that are strategically linked via two specific amino acids, namely : threonine and
aspartic acid residues present in the polypeptide chains. It has been adequately proved that there exists
no ‘glycosylation’ in the fragment antibody binding (Fab) ; and this perhaps puts across a logical expla-
nation that glycosylation exerts practically little effect on the antigen binding property of antibody.
However, it affords an influence upon the effector function duly controlled particularly by the fragment
crystallisable (FC) component.

5.1.5. Monoclonal Antibodies (MABs)

In a broader perspective, an antigen (or immunogen) molecule predominantly possesses antigenic
determinants of more than one specificity. In other words, different determinants shall undergo viable
interaction with altogether different antibodies. In reality, each separate antigenic determinant of the
antigen will have a tendency to get bound to a fully mature B-cell whose surface immunoglobin (SIg)
specifically matches the characteristic features presented by the concerned determinant. Consequently,
a single antigen thus produced may essentially activate the B-cells having more than one SIg specificity.
The resulting activated B-lymphocytes (cells) of each SIg specificity shall precisely divide and differen-
tiate to produce clones of the respective plasma cells thereby generating antibodies having more or less
the same specificity. Interestingly, it has been observed that a ‘single antigen’ would usually induct more
than once distinct clones of the prevailing plasma cells ; and, therefore, it will give rise to the production
of ‘antibodies’ bearing variant specificities. Most logically, the serum of an animal adequately immu-
nized by a single antigen shall definitely comprise antibodies with various specificities, but reacting
particularly to the same antigen. These specific variety of antibodies are invariably termed as polyclonal
antibodies because they are eventually produced by a good number of different plasma cell-clones.

Contrary to this aforesaid phenomenon, a hybridoma* clone gives rise to the antibodies of a
single specificity as the particular clone is actually derived from the fusion of a single well differentiated
(antibody producing) B-lymphocyte having a mycloma cell i.e., essentially being a clone of a single B-
cell. It is, therefore, quite obvious and evident to term these antibodies as monoclonal antibodies (MABs).
Naturally, most of the molecules of an ensuing MAB shall essentially possess the same specificity.

In other words, MAB may also be defined as — ‘a type of antibody derived from hybridoma
cells. Such antibodies are of exceptional purity and specificity. They are being employed for the identi-
fication of a plethora of infectious organisms and hormones, for instance : human chorionic gonadotropin.
In addition, they are employed in tissue and blood typing (matching), in order to identify specifically the
tumour antigens, and experimentally for the progressive treatment of autoimmune diseases, B-cell
lymphomas, and pancreatic cancer.

The astronomical growth in the field of pharmacobiotechnology in the last two decades has
broadened the scope of MABs to a great extent in the following two cardinal aspects of immunodiagnostics,
namely :

(a) MABs in diagnostics, and

(b) MABs in imaging and therapy.
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5.1.5.1. MABs in Diagnostics*

In the recent past, MABs have gained rapid and wide recognition into the ever expanding field of
heath-care diagnostics. In fact, there are normally four vital and predominant methodologies that find
their enormous applications in ‘diagnostiscs’, for example :

5.1.5.1.1. Immunoassays

Most immunoassays are carried out by the application of radioactive antibodies [i.e., radio
immunoassays (RIAs)] whereby the sample exhibiting radioactivity shall be retained onto the sample.
However, the underlined and prescribed stringency and authencity of RIA tests largely restrict it to
centralized specialist diagnostic facilities exclusively.

5.1.5.1.2. Enzyme Immunoassays (EAI)

In this specific instance a particular colour-producing enzyme is coupled to the antibody. Thus,
the outcome of the results may be read either directly by a naked eye or spectrophotometrically.

5.1.5.1.3. Enzyme Cascade Technique**

Here, a number of enzyme reactions are taking place are coupled strategically to produce an
appreciable amplification of the original binding signal that is either read by a naked eye or spectropho-
tometrically, and

5.1.5.1.4. Fluorescence Immunoassays (FIA) and Luminescence Immunoassays (LIA)

Precisely, these are more or less inter-related techniques wherein the ‘lable’ either gives rise to
fluorescence or light respectively.

Examples :

1. Pregnancy Dipstick Test. It is solely based on MABs ; the pregnancy dipstick test deter-
mines the pregnancy either at home or in a clinical laboratory.

2. Ovulation Dipstick Test. Another type of dipstick test based on MABs that essentially
ascertains the positive or negative ovulation on a subject, and

3. AIDS test. MABs based AIDS test kit is abundantly available to identify its presence in
donated blood samples.

Notes. Therefore, each and every blood sample must be tested for AIDS test before the
actual blood-transfusion is carried out onto a healthy patient.

5.1.5.2. MABs in Imaging and Therapy :

It is, however, quite pertinent to state here that the most acute and major observed hinderances
ever enountered in the management and subsequent treatment of cancer virtually lies in the fact that the
malignant cells have a very close resemblance to the normal cells. Therefore, it is quite evident and
possible that such ‘therapeutic agents’ which are solely intended to cause complete destruction of the
cancerous cells would also destroy invariably the ‘normal cells’ as well perhaps by virtue of their close
resemblance. However, it has already been well established that the surfaces of the malignant cells do
differ in certain respects from those of the normal cells. But we have seen earlier that MABs exclusively

* Kar , Ashutosh, ‘Pharmacognosy and Pharmacobiotechnology’, New Age International Pvt. Ltd., New Delhi,
2003.

** Developed by IQ (BIQ) in Great Britain.
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* A collaborative research by Centocor (USA) and Hoffman La Roche (Switzerland).

** A collborative research of Centocor (USA) and Hoffman La Roche (Switzerland) ;

*** Eli Lilly (USA) ;

**** Concerning the membrane lining the abdominal cavity.

***** Clear and pale straw-coloured fluid occurring in the peritoneal cavity (Sp. gr 1.005-1.015).

recognise specific antigens on cells, they ar being fully exploited to image cancerous tumours particu-
larly in an intense on-going clinical research undertaking, and also in therapy against a variety of malig-
nancies, namely : colon and breast cancer ; lymphomas ; and melanomas.

A few typical examples have been adequately detailed below, namely ;

1. Gastrointestinal Cancer*. MABs is used alone to combat gastrointestinal cancer. The un-
derlying principle being that when the antibodies opt to bind to the turnover, they invariably
exhibit a tendency to attract the cells of the immune system to act against the prevailing
cancerous tissue.

2. Lung, Breast, Prostate, and Pancreas Cancer. It is, however, pertinent to mention here
that enough research activities have triggered off in the recent past towards the development
of monoclonal conjugates of two important class of drugs, such as :

(i) Anthracycline Drugs**. Such as antibodies having quinones and related structures
e.g., Adriamycin(R) (Adrio) ; Bufex(R) (Bristol).

(ii) Desacetyl Vinblastine***. When desacetylvinblastine i.e., a chemical entity obtained
either from the plant source or produced by plant cell culture, is conjugated to a
monoclonal which consequently acts specifically on lung, prostrate, breast and pancreas
malignant cells.

5.1.5.3. Production of Monoclonal Antibodies (MABs) :

It is well established at present that — ‘monoclonal antibodies are invariably produced from
hybridoma clones ; whereas each hybridoma clone is meticulously derived by the actual fusion of a
mycloma cell together with an antibody producing lymphocyte, and ultimately the hybridoma clone
producing the desired antibody is adequately isolated and subsequently identified.’

In actual practice the ‘hybridoma cells’ are mass cultured for the overall production of MABs
with the help of one of the following two methods, namely :

(a) Culture in Peritoneal Cavity**** i.e., in vivo peritoneal cavity of mice, and

(b) Mass in vitro culture i.e., in vitro large scale culture vessels.

The above two methodologies shall now be discussed individually in the sections that follows :

5.1.5.3.1. Culture in Peritoneal Cavity

In this developed, tested and tried methodology the ‘hybridoma cells’ are strategically trans-
planted into the peritoneal cavity of a suitable and highly purified strain of mice, and subsequently the
ascitic fluid***** derived from the animals is duly harvested and the MABs are purified meticulously.
Importantly, this particular technique positively yields between 50-100 times higher quantum of the
‘desired antibody’ in comparison to the usual traditional in vitro culture of the hybridomas.
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It is, however pertinent to state here that there are three important characteristic features of this
technique, namely :

(a) Generally, the ensuing ‘antibody preparations’ happen to be a lower purity than those ob-
tained from the corresponding cell cultures, particularly if, serum-free media are employed,

(b) Methodology involved is predominantly a labour-intensive one, and

(c) Unconditionally and absolutely pathogen-free animals of particular genotypes are essen-
tially required.

5.1.5.3.2. Mass in vitro Culture

One may accomplish the commercial/large-scale culture of the ‘hybridoma cells’ by adopting
any one of the three methodologies, namely : (a) Bioreactors with frequent stirring device ; (b) Aircraft
fermentors ; and (c) Specific vessels based on immobilized cells. In actual practice, the culture systems
making use of specifically immbolized cells are responsible for the progressive cultivation of cells at
very high densities that markedly increases the production of ‘antibody’ in vivo.

Examples :

There are two typical examples to expatiate the above process i.e., mass in vitro culture, namely :

(a) Hollow fibre cartridges (i.e., a culture system) — found to yeild 40 g MABs per month ;
and

(b) Special ceramic cartridges (i.e., an opticle system) — found to yield 50 g MABs per day.

Future Scope. An extensive and intensive research towards the futuristic developments and
progress in the area of immobilized culture systems may ultimately give rise to an increased production
of MABs in a significant manner, and therapy markedly and pronouncedly minimize the cost of their
mass production from the cell cultures.

Production. The various steps that are intimately involved in the production of monoclonal
antibodies (MABs) are represented sequentially in Fig. 1.24 as below :
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Fig. 1.24. Production of MABs and Polyclonal Antiserum.

The various steps that are involved sequentially in the production of MABs and polyclonal
antiserum (Fig. 1.24) are as follows :

(1) A very specific ‘antigen’ (immunogen) comprising of four epitopes was injected into mice
where B cells have already commenced generating antibodies against that antigen.

(2) The same mice (pure strain of albino mice), received another ‘booster dose’ of the same
antigen so as to accomplish a much desired ‘secondary response’.
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(3) The ‘spleen’ of the treated mice was duly removed after a gap of 3-4 days that essentially
comprised of B cells active enough in the process of synthesizing ‘specific antibodies’.

(4) The isolated spleen was adequately macerated and the resulting spleen cells thus obtained in
the form of a suspension consisting of B cells giving rise to four distinct cell lines i.e., one
cell line representing a specific antigenic determinant (epitope).

(5) The resulting spleen cells were meticulously mixed with the mycloma cells of the mice de-
rived from the bone marrow and incubated in a culture medium containing polyethylene
glycol (PEG).

(6) Quite a few of the ‘spleen cells’ were adequately fused with neoplasm (tumour) cells to
result into the formation of hybrid mycloma cells*.

(7) The spleen cells thus obtained are hypoxanthine phosphoribosyl transferase (HPRT) —
positive and fuse with myeloma cells to give rise to hybridomas [see (6) above] ; besides,
utilize hypoxanthine categorically to generate purines and pyrimidines.

(8) The hybrid myeloma cells (hybridomas) do survive and continue to multiply indefinitely
thereby producing a good number of ‘specific antibodies’ against the ‘specific antigens’.

(9) Each hybridoma cell is isolated meticulously and duly cultured individually to allow them to
multiply in a clone of daughter cells.

(10) It has been observed that such ‘hybridomas’ are absolutely uniform and permanent charac-
teristically ; and, therefore, when cloned through several generations, invariably give rise to
only one type of antibody having specific feature of the parent B cell, hence termed as
monoclonal antibodies (MABs).

5.1.5.4. Application of Monoclonal Antibodies (MABs) :

The most spectacular major advantage of the monoclonal antibodies (MABs) is that most of the
antibody molecules present in a single preparation strategically undergo reaction with a single antigenic
determinant or a single epitope.

Consequently, the outcome of results achieved by the aid of MABs are not only significant but
also explicite and devoid of any ambiguity because there prevails absolutely little confusion which may
eventually come into existence by virtue of the presence of antibodies essentially diaplaying other
specificities in the instance of conventionally employed antisera. However, in the light of above diver-
sified multiple and wide spectrum applications of MABs, these may be classified judiciously into the
following four categories, namely :

(a) Diagnostic Utilities,

(b) Biological Reagents in Diversified Disciplines,

* The mice myeloma cells which are selectively chosen for fusion are not capable of generating Igs ; and besides,
are found to be apparently deficient in the enzyme HPRT. Therefore, the ensuing cells represent a mutant
variety. In fact, the cells which were employed actually were HPRT-negative and hence gave rise to
immunoglobulins (Igs). As all spleen cells fail to produce ‘hybridomas’ ; therefore, it is quite necessary to
get rid of the unfused cells from the rest of the hybridomas by allowing them to grow them in a highly
selective hypoxanthine-amino-pterin-thymine medium (HAT-medium). The HRPT-negative myeloma
cells fail to make use of hypoxanthine ; therefore, rendering them fatal after a short duration.
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(c) Therapeutic Usages,

(d) Immunopurification, and

(e) Miscellaneous Applications.

These categories of applications of MABs shall now be dealt with separately in the sections that
follows :

5.1.5.4.1. Diagnostic Utilities

Diagnostic utilities are mainly focussed when MABs are employed to detect and identify the very
presence of either a particular antigen (immunogen) or of antibodies specific to an antigen in a sample or
samples. It is, however, pertinent to mention here that the presence of antigen is invariably accom-
plished (detected) by precisely carrying out the ‘assay’ due to the formation of antigen-antibody com-
plex (Age-Ab Complex). In fact, a good number of standardized and well-defined assay procedures
have been duly developed that are found to be not only highly precise but also extremely efficient i.e.,
may detect upto picogram level (pg, 10– 12 g).

A few typical specific examples of the diagnostic utilities shall be described as under :
(1) MABs are available for the precise and unequivoeal classification of ‘Blood Groups’* in

humans e.g., ABO, Rh etc.
(2) MABs are invariably for a clear, distinctive and decisive detection of causative organsism

(e.g., pathogens) directly involved in producing various dreadful diseases (disease diagnosis).
Interestingly, the underlying principle may be explained as :
(a) An antigen which being specific to the causative microorganisms is to be detected first

and foremost, isolated and than the MABs specific to the antigen are generated.

(b) MABs thus produced is applied to the fluid/tissue wherein the presence of the pathogen
under investigation is meant to be detected.

(c) Antigen-antibody complex (Ag-Ab Complex) will form only if the pathogen is very
much present in the ‘test sample’, because the antigen under investigation is present
only in association with this particular pathogen.

(d) The resulting Ag-Ab complex is invariably assayed by employing one of the immunoassay
procedures e.g., RIA, ELISA ; of which the most abundantly employed being the
ELISAI**.

* There are a number of human blood group systems ; each system is determined by a series of two or more
genes that are closely linked on a single autosomal chromosome. The ABO system (discovered in 1901 by
Karl Landsteiner) is of prime importance in blood transfusions. The Rheus (Rh) system is especially impor-
tant in obstetrics. There are eabout 30 Rh antigen.

The population can be phenotypically divided into four ABO blood groups : A, B, AB and O. Individuals in
the A group have the A antigen on the surface of their red cells ; B group has the B antigen on red cells ; AB
group has A and B antigens on red cells ; and O group has neither A nor B antigens on red cells. The
individuals in each group have in their sera the corresponding antibody agglutinin to the red cell antigens that
they lack. Thus, a group A person has in the blood serum the anti-B antibody ; group B has anti-A antibody ;
group AB has no antibodies for A and B ; and group O individuals have anti-A and anti-B antibodies in their
sera.

** ELISA : (Enzyme-linked immunosorbent assay) — is abundantly employed for the detection of specific
viruses in plants, particularly in germplasm being imported from outside.
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3. Neoplasms (tumours) comprise of several antigens which are intimately associated with three
cardinal aspects of tumour, such as : (a) tumour cell differentiation ; (b) tumour growth ; and
(c) tumour immunology. Importantly, most tumours predominantly and essentially contains a
‘marker antigen’ usually known as the carcinoembryonic antigen (CEA). In fact, MABs
have been specifically produced for CEA together with certain other tumour-linked antigens.

In actual practice, the application of such tailor-made MABs in histochemical assays allows
the clear-cut identification of such vital information, for instance :

(a) the nature of tumour cell type,

(b) the malignant and benign king of neoplasms, and

(c) the early instances of melastasis.

Note. (1) Radioimmunoassays may detect even small tumours to the extent of 0.5 cm in
size that are otherwise not detectable conveniently.

(2) Immunological assays are capable of detection of cancerous cells at a very early
stage which is of immense help and advantage in ‘cancer chemotherapy’.

(4) MABs may be effectively and accurately used for the detection of ‘particular chromosomes’
of a given species.

It may be accomplished by adopting the following steps :
(a) Raising MABs against particular proteins that are duly encoded by the genes present in
different chromosomes of a specific viz., for the amylase inhibitors encoded by the genes in
chromosomes 1 and 6 of wheat. The actual quantum of Ag-Ab formation in the tissues,
such as : seed, extracts, from various individuals may be employed to ascertain in case an
individual is found to be :

Nullismic : i.e., no Ag-Ab complex formed :
Monosomic : i.e, low quantim of Ag-Ab complex formed ;
Normal Disomic : i.e, intermediate amount of Ag-Ab complex formed ;

Trisomic : i.e, high quantim of Ag-Ab complex formed.
specific for the ‘concerned chromosome’.

5.1.5.4.2. Biological Reagents in Diversified Disciplines

The most pivotal, major and extremely important major applications of MABs in the capacity of
‘biological reagents’ in a number of diversified disciplines are provided in Table 6 as under.

Table 6 : Applications of MABs as Important Biochemical Reagents in
Diversified Disciplines

S.No. Disciplne Applications

1. Bacteriology Identification of microorganism, and their respective pathogenicity
(ie., disease producing organisms)

2. Cytology Cell separation by employing flourescent antiodies, carcinoma
cells etc.,

3. Diagnostics Diagnosis of viral hepatitis, typhoid, filariasis, amoebiasis, breast
cancer, HIV-infections, pregnancy tests, haemolytic diseases,

(Contd. ...)
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* A toxic lectin and hemagglutinin isolated from castor bean, Ricinus communis L., Euphorbiaceae. It essen-
tially has two polypeptides ; first, a toxin peptide (called A), and secondary, a cell-binding polypeptide,
lectin (called B). The ricin A polypeptide both enzymatically and irreversibly modifies the larger subunit of
ribosomes (i.e., their EF2 binding site) thereby rendering them incapable of executing protein synthesis.

genetic disorders, Japanese encephalitis, autoimmune and
immunodeficiency disease.

4. Forensic science Characterization of Blood stains.
(Criminology)

5. Immunology Immunoassays, characterization antibody, molecules, antigenic
determinants, neoplasm antigens, analysis and identification of
T-cell subsets, cytotoxic drug conjugated with MABs against
tumour antigens to act as ‘magic bullets’.

6. Medicine Identification of blood group, tissue typing, human leucocyte
antigen typing (HLA-typing), blood clotting factors.

7. Pathology Test for allergens in vivo.

8. Pharmacology Estimation of drug substances e.g., barbiturates, antibiotics, anti-
neoplastic agents etc.

9. Virology Detection and identification of viruses, expression of viral antigens
in infected cell-membranes etc.

5.1.5.4.3. Therapeutic Usages

The therapeutic usages essentially and prominently make use of MABs to combat two vital
aspects : first, the management and treatment of a disease condition ; and secondly, to afford a reason-
able protection from a disease profile. A few typical examples eliciting certain exemplary developments
in this specialized field are enumerated as under :

(a) Immunotoxins with ‘Ricin’*. Antibodies specific to neoplasm cells (i.e., a cell-type) may
be linked with a particular toxin polypeptide thereby giving rise to a conjugate molecule
normally termed as immunotoxin. It has been amply demonstrated that the antibody seg-
ment of the prevailing immunotoxin shall be strategically bound to the ‘target cells’ ; and,
therefore, the attached toxin will categorically kill the ensuing cells. Interestingly, the
immunotoxins with ‘ricinin’ have been prepared successfully and evaluated subsequently
by accessing their ability to kill the ‘neoplasm cells’ with commendable success. The result-
ing toxin is observed to be very much effective against both dividing and non-dividing cells
because it helps in the inhibition of protein synthesis to a considerable extent.

Importantly, the conjugate derived from antibody-Ricin A has been shown to reduce pro-
tein synthesis particularly in mouse B-cell neoplasms. Besides, the antibody employed in
forming the conjugate was found to be absolutely specific to the ‘antigen molecules’ present
on the surface of the prevailing target neoplasm cells as shown in Fig. 1.22.

Note. The ‘immunotoxin with Ricin’ failed to exhibit any binding affinity to either other
neoplasm cells or the normal cells.
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(b) Radioactivity to Target Tumour Cell. Based on the identical principle it has been ad-
equately exploited to deliver radioactivity particularly to the target tumour cells. Interest-
ingly, in this specific instance, radioactivity caused by virtue of 131I (iodine), 90Y (yitrium),
67Cu (copper), 212Pb etc., is strategically incorporated (or inducted) right into the neoplasm
specific antibody (i.e.,toxin is not used). Consequently, the prevailing radioactive anti-
body entity exclusively gets bound to the tumour cells that in turn express the particular
antigen. Thus, the radiation ultimately emitted by the isotopes helps to kill the neoplasm
cells and also their neighbouring cells.
Broadly speaking, this particular approach is commonly known as ‘radioimaging’ to solely
detect neoplasm cells for which the antibodies are more or less extremely specific.
Examples :

A few typical examples of the radio-labeled antibodies that have been used extensively as
therapeutic purposes are :
For Hepatoma* : Human T-cell leukemia/lymphoma virus-1 (HTLV-1) ; and Adult T-cell
leukemia (ATL).

(c) The proper activation of T-cells (lymphocytes) by virtue of their adequate proliferation,
maturation and antibody secretion achieved due to their interleukin-4 [IL-4] dependance
profile. Perhaps the aforesaid observation would certainly go a long way to put forward a
solid explanation that both tissue and bone marrow explant rejections are significantly medi-
ated by T-cells. Therefore, quite evidently an overwhelming strategy to lower the probability of
rejection of ‘grafts’ from other individuals (i.e., allografts) in particular shall be aimed at to
eradicate the T-cells from either bone marrow or circulatory system (viz., blood stream) by
employing T-cell specific MABs. In general, T-cells do display many antigens (immunogens),
but it has been observed that CD3, CD4, CD8 etc., have been the most preferred targets for
the development of MABs.
Methodology. The various steps involved in the bone-marrow transplantation are enumer-
ated briefly as under :
(1) Bone marrow cells of the recipient are adequately inactivated by appropriate radiation.

(2) Donor bone marrow cells are meticulously subjected to the T-cell specific antibodies to
cause destruction of the T-cells present in them ; and, subsequently, the residual treated
cells are transplanted into the recipient.

(d) Passive Immunity Against Diseases. MABs may be employed to cause an efficacious and
preventive ‘passive immunity against diseases’. It has been squarely proved that the ‘active
immunity’ duly inducted in an immunized individual by itself generates the antibodies against
the concerned pathogenic microorganisms (pathogens) ; whereas, interestingly in the spe-
cific instance of ‘passive immunity’ antibodies that are actually produced elsewhere are
adequately introduced into the body of an individual to make the required and desired
provision of immunity against the concerned pathogens.

(e) MABS are found to be extremely beneficial in affording the purification of antigens that are
particularly specific to the ‘concerned pathogens’. In short, these ‘highly purified antigens’
are invariably employed as vaccines e.g., polio vaccine, cholera vaccine, small pox vaccine
etc.,

* A term previously used to describe hepatocellular carcinoma.
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5.1.5.4.4. Immunopurification

The highly specific and critical interaction of an ‘antibody’ to an ‘antigen’ is largely employed
for the purification of antigens that are essentially present in small quantum in the form of a mixture
along with several kinds of other molecules ; and this phenomenon is termed as ‘immunopurification’.
The various kinds of immunopurification usually encountered are discussed as under briefly :

(1) The specific structure of a MAB molecule should be largely compatible to the antigen that
needs to be purified ; and the latter is invariably fixed to an insoluble matrix, such as :
dextran [Macrodex(R)] or agarose beads, strategically joined together by a cross-linking
agent like cyanogen bromide in such a fashion that its inherent antigen-binding ability is
least affected. The aforesaid beads are suitably packed into a column via which the solution
consisting of the ‘antigen’ is made to elute under standard specified conditions. The anti-
body molecules present in the system do interact appropriately with the antigen molecules
thereby giving rise to the formation of Ag-Ab complex that is obviously held up in the
column whereas the residual molecules (smaller in size) get eluated rather freely without any
inconvenience whatsoever. Now, appropriate washing processes are adopted so as to collect
the ‘purified antigen’ retained as Ag-Ab complex in the column. This prevailing technique
is commonly known as ‘affinity chromatography’.

Note. Exactly the reverse of the above phenomenon is skillfully used for the purification of
MABs i.e.,in this specific instance the ‘purified antigen’ is duly fixed onto the beads ad-
equately packed in a column via which the antibodies are passed. Consequelty, the MABs
from the ensuing Ag-Ab complex are meticulously recovered in its purest form.

(2) MABs have been frequently utilized in the isolation of mRNA* via encoding the particular
protein entity to which the MABs are eventually specific.

Methodology :

The different steps involved are as follows :

(a) Almost one dozen of ribsosomes** are intimately associated with the ‘active protein
synthesis’ in vivo being supported by one mRNA molecule. Consequently, one ribosome
is closely linked to a molecule of the corresponding polypeptide undergoing synthesis ;
and this very resulting new structure is usually termed as polysome.

(b) The ensuing ‘preparation of polysomes’ on being treated with antibodies, undergo in-
stant interaction with the highly specific nescent polypeptides closely linked with the
ribosomes thereby affording ultimate precipitation of the prevailing ‘polysomes’. This
phenomenon evidently suggests that a specific MAB shall only precipitate such
‘polysomes’ that are critically engaged in the synthesis of polypeptide for which the
MAB is articulately specific.

(c) Subseqeuently, the ‘precipitated polysomes’ are normally recovered by standard pro-
cedures, and the mRNA is isolated carefully.

* mRNA carries the code for specific amino acid sequences from the DNA to the cytoplasm for protein synthe-
sis.

** A cell organelle made of ribosomal RNA and protein. In protein synthesis they are the site of mRNA attach-
ment and amino acid assembly in the sequence ordered by the genetic code carried by mRNA.
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(d) The resulting mRNA is found to be extremely pure in nature ; and, therefore, predomi-
nantly aids in the process of encoding the protein for which the specific MAB was
initially engaged in the precipitation of the ‘polysome’.

(3) MABs are inviarably utilized for several vital operations, such as : identification, isolation of
cells exhibiting a particular ‘antigen’ on their surface.

Methology : The various steps involved are as stated below :

(a) MAB which is specific to the ‘concerned antigen’ being articulately conjugated with a
fluorescent molecule.

(b) The MAB very much specific to the concerned antigen is conjugated with a ‘fluorescent
molecule’ ; and thereafter, added to the corresponding cell suspension to facilitate Ag-
Ab complex production.

(c) The resulting ‘antibody conjugate’ shall ultimately get bound to those cells only which
prominently display the ‘concerned antigen on their surface ; and, therefore, such cells
will exhibit fluorescence under suitable conditions.

(d) In actual practice, these specific cells are easily identified and subsequently separated
from the others by virtue of their ‘fluorescence characteristics’. Hence, for this precise
measurement one may make use of highly sophisticated ‘fluorescence activated cell
sorters’ (FACS) to afford a rather prompt and rapid sorting out of such characteristic
cells.

5.1.5.4.5. Miscellaneous Applications

There are quite a few miscellaneous applications of MABs which would be discussed in the
sections that follows :

(1) Drug Delivery and Targeting. The most vital and exemplory application of MABs in thera-
peutic domain is to precisely direct and guide a drug adequately conjugated with MABs
against the neoplasm (tumour) antigens strategically positioned on the target cells. In other
words, a ‘toxic drug entity’ is very selectively and precisely delivered to the target cell (i.e.,
neoplasm cells) without causing any affect on the normal cells. Hence, in the latest therapeu-
tic (pharmacologic) terminology such highly specific drug-conjugated MAB invariably act
as ‘Magic Bullets’.

Advantages : The various advantages of ‘Magic Bullets’ are as follows :

(a) The desired ‘toxic-drug’ entity is solely prevented from circulation in the body, whereas
a ‘small dosage’ may be administered most precisely to the ‘desired target’ in a rather
effective manner ; and

(b) The aforesaid technique is found to be an extremely useful one for the meticulous admin-
istration of anti-neoplastic agents viz., methotrexate, busulfan, phosphoramide mus-
tard, lomustine and the like, without resulting into any serious side-effects whatsoever.

Notes : The most challenging and difficult aspect of the entire exercise is the problem of
raising MABs which shall get bound to ‘neoplasm cells’ rather than the ‘normal cells’.

(2) Identification of Lymphocyte Subpopulations. A major break through and spectacular
advancement in the application of MABs has been critically focussed towards the identifica-
tion for the sub-populations of lymphocytes by the help of Fluorescence-Activated Cell
Sorter (FACS).
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Metholodogy : The various steps involved are as follows :

(a) The fluorescent dye-labeled MABs absolutely specific for cell-surface antigenic deter-
minants are made to interact with the ensuing lymphocytes.

(b) The resulting cells are subsequently passed through a thin stream of culture medium via
an electric field.

(c) Consequently, the fluorescent cells pick-up charges accordingly ; and, therefore, may be
isolated from the non-flurescent ones conveniently.

Importance : The aforesaid technique is abundantly utilized not only to differentiate but
also to segregate the fluorescent cells so as to pin-point effectively the prevalent and relative
abundance of various kinds of immune cells. Therefore, the above delicate phenomenon
may be exploited as a viable, dependable and trustworthy ‘diagnostic tool’ for various
autoimmune diseases and immune deficiency disease conditions.

(3) Autoimmune and Immunodeficiency Diseases. It has been proved and well established
beyond any reasonable doubt that in both autoimmune as well as immune-deficiency dis-
eases the prevalent helper and suppressor T cell subset ratio gets disturbed appreciably.
Therefore, the overwhelming T cell deficiences may be monitored precisely and accurately
by the aid of MABs-directed against the specific T cell immunogens (antigens).

(4) Detection of Surface Molecules. MABs have been skillfully and purposefully employed to
probe the surface of immunocompetent cells. Besides, MABs have also been used in map-
ping the actual prevailing distribution of the membrane determinants, e.g., major
histocompatibility complex (MHC) antigens and a plethora of macromolecules. It is, how-
ever, a well known fact that the ensuing T cell subsets essentially comprise of various surface
markers that are predominantly antigenic in nature.

In the therapeutic armamentarium the particular role and unique ability to deplete a specific
T cell subset in a patient by the induction of MABs that have the capability and vulnerability
to get bound selectively to one specific determinant of the aforesaid subset.

Example : The above critical situation may be further expatiated by specifically discarding
the cytotoxic T cells in patients that might have been provided with a kidney transplantation
from a donor, whereby the chances of kidney rejection (or graft rejection) in the recipient
(i.e., new host) is minimized substantially.

(5) Veterinary and Plant Diagnostics. It has been duly recommended that the MABs could be
employed extensively towards the diagnosis of Foot and Mouth disease in animals. They are
also beneficial in the measurements of reproductive hormone levels in the animals. Interest-
ingly, the utilization of MABs in plant viral diseases are not so quite predominantly recog-
nized as in humans or animals.

In nut shell, the above applications are representatives of the numerous applications of MABs-
the technological advancement of which is advancing in an astronomical speed as well as
momentum.

6. HYPERSENSITIVITY REACTIONS

Hypersensitivity may be defined as — ‘an abnormal sensitivity to a stimulus of any kind’.
Invariably, a situation may crop up when an antigen specifically interacts with a sensitized host thereby
giving rise to a tissue damage ; and this is usually termed as hypersensitivity reactions.
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In other words, one may lodge an explanation that immune reactions are particularly responsible
for not only managing but also tackling adequately the invasion by a host of so called ‘foreign antigens’
necessarily comprising of various types of viruses, microorganisms, chemicals, drug substances, allergens
etc., and ultimately render reasonable protection to the human body as a whole. Therefore, a majority of
prevailing immune responses are overwhelmingly useful for the human body ; however, there are quite
a few immunological reactions that significantly afford an almost adverse reaction ultimately resulting
into undersirable, painful, and harmful effects. In true sense, these untowards hypersensitivity reactions
are mostly characterized by a highly specific antigen-antibody reaction (Ag-Ab reaction), and these are
of three cardinal categories as detailed below :

(i) when no visible reaction takes place even after the very first exposure to an ‘agent’. Evidently,
the symptoms commence soonafter i.e., normally within a short span of a few days only after drug
therapy begins,

(ii) when the desired effects of an immunologic reaction utterly fail to resemble the pharmaco-
logical actions of the ‘drug substance’ ; besides, such responses normally occur at dose levels much
below the therapeutic limits (i.e., the effective dose level), and

(iii) when the prevailing immunologic reactions usually afford a restricted quantum of allergy-
related syndromes embracing only a small patient population.

There are ample evidenes whereby certain therapeutic agents i.e., ‘drugs’, quite often responsi-
ble for acute or severe adverse reactions (or allergic reactions), such as : penicillins, sulpha drugs,
corticotropin, erythromycin ; besides several blood products. However, apparently most of these hyper-
sensitive conditions i.e., allergic reactions, may be observed on account of the ‘inflammation’ occurring
at the very site of the Ag-Ab reaction.

6.1. Types of Hypersensitivity Reaction

In actual practice, one may come across a variety of ‘adverse reactions’ that may be conveniently
categorized into the following five types, solely based on the prevailing underlying immunologic
mechansism, namely :

(a) Type-I : Anaphylactic hypersensitivity,

(b) Type-II : Antibody-dependent cytotoxic hypersensitivity,

(c) Type-III : Complex mediated hypersensitivity,

(d) Type-IV : Cell-mediated or delayed type hypersensitivity, and

(e) Type-V : Stimulatory hypersensitivity.

The five aforementioned types of hypersensitivity reactions (‘a’ through ‘e’) shall now be dealt
with individually in the sections that follows :

6.1.1. Type-I : Anaphylactive Hypersensitivity

Anaphylactic hypersensitivity exclusively based upon the reaction of ‘antigen’ with a particular
IgE antibody intimately bond via its crystallisable fragment* (Fc) to the corresponding mast cell**

* The remainder of the molecule when an immunoglobulin (Ig) is cleaved and the antigen binding fragment
(Fab) gets separated. The crystallisable fraction of an Ig molecule containing the constant region ; the end of
an Ig that eventually binds with complement.

** Cells that contain granules of histamine, serotonin and heparin, especially in the connective tissues involved
in the hypersensitivity reactions.
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* SRS-A : A substance released by certain tissues, including the lungs, during anaphylaxis. It causes slow
contraction of smooth muscle tissues and may be of major importance in allergic bromchospasm.

** Attracting or repulsing eosinophilic cells affected by chemicals.

*** Asthma caused by outside elements.

**** Antagonists that act to mediate e.g., a chemical substance or a cellular substance.

thereby leading to the ultimate release from the granules of the mediators ‘histamine’, slow reacting
substance of anphylaxis (SRSA)* platelet activating factor, and above all an eosinophil chemotactic
factor.** It has been observed that the ensuing eosinophils evidently neutralize the prevailing mast cell
mediators.

Examples : Extrinsic asthma*** and hay fever are the two most glaring examples which repre-
sent the most common atopic allergic disorders. The most critical and offending antigen being identi-
fied by the specific ‘intradermal prick tests’ thereby providing instant wheal and erythema reactions
or by provocation testing.

Preventive Measures : Most common symptomatic therapy essentially involves the usage of
mediator antagonists**** or such agents the intracellular CAMP (i.e., cyclic adenosine monophosphate),
and thereby help in stabilizing the mast cell granules.

(2) Regular dose related therapy of ‘antigen injection’ may also densensitize by causing either
blockade of IgG or IgA antibodies or by switching off IgE production almost completely.

Interestingly, the anaphylactic hypersensitivity reactions are found to be extremely rapid and
hence causes excessive inflammations which could be either localized or generalized ones ; and they
have a series of critical stages as enumerated below in sections (‘i’ to ‘v’)

(i) Triggering off ‘antibody generation’ i.e., the initial sensitization takes place first and fore-
most on being exposed to a particular ‘drug substance’.

(ii) IgE are produced liberally and profusely in the course of the inductive phase. Consequently,
the antibodies under rapid circulation in vivo and get fixed onto the surface of the mast cells
throughout the body,

(iii) The ‘allergen’ i.e., the antigenic drug subsequently gets bound intimately to the prevailing
IgE antibodies on the mast cells,

(iv) The phenomenon of ‘degranulation’ of mast cells commences with the corresponding re-
lease of a huge excess of mediators, for instance ; SRS-A and histamine, and

(v) A predominant peripheral vasodilation followed by a substantial enhancement of vascular
permeability by virtue of the release of ‘histamine’ ultimately gives rise to apparent vascu-
lar cogestion and edema. Besides, the bronchiolar smooth muscles also get constricted
significantly.

Broadly speaking, the anaphylactic hypersensitivity reactions quite often give rise to a host of
serious allergic manifestations in humans, such as : (a) asthma (lower respiratory tract allergy) ;
(b) rhinitis (upper respiratory tract allergy) ; and (c) skin allergy or dermatological allergy (caus-
ing eczema etc.,).

Example : Immunopathologic conditions of asthama : The various sequential stages involved
in the immunopathologic conditions of asthma are as stated under :
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(i) an inflammatory response which specifically initiates airway obstruction,

(ii) as a consequence releases mediators from the mast cells which particularly render bronchial
smooth muscle to become spasmodic,

(iii) this event gives rise to ‘bronchioconstriction’ i.e., narrowing the passage bronchical air-
ways, and

(iv) bronchioconstruction in turn gives rise to blood-vessel engorgement followed by infiltration
of the corresponding inflammatory cells (i.e., neutrophils).

Mechanism : The ‘airborne antigen’ (viz., pollen) first enters the airway and soonafter gets
bound to a receptor strategically located on a mast cell. Activation of the mast cell commences thereby
influencing a distinct enhancement in cAMP, an influx of Ca2+ ions, spontaneous release of performed
mediators (e.g., histamine), and ultimately the synthesis of nonperformed mediators [e.g., prostaglandin
D2 (PGD2)]. However, the performed mediators essentially comprise of various vital and important
components, such as : histamine, heparin, eosinophil chemotactic factor of anaphylaxis (ECFA), neutrophil
chemotactic factor (NCF), and above all certain other enzymes. Likewise, the nonperformed mediators
invariably consist of certain highly critical constituents, for instance : prostaglandin D2 (PGD2), platelet
activating factor (PAF), and importantly the so called leukotrienes C4 and B4 which are presently
recognised to be the essential components of the slow-reacting substance of anaphylaxis (SRS-A). In
nutshell, these two different types of ‘mediators’ viz., performed and nonperformed ones do serve as the
major cause of the overwhelming bronchoconstriction, airway-edema, and excessive mucous pro-
duction. The various interesting aspects of the immunopathologic events and sequences of asthama are
illustrated in Fig. 1.25 as under :
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6.1.2. Type-II : Antibody-Dependent Cytotoxic Hypersensitivity

Antibody-dependent cytotoxic hypersensitivity essentially involves the ultimate death of cells
bearing antibody that are intimately attached to a surface antigen. These ensuing cells may be engulfed
by the prevailing phagocytic cells to which they get adhered via their actual coating of either IgG or C3b
or eventually lyzed by the operation of the full complement system. However, these ensuing cells criti-
cally bearing IgG may face fatal consequences due to either the mycloid cells (i.e., polymorphos and
macrophages) or by virtue of the non-adherent lymphoid K cells through an extracellular mechanism
(i.e., antibody-dependent cell-mediated cytotoxicity).

Examples : The various examples are as stated below :

(i) Transfusion reactions i.e., when blood groups are not matched properly,

(ii) Haemolytic disease concerning the newly born babies via Rhesus* incompatibility,

(iii) Graft destruction or rejection i.e., antibody-mediated ‘graft’** destruction or rejection.

(iv) Autoimmune reactions usually directed against the formed elements of the blood, and the
kidney glomerular basement membrances, and

(v) Hypersensitivity as a consequence from the coating of erythrocytes or platelets by a specific
‘drug molecule’.

In other words, the main characteristic features of the antibody-dependent cytotoxic hypersensitivity
reaction may be expatiated as under :

(a) Reactions invariably take place in a situation where IgM or IgG antibodies (see section 5.1.2)
undergo interaction with antigen on the cell surface thereby giving rise to either cell destruc-
tion from phagocytosis or cell lysis,

(b) Progressive activation of the prevailing complement system ultimately leading to either the
destruction of RBCs or the specific target cells, and

(c) Recognition of three predominant categories of Type-II antibody-dependent cytotoxic
hypersensitivity reactions are namely :

(i) Hapten-induced Haemolysis : It has been observed that the hapten-induced haemolysis
invariably takes place in a typical circumstance when the ensuing ‘drug molecules’ which
are actually too small to act as antigens get bound to the corresponding cellular proteins
to yield relatively larger complexes. The immune system, acting as a watch-dog in a
living system, subsequently recognises and finally causes destruction of these ‘larger
complexes’ appreciably.

(ii) ‘Innocent Bystander’ : These outstanding, specific and unique reactions do occur
profusely when a ‘drug substance’ gives rise to ‘antibodies’ thereby forming antigen-
antibody complexes which eventually undergoes circulation and coat the prevailing
RBCs significantly. The resulting ‘complexes’ and ‘coated RBCs’ are subsequently
subjected to definite destruction by the body’s immune system through critical
complement activation phenomenon.

* Rhesus — a species of monkey, Macaca rhesus, in which the Rh factor was first and foremost identified.

** Tissue transplanted or implanted in a part of the body to repair a defect.
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Examples : Drug substances which may particularly induce such tyoe of reaction in-
clude are, namely : insulin (antidiabetic agent) ; isoniazid and rifampin (antitubercular
agents) ; and chlorpromazine (antisychotic agent).

Note : RBC in such an environment behaves as an ‘innocent bystander’.

(iii) Autoimmune Haemolysis ; The phenomenon of autoimmune haemolysis gains mo-
mentum in vivo when an antibody and a drug substance duly possess cross-sensitivity to
the endogenous proteins i.e., RBCs.

Example : Methyldopa [Aldomet(R) (Merck)].

Methyl dopa is capable of inducing the autoimmune haemolysis process in the body.

Fig. 23 illustrates the typical ‘Type II-antibody-dependent cytotoxic hypersensitivity’
that takes place in three different stages, such as :

(a) Acute phagocytic acitivity : i.e., when the normal tissue cell more or less functions as an
antigen (or allergen) that essentially gets bound to the prevailing fragment antibody binding
(Fab) region strategically located on the antibody. Thus, the fragment crystallisable (Fc)
segment remains virtually in the free state to bind the compliment, phagocytes or the K cells
accordingly.

(b) Complement activation and phagocytosis : i.e., the phenomenon when the ‘normal cells’ are
first and foremost adequately coated with the corresponding antibodies so that they may be
killed (lysed) either by the prevailing complement cells or the K cells, and get phagocytosed
eventually, and

(c) Development of antibody-dependent cytotoxicity : i.e., another typical mechanism whereby
only the K cells are specifically involved via IgG and Fc receptor towards the ultimate and
precise development of antibody-dependent cytotoxicity.
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Fig. 1.26. Type II-Antibody-Dependent Cytotoxic Hypersensitivity. [(a), (b) and (c)].

6.1.3. Type-III : Complex Mediated Hypersensitivity

The complex mediated hypersensitivity reaction is an outcome of the prevalent and pivotal anti-
gen-antibody complexes via two cardinal phenomena taking place in vivo, such as : (a) most articu-
lated activation of complement as well as attraction of polymorphonuclear leucocytes that help in the
release of ‘tissue damaging enzymes’ upon instant contact with the prevailing complexes ; and (b) most
predominant aggregation of platelets that would afford microthrombi and vasoactive amine release.

At this junction two clearly perceptible situations may arise :

(1) Relative antibody excess : In this specific instance the antigen is adequately precipitated
very close to the site of entry into the human body ; and the ultimate reaction in the skin is
invariably exhibited by the polymorph infiltration, oedema, and erythema maximal within
a range of 3-8 hours (also known as Arthus reaction).

Examples : There are two critical and specific examples :

(i) Farmer’s Lung Disease i.e., a form of hypersensitivity alveolitis caused by exposure to
moldy hay that has fermented. The two causative microorganisms are Actinomyces
micropolyspora faeni and Thermoactinomyces vulgaris.

(ii) Pigeon Facier’s Disease i.e., a type of sensitivity whereby the inhaled antigens from the
bird usually provoke high antibody levels in humans.

(b) COMPLEMENT ACTIVATION

          AND PHAGOCYTOSIS

(c) DEVELOPMENT FO ANTIBODY

DEPENDENT CYTOTOXICITY
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(2) Relative antigen excess : In this particular case the resulting complexes duly formed are
found to be soluble, also circulate and are ultimately deposited at some most preferred strategi-
cal sites, such as : kidney glomerulus, skin, joints and choroid plexus.*

Detection : The detection of ‘complexes’ may be accomplished by carrying out the following
steps sequentially :

(i) Immunofluorescent staining of tissue biopsies,

(ii) Analysis of serum for the cryoprecipitates**, raised antiglobulins and immunoconglutinin,***

(iii) Abnormal peaks on ultracentrifugation,

(iv) High molecular weight IgG or C3,

(v) Reaction with rheumatoid factors or C1q,

(vi) Alternations in C3 and C3c,

(vii) Inhibition of K-cell activity, and

(viii) Competition for Fc receptor binding upon the prevailing macrophages and lymphoid
cell lines.

Examples : The various examples belonging to this category are :

(i) serum sickness**** immediately after injection of large quantum of foreign protein in vivo,

(ii) glomerulonephritis***** associated with systemic lupus or contract infections with
streptococci, malaria (due to Plasmodium sps.) and other parasites.

(iii) neurological disturbances in systemic lupus and subacute sclerosing panencephalitis******,

(iv) polyarteritis nodosa******* associated with hepatitis B virus,

(v) crythema nodosum******** in leprosy and syphilis,

* A network of sensory nerve fibers that are distributed to the teeth.

** The precipitate formed when serum from patients with rheumatoid arthritis and other chroni diseases
in which immune complexes are pathogenic is stored at 4°C.

*** A protein used in the laboratory that binds with complement factor 3, a significant part of an antigen-
antibody immune complex.

**** An adverse (type III hypersensitivity) immune response following administration of antitoxins de-
rived from horses or other animals used for passive immunization against snake venom or rabies and
occasionally following administration of penicillin or sulphonamides.

***** A form of nephritis (inflammation of kidney) in which the lessions involve primarily the glomeruli,
especially of the renal glomeruli.

****** Causing sclerosis due to a diffuse inflammation of the brain.

******* A disease of medium and small arterities, particularly at the point of bifurcation and branching.

******** Red, painful nodules on the legs.
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(vi) haemorrhagic shock in Dengue* viral infection, and

(viii) an element of the synovial lesion** in rheumatoid arthritis.

In other words, the complex mediated hypersensitivity reactions invariably and essentially in-
volve three components, namely : antigens, antibodies, and complement. These reactions strategically
take place within the body’s capillaries between two vital entities viz., soluble antigen and circulating
antibodies thereby generating due formation of antigen-antibody complexes adequately indicated by
apparent inflammatory responses.

Salient Features : Following are the salient features of these reactions :

(a) Antigen-antibody complexes mostly circulate and eventually become fixed in comparatively
smaller blood vessels (viz., kidneys) or other target tissues as well,

(b) Resulting intravascular complexes specifically help in the activation of the prevailing com-
plement system which ultimately gives rise to a predominant inflammatory reaction that
causes tissue destruction.

(c) An immune complex manifestation causes ‘serum sickness’ wherein the ensuing deposition
of the said complex in the vascular system gives rise to vasculitis***. A few apparent abnor-
malities may crop up in the various organs of the body e.g., development of specific lesions
inside the glomerular wall thereby causing permanent impairment of glomerular tissue. Besides,
it may also give rise to two ciritcal situation e.g., proteinuria**** and hematuria***** whereby
an enhanced noticeable permeability of the ‘glomerular basement membrane’ take place in
the long run.

(d) Two prominent processes occur invariably in human body, namely ; (i) complement activa-
tion ; and (ii) antibody precipition, which ultimately produce an acute localized vasculitis.
This is usually termed as Arthus reaction, whereby both necrosis and cellular inflammation
are accomplished at the very site of antigen injection in an already sensitized patient.

(e) Very much akin to specific ‘drug reactions’ it produces systemic lupus erythematosus.

Fig. 1.27 illustrates the outcome of the complex mediated hypersensitivity reactions producing
distinct inflammations that may initially behave almost as normal ; however, at a later stage, when
antigen is found to be in excess, it has been observed adequately that the evolution of Ag-Ab-comple-
ment complexes commense the process of circulation and finally get deposited specifically in various
tissues in the human body. Importantly, the target organs are invariably found to be kidneys, joints, and
skin that get damaged not only physiologically but also irreversibly. Complement loaded with various
components particularly attract the ‘phagocytes’ which subsequently undergoes degranulation of the
mast cells in that specific region. Therefore, the final cause of local inflammation is solely based upon
two vital processes viz. first, engulfing of the complexes by the prevailing phagocytes ; and secondly,
releasing of the chemicals from the congregation of the mast cells.

* An acute febrile disease marked by sudden onset, with headache, fever, prostration, joint and muscle pain.
(Syn. : Breakdown fever).

** Pertaining to synovia i.e., the lubricating fluid of the joints.

*** Inflammation of a blood or lymph vessel (SYN : Angiitis).

**** Protein, usually albumin in the urine. This finding may be transient and enticely benign or a sign of severe
renal disease.

***** Passing of blood in urine.
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Fig. 1.27. Type III Compex Mediated Hypersensitivity.

A few typical examples of Arthus Reactions* (or Arthus Phenomenon) are provided in Table 7
given below :

Table 7. Type III-Complex Mediated Hypersensitivity and Their Causation.

S.No. Nomenclature of Disease Causation

1. Cheese Washer‘s disease — Pencillin casei spores

2. Crohn’s disease — Intestinal tissue injuries

3. Elephantasis — Wauchereria bancrofit in lymphatic vessels.

4. Farmer’s Lung — Infection produced by Actinomycetes spores

5. Furrier’s Lung — Fox fur proteins

6. Glomerulonephritis — Deposition of immune complexes and
infections caused by Pneumococcal and
Streptococcal species.

7. Lymphocytic leukemia — Injuries in tissue by virtue of deposition

of immune complexes in blood vessels.

* (Nicholas Maurice Arthus—French Bacteriologist) : A severe local inflammatory reaction that usually
occurs at the site of injection of an antigen in a previously sensitized individual. Arthus reactions are a form
of type III hypersensitivity reactions producing antigen-antibody (An-Ab) immune complex and are the
cause of occupational pneumonitis or alveolitis in certain specific individuals.
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8. Pigeon Fancier’s disease — Dried excreta of pigeons.

9. Serum sickness — Foreign blood serum.

10. Systemic Lupus Erythematosus (SLE) — Complexes deposited in kidney, skin and CNS.

6.1.4. Type-IV : Cell-mediated or Delayed Type Hypersensitivity

The fundamental basis of the Type-IV cell-mediated or delayed type hypersensitivity resets
upon the interaction of antigen with the endogenous receptors (not the conventional Igs) strategically
positioned on the surface of primed T-cells. A good number of soluble mediators (i.e., lymphokines) are
eventually released that essentially responsible for the sequence of events taking place in a typical
delayed hypersensitivity response.

Example : Mantoux reaction* to tuberculin : i.e., the delayed apperance of a hardened and
erythematous reaction that reaches a maximum at 24-28 hours ; and essentially characterized histologically
by infiltration, first with polymorphs, and secondly with mononuclear phagocytes and lymphocytes.

Various characterisitc features included are :

(a) Lymphokines : Such as : macrophage migration inhibition ; (MIF) macrophage activation
(MAF) ; mononuclear chemotactic ; macrophage arming (SMAF) ; skin reactive,
lymphocyte mitogenic ; and the cytostatic (lymphotoxin) factors.

(b) Interferon (ITF) : is also generated.

(c) Sub-population of T-cells : These are usually activated by the major histocompatibility
anitgens to render it cytotoxic specifically to the prevailing target cells having the suitable
antigen. Besides, they also exert their reaction to the viral determinants strategically located
on the surface of the infected cells that are invariably recognized in association with these
antigens.

It is, however, pertinent to mention here that there exists three different categories of in vitro tests
for the cell-mediated hypersensitivity, namely : (a) macrophage migration inhibition ; (b) assessment
of blast cell transformation ; and (c) direct cytotoxicity. A few typical and critical examples are :

(i) tissue damage taking place in bacterial infections e.g., leprosy and tuberculosis,

(ii) tissue damage occurring in viral infections i.e., herpes, measles and small pox,

(iii) tissue damage caused due to fungal infections e.g., candidiasis and histoplasmosis,

(iv) tissue damage produced by protozoal infections e.g., leishmamiasis and sehistomiasis, and

(v) tissue damage infected by contact dermatitis from exposure to chromates, poison ivy, and
insect bites.

In other words, the Type IV-cell-mediated or delayed type hypersensitivity reactions mostly take
place specifically ‘on the skin’, brought about by microorganisms and chemicals. In actual practice, the
TDH cells (i.e., delayed hypersensitivity T-cells) are found to be closely associated with not only in
‘graft rejections’ but also function primarily by secreting many types of ‘lymphokines’.

* (Charles Mantoux — a French Physician) An intradermal injection of 0.1 ml of intermediate strength
Purified Protein Derivative (PPD). Within 24-72 hours, the injected area becomes hard (indurated) and 10
mm in diameter if either an active or inactive tuberculous infection is present. Induration of 5-10 mm is
doubtful, and a reaction of less than 5 mm is considered to be negligible.
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Examples : The most befitting instance of such reactions is that of ‘contact dermatitis’ which
gets developed exclusively, when the skin being exposed to certain ‘chemical substances, namely :
para-amino benzoic acid (PABA) ethylene diamine, methyl and ethyl parabens (preservatives), neomycin
(antibiotic), and hair dyes (aniline-dyes). In fact, the said chemicals give rise to apparent itching and
inflammation of skin when they happen to come in contact with it. Perhaps such reactions are mainly
due to the interaction between the skin proteins and the chemical substances thereby triggering T cells.

6.1.5. Type V : Stimulatory Hypersensitivity

The Type V-stimulatory hypersensitivity reactions quite often take place whereby the anti-
body undergoes specific reaction with a key surface component e.g., hormone receptor and subse-
quently ‘switches on’ the cell.

Example : An interesting and extremely typical example being the thyroid hyperreactivity in
Grave’s disease by virtue of a thyroid-stimulating autoantibody.

As a summarization the comparison of various types of hypersensitivity reactions may be explicitely
grouped individually as given in Table 8 below :

Table 8 : Comparative Characteristic Features of Various Types of Hypersensitivity Reactions

S. Characteristic Type-I Type-II Type-III Type-IV Type-V
No. Features Anaphylactic Cytotoxic Complex Cell- Stimulatory

Mediated Mediated

1. Antibody Homocyto- Humoral Ab Humoral AB Receptor on Humoral AB

mediating tropic Ab ± CF (i.e., ± CF T-cell Non-CF
reaction mast-cell complement

binding fixation)
2. Antigen Usually exo- Cell-surface Extracellular Extracellular Cell-surface

genous (e.g., or cell-surface
grass pollen)

3. Response to
intradermal
antigen :
Max. reaction 30 minutes — 3-8 hours 24-28 hours —
Appearance Wheal and Erythema and Erythema and —

flare oedema induration
Histology Degranulated — Acute inflamm- Perivascular —

mast cells ; atory reaction ; inflammation :
oedema ; predominant polymorphs

eosinophils ; polymorphs. migrate out
leaving pre-
dominantly
mononuclear

cells.
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* Wagner H et al. Eco. and Medicinal Plant Research Vol. 5, Academic Press, Orlando, Fla. 1991.

4. Transfer

sensitivity

to normal

subject Serum Lymphoid cells Serum

antibody Transfer factor antibody

Examples Atopic Haemolytic Complex glo- Mantoux reac- Thyrotoxi-

allergy e.g., disease of merulo nephri- tion TB ; Skin cosis

hay fever. newborn (Rh) tis Farmer’s homograft

lung rejection

7. VACCINES : PREPARATION, STANDARDIZATION AND STORAGE

7.1. Definitions

The term ‘vaccine’ was originally derived from the Latin word ‘‘vacca’’ meaning cow.

Vaccine may be defined as — ‘pharmaceutical suspension or solution of an immunogenic sub-
stance or compound(s) that is intended to induce active immunity’.

Importantly, in the older days it was quite common to limit the term to such specialized products
that essentially comprised of whole microorganisms but as on date the ‘terminology’ may be broadly
applied to ‘all active immunization agents’ and the process of active immunization is invariably termed
as — ‘vaccination’.

BP* defines vaccines as — ‘preparations containing antigenic substances that have been shown
to be capable of inducing a specific and active immunity in man’.

In general, vaccines and sera are the pharmacological active preparations usually employed in
‘immunology’ and both may be for the prevention of infectious disease.

Vaccines may also be regarded as therapeutic agents that are particularly derived directly or
indirectly from the ‘pathogenic microorganisms’, or are effective because of an immunological reaction
as none of the significant groups of chemotherapeutic agents including antibodies are effective against
many viral types of infections.

Another school of thought defines vaccine as — ‘any preparation that is normally used to confer
active immunity, and active immunization involves the use of antigenic preparations which, when ad-
ministered, stimulate the body to produce antibodies specific to the antigen administered.’

According to Wagner et at.* (1991) the vaccines are antigenic material invariably obtained from
microorganisms and viruses and also specific T-cells, as discussed earlier, which may be viewed as
specific agents that is solely responsible for regulating the immune system. Besides, there are a plethora
of purely synthetic as well, as physiological factors that may essentically cause and afford a substantial
modifications in the prevailing immune response. It has been duly established that quite a few ‘natural
products’ and their corresponding synthetic structural analogues could be ‘hormonal’ in nature, for
instance : cytokines, and steroid hormones ; which in reality go a long way not only in influencing the
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development of immunologically reactive cells but also in carrying the reactions intimately associated
with them. Importantly, there are other ‘natural’ and ‘synthetic’ products that may chracteristically
cause induction with regard to overwhelming transformations and adequate activation of specific cells
(lymphocytes) closed involved in clonal expansion. However, in totality the ensuing ‘immune response’
appears to be largely to ‘protective nature’. Perhaps this could register a very solid support for the
‘immune response’ with respect to the immense survival effect ; and therefore, is exclusively responsi-
ble for the ability of the host to adapt to the surrounding rather ‘hostile environment’.

7.2. Historical

The modern prophylactic treatment against small poinx is more or less the same as that used by
Edward Jenner, a Gloucestershire medical practitioner, who in 1798 critically observed that milkmaids
who incidentally acquired and developed ‘cowpox’ became ultimately immune to ‘small pox’. There
exists now an ample evidence and support to the view that vaccinia or cowpox virus is nothing but
variola or small pox virus that has been adequately modified, and, therefore, rendered less virulent.

Later on, Jenner laid the foundation of vaccinology i.e., the science of treating millions of poten-
tial victims from a plethora of dreadful and defastating diseases, using a technique invariably termed as
‘vaccination’. Subsequently, Jenner successfully demonstrated and proved that an infection duly caused
with the cowpox virus duly protests an individual against a subsequent infection contracted with small
pox virus. Louis Pasteur made another spectacular and revolutionary advancement by developing the
technique of ‘attenuation’.* The bacteria and virus utterly responsible for diseases and inoculating
individuals with these weakened disease-producing agents. Most current ‘vaccines’ available for mass
inoculation essentially are found to be either ‘live’ but either attenuated forms of the parasite or totally
killed (i.e., inactivated) infectious microorganisms. Nevertheless, invariably these ‘vaccines’ are highly
successsful but they have an inherent limitation with regard to their efficiency and safety profile. How-
ever, the attenuated vaccines certainly carry a risk by virtue of the fact that the ‘weakened pathogen’
may at any time revert to a harmful entity in vivo.

7.3. Classification of Vaccines

The ‘vaccines’ may be classified on the basis of the ‘ type of preparation’ actually employed for
their production, namely :

(a) Toxoids derived from bacterial toxins,

(b) Suspensions of inactivated (killed) bacteria or viruses, and

(c) Suspensions of non-activated (live but attenuated) bacteria or viruses.

Keeping in view the tremendous and geometrical advancemement in the field of technology,
integrated research and utmost skill in the past 3 to 4 decades the safety, longevity, and quality of life in
humans, almost two dozens of various potential, efficacious, and safer vaccines have been designed,
developed and delivered for mass protection as well as specific applications, such as :

(i) Synthetic peptide vaccines

(ii) Multivaccine system

* The lessening of virulence. Bacteria and viruses are made less virulant by being heated, dried, treated with
chemicals, passed through another organism, or cultured under unfavourable conditions.
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(iii) Bacterial vaccines

(iv) DTP-vaccine

(v) Typhoid-paratyphoid A and B vaccine

(vi) Other bacteria vaccine

(vii) Typhoid and tetanus vaccine

(viii) Anthrax vaccine

(ix) Q-Fever vaccine

(x) Leprosy vaccines

(xi) Whooping cough vaccine

(xii) Diphtheria vaccines

(xiii) Varicella-Zoster Vaccines

(xiv) Viral and Rickettsial vaccines

(xv) Smallpox vaccine

(xvi) Vaccines for special protection

(xvii) Rabies vaccine

(xviii) Infuenza vaccine

(xix) Inactivated Infuenza vaccine

(xx) Polio Vaccine

(xxi) Cancer vaccine

(xxii) Birth control vaccine for women

(xxiii) AIDS-vaccine

(xxiv) Pneumococcal  vaccine

(xxv) Measles Vaccine, live

(xxvi) Meningococcal Polysaccharide Vaccine

(xxvii) Future Development scope of vaccines :

(a) Vaccine against Alzheimeir’s disease

(b) Vaccine for Meningitis C

(c) Super vaccine

(d) Immunomodulators

(e) Vaccination with Gas-Lighter

(f) Vaccine against cervical-cancer

(g) Vaccination without needles

The above broad and specific classifications of ‘vaccines’ shall now be treated individually
along with their method(s) of preparation in the sections that follows :
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7.3.1. Synthetic Peptide Vaccines

In fact, the production of inactivated (killed) vaccines essentially involves the culture of huge
amount of live and pathogenic (disease producing) forms of the ‘parasites’ that ultimately pose the
danger of infections. This specific observation has virtually paved the way for a whole new generation
of vaccines entirely based on the much improved understanding of the molecular structure of ‘harmful
microorganisms’. One such approach is to identify the specific regions of the pathogens that are though
not so harmful, yet would elicit a definite protective immune response of the body. Interestingly, the
short chains of amino acids (peptides) representing these regions are generally a part of a large protein
on the surface of the parasite. Nevertheless, these peptides may be prepared either by chemical synthesis
or biological synthesis.

It is, however, worthwhile to state here that the chemically synthesized peptides are usually
obtained in the purest form having almost little contamination ; and are termed as synthetic peptide
vaccines. Unfortunately, they are produced only in small quantities. Large scale (commercial) synthesis
of these ‘peptide vaccine’ may be accomplished by using the latest technique of ‘genetic engineering’.

Preparation : Various steps involved are as follows :

(1) An appropiate ‘carrier’ is selected that could be either a plasmid e.g. a tiny circular double
stranded molecule of DNA, or a virus e.g., a bacteriophage.

(2) Gene which essentially encodes that peptide of interest is subsequently inserted into this
‘carrier molecule’ strategically.

(3) Resultant recombinant molecule thus obtained is subsequently made to enter its host cell that
happens to be bacterium, for instance : E. coli. Once inside the host, the exact number of
copies (replicas) of this recombinant carries enhances as the bacterium undergoes
multiplication.

(4) For commercial production of the desired peptide, the bacterial host comprising the
recombinant plasmid/virus is allowed to grow in ‘grow fermentors’ strictly under controlled
conditions of temperature, pH, aeration etc., whereby the ‘peptide of interest’ is subsequently
accomplished by breaking the walls of the host and further detachment of the ensuing peptide
from the carrier molecule. This is invariably known as a subunit vaccine.

Note : Though this particular technique gives rise to the desired peptide in appreciable quantam,
but it is not absolutely free from contaminants i.e., the end-product cannot be obtained in its
purest form.

7.3.2. Multivaccine System

It represents another latest generation of vaccines and being designated as the multivaccine
system solely based on r DNA* technology. In this specific instance, the ‘immunogenic peptides’ of
more than one pathogen are normally incorporated together into the same carrier. Interestingly, the
‘carrier’ is not the conventional plasmid or virus but instead another a ‘strain’ of another pathogen

* r DNA—Reccombinant DNA : Artificial manipulation of segments of DNA from one organism into the
DNA of another organism. Using a technique known as gene splicing, it is possible to join genetic material
of unrelated species. When the host’s genetic material is reproduced, the transplanted genetic material is
also copied. This technique permits isolating and examining the properties and action of specific genes.



IMMUNOLOGY AND IMMUNOLOGICAL PREPARATIONS 81

whose disease causing abilities have been destroyed significantly. In actual practice, however, two crip-
pled bacterial strains, namely : (a) BCG-the attenuated strain of tuberculosis organism employed as TB
vaccine ; and (b) weakened strains of the pathogen Salmonella, that essentially causes typhoid, are
extensively employed at the experimental stage only. However, these two aforesaid strains may be read-
ily manipulated to carry genes coding for different antigens of more than one pathogen. The weakened
form of the smallpox virus, viccinia invariably offers similar prospects.

A few highlights of the ‘Multivaccine System’ may be enumerated as under :

• Based on the above techniques vaccines are being developed for use against hepatitis (a
virus disease) that affects millions of people in the tropical countries, against the malarial-
bug, Plasmodium, targeted exclusively to interfere with the different kinds of the parasite.

• A human-birth control vaccine (HCG) is being developed at the National Institute of Immu-
nology (NIT), New Delhi, to prevent pregnancy without causing any physiological distur-
bances. This particular vaccine is not only safe but is also reversible. It consists of a small
fragment or submit of HCG protein hormone which essentially plays a vital role in the im-
plantation of the embryo in the womb and also helps in the maintenance of the on-going
pregnancy. It has been obseved that an antibody titer of more than 50 mg.L– 1 [nanogram
(ng), one millionth of a gramme] raised against the peptide, derived from HCG, eventually
ensued contraception. Strategies to synthesize this peptide in a commercial scale by employ-
ing r DNA technology are being worked out progressively.

7.3.3. Bacterial Vaccines

Bacterial vaccines are usually made either from the whole microorganisms or from the exotoxins,
which have been shown responsible for the clinical symptoms of the disease. However they may be
categorized under two heads, namely :

(a) Live attenuated vaccines e.g., Bacillus Calmette Guérin (BCG) vaccine ; Typhoid vaccine ; and

(b) Inactivated vaccines e.g., Anthrax vaccine ; Cholera vaccine ; Hemophilus Influenza Type B
vaccine ; Lyme Disease vaccine ; Meningococcal Polysaccharid vaccine; Plague vaccine ;
Pneumococcal vaccine ; and the like.

Some of these ‘vaccine’ shall be dealt with appropriately under section 7.3. in this chapter.

7.3.4. DTP-Vaccine

The diphtheria and tetanus toxoids and pertussis  vaccine (DTP) are invariably adsorbed in the
vast majority of the products in which they occur and this is so noted on the label. The main purpose is
to immunize against the three fatal diseases with minimum number of injections, doses similar to diph-
theria and pertussis vaccines (a triple vaccine). The adsorbed diptheria toxiod is also available alone or
in combination with absorbed tetanus for use in special circumstances. Importantly, these preparations
of diphthera toxoid should not be employed in adults. A dilute (low dose) preparation is also available
for adults who need to be immunized or to have their immunity boosted against diphtheria. It may
specifically to be given to such personnels who are entrusted as health workers and laboratory workers,
especially those serving in the ‘infectious disease units’ ; besides, clinical professionals travelling abroad
to discharge their duties in ‘hospital’ where diphtheria is quite common and prevalent essentially require
this immunization. It has also been observed that certain types of skin infections with diphtheria bacilli
(non-faucial) invariably occur in some warm countries.
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7.3.5. Typhoid-Paratyphoid A and B Vaccine [TAB-Vaccine]

Typhoid fever (enteric fever) is an acute generalized infection caused by Salmonella typhi ; whereas,
paratyphoid fever is caused by Salmonella paratyphi A and Salmonella paratyphi B.

Preparation

(1) The vaccine is prepared by the general process and contains the following in each millilitre :

Typhoid bacilli (Salmonella typhi) : 1000 million Paratyphi A bacilli (S. paratyphi A) and
Paratyphi B bacilli (S. paratyphi B)  : 500 or 750 million.

(2) The smooth strains of the three organisms known to produce the full complement of O
somatic* antigens should be used. This specific strain of S. typhi must contain the virus-
associated antigens (Vi-antigen).

(3) It has been duly established that when the organisms were killed with 75% ethanol and the
resulting vaccine preserved with 22.5% ethanol, the potency of the alcohol treated vaccine
was found to be almost double to that of the heat-treated vaccine, there by minimizing the
possibility of both local and constitutional reaction with the relatively smaller dose. Besides,
alcohol  treated vaccines did possess definitely and predominantly longer life under the
optimal storage conditions [viz., storage between 2-4° C without allowing the vaccine to
freeze].

Variants of TAB-Vaccine : There are two prevailing variants of TAB-vaccine, namely :

(a) Typhoid-paratyphoid A, B and C vaccine (TABC-Vaccine) : It is identical in all respects to
the TAB-vaccine, but containing an additional 500-750 million S. paratyphi C organisms per
millilitre, and

(b) Typhoid-paratyphoid A, B and Tetanus Vaccine (TABT) : It is a ‘mixed vaccine’ essentially
containing per millilitre the following three components :

(i) Salmonella typhi : 500 or 1000 million ;

(ii) S. paratyphi A and B : 250 or 500 million ;

(iii) Tetanus vaccine : 0.9 ml ;

usually present in a single solution. The TABT-vaccine is normaly prepared from the smooth strains
having the full complement of O and H somatic antigens, and also in the case of S. typhi the Vi antingen.

Notes : (1) In this vaccine the bacterial cells potentiate the activity of the toxoid.

(2) Both TAB and TABC vaccines are called the polyvalent vaccines and used as prophy-
laxis in ‘enteric infections’.

(3) TAB vaccine sometimes mixed with ‘cholera vaccine’ when it is termed as ‘TAB and
cholera vaccine’.

7.3.6. Other Bacteria Vaccines

The ‘other bacteria vaccines’ invariably include those made from the species of Staphylococcus
or Streptococcus or other such microorganisms that are believed to be intimately associated with the
respiratory infections either singly or in combination. Mixed vaccines containing Staphylococcus ;

* Pertaining to the body.
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Streptococcus ; Diplococcus ; Klebsiella pneumoniae ; N. catarrhalis ; and H. infuenzae have been
employed profusely and extensively in the past not only for the prevention but also for the treatment of
secondary respiratory infections.

7.3.7. Typhoid and Tetanus Vaccine

It is a mixture of suspension of killed Salmonella typhi and tetanus formol (i.e., formaldehyde
solution) toxoid ; and contains in 1 ml either 1000 or 2000 million typhoid bacilli viz., S. typhi.

Preparation : The various steps that are involved in the preparation of typhoid and tetanus
vaccine are as follows :

(1) The suspension of ‘bacteria’ is prepared from one or more strains of S. typhi that are smooth
and have the full complement of O, H, and Vi-antigens*.

(2) The bacteria rekilled by treatment with HCHO (formaldehyde solution) or phenol or by
heating the above suspension.

(3) The typhoid bacilli are identified by agglutination by means of  specific typhoid antiserum.

(4) The toxoid portion is identified by centrifuging the bacteria and adding tetanus antiserum
to the supernatant when flocculation takes place

(5) For specific toxicity the vaccine is injected either sub-cutaneougly (SC) or intraperitoneally
(IP) into guinea pigs. None of the animals shown symptoms of or dies from tetanus within
21 days.

(6) Potency may be determined by injecting the vaccine into guinea pigs and examining the
sera  of the guinea pigs for tetanus antitoxin  after a stated period.

7.3.8. Anthrax Vaccine

Anthrax is an acute and highly infectious disease caused by Bacillus anthracis, usually attack-
ing cattle, sheep, horses, and goats. Humans invariably contract it from contact with animal hair, hides
or waste. Workers who handle raw wools and hides, and manufacture brushes are commonly affected.
Immunization with a cell-free vaccine is recommended for persons handling potentially contaminated
industrial raw materials.

Anthrax may also be contracted in humans who are directly involved in carpet, tanning and
wool industries ; and may take the form of cutaneous or pulmonary anthrax.

Anthrax can be treated with antibiotics, such as : penicillin, tetracycline and erythromycin, but
those with high-risk segment a vaccine consisting of killed organisms are prepared for overall protec-
tion and immunization.

Preventions :

(1) Killed bacterial preparation is usually employed for the protection of those who may be
exposed to the risk of ‘anthrax’ at work.

* O-antigen : A surface antigen of some enteric bacilli. The antigen is important in classifying these bacilli.

H-antigen : A flagellal protein present on the surface of some enteric bacilli e.g., E.coli. The antigen is
important in classifying these bacilli.

Vi-antigen : The virus-associated antigens : Normal cells have antigenic determinants on their surface, but
when the cells are infected with viruses, certain viral proteins also get associated with them. These viral
proteins produce immunological reaction.
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(2) Stringent, better and improved industrial legislations with regard to handling procedures
have more or less reduced these risks to an appreciable extent ; however, personnels in-
volved at the particular stage of predisinfection of certain essential processes e.g., produc-
tion of ‘bone meal’ from imported bones need additional and vital protection of immunization.

7.3.9. Q-Fever Vaccine

A Q fever vaccine* consisting of a purified killed suspension of Coxiella burnetti. It is a recog-
nized occupational hazard of abattoir workers, farm workers ; besides, cardiothoracic surgical teams
who invariably operate on patients with cardiac complications of Q fever endocenditis. In such a situa-
tion Q fever vaccine is used.

Preparation : It is usually prepared from Phase I Hanzerling strain of C. burnetti grown me-
ticulously in the yolk sacs of embryonated eggs. A single 0.5 ml subcutaneous dose of the Q fever
vaccine is normally administered for the active immunization in individuals at high risk of Q fever.
These may also include veterinarians as well as various laboratory workers that are actively engaged in
handling potentially infected tissue.

7.3.10. Leprosy Vaccines

These are vaccines meant for chronic mildly contagious infectious disease, leprosy, caused by
pathogenic organisms Micobacterium leprae  as well as other mycobacteria. Several drug substances
are duly recommended for its management, control, and treatment, such as : Sulphones (e.g., dapsone) ;
and thio-semicarbazones or ethyl mercaptan derivatives. Besides, BCG-vaccine (see section 7.3.3) has
also given adequate encouraging results.

Development of Leprosy Vaccines : Several attempts have been made to develop a vaccine
against leprosy that are solely based upon the assumption that induction of a cell-mediated immune
response to M. leprae will ultimately lead to protection against the bacillus.** A certain extent of suc-
cess has been accomplished with BCG vaccine, and with a vaccine prepared from killed M. leprae
grown in armadillos.*** In fact, a possible combination of these two vaccines was apprehended to be
more promising ; and, therefore, and extensive field studies**** were duly conducted to compare the
effect of  : (a) BCG- killed M. leprae vaccine ; and (b) BCG vaccine alone. It has been observed
unfortunately, based on the preliminary results in Venezuela, that there was no substantial proof or
evidence to show that the combined vaccine afforded a marked and pronounced protection than did
BCG alone (although the study polulation were not immunologically naive and hence such results  may
not be applicable to different zones of the globe.***** Interestingly, vaccines from more easily culti-
vated non-pathogenic species of mycobacteria, viz., Mycobacterium w., are under active investigation in
India where the incidence of leprosy is still prevalent.

Importantly, the ‘leprosy vaccines’ are broadly used in two manners, namely :

* Kazan J et. al. ‘Immunogenicity and reactogenicity of a Q fever chemovaccine in persons professionally exposed
to Q fever in Czechoslovkia, Bull WHO, 1982, 60 : 389-94. Marmion BP et. al. Vaccine prophylaxis of abbatoir-
associated Q fever, Lancet ; ii : 1411-14, 1984.

** Anonymous, vaccines against leprosy, Lancet, 1 : 183-4.

Fine PEM and Pönnighans JM., Leprosy in Malawi 2 : background, design and prospects of the Karonga Preven-
tion Trial, a leprosy vaccine trial in northern Malawi. Trans R Soc. Trop Med Hyg. 82 : 810-817, 1988.

*** WHO. WHO Expert committee on Leprosy : 6 th Report : WHO tech Rep Ser. 768, 1988.

**** Pönnighans JM et al. The Karonga Prevention Trial : a leprosy and tuberculosis vaccine trial in northern Malawi 1 :
Methods of the vaccination phase. Lepr. Rev., 64, 338-56, 1993.

***** Annonymous. Bettering BCG. Lancet : 332 : 462-3, 1992.
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(a) as immunoprophylaxis : i.e., to prevent infection with M. leprae., and

(b) as immunotherapeutic : i.e., to prevent disease in infected individuals.

Nevertheless, one may obseve beneficial responses from the immunotherapeutic application of
Mycobacterium w vaccine in combination with standard multidrug theraphy.* The WHO has suggested that
the immunotheraphy use of vaccines may ultimately prove to be more clinically relevant than the
immunoprophylactic use,** and eventually high compliance with immunotheraphy seems to be attainable.***

7.3.11. Whooping cough Vaccine (Syn : Pertussis Vaccine)

Whooping cough (or Pertussis) is an acute, infectious desease characterized by a catarrhal
stage, followed by a peculiar paroxysmal cough ending in a whooping inspiration. It may be prevented
by immunization of infants beginning at 3 months of age. The disease is caused by a small, non-motile
Gram-negative bacillus, Bordetella pertussis. The incubation period is 7-10 days. Treatment is sympto-
matic and supportive. Antibiotic are administered to prevent the secondary bacterial pneumonia particu-
larly in infants and children.

Importantly, it is the whole cell preparation of killed Bordetella pertussis organisms ; and it is the
third component of DTP-triple vaccine. In fact an early protection against whooping cough has long
been recognized by virtue of the fact that the said disease being the most dangerous one specifically to
very young children.

It is, however, pertinent to mention here that the ‘protective antibody against pertussis’ is not
invariably demonstrable in the adult sera. As such little protection is passed on from a mother to her
unborn baby. Hence, the time for DTP vaccination has been duly brought forward to 3 months with 2
additional doses during the first year of life.

However, the recognized common adverse reaction to DTP vaccine include episodes of cry-
ing, screaming and fever. Nevertheless, the overall protection afforded by the whole cell pertussis is
quite significant. Studies on the use of acellular pertussis vaccine are being made. They essentially
comprise of ‘various fractions of pertussis culture’ in semi-purified preparations and are definitely
presumed to be more protective and less reactogenic in comparison to the conventional whole cell
preparations being employed for general purposes.

Preparation : The various steps involved are as follows :

(1) A sterile suspension of B. pertussis in the specific culture condition known as ‘phase-I’,
prepared from the cultures of organisms dried soon after isolation from a patient.

(2) It is usually prepared by the general process ; and each ml contains at least 20,000 million
organisms.

(3) The organism(s) isolated from patient by the well-known ‘cup-plate method’, and subse-
quently harvested when they are in a smooth and virulent form usually termed as Phase-I. It
has been duly observed that in Phase-I the organisms present are rather smooth but when
they are grown on unfavourable media then a S → R variation takes place quite fequently
with the loss of important antigens. The fully developed rough form corresponds with Phase-IV.

* Zaheer SA et al. Combined multidrug and Mycobacterium w. vaccine therapy in patients with multibacillary
leprosy., J Infect. Dis., 167, 401-410, 1993.

** Mangla B, Leprosy vaccine debate in India re-ignited, Lancet, 12, 233, 1993.

*** Walia R et al. Lepr. Rev., 64, 302-11, 1993.
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(4) The organisms are invariably grown in Bordet-Gengou Blood Agar Medium, and subse-
quently incubating from 24-74 hours.

(5) After suspending in NaCl injection the resulting suspension is centrifuged and the bacterial
mass transferred to NaCl injection containing 0.01 to 0.02% thimerosal i.e., a bactericide
known not to alter the prevalent antigenic properties.

Thimerosal (Anti-infective)

(6) The concentrated preparation is stored in the refrigerator for approximately 3 months so as
to lower its toxicity ; and subsequently diluted with sufficient NaCl injection to an opacity
greater than twice that of the standard preparation in a final concentration of 0.01% of
thimerosal. Thus, the organisms are killed by thimerosal. Importantly, it is not a heat-treated
vaccine. Labelling, requirements are as per the ‘general stipulated guidelines’.

7.3.12. Diphtheria Vaccine : [Syn : Adsorbed Diphtheria Vaccine (ADV) BP 1993]

It is a preparation of diphtheria formol toxoid absorbed on a mineral carrier.

Absorbed Diphtheria Vaccine (ADV) may be defined as — ‘a preparation from the diphtheria
formal toxoid containing 1500 lines floculatainis [Lf] per mg of protein nitrogen and a mineral carrier,
which is hydrated aluminium hydroxide or aluminium phosphate or calcium phosphate, in a saline
solution or another suitable solution isotonic with blood’.

Preparations : The various steps involved are as follows :

(1) The formal toxoid is prepared from the toxin produced by the growth of Corgynebacterium
diphtheriae and contains not less than 1500 Lf per mg of protein nitrogen.

(2) Hydrated Al(OH)3, AlPO4, or Ca3(PO4)2 may be employed as mineral carrier, and the result-
ing ultimate mixture is isotonic with blood.

(3) The antigenic characteristic properties are found to be adversely affected by certain antimi-
crobial preservatives, specifically those of the ‘phenolic type’ and, therefore, these must not
be added to the vaccine.

(4) ADV-BP-1993 contains not less than 30 units per dose ; and it must be stored at 2°-8°C, not
be allowed to freeze, and be protected from light.

Note. Under these stringent storage conditions ‘ADV-BP-1993’ may be expected to
retain its potency for not less than 5 years from the date on which the potency test was
begun (or conducted).

Variants of Diphtheria Vaccines : Following are the three variants of diphtheria vaccines duly
included in official compendia viz., BP-1993 ; USP-XXIII, and USP-XXIII as detailed under :

(a) Adsorbed Diphtheria Vaccine (ADV) for Adults and Adolescents (BP-1993) [Dip/Vac/
Ads (Adults)]. It contains not less than 2 units per dose (i.e., 2.0 Lf per dose).

(b) Diphtheria Toxoid (DT) (USP XXIII). It is a sterile solution of the formaldehyde-treated
products of growth of Corynebacterium diphtheriae. It contains a non-phenolic preserva-
tive. It should be stored at 2°C and 8°C and not be allowed to freeze.
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(c) Diphtheria Toxoid Adsorbed (DTA) (USP XXIII). It is a sterile preparation of plain diph-
theria toxoid which has been either precipitated or adsorbed phosphate as adjuvants. It must
be stored between 2–8°C and not be allowed to freeze.

Special Note on Diphtheria Toxin. It has been amply proved and established that the ‘diphtheria
toxin’ is ‘fairly unstable’. Furthermore, when it is adequately stored in the refrigerator for a duration of
six months at a stretch, the toxins undergo maturation and a major portion of it gets converted to the
corresponding toxoid. However, an addition of 0.4% formaldehyde solution (or formalin), followed by
incubation at 37°C for a period of 30 days may help in the conversion of the entire toxin into the
corresponding toxoid. The resulting product thus obtained is termed as the ‘formal toxoid’ which is
predominantly and precisely free from any toxicity but remarkably retains the same degree of antigenicity.
Thus, the filtrate essentially containing toxin may be purified at this stage and subsequently toxoided
either by HCHO (formalin) or toxoided before any purification is commenced. The actual process of
purification involves the careful precipitation by ammonium sulphate [(NH4)2SO4] with a view to ac-
complish a ‘highly immunizing antigen’ that is prominently devoid of any untoward reactions whatso-
ever. The ‘purified toxoid’ obtained in this meticulous manner is now employed in the preparation.

Properties of Diphtheria Toxin and Toxoid. The various properties of the ensuing diphtheria
toxin and toxoid are as enumerated below in Table 9.

Table 9 : Properties of Diphtheria Toxin and Toxoid

S.No. Properties Diphtheria Toxin Diphtheria Toxoid

1. Toxicity Highly toxic. No specific toxicity.

2. Reactions Causes an inflammed area Causes local reactions specifi-
around the site of injection. cally in elderly subjects.

3. Stability Not quite stable. Quite stable at room temperature
(2 ± 2°C) for at least 2 years.

4. Antibody formation Stimulate the formation of Stimulate the formation of anti-
antibodies upon injection. bodies upon injection.

5. Combination with Positive. Positive.
antitoxin

Toxoid-Antitoxin Floccules [TAF]. The toxoid-antitoxin floccules (TAF) were duly obtained as
a precipitate when the two components were mixed in appropriate neutralizing quantities. The floccular
precipitate was separated, washed and suspended in NaCl injection. These floccules were almost free
from broth constituents and non-specific proteins ; and, therefore, was used as an efficient prophylactic
having substantially reduced local effects. In actual practice, however, the most preferred, effective and
best prophylactic were found to be toxin wherein the diphtheria formal toxoid were duly adsorbed on a
‘mineral carriers’.

Alum-Precipitated Toxoid (APT). APT is duly prepared by adding 1% of potash alum to
formol toxoid. Importantly, the slight alkalinity caused due to the toxoid preparation ultimately eased
the precipitation of a basic aluminium salt onto which the toxoid is adsorbed selectively. The precipi-
tate is washed to get rid of the non-antigenic constituents of the toxoid and is subsequently resuspended
NaCl injection. Thimerosal is added as a bacteriostatic. The aluminium-toxoid complex is only very
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sparingly soluble at the sight of the injection. Therefore, the toxoid ATP gets adsorbed very poorly and
gradually thereby prolonging the immunity stimulus. In fact, the desired immunity is accomplished
much earlier (approximately within a span of two months) specifically with this preparation in compari-
son to other preparations of the prophylactic. In general, the production of the immunity is very effective
with APT ; but with ‘adults’ there is a possibility of ‘local reaction’ at the site of injection.

Purified-Toxoid-Aluminium-Phosphate [PTAP]. PTAP is mostly prepared by the addition of
formal-toxoid to a suspension of hydrated aluminium phosphate in saline. However, it was claimed to
be ‘antigenically’ as potent as APT having both good storage conditionality and good properties but
producing appreciably less reaction profiles relative to APT is rather sensitive subjects. Thimerosal
(0.1% w/v) was duly used as a bacteriostatic.

7.3.13. Varicella-Zoster Vaccines [Syn : Varicella Vaccine, Live BP 1993]

Varicella-Zoster vaccine is a suspension of the OKA attenuated strain* of Hypesvirus varicella
grown in the cultures of the human duploid cells**. The culture medium may contain appropriate antibi-
otic at the smallest effective concentration. It is prepared immediately before use by reconstitution from
the ‘dried vaccine’ ; and it may contain a stabilizer. The vaccine contains not less than 2000 plaque-
forming units per dose. Importantly, the dried vaccine must be stored between 2-8°C and not allowed to
freeze. It should also be protected from light.

Varicella vaccine, live BP 1993, may be used for active immunization against varicella (chicken-
pox) in persons considered to be at high risk of either contracting the infection or to be highly suscepti-
ble to any complications that it may cause subsequently e.g., patients having leukemia or those receiv-
ing immunosuppresant therapy.

The usual dose of a live attenuated vaccine (Oka strain) is 2000 plaque-forming units adminis-
tered by the subcutaneous (SC) injection.

It may be useful as an adjunct to varicella-zoster immunoglobulin (Ig).***

7.3.14. Viral and Rickettsial Vaccines

The viral and rickettsial vaccines are suspensions of viruses or rickettsiae grown in animals, in
embryonated eggs, in appropriate cell cultures or in suitable tissues that contains essentially live or
inactivated virus or rickettsiae or there immunogenic components. They are invariably presented as
freeze dried preparations. Living viral vaccines are normally prepared from strains of the ‘specific virus’
that are of the attenuated virulence. Nevertheless, the viral vaccine may usually vary in opacity accord-
ing to the type of preparation. They may even be coloured in case they happen to contain a pH indicator,
for instance : phenol red.

The typical example(s) of :

Rickettsial vaccine is typhus vaccine ; and viral vaccines are measles vaccine and mumps
vaccine.

These vaccines shall now be dealt with adequately in the sections that follows :

* A strain having a drastic reduction in the virulence of a pathogen.

** Having two sets of chromosomes (e.g., somatic cells).

*** National Institutes of Health Conference : Varicella-Zoster virus infection ; biology, natural history, treat-
ment, and prevention, Ann Inter Med. : 108, 221-37, 1988.



IMMUNOLOGY AND IMMUNOLOGICAL PREPARATIONS 89

Typhus Vaccine [Typhus Vaccine BP 1993] :

Typhus vaccine is a sterile suspension of killed epidemic typhus rickettsiae (Rickettsia prowazekii)
prepared in the yolk sacs of embryonated eggs, rodent lungs, or the peritoneal cavity of gerbils. It must
be stored between 2-8°C, not be allowed to freeze, and be protected from light. Under these specific
conditions it may be expected to retain its potency for at least 1 year.

Special Remarks. These are as follows* :

(a) Killed vaccines give very limited protection but may modify the disease.

(b) A vaccine used in the USSR contains live rickettsaie (E strains) as well as soluble antigen
but is awaiting trial under the field conditions.

(c) A live attenuated vaccine made from the E strain has been adequately tested under the field
conditions ; and a much lower rate of late reactions than previously described has been
reported.

Preparation : The typhus vaccine may be prepared by either of the two methods described as
under :

Method I. The virulant rickettsiae are carefully injected into the yolk-sacs of embryonated eggs
that have been duly incubated for seven days. After heavy yolk-sac injective has been established (nor-
mally within a span of 9-13 days), the yolk-sacs are meticulously collected under perfect aseptic condi-
tions as soon as practicable. Dead or moribund eggs are harvested. The yolk-sacs are subjected to appro-
priate treatment to liberate the maximum number or rickettsiae and the material is suspended in a saline
or other suitable solution isotonic with blood to which formaldehyde solution has been added so that the
concentration of formaldehyde ranges between 0.2 to 0.5%. The suspension so obtained contains from
10-15% (w/w) of yolk-sac tissue. It may be further purified by treatment subsequently with ether or
trichlorofluoroethane ; and the aqueous middle-layer of the resultant mixture is collected.

Method II. The ‘typhus vaccine’ may also be prepared from the lungs of small rodents in which
rickettsial pneumonias have been adequately inducted by the inhalation of massive doses of virulant
rickettsiae, or from the peritoneal cavities of gerbils that have received previously intraperitoneal (IP)
injections of rickettsiae.

Measles Vaccine, Live : Measles Vaccine, Live is a specific preparation containing a suitable
modified strain of live measles virus grown in cultures of chick embryo cells or in other appropriate
approved cell cultures.

It is prepared immediately before use by reconstitution from the dried vaccine with the liquid
stated clearly on the label itself. However, the vaccine is free from any added antimicrobial preservative.

Preparation. The various steps involved are as follows :

(1) The virus is grown with the necessary aseptic precautions in the primary cultures of chick
embryo cells or other suitable cells.

(2) The chick embryos are derived from a healthy flock free from avian** leucosis and the cell
cultures are shown not to contain extraneous microorganisms.

* WHO. WHO expert cimmittee on biological standardization : 33rd Report, WHO Tech Rep Ser 687, 1983.

** Concerning birds ;
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(3) Animal serum may be employed in the medium for the initiation of cell growth ; however,
the medium for maintaining the cell cultures in the course of virus multiplication contains
absolutely no protein at all.

(4) Nevertheless, the cell culture medium may contain an appropriate pH indicator e.g., phenol
red, and also suitable antibodies at the smallest possible effective concentrations.

(5) The temperature of incubation is accurately controlled during the growth of the virus.

(6) The virus suspensions are usually harvested at a time suitable to the strain of virus used and
are tested for identity, sterility and freedom from extraneous viruses.

(7) Virus harvests which strictly comply with these tests are subsequently pooled and clarified
to remove cells. At this stage a suitable stabilizer is added to the clarified vaccine, which is
freeze-dried to a moisture content shown to be favourable to the ultimate stability of the
vaccine.

Mumps Vaccine, Live : Mumps Vaccine, Live is a preparation containing a suitable live modi-
fied strain of mumps virus (Paramyxovirus parotitidis) grown in chick-embryo cells or other suitable
cells. It is invariably prepared immediately before use by reconstitution from the dried vaccine with the
solvent stated on the label. The vaccine does not contain any added antimicrobial preservative.

Preparation. The different steps involved are as follows :

(1) The virus is grown using the necessary aseptic precautions in the primary cultures of chick
embryo cells or other precautions appropriate cells shown not contain extraneous microor-
ganisms.

(2) When employing chick-embryo cells, the embryos are derived from a healthy flock usually
free from specified pathogens. Animal serum may be used in the medium for initial cell
growth but the medium employed for maintaining the cell cultures in the course of virus
multiplication must not contain any protein.

(3) The concentration of serum carried over into the final vaccine does not exceed one part per
million. However, the cell-culture medium may contain a pH indicator e.g., phenol red, and
suitable antibodies preferably at the smallest effective concentrations.

(4) The viral suspensions are harvested at a time suitable to the strain of virus being employed
and tested for identity, sterility, and total freedom from extraneous agents.

(5) The virus harvests that comply with these tests are normally pooled and clarified to remove
cells.

(6) An appropriate stabilizer is added to the clarified vaccine that is freeze-dried subsequently
to a content shown to be favourable to the final stability of the vaccine.

7.3.15. Smallpox Vaccine

Smallpox is an acute highly infectious disease by the variola virus. It has been established be-
yond any reasonable doubt that ‘passive immunization’ with adequate doses of γ-globulin prepared
from plasma of recently vaccinated donors may be expected to protect unvaccinated household contacts
of smallpox or persons last vaccinated previously.

Earlier smallpox vaccine was known as vaccine lymph on account of the original method of
preparation. However, the vaccine may be prepared from one of the following modes, namely :
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* A region in an organ or tissue that is damaged by injury or disease.

(a) From lesions* produced on the skin of suitable living mammals,

(b) In the membranes of chick embryo, and

(c) In cells of suitable tissue by inoculation of vaccinia virus.

Method-I (From Free-Living Animals) : In this particular instance healthy calves or sheep may
be employed for the production of the vaccines. Because sheep-vaccine is an active as calf-vaccine and
since sheep are more easily kept clean and tidy they may also be used abundantly. Besides, the method
of preparation is virtually the same in either of the two methods (cases). The various steps followed are
as given below :

(1) The animal is ‘quarantined’ for a fortnight and after a thorough health examination to exclude
any possible communicable disease(s), the animal’s, flank and abdomen are adequately
scrubbed and disinfected, shaved, rescrubbed and redisinfected. Most preferred zone se-
lected is the area from the shoulder to the hip-joint, and from the centre-line of the back to
the underline of the belly. Subsequently, the shaved and cleaned area is then scarified (i.e.,
scrubbed lightly with a comb-like device without causing bleeding).

(2) The ‘seed virus’ of the known potency is now rubbed thoroughly into the scratches with a
sterile spatula. The treated sheep is then retired to a special place for an incubation period
ranging between 4 to 5 days whereupon vesciles containing the virus developed all along the
lines of the ‘scarification zone’. Throughout the span of incubation all necessary precau-
tions must be taken to maintain and keep the inoculated areas asceptically clean.

(3) The animal is sacrified, exsanguinated (i.e., to blood to the point at which life can no longer
be sustained) and washed. The contents of the vesciles i.e., the lymph, are removed by
curretage (i.e., by scrapping with a special ‘valkmanna’s spoon that has a very sharp edge to
the bowl). The pulp thus obtained is transferred from the spoon to a ‘sterilized jar’, which is
then maintained at – 10°C until ready for grinding in a ‘tissue grinder’. In fact, each batch of
pulp is usually ground individually (homogenized) in a specially designed grinding ma-
chine. It is absolutely necessary to carry out a postmortem examination judiciously made on
the sacrificed animal’s carcass to ensure the absence of infectious diseases.

(4) As it is not practically feasible to entirely prevent the possible contamination with extrane-
ous microorganisms, the lymph should be treated adequately to kill pathogens completely
and also to reduce the number of residual bacteria to a very low ebb. Previously it was
normally carried out by grinding with an equal volume of glycerine and storing for a long
time at – 10°C. Importantly, a relatively more convenient, efficient and feasible method
adopted nowadays is as stated under :

— ‘The lymph is extracted with a protein solvent like trichlorofluoroethane. Presence of
protein lowers the efficiency of the bactericidal agent. Phenol is added to produce a concen-
tration of 0.4% and the material is incubated at 22°C for a duration of 48 hours or until the
bacterial count is is low enough’.

The ‘viruses’ especially are unharmed by this particular treatment because they are much
more resistant than bacteria to phenol. Glycerol and peptone are eventually incorporated to
afford concentrations of 40% and 1% respectively. In fact, glycerin assists the bactericidal
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action of phenol during the subsequent storage at – 10°C. Besides, glycerin renders the
product a viscosity very much similar to the earlier preparations that were treated previously
with glycerin alone ; — a viscous preparation being always easier to use for vaccination.

(5) Peptone specifically helps to preserve the viability of the viruses, particularly if the product
is meant to be ‘freeze dried’. Sometimes, incorporation of either Brilliant Green or another
appropriate colouring substance is added to mark the area of application of the vaccine. Tests
are usually carried out to ascertain the presence of the number of living extraneous microor-
ganisms not exceeding more than 500 ml– 1 since the product from the free living animals
could not attain the requisite target because of its virtually unavoidable contamination with
the living organisms.

Method-II (From Chick-Embryo) : This smallpox vaccine may also be prepared from virus
grown on the chorioallantois membrane* of fertile hens eggs, and this methodology is being adopted in
certain parts of USA. In actual practice, well-defined ‘tissue-culture methods’ making use of calf-embryo
skin or chick-embryo cells have also been developed and products appear antigenically equivalent to
vaccines from other sources. However, the major advantages of these methods is that a sterile prepara-
tion can be obtained ; and the resulting products should comply with the ‘official tests for sterility’.

Note : Freeze-dried Smallpox Vaccine. The ‘liquid preparation’ retains its potency for 12
months at – 10°C, but definitely possesses much lower stability at higher temperature, specifically if it is
not adequately protected from light. Example : The exact storage life at 10–20°C and 2–10°C stands at
1 and 2 weeks respectively. Importantly, the freeze-dried product is much more stable and keeps defi-
nitely below 10°C, for a year at 22°C, and for a month at 37°C. Therefore, it is particularly advanta-
geous in tropics and in situations where it is absolutely necessary to maintain ‘emergency stocks’. And
after reconstitution, it is found to retain its potency for a week if stored below 10°C. The freeze-dried
product is available in multiple dose containers together with appropriate volumes of reconstituting
fluid. There are ample informations available with respect to purity, potency, storage, labelling and containers.

Method-III (From Vaccinia Virus). In this particular instance the lymph is carefully incubated
at 22°C for 48 hours during which period the bacterial count of contaminants gets reduced significantly.
The resulting product is then tested bacteriologically as required essentially by the Therapebtic Sub-
stances Act and Regulations. Two portions of glycerin are now added and the product tested for con-
formity to the laid down official standards.

The lymph is invariably dispensed either in capillary tubes for single dosage with the aid of a
vacuum device or in ampoules for multi-dosage forms. The thermally sealed containers are then stored
at a temperature ranging between – 10 to – 15°C until used actually.

Interestingly, one fully-grown healthy sheep may yield approximately 500 ml of liquid smallpox
vaccine which is equivalent to 350,000 doses. It is, however, pertinent to state here that the vaccine thus
obtained normally comprises of a high concentration of vaccinia virus particles, that may be regarded
broadly to be almost equivalent to an attenuated smallpox strain, and obviously in a limited sense it
is still, therefore, infectious and pathogenic in character.

* In embryology, the membrane formed by the union of the chorion and allantois. In the human embryo, this
develops into the placenta.
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Note. In actual practice, the ‘freeze-dried material’ is dispensed in the form of multiple dose
ampoules along with an appropriate volume of reconstituting fluid. The ‘Label’ carries complete infor-
mation with regard to purity, potency, storage conditions, expiry date etc.

Advantages of Smallpox Vaccine Prepared from Chick-Embryo :

The cardinal advantages of smallpox vaccine prepared from chick-embryo vis-a-vis from lesions
produced on the skin of live animals, such as : calves or sheeps are as enumerated under :

(1) The ‘chick-embryo’ is virtually free from latent viruses, whereas live animals (e.g., mam-
mals) may serve as hosts for a plethora of pathogenic viruses. Therefore, evidently a virus
culture is prominently less prone to be contaminated by a majority of ‘unwanted viruses’
when grown on ‘chick-embryo’. Besides, it is definitely much convenient and easier to maintain
and sustain the product free from the contaminating microorganisms.

Note. (a) Since several years it was believed that ‘chick-embryo’ was not a natural carrier of viruses
; however, now it is more or less well established that avion leucosis may be present.

(b) The virus causes tumours in birds and although there is no substantial/concrete evi-
dence of transmission to humans ; besides, the eggs from avion leucosis free flocks are
being employed for measles vaccine.

(2) The viruses grown on the chorioallantois membrane of the chick-embryo produces lesions
that differ widely in size and structure from one virus to another one. Consequently, contami-
nation by such an ‘unwanted virus’ is detected fairly easily.

(3) Multiplication of a viral culture in an animal tissue is sometimes rather difficult to accom-
plish on account of immunity of the prevailing tissue ; and perhaps this could affect the yield
significantly. Importantly, the chick-embryo is unable to develop such antibodies against a
virus at the age of its usage. The viruses either grown in yolk-sac or embryo-sac are usually
separated by the ‘grinding process’ (homogenization) ; as a result, certain traces of egg
protein creep into the vaccine and thus may give rise to ‘untoward reactions’ in the recipi-
ent very much akin to those produced by the injection of ‘serum proteins’. Therefore, when
either of these two regions (viz., yolk-sac and embryo-sac) is employed, the egg must not be
more than 10-11 days old ; and if the harvesting is performed even before its due time its
proteins are not sufficiently developed to produce hypersensitivity reactions.

(4) Undesired anaphylactic reactions in humans just following administrations of a second dose
of a viral vaccine grown on chick-embryo are virtually unknown as on date.

(5) Viral vaccines grown on the skin of living mammals (e.g., calves, sheeps) may be heavily
contaminated with bacteria. However, with the advent of suitable aseptic technique the viral
vaccines produced in the chick-embryo are absolutely free from bacterial contamination.
It has been duly observed that the allantoic and amniotic cavities strategically located in the
chick-embryo are capable of destroying light bacterial contamination due to their inherent
anti-bacterial nature, but they fail to cope up with heavy bacterial infection. The yolk-sac
provides a highly nutrient medium for bacteria. As such the material infected right into the
yolk-sac should be free from bacterial contaimants. Therefore, it is quite necessary to main-
tain strigent aseptic technique throughout the operational procedures so as to prevent bacte-
rial contamination squarely.

(6) Interestingly, there are certain viruses which cannot be grown on chick-embryo e.g.,
poliomyelits virus. In such cases, other methods should be employed for their cultivation.
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(7) Virulence of a plethora of viruses is reduced appreciably by repeated passage through the
chick-embryo from egg to egg. When a living vaccine is required, steps must be adopted
accordingly to maintain the virulence of the virus. The virus may become adapted to embryo
tissue and become less virulent for its natural host. To ensure an adequate supply of virus
having satisfactory virulence, the vaccinia strains is grown in quantity in one batch of eggs
and then freeze-dried or stored at a low temperature so that the same virus can be employed
for many batches of vaccine. The eggs for vaccine production must be examined in front of
a bright light so as to confirm that the embryos are still very much alive. The spontnaeous
movement or well-defined blood vessels invariably indicate the presence of a living-embryo.

(8) Chick-embryo is found to be more satisfactory in the growth of certain specific viruses, such
as : attenuated measles virus, and cowpox virus.

7.3.16. Vaccines for Special Protection (For People at Special Risk ) :

There are several vaccines that find their immense usuage in causing immunization to humans
who are exposed to special risk(s), such as : Hepatitis B ; Rabies ; Yellow Fever ; Anthrax ; Plague ;
Japanese B encephalitis ; Bird’s Flu ; Hongkong Flu ; Q-Fever, Typhoid ; Smallpox  etc., which shall be
discussed appropriately in this section.

7.3.17. Rabies* Vaccines (Rabies Vaccine BP-1993)

Rabies Vaccine is a suspension of an appropriate strain of fixed rabies virus grown in human
diploid cells (HDCV) and inactivated by β-propionilactone. HDVC may also be used for active immu-
nization of those considered at risk (pre-exposure vaccine). In actual recommended practice two doses
are administered at an interval of one month, and then followed by a ‘booster dose’ one year later.
Nevertheless, it is also used for the post-exposure treatment in combination with human rabies
immunoglobulins (HRIG). It has been duly observed that neuroparalytic and hypersensitivity reac-
tions are intimately associated with the vaccines that are derived exclusively from either animal nerve
tissues or duck-embryos ; in reality, such vaccines are still used in the developing world. Most devel-
oped countries use such vaccines prepared in cell cultures, frequently HDCV. Interestingly, the usual
hypersensitivity reactions are significantly less frequent with these (HDCV) preparations.

Rabies being an acute infection of mammals caused by rabies virus. However, the clinical
rabies (viz., hydrophobia) is proved to be fatal in man. Infection normally has a ‘long incubation
period’ after introduction of virus through the bite of a rabid-animal e.g., dog, jackal etc. If a high
degree of immunity can be stimulated while the virus is slowly traversing centrally via the peripheral
nerves its ultimate penetration and subsequent establishment in the brain may be prevented adequately.

Modern immunotherapy procedures invariably combines both passive and active immuniza-
tion in order to accomplish a rather effective high concentration as well as a high level of antibody as
rapidly as possible in vivo.

(a) Passive Immunization. Pre-exposure immunization is also recommended for such subjects
who frequently handle or administer modified live rabies virus vaccines intended for animals
because of the unavoidable possibility of exposure via either needle pricks or sprays, animal
handlers, laboratory workers, and even veterinarians.

* Caused by infection with Rhabidovirus of the genera Lyssavirus.
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(b) Active Immunization. Post-exposure immunization may be inducted due to the rabies
vaccination whereby antibody production commences within a span of 7-10 days and the
duration of protective effect lasts for 2 years or even beyond that. It is indicated for post-
exposure immunization against rabies infection.

Preparation. It may be prepared from different methods as stated below :

Method-I (Seed-Lot System) : The various steps involved are :

(1) The virus used in the final vaccine represents not more than five cultures from the seed lot
employed for the actual production of the vaccine on which were carried out the laboratory
and clinical tests that ascertained the strain to be suitable.

(2) Animal serum may be used in the medium for the initial cell growth ; however, the medium
employed for maintaing the cell cultures during virus multiplication contains no protein.

(3) The concentration of serum carried over into the vaccine does not exceed one part per million.

(4) The cell culture medium may contain a suitable pH, indicator, such as phenol red, and ‘ap-
propriate antibiotics’ usually present at the smallest effective concentrations.

(5) The virus suspension is invariably harvested on one or more occasions during incubation. In
actual practice, multiple harvests from a single cell lot may be pooled and regarded as a
single virus suspension.

(6) The resulting suspension is meticulously and carefully tested for identity, bacterial sterility
and above all complete freedom from extraneous viruses. In case , suspension legitimately
complies with these three extremely vital tests, it is inactivated subsequently ; and hence,
may be finally purified and concentrated.

(7) It is absolutely necessary to carry out the ‘amplification test’ for the residual infectious
rabies virus in cell cultures derived from the same species as those employed in the produc-
tion of the vaccine to confirm effective inactivation of the rabies virus. The quantum of virus
used in the above test is equivalent to not less than 25 human-doses of the vaccine.

(8) Test for Live Virus : Samples of the cell-culture fluids are inoculated into mice. No live virus
is detected.

(9) The resulting thoroughly tests ‘Rabies Vaccine’ is distributed aseptically into sterile
containers and freeze-dried. The containers (e.g., ampoules) are sealed hermetically.
The inherent residual moisture content is sufficiently low to ensure the stability of the vaccine.

(10) Potency Test : The maintenance of potency is duly verified in an ‘accelerated degradation
test’ wherein the ‘vaccine’ is stored at 37°C for 4 weeks at a stretch.

Method-II (From Chick and Duck Embryos) : Rabies vaccine should be prepared from such
tissues that are devoid of essential the encephalitogenic* material specifically. Therefore, for this par-
ticular reason the rabies virus strains have been duly adopted to grow either in ‘chick’ or in ‘duck’
embryos. Furthermore, the viruses grown in duck-embryo are usually inactivated by β-propionilactone
which process is found to be effective reasonably.

Method-III (From Brains of suckling mice, rats, rabbits and sheep) : The Rabies vaccines
prepared from the brains of sucking mice, rats, rabbits and sheep must conform to the requisite potencies
by standard usual tests satisfactorily. The ‘Pharmacopoeal Method’ advocates the rabbits and sheep may

* Pertaining to the brain or its cavity.
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be infected intracerebrally with the ‘fixed rabies virus’. Once they distinctly exhibit typical symptoms
after a span of 24 hours and become paralyzed completely, they are killed and their brains are duly
harvested and homogenized in NaCl injection. The resulting viruses are inactivated adequately. Phenol
is the ‘chemical of choice’ and hence often preferred ; however, treatment with other chemical sub-
stances, such as : formaldehyde solution (formalin), β-propionilactone or UV-light has also been equally
successful. The ‘preparation’ is diluted to contain an appropriate amount of the brain material.

Salient Features of Rabies Vaccines Production :

Following are some of the salient features with regard to the production of Rabies Vaccines :

(1) Human subjects, immunized with rabies vaccine prepared from brains, invariably developed
higher concentrations of the ‘neutralizing antibody’ in comparison to the ‘controls’ immu-
nized with the conventional nerve-tissue vaccines.

(2) Rabies vaccine containing nerve-tissue may give rise to serious allergic response in the brain
leading to nerve cell deterioration and ultimately rendering complete paralysis.

(3) The reactions described in (1) and (2) above are found to be rare when the vaccines are
prepared either in ‘fertile hen’ or ‘duck-eggs’. The latter are normally preferred because the
yields are definitely better.

(4) β-Propionilactone is mostly used as a normal inactivated agent.

(5) In actual practice, the usage of live-avianized vaccine having attenuated virulence are
seldomly done because of the difficulties encountered in producing batches of uniform and
adequate potency.

(6) Active immunization against ‘rabies’ remains absolutely and mainly unsatisfactory unless
and until extremely potent and highly safe inactivated vaccines are available abundantly.

(7) Proper application of ‘human diploid-cells’ and other types of cell cultures of substrates for
the growth of very high concentrations of ‘rabies virus’ is showing adequate cognizance and
great promise.

(8) A plethora of ‘human diploid-cell rabies vaccines’ are mostly produced from Wilstar’s
Pitman-Moore or CL-77 strain of rabies virus grown in MRC-5 human diploid cell
culture. The resulting ‘vaccine virus’ is duly concentrated and then inactivated by β-
propionilactone.

(9) Rabies vaccine adsorbed is prepared from the CVS Kissling / MDPH strain of rabies virus
grown in a diploid cell line actually derived from fetal rhesus monkey lung cells.

(10) The vaccine virus is duly inactivated and later on concentrated by adsorption to aluminium
phsophate [AlPO4].

(11) USP officially recognizes the following two variants of rabies vaccine, namely :

(a) cell-culture vaccines for intradermal usage (e.g., into the intracutaneous) ; and

(b) cell-culture vaccines for intramuscular injection (e.g., into the deltoid viz., triangular
muscle).

(12) As a precautionary measure the ‘Rabies Vaccines’ must be administered immediately fol-
lowing reconstitution or the reconstituted vaccine must be discarded.
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* Tenderness or pain in the muscles ; muscular rheumatism.

** Absolute exhaustion.

7.3.18. Influenza Vaccine : [Syn : Flu Fever Vaccine]

Influenza is an acute, contagious respiratory infection characterized by the sudden onset of
fever, chills, headache, myalagia*, and sometimes prostration**. Coryza, cough and sore throat are
common. The incubation period ranges between 1 to 3 days. It is usually a self-limited diseases that
invariably lasts from 2 to 7 days. The preferential and differential diagnosis includes typhoid fever,
cerebrospinal meningitis, and, rarely pulmonary tuberculosis.

In actual practice, both killed and live attemped vaccines are used but assessment of their value is
complicated by the appearance of antigenic variants to different virus strains. Interestingly, within a
span of 24 years i.e., between 1933 and 1957, antigenic variations of the influenza strain were legiti-
mately recognized when both epidemics and pandemics surfaced predominantly in a few countries across
the globe. Consequently, classifical strains like A1 [A Primer], A2 [Asian Virus] strains were isolate and
identified duly.

Historical Background. In the year 1940, the causative virus for influenza in New York was
observed to be a Type B virus and the antigenic variants for this strains were also recognized soonafter.
Later on two cases of Type B virus infection have been duly isolated and recognized. Subsequently,
another Type C strain was also isolated. These critical observations and findings, in fact afforded the
preparation of a ‘satisfactory prophylactic for influenza’ that is rendered complicated by the capacity of
the virus for the prevailing range of variation. It is quite well-known and established that most influenza
outbreaks are duly produced by one or two different types of viruses.

Type A Virus : Mainly responsible for spreading rapidly major epidemics that are somtimes
worldwide. It specifically shows considerable lack of stability in antigenic char-
acteristics.

Type B Virus : Particularly gives rise to small localized outbreaks ; and, therefore, occasionally
gives rise to a wide-spread epidemic outbreaks.

It is, however, pertinent to mention here that there exists almost little cross-immunity amongst
any of the five recognized classes or types of viruses viz., Type A, A1, A2, B and C. Perhaps, it is,
feasible as well practicable to afford ‘protection against influenza’ by providing a ‘polyvolent vac-
cine’ that will certainly give a blanket coverage. Besides, one may acquire sufficient relevant and valu-
able information(s) with regard to the antigenic composition of such a strain that might cause the next
outbreak, in time to prepare a specific vaccine for it. However, the formal preparation may prove to be
beneficial only if the prevailing antigenic components of the virus are confined to a certain limit. Inter-
estingly, in USA preparations of this kind containing one or more strains of each of A, A1 and A2 and B
have been employed for many years.

Attenuated Nasal Spray Vaccine. The development of a novel attenuated vaccine meant to be
administered via nasal spray has claimed to be more effective because it specifically cause stimulation in
the production of antibodies at a place where different flu viruses gain entry quite easily.

Advantages : The various advantages of this nasal vaccine are :

(i) It may be easily administered to children who show aversion to injection which is the usual
method recommended for the ‘killed vaccine’.

(ii) Best suited for children who contract flu at least 2-10 folds more than elderly people ; be-
sides, they invariably get the infection at least 2-3 times before they attain the age of 5 years.
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* Pertaining to the allantois i.e., an elongated bladder developing from the hindgut of the fetus in birds.

(iii) The flue contracting children are not so dangerous (whereas the elderly people may some-
times prove to be quite dangerous).

(iv) Vaccines need to be administerd twice a year to children so as to prevent and arrest the
spread of the said disease i.e., flu.

Preparation. In a broader perspective the production of an effective ‘Influenza Vaccine’ pro-
phylactic essential requires the inclusion of strains of both Types A and B normally isolated particularly
‘during the most recent epidemic’ unless a new variant appears.

The various steps involved are as follows :

(1) The ‘influenza vaccine’ is prepared in the embryonated hens eggs.

(2) The virus is inoculated in the allantoic cavity* for 2-3 days, and subsequently the eggs are
adequately chilled between 2-8°C in a refrigerator for a day. This kills the embryo and thus
prevents any possible hemorrhage creeping into the allantoic fluid in the course of harvesting.

(3) The outer-shell is carefully removed from over the air sac, and the underlying membranes
are cut away meticulously whereby the allantoic fluid is finally drawn off into a flask.

(4) Pools of the fluid from relatively smaller batches of eggs are tested individually for their
sterility.

(5) All the sterile batches are pooled and the virus is purified by centrifugation, initially at a low
speed to separate a flocculent precipitate of proteins followed by a very high speed to throw
out the viruses due to the centrifugal forces. These viruses are removed subsequently to an
appropriate vehicle ; and the suspension is subjected to concentration preferably under ster-
ile and reduced pressure.

(6) The resulting concentrated suspension is treated with requisite amount of 0.01% formalde-
hyde between 0-4°C for 2 to 3 days so as to inactivate the virus that is ultimately suspended
in a neutral buffered saline solution containing thimerosal or other appropriate bactericide.

(7) Poly-valent vaccines are usually prepared by mixing together purified and inactivated sus-
pensions of each strain. The components of prior to dilution and standardized by
haemagglutination titrations both virus types are blending into a vaccine.

(8) The ‘Official Vaccine’ is an aqueous suspension ; whereas, the ‘commercial products’
essentally contain a material carrier or oil adjuvant that are observed to afford predominantly
higher antibody responses.

(9) It has been further demonstrated and established that by rendering the emulsification of the
‘aqueous suspension’ with mineral oil employing a W/O emulsifier may help a lot in the
potentiation of the antigenic effect of the vaccine. The mineral oil perhalps stimulates the
creation of a granuloma (i.e., a small harmless growth of cells) at the very site of injection.
This specific phenomenon not only protects the virus but also delays its destruction appreci-
ably. The overall ‘not result’ appears as an improved level and also the prevailing duration of
immunity.

Living Attenuated Influenza Virus. In Russia, it has been a practice to spray the living attenu-
ated influenza virus right into the nose. The vaccine is an egg or cell culture preparation of a strain
passaged in eggs or cell cultures and adequately selected because of its ability to multiply in the nose
and appear subsequently in the nasal secretions.
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* The WHO reviews the world epidermiological situation annually, and if necessary recommends new strains
corresponding to prevailing epidemiological evidence. Such strains may be used in accordance with the
resulations of the appropriate National Authority.

Salient Features : The various salient features are as follows :
(i) Unlike the killed vaccine this specific live prophylactic vaccine is said to be effective even

when employed during an influenza epidemic.
(ii) Clinical reactions are bare minimal in adults but may be quite acute and severe in children.

(iii) Isolated haemagglutinin of the virus is immunogenic and does not produce any febrile and
toxic reactions soon after vaccination with the whole live attenuated influenza virus.

(iv) Active immunity to influenza undergoes development rather rapidly between 10-14 days.
(v) One injection is administered only, as there is little improvement noticeable in the ‘antibody

response’ from a second one. The actual attainable protection however is prominently short-
lived and lasts for almost six months duration only.

7.3.19. Inactivated Influenza Vaccine

The official compendia includes two variants of inactivated influenza vaccine, namely :

(a) Inactivated Influenza Vaccine (Split Virion), and

(b) Inactivated Influenza Vaccine (Surface Antigen)

First of all the simple Inactivated Influenza Vaccine shall be discussed as under :

Inactivated Influenza Vaccine is a sterile aqueous suspension of a suitable strain or strains of
influenza virus, Types A and B either individually or mixed*, duly inactivated so that they are non-
infective but predominantly retain their antigenic characteristic features. Importantly, the vaccine strains
employed must possess those haemagglutinin and neuraminidase antigens likely to render protection
against the prevalent influenza viruses. The vaccine contains an approved quantity of haemagglutinin.

Preparation : The different steps involved are as stated below :

(1) The virus of each strain is grown adequately in the allantoic cavity of 10-13 day-old
embryonated chicken eggs derived from a healthy flock. The allantoic fluid is harvested
after incubation for 2-3 days at a temperature appropriate for the optimal growth of the strain
of virus employed.

(2) The resulting viral suspensions of each type are pooled individually and inactivated duly by
a process shown to inactivate not only the influenza virus without destroying its
immunogenicity, but also any contaminating virus.

(3) The virus thus obtained is purified by centrifugation or other suitable means and finally
suspended in a buffered solution that may contain a suitable antimicrobial preservative.

(4) The vaccine may also be issued as an adsorbed vaccine. The adsorbed vaccine is prepared as
described above with the addition of an appropriate adjuvant.

The following three tests, as given in BP-1993, need to be carried out before adsorption,
namely :

  (i) Identification Test ‘A’,

 (ii) Ovalbumin Test (for Viral inactivation), and

(iii) Haemagglutinin content.
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7.3.19.1. Inactivated Influenza Vaccine (Split-Virion) :

The Inactivated Influenza Vaccine (Split Virion) is a sterile aqueous suspension of a suitable
strain or strains of influenza virus, Types A and B either individually or mixed, wherein the integrity of
the virus particles has been disrupted. The vaccine strains employed should possess essentially those
haemagglutinin and neuramindase antigens that are likely to provide adequate protection against the
currently prevalent influenza viruses. The vaccine contains an approved quantity of haemaglutinin.

Preparation. The various steps that one essentially involved are as stated under :
(1) The virus of each strains is grown in the allantoic cavity of 10-13 day old embryonated

chicken eggs derived from a healthy flock. The allantoic fluid of live eggs is harvested after
due incubation for 2-3 days at a temperature found to be suitable for optimal growth of the
strain of virus used.

(2) The viral suspensions of each type are pooled individually and inactivated subsequently by a
process shown to inactivate not only influenza virus, without destroying its immunogenicity,
but also any contaminating virus.

(3) The resulting virus is purified by centrifugation or other appropriate means and the virus
particles are disrupted by suitable surface-active agents.

(4) The disrupted particles are adequately suspended in a buffered solution that may contain an
appropriate antimicrobial preservative.

(5) The vaccine may also be employed as an ‘adsorbed vaccine’. The ‘adsorbed vaccine’ is
prepared as described above with the addition of a suitable adjuvant.

(6) The following three tests, as given in BP-1993, require to be performed before adsorpton,
namely :

  (i) Identification Test-A,
 (ii) Ovalbumin Test (for Viral inactivation), and
(iii) Haemagglutinin content.

7.3.19.2. Inactivated Influenza Vaccine (Surface Antigen)

The Inactived Influenza Vaccine (Surface Antigen) is a sterile aqueous suspension of the
immunologically active haemagglutinin and neuroaminidase surface antigens of a suitable strain or
strains of influenza virus. The virus strain or strains used, which may be Types A or B either individually
or mixed, should essentially possess antigens likely to provide protection against influenza viruses cur-
rently prevalent or likely to be prevalent and should have been inactivated that they are non-infective but
retain their immunogenic properties.

Preparation. The vaccine may be prepared by the following method :

(1) The virus of each strains is grown in the allantoic cavity of 10-13 day-old embryonated eggs
derived from a healthy flock. The allantoic fluid of live eggs is harvested after incubation for
2-3 days at temperatures suitable for optimal growth of the particular strain.

(2) The viral suspensions of each strain are pooled individually and treated by a process shown
to inactivate not only the influenza virus while maintaining its antigenicity but also any
contaminating virus.

(3) The resulting virus is purified by centrifugation or other suitable means, the virus particles
are discrupted by treatment with suitable agents and the surface antigens are duly separated
from other virus components by approved procedures and suspended in a buffered solution
containing a suitable preservative.
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(4) The vaccine contains an approved quantity of haemagglutinin antigen which is measured by
an approved technique, such as : immunodiffusion using antiserum to purified haemagglutinin
and compairing the vaccine with a homotypic antigen reference preparation.*

(5) The ‘vaccine’ may also be issued as an ‘adsorbed vaccine’, which is prepared as described
above with the addition of a suitable adjuvant or mineral carrier. Nevertheless, the test for
antigen content may be performed before the addition of the adjuvant or mineral carrier.

7.3.20. Polio Vaccine :
Polio (or acute anterior poliomyelitis) — is an acute infections inflammation of the anterior

horns of the gray matter of the spinal cord. In this acute systemic infections disease, paralysis may or
may not occur. In the majority of patients, the disease is mild, being limited to respiratory and
gastrointestinal symptoms, such constituting the minor illness or the abortive type, which lasts only a
few days. In the major illness, muscle paralysis or weakness takes place with loss of superficial and deep
reflexes. In such instances characteristic lesions are found in the gray matter of the spinal cord, medulla,
motor area of the cerebral cortex and the cerebellum.

It has been observed that probably 90% of infections caused no symptoms and only 1% lead to
actual paralysis.

Explanation. The causation of the disease is due to the fact that the virus first invades the cell of
the oropharyngeal and the intestinal mucosal ; and in most individual remains here until it gets elimi-
nated by cell replacement completely. In a rather small percentage of infections, however it finds its way
via the lymphatics route and the blood cell to the CNS where it produces the ensuing ‘degenerative
changes’ which ultimately is responsible for causing paralysis.

The first successful prophylactic was due to the inactivated vaccine which is administered
parenterally and thereby stimulates the production of antibodies in the blood. As the virus pass through
the blood stream on its way from the alimentary canal to the CNS ; it gets neutralized subsequently
thereby providing the protection. However, it fails to prevent establishment of the infective virus in the
mucosa. Interestingly, the individual actively immunized with this type of vaccine might act as a ‘car-
rier for virulent virus’ and hence infect others.

The second successful type of vaccine contains ‘attenuated organisms’ which on being adminis-
tered to an individual orally (e.g., on a sugar lump) invariably invade by the normal route ; and in the
mucosa of the alimentary canal to check and pervent the establishment of the infective virus by stimulat-
ing the production of antibodies locally and possibly through the interporal production. In this case also
the antibodies develop in the blood stream.

In short, both these types of vaccines are duly represented in the Indian Pharmacopoea (IP) ;
however, in actual practice the ‘Live Oral Vaccine’ is largely preferred.

Variants of Polio Vaccine : There are in all five recognized variants of the ‘polio vaccine’,
namely :

(a) Oral Polio Vaccine (OPV),

(b) Salk Type Polio Vaccine,

* A suitable preparation is available from the National Institute for Biological Standards and Control
(NIBSC), Blanche Lane, South Mimms, Polters Bar, Hert ford shire, EN6, 3QG, England.
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(c) Sabin Type Polio Vaccine,

(d) Inactivated Poliomylitis Vaccine [or Inactivated Polio Vaccine BP-1993], and

(e) Poliomyelitis Vaccine Live (Oral) [or Polio Vaccine Live (Oral) BP-1993].

These different variants of ‘Polio Vaccine’ shall now be treated individually in the sections that
follows :

7.3.20.1. Oral Polio Vaccine (OPV)

It was intially developed by Sabin, after the American Researcher, and is a mixture of ‘live
attenuated strains’ of the three polio viruses viz., Type 1, 2, and 3.

• An oral dose of the mixture is given to the children at 3 months age ; 4
1

2
 to 5 months ; and

finally at 8
1

2
-11 months of age. These doses are usually administered at the same time as

and when  the initial course of injections of triple DTP vaccination are given to a child.

• A booster dose is administered orally at 4 to 5 and again at 15-18 years of age.

• The viruses invariably grow in the ‘lymphoid tissue’ associated with the gut epithelium and
thus generate local and humoral immunity.

• As fecal excretion of the vaccine strains may actually persist for some weeks, the nearest
family members of the children given OPV must be advised with respect to the ‘hygenic
handling and proper disposal of napkins / diapers etc.,’ Any non-immune immediate family
members should preferably be immunized simultaneously.

• Vaccine associated poliomyelitis takes place very rarely (less than one in a million) ; how-
ever, the benefits of the vaccine outweighs this enormously.

• OPV must not be administered to hypogammaglobulinaemic children specifically.

• Absorption of antigen or preformed antibodies via the alimentary canal has not been of
much interest in the therapeutic armamentarium until recently because of the major reason
that the ‘prevailing digestive process’ invariably gives rise to severe wastage.

7.3.20.2. Salk Type Polio Vaccine

The Salk Type Polio Vaccine (or Salk filled vaccine) is a formaldehyde inactivated mixture of
the three types of polio virus and it is also found to be very effective. It was subsequently replaced more
or less by the ‘Sabin type polio vaccine’ (see section 7.3.20.3) in a good number of countries based on
the following predominant plus points, namely :

• If refrigeration is assured adequately, OPV may be more conveniently delivered to commu-
nities ; and that too at a reasonably, economically viable and cheaper cost.

• Local gut immunity associated with OPV coupled with the possibility of the vaccines’ spread
and separation of wild virus in the community is an additional advantage.

The Salk type polio vaccine is, in fact, an inactivated vaccine baptized after the American ‘vi-
rologist’ who first developed it.
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Preparation. The various stages involved in its preparation are as follows :

(1) The three types of polio vaccines (e.g., Type 1, 2 and 3) are grown individually in either
suspended or fixed cell cultures of monkey kidney tissue ; and for this Rhesus monkeys are
employed generally.

(2) Rhesus monkeys are usually quarantined on arrival and checked meticulously for TB and
other ‘communicable diseases’ both before and after death.

(3) The ‘monkey kidney cell’ must not have been propogated in series and are invariably
obtained from a continuous line of cell. This exclusion, however, is entirely based on
the possible fear that because it has been easier to ‘produce continuous lines of malignant
cell’ in comparison to the ‘normal cell’ ; all this vividly depict the ability to maintain a line
of the latter which is indicative of a transformation towards malignancy in the cells.

(4) For both types of vaccines, the inclusion of serum is strictly forbidden in the culture media
employed for maintaining cell growth in the course of ‘virus propogation’ ; however, it may
be included in media used to initiate the process of growth of tissue cells. It is so done in order
to prevent the ‘serum reactions’ when such preparations are subsequently administered. In
fact, it is virtually more important in the inactivated vaccine which is usually given parenterally
; and for this purpose there is a prescribed limit of 1 ppm of serum in the final product.

(5) Healthy Rhesus monkeys are duly anaesthetized and their kidneys are removed and
decapsulated. The ‘cordical tissue’ is coarsely disintegrated and suspended in No : 199
substrated.

(6) The chopped tissue is then treated with several lots of dilute, warm trypsin solution each at
0.5% concentration at pH 7.6 for a span of 20 minutes. This treatment, in fact, partially
hydrolyses the tissue frame-work ; and further helps in separating the cells into a rather free
suspension without affecting their viability and efficacy.

(7) The cells are subsequently centrifuged, washed and resuspended in a complex medium to a
density of 3 × 105 mL– 1. The medium could be either an admixture of No : 199 substrate
plus calf-serum or an admixture of lactoalbumin hydrolysate plus serum.

(8) The resulting suspension is then inoculated into relatively larger vessels and incubated for a
duration of 5 days to allow the cells to become adequately established as a ‘monolayer’ on
the glass surface.

(9) When optimal growth has taken place, the liquior is poured off and the cells are washed with
BSS-medium. After adding fresh medium, a small inoculation with one specific strain on the
‘virulent stock’ virus is made.

(10) Separate batches for each of the three types are made and all are incubated for approximately
three days or until such a time the full effect of the virus degeneration has actually taken
place. By this time the medium invariably contains a high concentration of the ‘free virus
particles’.

(11) Debris is centrifuged off and the supernatant layer is cooled adequately. In case, these are not
required immediately, the deep frozen strains may still be kept separately which can now be
batches to larger volume(s) as and when required.
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(12) Once this harvesting step is over, the resulting virus suspension is tested meticulously to
confirm that only the correct strain of polio virus is present ; and also that the virus liter is
above certain specified bare minimum level and in addition free from viral, bacterial and
fungal contaminants as far as possible.

(13) Consequently, the suspension is made to pass through the filters having increasing fineness
so as to remove any remmants of tissue cells and ultimately ‘bacteria’. The former could
some of the virus from the inactivating agent.

(14) The liquors containing the virus particles are separately treated with dilute (0.01% v/v) for-
maldehyde under accurately controlled conditions of pH and temperature and making use of
a magnetic stirrer. However, the removal of tissue cells and finally bacteria is duly accom-
plished within a span of 6 days, but in actual practice at least twice this duration is allowed
(i.e., 12 days) to ascertain almost 100% absence of any ‘active virus’.

(15) In usual practice, the suspension may be refiltered at the half-way stage i.e., after nearly 7 days.
The rate at which the phenomenon of inactivation takes its normal course is followed me-
ticulously for several days at a stretch on regular intervals ; and subsequently almost between
the 9th and 12th days larger samples are tested precisely for the total and absolute absence
the infecting virus.

(16) The formalized and sterile viral solution is now subjected to dialysis and checked thoroughly.
The ‘univalent vaccines’ of the three strains are now blended adequately to give rise to the
desired ‘trivalent product’. At this critical stage large number samples are rechecked once
again for freedom from the infective virus ; and finally the added formaldehyde solution is
carefully neutralized with the addition of sodium metabisulphite.

(17) A requisite quantum of ‘thimerosal’ is added to serve as a bactericide. An aliquot of soluble
disodium edetate is also included with a specific purpose to sequester heavy metals (as
‘chelates’) that would catalyze the decomposition of thiomersal to such products which are
‘toxic’ to the virus.

(18) The entire sequential procedure right from the very beginning to the final stage usually takes
about 120 days. Importantly, the ‘toxoid’ is prepared for IM-injection by subjected it to due
emulsification with the aid of mineral oil essentially containing 3% highly purified mannite
monoleate in almost equal proportions together with 0.01% thimerosal as preservative.

7.3.20.3. Sabin Type Polio Vaccine

Interestingly, the vigorous activity in this direction has revived once again with the advent of
enormous development and broad-scale usage of oral polio vaccine (OPV), that essentially comprises
of living attenuated strains of the virus. However, the principle of its action is that these virus particles
have the ability to proliferate in the gut and consequently release their modified toxins that are in turn
get absorbed directly into the blood stream ; and thus induce the formation of specific antibodies.

Preparation. The various steps involved are as follows :

(1) The overall manufacturing procedure is essentially as that of the ‘Salk Vaccine’ (see section
7.3.20.2) except in one aspect that once the attenuated strains prepared by rapid passages
through tissue cultures of monkey kidney cells are employed exclusively.

(2) The virus in the ‘final vaccine’ must not represent more than three sub-cultures from a strain
that laboratory and clinical test have shown to be satisfactory. This, however, drastically
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* Current recommendations of WHO (Requirements of Biological Substances No : 2).

reduces the chance of using a vaccine which has been rendered either more virulent or lost
antigenicity.

(3) Here exists practically no ‘activation stage’ in this specific vaccine.

(4) Besides, testing for freedom on the extraneous bacteria, molds, and viruses, special tests are
absolutely predominantly necessary because the virus in the vaccine is living so as to con-
firm as well as ascertain the absence of virulent polio virus.

7.3.20.4. Inactivated Poliomyelitis Vaccine [or Inactivated Polio Vaccine BP-1993]

The Inactivated Poliomyelitis Vaccine is an aqueous suspension of appropriate strains of polio-
myelitis virus, types 1, 2, and 3, grown in suitable cell cultures and inactivated by a suitale method. It is
invariably obtained as a ‘clean liquid’.

Preparation*. The various steps followed sequentially are as described under :

(1) It is solely based on a ‘seed-lot system’. The virus used in the final vaccine represents not
more than ten subcultures from the seed lots used for the production of the vaccine on which
were carried out the laboratory and clinical tests that showed the strains to be suitable.

(2) Animal serum may be employed in the medium for the initial cell growth but the medium for
maintaining cell culture during virus multiplication contains no protein. The concentration
of serum carried over into the vaccine does not exceed one part per million.

(3) The million may contain a suitable pH indicator, such as : phenol red, and suitable antibodies
at the smallest effective concentrations.

(4) Each virus suspension is tested for identity, for bacterial sterility and, after neutralization
with ‘specific antiserum’, for affording freedom from extraneous viruses.

(5) The virus suspension is passed through a suitable filter and may then be concentrated and
purified.

(6) The suspension should contain at least 7.0 log10 CCID 50 mL– 1 for each type of virus.

(7) Within a suitable period of time of the last filteration, preferably within 24 hours, appropriate
chemical substances that inactivate the ‘virus filtrate’ without destroying its antigenicity are
added. During the process of inactivation a suitable filtration is carried out. If necessary, the
inactivating substance is later neutralized.

(8) Each of the monovalent suspensions is shown by appropriate tests in cell cultures to be free
from infective poliomyelitis virus and other human and simian (i.e., monkey like) viruses.

(9) The ‘trivalent vaccine’ is prepared by mixing suspensions of each type.

(10) Before the addition of any antimicrobial preservative, the ‘trivalent suspension’ is shown to
be free from infective poliomyletis virus and other human and simian viruses.

7.3.20.5. Poliomyelitis Vaccine, Live (Oral) [or Polio Vaccine Live (Oral) BP-1993]

Poliomyletis Vaccine, Live (Oral) is an aqueous suspension of suitable live, attenuated strains of
poliomyletis virus, types 1, 2 or 3, grown in suitable, approved cell cultures. It may contain any one of
the three virus types or mixture of two or three of them. It is a clear a ‘clear liquid’. The vaccine should
be shown to be stable.
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Preparation*. The various steps involved are as enumerated under :

(1) It is based on a seed-lot system. The ‘final vaccine’ represents not more than three subcul-
tures from the vaccine on which were made the laboratory and clinical tests that showed the
strains to be suitable as approved by the appropriate authority.

(2) The virus of each type is grown in cultures that have been shown not to contain extraneous
microorganisms.

(3) Animal serum may be used in the medium for initial cell growth but the medium for main-
taining the cell cultures during virus multiplication contains absolutely no protein.

(4) The cell culture medium may contain a suitable pH indicator e.g., phenol red, and also ap-
propriate antibodies at the smallest effecitve concentrations.

(5) The virus suspension is harvested and is adequately tested for identity, bacterial sterility and
freedom from extraneous viruses.

(6) Virus harvests that pass these tests are pooled and filtered through a bacteria-retentive
filter.

(7) The filtered virus harvest is tested in cell cultures for identity, for growth capacity at different
temperatures and for virus concentration.

(8) A test for neurovirulence is carried out by intraspinal injection into Macaca irus (cynomolgus
monkey) or equally succeptible animals. The vaccine and a reference homotypic vaccine are
examined simultaneously in monkeys from the same quarantine batch.

7.3.21. Cancer Vaccine

Extensive work was carried out to develop a vaccine against the most dreadful disease ‘cancer’.
The advent of tremendous progress accomplished via newer genetic engineering techniques over the
past couple of decades have made it possible to produce the ‘cancer vaccine’ on a large scale rather
cheaply. The Cancer Research Compaign in Great Britain who developed the said vaccine over whelmingly
hopes that it would certainly provde legitimate and adequate protection agains the following three forms
of the cancer related diseases, namely :

(a) Glandular Fever. It is usually caused by Epstein Base Virus, whch is found to be an impor-
tant component in triggering the cancer of the terrat,*

(b) Naso-Pharyngeal Cancer. It has claimed to be mostly fatal in Asia and South China, and

(c) Cancer of Jaw. It is invariably confined to children specifically viz., Burkett’s lymphoma ;
and it kills thousands of children in Central Africa each year.

However, it was believed that the ‘cancer vaccine’ do possess the substantial potential to afford
protection to millions of people throughout the world form largely fatal EBV related cancers. EBV** is
assumed to be closely associated with the Hodgkin’s disease thereby causing death of thousands of
children in Africa and China.

7.3.22. Birth Control Vaccine for  Women

Scientists at the National Institute of Immunity (NII), New Delhi (INDIA) developed a ‘birth
control vacccine for women’ based on the concept of terminating the pregnancy by inactivating the
hormone, human chorionic gonadotropin (HCG), produced by a woman at the time of conception.
This vaccine is termed as the Hill Vaccine, and strategically makes use of the purified β-subunit of HCG

* Current recommendations of WHO (Requirements of Biological Substances No : 7).
* EBV : Epstein-Barr virus
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as the ‘antigen’. However, there exists one extremely vital potential risk attributed to this ‘vaccine’ by
well-known researchers in the West was that the ‘antibodies’ raised by β-HCG cross reacted predomi-
nantly with the lutenising hormone which critically controls the menstrual as well as the ovulation
cycles significantly.

It is, however pertinent to mention here that the Indian scientists at NII still maintain that the
aforesaid claim by the Western Scientists was not adequaetly substantiated by experimental evidences ;
besides, the original investigators at NII legitimately maintained that the ‘impairment of ovulation’ has
not been observed in any of the immunized women in trials conducted either in India or elsewhere.

World Health Organization (WHO) scientists opined that the vaccine actually intended for healthy
women must be not only absolutely safe but also 100% free cross-reactivity. Therefore, they almost
abandoned working with whole β-HCG hormones several years ago.

The WHO developed vaccine is nothing but a ‘synthetic peptide’ representing a small fragment
(36 amino acid C-terminal sequence) of β-HCG hormone which is specific to HCG and hence does not
react with the lutenising hormone (LH). This particular vaccine (WHO) was claimed and pronounced to
be safe ; however, the former vaccine (WHO) was claimed and pronounced to be safe ; however, the
scientists at NII (India) made a starting revelation that the former vaccine (i.e., WHO-vaccine) helps in
the induction of reactions against the pancreatic tissue which is believe to be still more dangerous and
harmful in comparison to the LH cross reactivity. The WHO scientists hope to overcome this problem
sooner. Furthermore, the Indian scientists (NII) proclaimed that the WHO developed vaccine is a very
poor ‘antigen’, because it produces 20-30 folds lesser anti-HCG antibodies than the NII-developed
vaccine ; and maintained that the latter one is safer and effective. The trials are going on to evaluate the
efficacies of the said two vaccines in due course of time.

7.3.23. AIDS-Vaccine

Preamble : Sometimes in 1980s, it was proclaimed that the cause of acquired-immuno defi-
ciency syndrome (AIDS) has been discovered and that an AIDS-vaccine was almost round the corner.
Unfortunately, as on date there has been no remarkable break through. It has been duly observed that
under certain ‘idealistic experimental parameters’ employed even some of the best results have prac-
tically demonstrated only 50% protection in animal experments using specifically whole killed human
immunodeficiency virus (HIV). One prevailing recognized glaring concept is that HIV is a ‘retrovirus’* ;
however, it predominantly integrates into the host DNA and thereby gets carried around forever and
hence could be activated by a whole number of vital factors. In other words, one may suggest that a
vaccine can stimulate on the high memory B cell litres. Importantly, the constantly circulating B cells
invariably act as the ‘immune system watchdogs’, perpetually looking for the ‘pathogens’ vigorously
they might have encountered before. The mechanism solely rests on the fact that once a HIV-particle
gets recognized, the B cell immediately triggers off the ‘signal’ to kill HIV-particle. Interestingly, this
particular phenomenon gives rise to antibodies-producing response which essentially produces a good
number of HIV-particle specific antibodies i.e., a process which normally takes approximately seven days
before they are rendered effective completely. In fact, a ‘vaccine’ that blocks HIV would in turn stimulate
this humoral response** so as to recognize the infecting strain before it could cause or spread out
infection.

* The common name for the family of Retroviridae. These virus contain reverse transcriptase, which is essen-
tial for reverse transcription.

** A response related to any fluid or semifluid in the body.
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There are member of HIV strains that have been duly identified world-wide, but researchers used
specifically the ‘III-strain’ because it was relatively easier to grow without looking into the fact whether
the III-strain was actually the most preferred representative of the HIV commonly found in the infected
population. It has been duly reported that there are in all ‘five recognized families of HIV’ world wide.
Besides, the virus is diverse in US ; and the HIV strain dominates 66-70% of those individuals actually
screened and tested but no individual strain accounts for more than 50% of the remainders. Perhaps, the
prevailing existence of the ‘high-virul mutation rate’ has been legitimately blamed and hence respon-
sible for the utter failure to produce a ‘traditional vaccine’. At this point in time, it was even suggested
that possibly a ‘vaccine cocktail’ might be conceived and duly formulated which could be capable of
binding together the principle neutralizing determinants. In fact, this postulated strategy predominantly
necessiates ‘updated booster shots’ at regular intervals to update the antibodies titer values high enough
to protect as well as vaccinate against every recognized newer HIV mutations.

Paradoxically, on one hand the Western nations of the world categorically live with the illusion
that HIV has been to a certain extent contained specifically well within the population of the homosexu-
als and IV drug users (viz., morphine and narcotic drugs addicted individuals), whereas on the other the
heterosexuals spread of AIDS in Asia and Africa overwhelmingly constitutes an epidemic that not only
threatens but also affects every fabric of the society. By the end of the year 2000 AD, it was logically
believed, projected, and estimated that approximately 40 miliion men, women and children will be
effected with AIDS across the globe.

WHO opines vehemently that the looming pandemic due to AIDS critically threatens the socio-
economic development and also the survival of the whole communities in the world. A few vital aspects
are as follows :

• Unusual homosexual practices

• Usage of dirty (unsterilized) needles amongst drug users

• Careless attitude of a large segment of men and women sleeping together at night without
having the least worry about coutracting a ‘lethal virus’.

• Prevalently in Asia and Africa the deadly virus spreads widely with surprisingly fearsome
ease wither from men to women or from women to men.

• Interestingly the issue of HIV spread through a highly unlikely means via physician to pa-
tient or vice versa, e.g., the case where a female patient was exposed to HIV at the hands of
her ‘dentist’ in the course of an ‘ordinary dental procedure’.

Recently, a conglomerate of fifteen US and European pharmaceutical companies have agreed to
share information and also to prompt the supplies of drugs so as to expedite and augment the eventful
search for the combination of drug therapy that may be employed jointly in a concerted manner to fight
other similar gresuome ailments.

In fact, several pharmaceutical comanies including the manufacturers of the three antiviral drugs
that have been duly licensed to control HIV in the US, such as :

(i) Zidovudine (AZT) : Manufactured By-Burroughs Welcome (UK) ;

(ii) Didansonine (DDL) : Manufactured By-Bristol Meyer  Squibb (US) ; and

(iii) Zalcitabine (DDC) : Manufactured by Hoffmann-La Roche (Switzerland).
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7.3.24. Pneumococcal Vaccine

Pneumococcal Vaccine is a — ‘a polyvalent vaccine containing polysaccaride capsular anti-
gens representing 23 pneumococcal types.’ This vaccine is usually available for such patients that are
particularly deemed to be at a special risk of pneumococcal infection, such as : spleenectomized patients.

• A ‘single dose’ is found to afford adequate protection against the range of types represented
in the ‘pneumococcal vaccine’ for upto a duration of five years.

• The vaccine must not be administered to children below the age of two years.

7.3.25. Measles Vaccine, Live (BP-1993)

Measles-represents a highly communicable disease characterized by fever, general malaise, sneez-
ing, nasal congestion, brassy cough, conjunctivitis, spots on the buccal mucosa (Koplik’s spots), and a
maculopapular eruption over the entire body caused by the rubeola virus. Interestingly, the occurence
of measles before the age of 6 months is relatively uncommon, by virtue of the fact that the infant gets
passively acquired maternal antibodies from the immune mother.

Measles Vaccine, Live is a preparation containing a suitable modified strain of live measles
virus grown in cultures of the chick embryo cells or in other suitable approved cell cultures. It is nor-
mally prepared immediately before use by reconstitution from the dried vaccine with the liquid men-
tioned on the label. The vaccine does not contain any added antimicrobial preservation.

Preparation. The varius steps involved in the preparation of the Measles Vaccine, Live are as
enumerated under :

(1) It is based on an approved seed-lot system from virus known to be free from neurovirulence.
The final vaccine represents not more than ten subcultures from the vaccine on which were
made the laboratory and clinical tests that showed the strain to be suitable.

(2) Dried Vaccine. It may be prepared by the following method :

(a) The virus is grown with the necessary aseptic precautions in primary cultures of chick
embryo cells or other appropriate cells.

(b) The ‘chick embryos’ are derived from a healthy flock free from avian leucosis and the
cell cultures are shown not to contain extraneous microorganisms.

(c) Animal serum may be used in the medium for initial cell growth but the medium for
maintaining the cell cultures during the virus multiplication contains no protein.

(d) The cell culture medium may contain a suitable pH indicator e.g., phenol red, and also
suitable antibodies at the smallest effective concentrations.
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(e) The temperature of incubation is accurately controlled during the growth of the virus.

(f) The viral suspensions are harvested at a time appropriate to the strain of virus used and
are subsequently tested for identity, sterility and freedom from extraneous viruses.

(g) Virus harvests that comply with these tests are first pooled and then clarified duly to
remove cell.

(h) An appropriate ‘stabilizer’ is added to the clarified vaccine, which is freeze dried to a
moisture content shown to be quite favourable to the stability of the vaccine.

(i) An accelerated degradation test is carried out on the freeze-dried vaccine by heating at 37°C
for seven days. The virus titer after this stipulated period is not more than 1 log10 lower than
the initial value and, in any case, is not less than 3.0 log10 CCID 50 per dose.

In general, ‘measles’ may be attenuated adequately and are prevented completely by the admin-
istration of γγγγγ-globulin prepared from ‘pooled adult serum’. However, a ‘killed vaccine’ prepared by
formaldehyde solution (formalin) treatment of virus grown in either ‘monkey kidney’ or ‘dog kidney’
cell cultures invariably showed low degree of antibodies responses, but was certainly able to protect
against the rash and febrile reactions caused by the administration of a live attenuated vaccine.
Besides, it has been observed that the concentration of the killed vaccine and specifically addition of a
mineral carrier immensely improved upon the prevailing antibody response ; however, the overall dura-
tion of the immunity was of rather short duration.

Later on, efforts were geared towards the preparation of ‘live vaccine’ with attenuated strains
of reduced pathogenicity that essentially prolonged : (a) lower incidents of reaction ; and (b) good
antibody responses for many years.

Variants of Measles Vaccine. There are two known variants of the ‘measles vaccine’, namely :

(a) Measles, mumps and rubella (MMR) vaccine, and

(b) German measles (Rubella) vaccine.

These two variants of measles vaccine shall now be treated individually as under :

7.3.25.1. Measles, Mumps and Rubella (MMR) Vaccine

The measles, mumps and rubella vaccine mainly aims to iradicate the diseases in a combined
vaccine and invariably administered to children with an age ranging between 12-18 months.

It is also given to children between the age 4-5 years. In other words, the MMR-vaccine virtually
replaces the traditional measles vaccine to a considerable extent. It is, in fact, a mixed preparation
comprising of suitable live attenuated strains of measles virus, mumps virus (Paramyxo virus, Parotitidis)
and the rubella virus. These viruses are grown in chick-embryo cells or in suitable approved cell cul-
tures as found suitable. The vaccine is normally prepared immediately before use by reconstitution from
the dried vaccine with liquid mentioned on the label itself. The vaccine does not contain any added
antimicrobial preservative (e.g., thiomerosal). Each of the individual viral component is produced em-
ploying an approved seed-lot system for the individual component vaccine. After the viral cultures are
grown adequately and clarified to recover cells, the clarified preparations of the individual viral compo-
nents are mixed, a suitable stabilizer is incorporated and ultimately freeze-dried.

At the conclusion of the accelerated degradation test, the mixed vaccine must not contain less
than 3.0 for the measles component ; 3.7 for the mumps component ; and 3.0 log10 CCID 50 per dose of
the rubella component.
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Notes : (1) Tests for identification, virus titer storage, and labelling conditions are almost
similar to those described under ‘measles vaccine’.

(2) The label should essentially mention that it must not be administered to preg-
nant mothers.

7.3.25.2. Germanl Measles (Rubella) Vaccine :

The German measles (Rubella) — is an exanthematous* contagious disease specifically caused
by the German measles virus. It has been duly observed that during the first three months of pregnancy,
maternal rubella may result in miscarriage, still-birth and congenital deformities, for instance : mental
retardation, deaf mutism, cardiac abnormalities and cataract. In such a situation, γ-globulin is not
so effective in the treatment of infected cases but it will certainly prevent infection in contacts if admin-
istered promptly in appropriate doses. Importantly, the administration of γ-globulin is absolutely unncessary
after the first 3 months of pregnancy as ‘rubella virus’ seldomly cause infection of the fetus in the later
months.

Nowadays, the German measles vaccines are available prepared from any of the three strains as
given below :

(a) Attenuated PHV77 Strains — obtained by repeated passage in African green monkey kidney
cell cultures, was further attenuated in either duck embryo fibroblast cells or dog kidney cells,

(b) Cendehill Strains — isolated in monkey-kidney tissue and attenuated in rabbit kidney cells,
and

(c) RA 27/3 Strains — isolated and attenuated in human diploid embryonic lung fibroblast cell
cultures.

It is worthwhile to state here that all the three aforesaid vaccines give rise to an appreciable
antibody response with little reaction in children and the inducted protection even lasts for several years
at a stretch.

7.3.26. Meningococcal Polysaccharide Vaccine [BP-1993]

The Meningococcal Polysaccharide Vaccine consists of one or more purified polysaccharides
obtained drom appropriate strains of Neisseria meingitidis group A, group C, group Y and group W135
that have been adequately proved to be capable of producing polysaccharides that are absolutely safe
and also capable of inducing the production of satisfactory levels of specific antibody in humans. The
vaccine is prepared immediately before use by reconstitution from the stabilized dried vaccine with an
appropriate prescribed sterile liquid. It may either contain a single type of polysaccharide or any mixture
of the types.

N. meningitidis group A polysaccharide — consists of partly O-acetylated repeating units of N-
acetylmannosamine, linked with 1 ∝ →  6 phosphodiester bonds.

N. meningitidis group C polysaccharide — consists of partly O-acetylated repeating units of
sialic acid, linked with 2 ∝ →  9 glycosidic bonds.

N. meningitidis group Y polysaccharide — consists of partly O-acetylated alternating units of
sialic acid, a D-galactose, linked with 2 ∝ →  6 and 1 ∝ →  4 glycosidic bonds.

The polysaccharide component or components stated on the label together with Ca2+ ions and
residual moisture invariably account for not less than 90% of the weight of the preparations.

* Any eruption of skin accompanied by inflammation, e.g., measles, scarlation, or erysipelas.
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Preparation.* The various steps adopted are as stated under :

(1) The preparation of the vacccine is based on a seed-lot system. Each seed-lot is subjected to
microbiological examination by culture in an appropriate media and microscopic examina-
tion of Gram-stained smears.

(2) The polysaccharide shown to be free from contaminating bacteria is precipitated by the
addition of cetrimonium bromide and then purified.

(3) Each polysaccharide is dissolued under aseptic conditions in a sterile solution containing
lactose or another suitable stabilizing medium for freeze drying.

(4) The solution is blended, if appropriate, with solution of the polysaccharides of any or all of
the other groups and passed through a bacteria-retentive filter.

(5) Finally, the filtrate is freeze dried to a moisture content shown to be favourable to the stabil-
ity of the vaccine.

7.3.27. Future Development Scope of Vaccines

The constant relentless endeavour directed towards the future development scope of vaccines is
gaining momentum across the globe with a view to improve upon the quality of life of such patients who
are suffering from Alzheimeir’s disease, menigitis C, and the like.

A few cardinal aspects for the futuristic development of newer vaccines shall be discussed in the
sections that follows :

7.3.27.1. Vaccine against Alzheimeir’s Disease

The American researchers suggest that a vaccine against Alzheimeir’s disease may be possible
and accomplished. They have adequately demonstrated in their intensive studies on mice, which was
genetically modified to come down with an Alzheimeir’s like condition, compete with altered βββββ-amyloid—
a protein that specifically causes the build up of sticky insoluble deposits usually termed as ‘plaque’,
found in the brains of Alzheimeir’s patients.

The researchers based on the above clue used βββββ-amyloid itself to stimulate the immune response
thereby preventing the plaque formation in 6-weeks old mice ; besides, reduced plaque formation in
relatively older mice.

7.3.27.2. Vaccine for Meningitis C

There in all three types of meningitis that are prevalent, indentified, and recognized so far that
invariably give rise to inflammation to the specific lining of the brain and in certain cases proved to be
even fatal, such as :

(a) Hemophilus Influenza Type B (HIB) : These are the most common cause of bacterial
infection particularly confined to the under fives-only was eliminated both radically and
virtually by the introduction of HIB-vaccine in 1992.

(b) Pneumococcal Meningitis Vaccine : It is found to be less common and affect particularly
the very young, elderly, and immuno-compromised subjects that almost kills 150-200 per-
sons a year.

(c) Meningcoccal Meningitis (or Meningitis C Vaccine). It essentially includes septicemia/
blood poisoning and is found to be equally prevalent and predominant ; and, therefore, is

* Recommendations of the WHO (Requirements for Biological Substance No : 23).
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considered to be the most common virus. Initially, 2/3rd of the cases recorded belonged to
‘group B’ and 1/3rd to ‘group C’ ; however, this ratio has changed quite recently. As one
date the ‘group C’ is actually responsible for approximately 40% of all cases in UK thereby
causing death of youngsters between the age limits ranging between 15 and 17. It has been
observed duly that the two major recognized risk-factors are : (a) passive smoking ; and
(b) damp and cold environment.

Meningitis C Vaccine — an altogether new and most efficacious vaccine has been produced
against the most virulent strain of the disease meningitis C that is presently employed to immunize the
babies, school children and students (age group 16-18) going to the Universities. In UK alone, 150
deaths occurred in the year 1998 in both schools and universities. The rate of illness is catching up
speedily and rapidly in the recent past having touched the peak-level specifically in ‘semi-closed com-
munities’ during winter. The new vaccine i.e., Meningitis C Vaccine proivides adequate protection
against the group C meningitis virus but certainly not against the group B infection for which a vaccine
is still being sought. Interestingly, in babies the vaccine does trigger an immunological memory that
must attribute to the desired long-lasting protection profusely. More than 4500 children and young
persons in UK were tested with the ‘new vaccine’.

Combating Meningitis. The scientists in UK worked out the so-called ‘genetic blue-print of
the bacterium’ actually responsible for the most dangerous form of meningitis. By meticulously
sequencing together the prevailing two million units of its DNA, they actually prepared the legitimate
well-defined ground for developing the new vaccines to prevent the illness and also in preventing the
‘causative bacterium’ from harming the people. Britain plans to launch an altogether ‘new vaccine’
against group C meningitis that is expected to cut dramatically the enormous death-toll caused by this
harmful disease. The existing vaccine only afford protection for upto two years, and fail to show any
response in infants under two years of age. Importantly, the ‘new vaccine’ is expacted to overcome
these problems and initially be targetted at young children and teenagers. However, 10% of the menigitis
cases in Britain are of the slightly less deadly group B vaccine against these organisms are under inves-
tigation, but are unlikely to be available for yet several years.

7.3.27.3. Super Vaccine :

Various scientists across the globe vehemently believe and opine that the well-known cowpox
virus vaccinia, the ‘vaccine’ of which caused protection to millions from smallpox could also be en-
listed in the fight against the host of diseases usually encountered, namely : cancer. AIDS and hepatitis.
It has been critically observed that the said ‘vaccine’ possesses an excellent safety record and the genome
that of the virus has an ample and adequate room to accomodate rather large genes as such. It was,
therefore, most logically thought that the virus could be genetically engineered to prime the prevailing
‘immune system’ against other virus and even the cancer cells to a considerable extent. Unfortunately,
the greatest problem normally encountered is that immunization with vaccinia against the smallpox
renders the prevailing immune system categorically ignore the ‘newer genetically engineered viruses’.
However, the scientists observed, at the National Institute of Health (NIH) : Washington DC, that ex-
perimental mice injected with vaccinia primed immune responses in their lymph tissue specifically, but
not in the mucous membrane sites viz., nose or rectum. It has been duly observed that when on HIV
vaccine containing engineered vaccinia was delivered to mice via rectum, they usually developed im-
munity throughout their immune systems. Interestingly, the injection of the engineered vaccine right
into the blood-stream of animals failed to provoke an immune-response. From this study one may legiti-
mately infer that if engineered vaccinia-vaccines for HIV are particularly delivered through a mucous
membrane, the earlier smallpox vaccinations would pose a rather serious problem.
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7.3.27.4. Immunomodulators

The National Institute of Immunology, New Delhi, (India) developed a ‘leprosy
immunomodulator’, known as LEPROVAC. This specific immunomodulator when used either alone
or with Multi Drug Therapy (MDT) ultimately led to four vital biological phenomena, namely :

• histopathological upgrading,

• rapid clearance of thermal granuloma,

• flattening of lesions, and

• regression of lesions.

It has been observed that this type of treatment invariably stimulates cell-mediated immunity,
accelerates bacteriological clearance, and above all minimises drastically the chances of reaction re-
lapse noticeably. MDT is found to be absolutely inadequate for such diseases.

7.3.27.5. Vaccination with Gas Lighter

It is a well established fact that normally a large-scale vaccination not only involves an enormous
strain but also an appreciable expenditure. A noted scientists at the National Institute of Immunology
(NII), New Delhi, (India) meticulously developed an easy and rather cheap (inexpensive) method of
vaccination by means of a small Piezo-electric (PE) gas lighter. In a actual practice, large number of
farm animals was vaccinated quite easily with these improvised techniques that practically needed no
syringe at all. In fact, the membrane-electroporosis technique is proved to be rather costly in comparison
to a direct DNA, amino acid molecules or protein into cells on the skin ; however, the process is easy
with the help of a small PE-generator. In the kitchen-lighter (PE-generator) each time a friction is devel-
oped within a few seconds a voltage of 18 kW of is generated. Eventually, adequate experiments were
conducted to create electropolation into cells with the help of the ensuing voltage pulse thus generated.
Medical experts overwhelmingly hailed the above results which ultimately paved the way to an alto-
gether newer approach in the prevailing ‘vaccination techniques’.

7.3.27.6. Vaccine against Cervical Cancer

The vaccine against cervical cancer may be soon on the anvil. It is regarded to be a most impor-
tant, vital, and abundantly found cancer in women particularly next to breast cancer. In the context of
nearly three lakh deaths taking place the world over due to the cervical cancer alone and this represents
almost 80% of the total death. Furthermore, about five lakh new cases are being recorded the world over
every year. Importantly, the cervical type amongst the total incidence of cancers usually ranged from 3-
5% in North America and Westerm Europe ; between 20-25% in Latin America, South West Asia, and
Subsaharan Africa.

Causation of Cervical Cancer : The cervical cancer is an exclusively sexually transmitted
disease (STD) caused by a virus known as Human Papilloma Virus (HPV). Infection invariably com-
mences in the early years of usually sexual activity, but it takes almost upto 20 years for it to undergo
complete development into a fully grown malignant tumor. Interestingly, most of the vaccines that are
under aggressive stages of development are solely based upon the genetically engineered virus viz.,
particles composed of the outer structural protein of the virus.

7.3.27.7. Vaccination without Needles

In general, the vaccine that are entirely based on the fragments of DNA are found to be more
stable, cheaper and relatively less risky in comparison to the host of conventional vaccines made
solely from disease-causing organisms. It may further be observed that the most of the so-called
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‘conventional vaccine’ essentially involved the usage of needless (except the oral polio vaccine).
Dedicated and world recognized scientists at the Palo Alto Health Cow System, Palo Alto, (Califor-
nia), advocated that certain DNA-vaccines may be effective 100% even when applied directly to the
normal-skin conditions.

However, fruitful attempts to deliver immunizing agents via skin-surface predominated involves
such simple procedures as : shaving with a sterile razor, threading, or clinically treating the skin-surface.
In actual practice, all these processes leave pathways for infection and hence they are not entirely satis-
factory.

The scientists tried two distinct types of DNA-sequences, namely :

(a) encoded for bacterial sequence, and

(b) portion of the surface of the hepatitis B virus.

The solutions of these two different types of DNA sequences were carefully administered to
‘experimental mice’ either by dripping them cautiously onto the animal skin or through injection. Im-
portantly, both groups of mice tested with the bacterial protein reacted equally strongly. In the case of
hepatitis D DNA, the mice tested with ‘skin affection’ reacted comparatively less strongly than those
tested with injection of a conventional vaccine comprising of the same DNA, but still at a level likely to
have a therapeutic effect.

It was further demonstrated that the effect of ‘immunization’ was related to the presence of ‘hair’
on the skin which was explained duly that DNA-fragments gained entry into the skin via the oil produc-
ing cells in hair follicles. This observation articulately supports the fact DNA-vaccine may be delivered
via ‘unprepared skin’ which is evidently important and vital for those who are afraid of needles.
Besides, it also eliminates completely the possible cause infection and the risks associated intimately
within the more invasive techniques. One would certainly appreciate that providing clean sterile nee-
dles poses usually the most challeging and expensive task of a mass vaccination programme.
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PROBABLE QUESTIONS

1. Give a brief account of the following aspects in immunology :

(a) Science of immunology

(b) Metchnikoff’s Phagocytic Theory

(c) Salient Features of Metchnikoff’s doctrine

(d) Principles of immunology

(e) Immune mechanism.

2. (a) What are Haptens ? How would you obtain a ‘Hapten’ from a non-antigenic
micromolecule ? Give suitable examples in support of your answer.

(b) Discuss the development of Immune Systems in the twentieth century in a sequential
manner.
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3. (a) Discuss Humoral Immunity with the help of at least three important examples

(b) What are the various types of cells that are usually held responsible for causing Humoral
Immunity ? Give examples.

4. Give a detailed account of the T Cell Subsets. Explain with the help of a neat-labelled
diagram the following aspects of T cells, namely :

(a) Development of T cells prior to their exposure to antigen.

(b) Subsets of T cells participating in regulatory immune response mechanism.

5. Explain the following statements adequately :

(i) Differentiation between T-cells and B-cells in Immune System.

(ii) Importance of α-chain and β-chain in the T-cell Receptor Heterodimer.

(iii) Functions of CD3-complex.

(iv) Equilibrium existing between Autoimmunity Vs Tolerance.

(v) Classification of MHC molecules.

6. (a) How would you explain the critical role of Cell-Mediated Immunity (CMI) in the
rejection of certain organ transplants ?

(b) What is immunosuppression ? What are the two types of immunosuppresion invariably
encountered ? Explain with specific examples.

7. (a) What do you understand by the ‘Antigen-Antibodies’ reactions ?

(b) Expatiate the following terminologies with suitable examples :

(i) Antigens

(ii) Antibodies

(iii) Immunoglobulins as Antigens

(iv) Glycosylation of Antibody

(v) Monoclonal Antibodies (MABs).

8. Enumerate the following applications of MABs :

(a) Immunoassays

(b) Enzyme Immunoassays (EAI)

(c) Fluorescence Immunoassays (FIA) and Luminescene Immunoassays (LIA)

(d) Imaging and Therapy.

9. What are the two methods for the production of Monoclonal Antibodies (MABs) ? Discuss
the methods with the help of a neat diagrammatic sketch and explanations.

10. Give a comprehensive account of the following aspects of MABs :

(i) Diagnostic utilities

(ii) Biological reagents in diversified disciplines

(iii) Therapeutic usages

(iv) Immunopurification

(v) Miscellaneous applications.
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11. (a) Describe ‘hypersensitivity reactions’ with some specific examples.

(b) What are the five different types of hypersensitivity reactions. Discuss each of them
briefly with typical examples.

12. (a) What are vaccines ? How can they be classified on the basis of the ‘type of prepara-
tion’ ? Give a few examples from each category.

(b) Give a detailed account on any two of the following vaccines :

(i) TAB-Vaccine

(ii) Typhoid and Tetanus Vaccine

(iii) Whooping Cough Vaccine

(iv) Diphtheria Vaccine

(v) Small Pox Vaccine

(vi) Rabies Vaccine

(vii) Influenza Vaccine

(viii) Polio Vaccine.



1. INTRODUCTION

Kark Ereky, the famous Hungarian agricultural economist, was the first to have coined the termi-
nology — ‘biotechnology’ in the year 1919 ; and since then, it has now become more or less a ‘buz-
word’ in the enormous development of medicines, wines, enzymes, agricultural production, animal
production, gene-therapy, cloning and the like. With the advent of sea-change in the armamentarium of
biotechnological progress in the past several decades based on the glaring fact that there could be a
tremendous potential to produce altogether newer range of ‘products’ from raw materials with the help
of the ‘living organisms’ exclusively*.

The past 25 years have witnessed an astronomical progress amalgamated with immense and
intense ‘practical realization’ of ‘biotechnology’ which has paved the way to enable the present day
medical scientists to detect, isolate, generate as well as characterize the various proteins which are
intimately associated with the appropriate and desired coordination of the innumerable essential
functionalities related to perfect human life and health. It has been adequately observed and demon-
strated that numerous in vivo phenomena which are ascertained to be significantly causative in
pathophysiological imbalance may not only be judiciously identified, but also be reasonably rectified/
manipulated so as to regain the much desired normal functionalities in humans.

It is, however, pertinent to mention here that this comparatively latest new methodology and
technology essentially involves the marked and pronounced synergism of discoveries in recombinant DNA
methodology, DNA alteration, gene-splicing, genetic engineering, immunology, and immunopharmacology,
with progressive and remarkable advances in the area of ‘automation’ and ‘data-analysis’ to evolve not
only a cogent but also a ‘high-tech’ industry in the near future.

In a broader perspective the ‘genetic recombination’ means — ‘the joining of gene combina-
tions in the offspring that were not present in the parents’.

Hopwood**, between 1977-1979, has thoroughly discussed the potential applications and utili-
ties of genetic ‘recombination’ in industrial streptomycetes. Subsequently, within a span of 10 year i.e.,

2CHAPTER

GENETIC RECOMBINATION

119

* Bud R : Nature, 337 : 10, 1989.

** Hopwood DA : Dev. Ind. Microbiol, 18, 9-21, 1997 : Hopwood DA : The many faces of recombination. In :
Sebek OK, Laskin AI (eds) : Genetics of Industrial Microorganisms, American Society for Microbiology,
Washington DC, pp. 1-9, 1979.
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* Hopwood DA et al. : Nature, 268 : 171-174, 1977 ; Baltz RH : J Gen. Microbiol : 107, 93-102, 1978 ;
Matsushima P and Baltz, RH : Protoplast Fusion : In : Demian AL and Solomon NA (eds.) : Manual of
Industrial Microbiology and Biotechnology, American Society for Microbiology, Washington DC., pp :
170-183, 1986.

** Fusion of the sphere remaining after Gram-ve bacteria have had their cell contents lysed.

between 1977-1986 several researchers* have put forward articulated efficient methodologies for the
genetic recombination by means of protoplast-fusion.** Ironically, enormous valuable informations
available with regard to protoplast fusion, an appreciable volume of specific examples of applications of
recombination to strain-improvement are lacking significantly.

The two cardinal possibilities in support of this lack of informations are :

(a) Most successful applications/utilities have been reserved as ‘proprietory information’ and

(b) Prevailing recombination perhaps is not as robust as sequential chemical mutagenesis.

Therefore, one may infer judiciously that even if the prevailing recombination is not as robust as
the random mutagenesis in the ensuing process of strain development, it is certainly and gainfully ben-
eficial for the construction of recombinant entities having specific useful traits which may not be readily
generated by mutagenesis. It is pertinent to mention here that under such a situation, it is invariably
useful to make use of recombination as a ‘complementary method’ to further augment random
mutagenesis exclusively for the strain development.

Interestingly, the ‘mother nature’ since 3.5 billion years has been both actively and passively,
covertly and overtly engaged in carrying out what we may most legitimately term as the ‘natural ge-
netic experiments’ in this Universe. These accomplishments could only be materialized by the aid of
the following intricate and complicated biological processes taking place in vivro, such as :

• mutation : i.e., random heredity alteration ;

• crosing-over : i.e., breakage and exchange of corresponding segments of the homologous
chromosomes ;

• recombination at meiosis : i.e., fertilization.

In downright reality, these aforesaid biological phenomena have immensely participated and
positively contributed to the current diversity of life in this world. Besides, there exist plethora of his-
torical and scientific evidences that stand to prove that humans have been also actively engaged in
manipulating genetic characteristic features of various species since more than 10,000 years via
extensive and intensive experiments related to the two vital and pivotal aspects, namely ; (a) in-
breeding ; and (b) cross-breeding.

The various glorious accomplishments of the human endeavours may be summarized as stated
below :

• Modern robust strains of wheat, corn, high-yielding rice which are a far cry from their primi-
tive and puny ancestors.

• Varied breeds of cows, sheep, poultry, dogs, cats etc.,

• Development of larger and sweeter oranges, grapes, seedless, watermelons, papaya, vegeta-
bles, and also the flamboyant ornamental decorative plants.
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* Hopwood DA et al. Production of ‘‘hybrid’’ antibiotics by genetic, engineering, Nature, 314 :
642-644, 1985.

** Thiericke R and J Rohr, Nat Prod Rep. 1993 ; 1993 : 265-289.
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Press, 1982.

******** Sadee WA : A Third Revolution in Modern Medicine, The World and I., Washington Times, Wash-
ington DC., 1987, Pt  I (Nov.) p-178, Pt II (DEC) p-162.

• Hybridizations : e.g., tangelo i.e., crossing the tangerine and the grapefruit ; mule i.e., cross-
ing a donkey and a horse ; alsatian dog i.e., corssing a German Shephard dog and a wild
wolf (often used for police work).

• Hybrid Antibiotics : Hopwood et al.* in 1985 were pioneer in producing hybrid antibiotics
— the ones produced by a genetic hybrid. A hybrid antibiotic may be regarded as an entity
that may essentially and predominantly embody the structural features invariably found in
two altogether different metabolites and thereby represent the formation of a newer ‘natural
product’.

It is, however, pertinent to state here at this point in time that the latter specific feature does not
necessarily draw a line of distinction of the hybrid antibiotics from relatively older techniques adopted
for the production of newer antibiotics, for instance :

Precursor-directed biosynthesis**

Mutasynthesis***
Hybrid biosynthesis****
Protoplast fusion*****
Intraspecific mating******

Biotransformation methods*******

Another school of thought believes the ‘hybrid antiobiotics’ simply as a bunch of ‘new
metabolites’ that may crop up from the novel and unique combinations of genes, accomplished by the
introduction of genes from one microorganisms into another or due to the targeted mutation of the
secondary metabolism genes very much within the same microorganism.

Sadee 1987******** in his rather most compelling article postulated a ‘third revolution in
modern medicine’ in which he has revealed critically that practically most of the gross structures and
physical characteristics of every organism owes its origin exclusively and primarily to the ‘genetic code’
inherited and strategically located within the nucleus of each cell. Importantly, the main building blocks
of the cellular structure vis-a-vis architecture rest upon the carbohydrates, proteins, lipids and the nu-
cleic acid. Enzymes that predominantly represent a special class of proteins invariably build and utilize
these prevailing molecules all along the various stages of cell transformations, namely : maturation,
maintenance, and finally reproduction.
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* Such type of transformations failed to pass on to next generation.

** A ‘gene’ into which hereditory material from another organism has been introduced.

2. TRANSFORMATION [Synonym : Metamorphosis]

Transformation (or metamorphosis) refers to a specific type of mutation occurring in bacteria.
It results from DNA of a bacterial cell penetrating the host cell and finally becoming incorporated into
the genotype of the host.

In a generalized expression one may regard the uptake of ‘foreign DNA’ (or transgenes) by the
aid of the plant cells as a marked and pronounced biological phenomenon termed as transformation. In
actual practice, a plethora of well-defined processes and techniques have been developed, tried and
tested so as to introduce meticulously the ‘transgenes’ into the plant cells. However, one may categorize
the foreign DNA (or transgenes) into the following two major groups, namely :

(a) Agrobacterium Mediated Gene Transfer, and

(b) Direct Gene Transfer.

Nevertheless, the aims and objectives of the study shall normally determine largely the nature
and type of plant cells essentially used for the ensuing ‘transformation’.

Example : Gene regulation studies must meet the following vital cell criteria as enumerated
under :

(i) Cells should be competent enough to take up DNA and thereafter initiate the expression of
transgene,

(ii) Production of transgenic tissues the cells should also be meristematic, and

(iii) Transgenic plants may be producd only when the cells do possess the ability to regenerate
complete plants.

Interestingly, in plants the ‘stable transformation’ are of two types, namely : (a) Non-integra-
tive stable transformation* i.e., when the transgene is maintained in quite stable status in an extra-
chromosomal state, such as : virus vectors ; and (b) Integrative stable transformation i.e., when the
transgene becomes integrated into the plant genome and are heritable in nature.

2.1. Agrobacterium-Mediated Geen Transfer

It has been duly established that gene transfer through Agrobacterium is invariably accomplished
in the following two methods :

2.1.1. Co-culture with Tissue Explants

In actual practice, the ‘suitable gene construct’ is strategically inserted carefully very much within
the T-region of a disarmed Ti plasmid ; and for this one may use either a ‘cointegrate’ or a ‘binary
vector’. Consequently, the ‘recombinant vector’ is placed carefully in the Agrobacterium that is invari-
ably co-cultured with the plant cells or tissues’ to be transformed for about 48 hours.

Importantly, in the instance of several plant species, normally ‘small leaf-discs’ (having a few
mm diameter) are cut carefully from the surface of pre-sterilized leaves the subsequently employed for
co-cultivation, such as : tobacco, tomato, petunia etc. Consequently, the ‘transgene’** thus accom-
plished essentially comprises of a specific selectable reporter gene e.g., the ‘bacterial neo genene’. The
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* Acetosyringone : 

resulting neo gene is strategically hooked on the appropriate regulatory sequences which are found to
be functional in plant cells. In actual practice, such a ‘gene’ is invariably termed as chimaceric gene
because it predominantly consists sequences derived from several different genes.

It has been duly observed that in the course of leaf disc agrobacterium co-culture, a chemical
entity known as acetosyringone* duly released by plant cells thereby causing specific induction of the
vir genes that particularly affords the plausible transfer of recombinant T-DNA into a plethora of the
prevailing plant cells. In doing so the resulting T-DNA would eventually get integrated into the plant
genome ; and hence, the transgene would be expressed. Consequently, the transformed plant cells will
become resistant to kanamycin (an antibiotic) on account of the expression of neo gene. After a gap of
48 hours, the treated leaf-discs are meticulously transferred onto a generation medium containing suit-
able concentrations of both kanamycin and carbenicillin as shown in Fig. 2.1. The two ‘antibodies’ do
play specific roles, namely :

(a) Kanamycin — permits exclusively the ‘transformed plant cells’ to undergo division and
regeneration of ‘shoots’ in 3-4 weeks duration ; and (b) Carbenicillin — helps in killing Agrobacterium
cells only. At this stage, the shoots are adequately separated, rooted, and ultimately transferred into the
prepared soil-bed.

Salient Features : The prevalent salient features of co-culture with tissue explants are as enu-
merated under :

(1) The agrobacterium does infect certain specific monocot plant species and ultimately gives
rise to the formation of crowngall cells, such as : Asparagus or causes apparent swellings,
for instance : Allium cepa, Dioscorea bulbifera, besides Chlorophytum and Narcissus. In
most of the these instances, the critical production of the opines by the corresponding
crowngall cells and swelling tissues was noticed evidently.

(2) Besides, the integration of T-DNA into the genomes of at least two plant species, namely :
Dioscorea bulbifera and Orzyza sativa has been well established and amply demonstrated.
Nevertheless, the efficiency of transformation is observed to be at a low ebb.

(3) Importantly, an appreciably efficient degree of transformation of the monocot cells may be
accomplished by the induction of acetosyringone in the course of co-culture of plant cells
with the aid of Agrobacterium.

(4) A few plant species are found to secrete such chemical entities that essentially and precisely
inhibit the usual induction of the vir operons by acetosyringone. Example : Secretion of 2,
4-dihydroxy-7-methoxy-1, 4-benzoxazin 3-one (DIMBOA) that specifically inhibits vir gene
induction ; and this problem may be circumvented by adding an excess of acetosyringone.
However, this technique help in the successful transformation in several cereal species e.g.,
barley, maize, rice and wheat.
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Fig. 2.1. A Sequential Diagramatic Representation of the Methodology for
Agrobacterium-Mediated Gene Transfer.

[Adopted from : ‘Biotechnology’, BD Singh, 1998]

2.1.2. In Planta Transformation

It has been observed that inhibition of Arabidopsis seeds in the freshly prepared cultures of
Agrobacterium ultimately gives rise to the stable integration of T-DNA strategically present in the
Arabidopsis genome. It seems that the prevailing Agrobacterium cells eventually gain entry into the
corresponding seedlings in the course of the germination process, are adequately held up within the
plants ; and subsequently, when flowers undergo the process of development (i.e., blooming) they ulti-
mately transform either the ensuing ‘zygotes’ or the ‘cells’ which yield zygote.

Another viable and feasible approach is invariably accomplished when the ‘just budding flowers’
of the Arabidopsis plants are duly dipped into a freshly prepared culture of Agrobacterium, and subse-
quently a partial vaccum is generated so as to augment and facilitate entry of the corresponding bacte-
rial cells right into the body of the exposed plants. Consequently, the plants are allowed to grow, selfed,
and the ‘progeny’ thus obtained are subjected to vigorous methodical screening for the identification of
the generated transformants.

Advantages : The various glaring advantages of the two aforesaid approaches of Agrobacterium
transformation methodologies are as given below :
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(a) absolute elimination of the need for regeneration from the tissue explants,

(b) methodologies involved are relatively not so cumbersome and easy ; and, therefore, may be
adapted with other plant species with an equally high successful rate,

(c) possess little risk of ‘somaclonal variation’, although the probability for the mutations
independent of stable T-DNA integrations do prevaily by virtue of the incidence of the abortive
T-DNA insertions.

2.2. Agroinfection

Agroinfection virtually is a phenomenon whereby a specific virus infects a host as a component
of T-DNA of a Ti plasmid being carried by Agrobacterium. In other words, agroinfection may also be
defined as — ‘the introduction of a viral genome into the plant cells by placing it strategically within the
T-DNA of a Ti plasmid, and employing the Agrobacterium essentially containing this very recombinant
plasmid for co-culture with the plant cells’.

Salient Features : The various salient features of ‘agroinfection’ are as stated under :

(1) It has been duly demonstrated for at least two germini-viruses, such as : (a) Maize Streak
Virus (MSV) ; and (b) Wheat Dwarf Virus (WDV),

(2) It may also lead to the integration of viral DNA so as to enable the production of ‘transgenic
plant’ having integrated viral DNA.

(3) Agrobacterium based vector system may be gainfully exploited for ‘genetic engineering’ in
cereals, and

(4) It affords significant potential for studis in virus biology by virtue of the fact that it can
conveniently affect the transference either of deletion mutations or even single viral genes.

2.3. Dierct Gene Transfers

Direct gene transfer may be defined as — ‘the introduction of DNA into plant cells without the
involvement of any biological agent e.g., Agrobacterium, and leading ultimately to stable transformation’.
It has been duly observed that the spontaneous uptake of DNA by the plant cells is appreciably at a low ebb
; and, therefore, the much required both chemical and physical manipulations are afforded invariably so
as to augment and facilitate the DNA to gain entry into the plant cells. Interestingly, the ‘gene con-
struct’ that needs to be delivered right into the desired plant cells may be present or achieved in differ-
ent manners, such as : (a) plasmid or cosmid vectors ; (b) bacteriophages ; (c) artificial yeast chromo-
somes ; and (d) usage of native uncloned DNA for affecting strategic delivery.

Based on the survey of literature there are ten well-defined and distinct methodologies that are
employed exclusively for the ‘direct transfer’, namely :

(i) Chemical methods ; (ii) Electroporation ;

(iii) Particle gun delivery ; (iv) Lipofection ;

(v) Microinjection ; (vi) Macroinjection ;

(vii) Pollen transformation ; (viii) DNA Delivery via growing pollen tubes ;

(ix) Laser-induced gene transfer ; (x) Fiber-mediated gene transfer ; and

(xi) Transformation by ultrasonication.

Each of the aforesaid method shall be treated individually in the sections that follows :
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2.3.1. Chemical Methods

It has been duly established that there are certain chemical substances, such as : polyethylene
glycol (PEG), polyvinyl alcohol (PVA), and calcium phosphate [Ca3 (PO4)2] predominantly increase the
uptake of DNA by the plant protoplasts exclusively and squarely.

PEG-Mediated DNA Delivery. The various sequential generalized steps adopted for the PGE-
mediated DNA delivery are as stated under :

(1) The plant protoplasts are suitably suspended in a transformation medium enriched with Mg2+

ions instead of the Ca2+ ions.

(2) Linearized plasmid DNA essentially having the ‘gene construct’ is carefully added into the
protoplast suspension obtained in (1) above.

(3) To the resulting solution PEG (20% concentration) is added and pH adjusted to 8.0
(4) The ‘protoplasts’ thus obtained is subjected to a five-minute thermal-shock treatment at

45° C followed by an immediate transfer to ice just prior to the addition of DNA, because it
significantly enhances the frequency of transformation by several orders of magnitude.
[Note : Carrier DNA incorporation at this specific stage does promote transformation ;
however, in actual practice it is neither desirable nor necessary at all.]

(5) After a certain stipulated duration of ‘incubation’, the prevailing concentration of PEG is
reduced adequately while that of CA2+ ion is increased appreaciably in order to accomplish
an enhanced transformation frequency.

Example : Transformation of tobacco protoplasts (Necotiana) :

It has been observed that when the ‘synchronized tobacco protoplasts’ subjected to transfor-
mation either in the course of mitotic phase or S-phase give rise to the formation of 3% transformed
colonies ; whereas, the corresponding ‘non synchronized tobacco protoplasts’ yielded only 1.5%
effective transformation.

In actual practice, the treated protoplasts are ultimately cultured so as to regenerate adequately
cell wall and thereby produce callus colonies from which the desired plants regenerated subsequently. It
is, however, pertinent to state here that the proper use of a ‘selectable marker’ would certainly go a
long way for the judicious selection of the transformed protoplasts in an appreciable extent.

2.3.2. Electroporation

Electroporation may be defined as — ‘the legitimate introduction of DNA into the cells by
exposing them critically for specific very short durations directly to the electrical pulses of high-voltage
field strength which perhaps induced transient pores in the plasma lemma’.

Importantly, these generated/applied electrical pulses invariably enhance the permeability of
protoplast membrane and evidently facilitates the logical entry of DNA molecules right into the cells,
provided the DNA is in direct contact with the membrance desirably. In general, there are basically two
marked and pronounced systems of electroporation, namely : (a) low-voltage long-pulses method ; and
(b) high-voltage short-pulses method.

Example : Tobacco mesophyll protoplasts : The actual realistic values are as given below :

First instance :

Low-voltage long-pulses method : 300-400 V cm– 1 for 10-15 ms

(milliseconds ; exponential decay) ;
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Second instance :

High-voltage short-pulses method : 1000-1500 V cm– 1 for 10 µs.

(microseconds ; square-wave pulse generators) ;

Fig. 2.2(a) illustrates the details of the output characteristic featurs of the two principal types of
electroporation methods in actual usage viz., high-voltage short pulse machine, and low voltage expo-
nential decay machine ; wherein pulse duration (mS) is plotted along the X-axis and voltage (V) along
the Y-axis.

Fig. 2.2(b) depicts the ‘circuit-diagram’ of a low voltage, exponential decay machine.

High voltage
short pulse machine

Low voltage,
exponential
decay machine

Pulse duration (ms) 50

10 Pulse duration ( s)µ

V
ol

ta
ge

(a)
Power pack

Capacitors

Electrodes
Oscilloscope

(b)

Fig. 2.2(a). Output Characteristic Features of Two Major Type of Electriporation Devices ; and
(b) Circuit Diagram of Low Voltage Decay Machine.

[Adopted from : D.Grierson, Plant Genetic Engineering, 1991]

Salient Features of Electroporation :

The various salient features of ‘electroporation’ are as enumerated under :

(1) In a broader perspective, low-voltage long-pulses technique give rise to relatively high rates
of transient transformation ; whereas, high-voltage short-pulses method produce usually
high rates of stable transformation.

(2) In several extensive and intensive studies in electroporation experimental parameters yield-
ing almost 50% protoplast viable survival may invariably give the highest rates of stable
transformation.
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(3) The transformation frequencies may be critically enhanced by several-fold by means of the
following two manners, namely :

(a) Sudden thermal-shock treatment (45°C) to the ensuing protoplasts just before
electroporation, and

(b) Presence of low concentration (~ 8%) of PEG in the course of electroporation.

(4) Certain plant species are found to be appreciably sensitive to PEG ; and hence, electroporation
may be adopted as the ‘method of choice’.

(5) A plethora of plant species are amenable to PEG-induced gene transger (see section 2.3.1) ;
and, therefore, is regarded to be much more efficient, dependable and reliable in comparison
to electroporation.

(6) Electroporation has been successfully and gainfully expoited to afford the production of
fairly stable transformed cell-lines and/or plants in several plant species, such as ; maize,
petunia, rice, tobacco, wheat, sorghum, etc.

Example : For Tobacco : The frequency of transformation was quite high and ranged
between 2-8% (in the presence of 7% PEG).

(7) Electroporation has been employed fruitfully to deliver strategically DNA into the intact
plant cells.

(8) In accomplishing electroporation the corresponding transformation frequencies may be ad-
equately improved upon by adopting any one of the following four means, namely :

(a) employing field strength of 1.25 kV cm– 1,

(b) incorporating PEG after addition of DNA,

(c) thermal-shock treatment of protoplasts at 45°C for 5 minutes prior to the addition of DNA, and

(d) specifically employing ‘linear DNA’ instead of ‘circular DNA’.

2.3.3. Particle Gun Delivery [Synonyms : Biolistic or Ballistic Method of DNA Delivery]

In early 1990s, the particle gun delivery method was conceived and put into practice which
essentially made use of a 1-2 µm tungsten or gold particles, precoated with the DNA to be employed
exclusively for transformation, are adequately accelerated to such a degree of velocities that gainfully
enable their entry right into either the plant cells or the nuclei. In reality the actual ‘particle accelera-
tion’ is accomplished by employing an appropriate and specific device that precisely varies both in
design as well as function. There are two most effective and equally successful devices that usually aid
in causing acceleration of the particles, namely :

(a) utilization of pressurized helium gas, and
(b) utilization of the released electrostatic energy by a droplet of water after exposure to a very

high voltage.
Interestingly, the relatively earlier devices actually employed blank cartridges via a sophisti-

cated and modified firing mechanism to afford the needed energy for the particle acceleration ; and this
perhaps originated the nomenclature particle gun to this type of approach.

Helium pressurized device : The helium  pressurized device mainly comprise of the following
essential components, such as :

(i) gas-acceleration tube ; (ii) rupture disc ; (iii) stopping screen ;
(iv) macrocarrier carrying particles precoated with DNA ; and

(v) target cells as shown in Fig. 2.3.
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Gas Acceleration Tube

Rupture Disc

Macrocarrier

Macroparticles [DNA-Coated]
Stopping Screen

Target Tissue

Fig. 2.3. A Helium Pressurized Device Particle Gun Involved in DNA Delivery Showing
Macroparticles Coated with DNA being Conveyed in the Target Tissue.

The aforesaid components (i) through (v) are sequentially enclosed in a chamber so as to enable
creation of partial vacuum that precisely facilitates particle acceleration and thereby causes reduction in
damage to plant cells. Once the partial vacuum is affected in the gas acceleration tube, adequately
pressurized helium gas is made to release in the said tube in order to break the strategically positioned
rupture disc. In this manner the helium shock waves are generated that specifically accelerates the
macroprojectile to which the DNA-coated microprojectiles are attached duly. Thus, the macroprojectile
is adequately retained by a stopping screen, while the microprojectiles pass via this screen and ulti-
mately get embedded right into the target tissue cells meticulously positioned 10 mm below the stop-
ping screen.

Notes : (1) Helium is invariably preferable to air by virtue of the fact it is not only lighter but
also offers several advantages options.
(2) In actual practice a 1000 psi (pounds per square inch) of pressurized helium gas is
employed for causing acceleration.

Macrocarrier (Macroprojectile) : It is a 2.5 cm diameter having 0.06 mm thickness plastic
membrane that is usually employed once only. Its light mass usually affords rapid advantageous acceleration.

Microparticles (Microprojectiles or Microcarriers) : They normally vary in diameter from 0.5
to 0.2 µm. However, the average size of 1.0 µm is employed commonly.

(a) Tungsten Particles : These are relatively cheaper, with usual irregular shape and size, found
to be toxic to some specific cell types, and exhibit surface oxidation that may ultimately
lead to precipitation of DNA. Besides, they have a tendency to form aggregates after the
addition of DNA and this gives rise to the reduction of expected particle dispersion.

(b) Gold Particles : These are found to be comparatively more uniform in size (1-3 µm) and
shape. They usually exhibit lower toxicity, variable degree of coating with DNA, and hence
are much more expensive.

DNA-Coating : The most critical factor with regard to the coating of microparticles with DNA
is normally achieved through precipitation. In actual practice, it may be accomplished by mixing to-
gether 1.25-18 mg microparticles and 0.5-70 µg of the plasmid DNA in a calcium chloride (0.25-2.5 M)
and spermidine (0.1 M) solution carefully. The resulting mixture is subjected to thorough mixing on a
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* Star Link corn is a transgenic product which contains the Bt gene Crg 9C derived from B. thurigiensis, that
offers resistance against important corn insect pests e.g., European corn-borer.

** Phosphinthrocin acetyl transferase (PAT) coded by bar gene in Streptomyces spp. which  detoxifies the
herbicide L-phosphinothricin (PPT).

*** Arranged one behind another.

**** Kilo base pairs.

‘Vortex Mixer’ so as to ascertain uniform coating. After carrying out the DNA precipitation, the
microparticles are meticulously transferred onto the surface of macrocarrier membranes, allowed to
dry up and used almost immediately to obtain the best results,

Applications of Biolistic Technique : The various applications of the biolistic technique or the
particle gun delivery are as follows :

(1) It helps to produce fairly stable gene transfers in a variety of vegetative species, namely ;
cotton, maize, papaya, poplar, rice, soybean, sorghum, sugarcane, tobacco, wheat etc.

(2) Transfer of cry gene* from Bacillus thurigiensis into maize ; for resistance to European
corn-borer, Ostrinia nubialis ; and that of bar gene** found in rice for causing resistance to
phosphinothricin (herbicide).

(3) The particle gun gene transfer method is specifically found to be attractive and useful due to
the fact that DNA can be strategically delivered right into the cells of shoot meristems
located in short tips and embryos that particularly renders the gene transfer phenomenon
absolutely independent of the prevailing regeneration ability of the species.

Note :

(a) Biolistic technique is virtually applicable to all plants species and may even be
extended to the animal cells as well.

(b) Its only major constrain/limitation being the rather expensive specialized accelera-
tion device (i.e., the particle gun).

2.3.4. Lipofection

Lipofection may be defined as — ‘the introduction of DNA into cells via liposomes’. It is consid-
ered to be the ultimate method of choice for DNA delivery into the animal cells particularly when being
cultured in vitro.

Lipofection also enjoys the reputation of being one of the initial few methods of delivering DNA
into the plant protoplasts. However, the transformation frequencies of the order of 4 × 10– 5 have been
observed. The integrated DNA evidently does not undergo rearrangements ; however, multiple copies
may obviously get integrated in tandem.***

Special Features : Following are the two special characteristic features of ‘lipofection’ namely :

(1) Invariably, plasmid DNAs 9 kb,**** and of even larger dimensions have been adequately
integrated quite intact.

(2) Higher transformation frequencies with PEG and electroporation render them even more
attractive.

2.3.5. Microinjection

In the event of microinjection, the DNA solution is injected almost directly right inside the cell
by the help of capillary glass micropipettes using micromanipulators of a microinjection set of apparatus.
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It has been demonstrated amply via actual experimental procedures that it is much more convenient and
efficacious to make use of ‘protoplasts’ instead of the ‘cells’ because the cell-wall specifically gives rise
to serious interference with the process of microinjection.

Salient Features : Following are some of the most important salient features of microinjection,
such as :

(1) Process of microinjection is technically not only demanding but also time-consuming i.e.,
one may microinject upto 50 protoplasts in a span of 60 minutes.

(2) Quite successful transformation by microinjection of cells and protoplasts has been accom-
plished in Brassica sp., alfalfa, tobacco etc., with achievable transformation frequencies
ranging from 14 to 66%. However, the corresponding results with cereals are rather not-so-
encouraging.

(3) In order to achieve high transformation rates, it is a must to incorporate the DNA right into
the nucleus or the cytoplasm of the specific cell. Hence, the success rate is found to be the
highest with particularly the non-vacuolated embryonic cells and the densely cytoplasmic
ones. A logical and plausible explanation with respect to the extremely low transformation
rates amongst large vacuolated cells is due to the DNA being delivered into the vacuole
directly which gets degraded consequently.

2.3.6. Macroinjection
Macroinjection may be defined as — ‘injection of plasmid DNA (or uncloned native DNA) right

into the lumen of developing inflorescence* using a hypodermic syringe.’

It has been adequately advocated that the DNA is usually taken up by microspores in the course
of certain particular state of their development. In 1987, an attempt was made to inject DNA specifically
in the developing inflorescene of rye ; and eventually a rather much lower frequency (0.07%) of the
transformed plants was recovered in the progeny. In reality, the concept of macroinjection is quite easy
and simple ; however, the two glaring problems encountered are, namely : (a) poor attainable frequency ;
and (b) inconsistency in achievable stable transformants.

Table : 2.1 summarizes the characteristic features with respect to the vital and pivotal DNA
delivery techniques for the plant cells exclusively.

Table : 2.1. Comparison of Certain Vital and Pivotal DNA Delivery Techniques for the
Plant Cells

DNA Delivery Techniques

S.No. Characteristic Agrobacterium Chemical and Microinjection Particle Gun
Features Mediated Electrical

1. DNA construct < 50 kb** 5-20 kb 16 kb —

(Max. size)
2. Plant Range(s) Restricted All plants All plants All plants
3. Obtainable Relatively high Relatively high — —

efficiency

* Complete flower head of a plant.

** Kilo base pairs.
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4. Integrity of DNA Not affected by High degree of — High degree of

insert rearrangements rearrangement rearrangement.
5. Number of copies Invariably single High frequency 1 to 5 High frequency

integrated or a few copies of multicopy of multicopy
insertions. insertions.

6. Special equipment NO No (chemical) Yes Yes
required Yes (Electrical)

7. Regeneration Needed Needed Needed quite Not necessary
protocol often (use of embryos

and shoot tips)
8. Protoplasts Not required Necessary May be required Not needed

culture
9. Applicable to No No Yes Yes

organized
meristems

10. Applicability to Applicable Used frequently Possible Applicability
cereals high

11. Chimeric plants No No Quite often Quite often
(in case of (in case meri-
meristems stems bomarded)
employed)

[Adopted from : Biotechnology, Singh BD (1998)]

2.3.7. Pollen Transformation

It has been duly reported by some researchers that ‘gene transfer’ could be accomplished by
simply allowing DNA to soak in pollen grains just prior to their actual usage for pollination. It is,
however, pertinent to state here that these studies failed to be substantiated by other researchers who
specifically made use of ‘cloned genes’. Though apparently the proposed methodology seems to be
quite attractive bearing in mind its overall applicability and superb simplicity, yet till date there exists
little definitive evidence and ample proof for a transgene being actually transferred by the air of pollen-
soaked in the DNA solution.

2.3.8. DNA Delivery via Growing Pollen Tubes

In this specific technique, first of all the stigma* of a flower is carefully incised sometime after
its pollination ; and secondly the DNA solution is duly smeared onto the incised surface painstakingly.
In actual practice the accurate and precise ‘time of stigma excision’ shall virtually depend upon the rate
of pollen-tube growth that may vary from 5-20 minutes to 2-3 hours.

* The spot on the ovarian surface where rupture of a graafian follicle takes place.
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* Light amplification by stimulated emission of radiation that emits intense heat and power of close range.

** The infection of bacteria by purified phage DNA after pretreatment with Ca2+ ions or conversion to
spheroplasts.

Examples :

(i) Rice : In this particular instance the plasmid DNA containing nptil gene was duly applied
onto the incised surface of the stigma. Consequently, 20% of the seeds thus obtained actually
showed the presence of nptil gene in copy numbers varying from 1-300.

(ii) Barley : In this case, the following observations were made, namely :

� transformation frequency ranged between 10– 3 to 10– 4 of the seedlings thus accomplished

� expression level of nptil gene was rather low

� both mature plants and their corresponding progeny failed to show any nptil expression.

Special Notes : Following are some of the ‘special notes’ with respct to the DNA delivery via
growing pollen tubes :

(1) Melthodology may be promising, easy and simple but its integrity with respect to its
consistency in results and stable transformations are yet questionable, and

(2) Two vital aspects, such as : mechanism of DNA transfer into the zygotes, and support-
ing factors affecting it must be studied more intensively and aggressively.

2.3.9. Laser-Induced Gene Transfer

The application of laser* has been employed effectively and successfully for high frequency (10– 3)
transfection** of animal cells. In reality, the lasers puncture transient holes in the cell membrane spe-
cifically via which DNA would gain entry into the cell cytoplasm. In fact, the usage of lasers to afford
delivery of DNA into the plant cells was a pretty long practice ; however, there is little available
information(s) with regard to its transient expression or stable integration.

2.3.10. Fibre-Mediated Gene Transfer

In this specific and articulated approach the DNA is strategically delivered into the cell cyto-
plasm and nucleus by means of the silicon-carbide fibres having 0.6 µm diameter and 10 µm length.

The methodology essentially involves the intermixing of suspension culture cells and plasmid
DNA having gus gene along with the silicon-carbide fibres, all of which are adequately suspended in the
culture medium with utmost precautions. The ultimate mixture was thoroughly mixed in a vortex mixer,
and the resulting cells were quantitatively estimated for their transient gus gene expression. The fre-
quency of gus positive cells was observed to be 10– 4. It has been observed that the silicon-carbide fibres
meticulously mediated the exact delivery of DNA right into the cytoplasm as well as the nuclei of cells
in a manner very much akin to microinjection.

Applicability of this particular technique was successfully extended to both maize and tobacco
suspension culture cells. Unfortunately, it has not yet been well substantiated and established whether
the transformation(s) thus accomplished give rise to fairly stable integrations of the transgene.
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2.3.11. Transformation by Ultrasonication

In several vegetative species wheat, tobacco and sugarbeet explants after being cultured for a
certain duration were adequately sonicated with plasmid DNA that essentially carried marker genes
e.g., cat, nptil and gus. It has been observed that when the sonicated calli were carefully transferred to
selective medium-it gave rise to adequate shoots ; whereas all such controlled calli (not sonicated with
plasmid DNA) proved to be 100% fatal.

Example : Tobacco : In this specific instance the transgenic plants were duly obtained at an
approximate frequently of 22 per cent.*

3. CONJUGATION

In biology, the union of two unicellular organisms accompanied by an interchange of nuclear
material (as in Paramecium) is termed as conjugation.

In another version, one may explain conjugation as a sexual process of DNA transfer which may
essentially take place either between individuals of the same or different biological species. However, it
is pertinent to mention here that during the process of conjugation, a part or whole of the bacterial
chromosome may be transferred into the recipient cell ; even large plasmids are invariably exchanged.
In actual practice, however, the  segments of the transferred chromosome get strategically integrated
into the chromosome of the recipient cell by a known process of recombination.

It has been well-established that the natural processes that are essentially involved for the spe-
cific ‘gene transfer’, in actual practice, vary significantly in their range and specificity. In fact, these are
of two distinct types, namely :

(a) Imprecise nature : In a broader perspective the natural processes involved are rather impre-
cise in nature that predominantly renders the recovery of the ‘desired gene’ combination
solely dependent not only on efficient screening but also on selection, and

(b) Restricted range : Besides, the ‘natural processes’ encountered do possess a restricted
range with regard to the various species that are involved depending on two vital phenomena,
namely : (i) sexual compatibility i.e., sexual reproduction ; and (ii) transduction i.e., the
prevailing virus-host range.

Importantly, the two aforesaid natural processes (a) and (b) invariably put forward a highly
serious limitation upon the particular movement of genes across the taxonomic** borders.

In general, the classifical genetics until recently, represented the only modus operandi whereby
heredity*** could be studied and manipulated logically and effectively. Interestingly, in the recent past,
the emergence and development of newer techniques have more or less allowed unprecedented logical
changes in the genetic make-up of organisms, even permitting to the extent of exchange of DNA be-
tween dissmilar organisms (species). However, the manipulation of the genetic material in organisms may
now be accomplished clearly in three well-defined manners, such as ; (a) organismal ; (b) cellular ; and
(c) molecular. These three ways shall now be treated individually in the sections that follows :

* The studies were carried out at the ‘Biotechnology Research Center’, Beijing (China).

** Concerning the laws and principles of classification of living organsisms.

*** Inheritence of characteristic from parents.
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3.1. Organismal

In true sense, the ‘genetic manipulation’ of whole organisms has been taking its usual natural
phenomenon by sexual reproducion since the very beginning of ‘time’ on this earth. The remarkable
evolutionary progress in practically all living creatures in this planet (earth) has invariably involved both
viable and active interactions between the genomes and the environment. The wisdom and knowledge
in human beings have been practised and exploited both profusely and abundantly in the specific field of
‘argiculture’ for decades even centuries in causing active control of sexual reproduction. Impor-
tantly, in the recent past the ‘genetic manipulation’ has been effectively and progressively employed
with quite many industrial microorganisms, e.g., yeasts, in the production of industrial alcohol from
molasses* and ‘malt wort’** ; baking industry ; and production of ‘streptokinase’*** to name a few. It
essentially involves several important stages in a sequential manner, such as : selection, mutation, sexual
crosses, hybridisation, etc. Nevertheless, it is considered to be a very random process and may normally
take a long-span of time to accomplish the desired results-if at all in certain specific instances. Undoubtely,
it has exhibited an enormous and immense broad-spectrum of benefits having much improved species of
animals and plants. But in the biotechnological-based industries there have been an astronomical im-
provement in the growth of productivities, for instance : enzymes and antibiotics.

3.2. Cellular

Cellular manipulations of DNA have been practised since more than four decades. These in-
variably involve either cell fusion or the culture of cells and the subsequent regeneration of whole plants
from these cells. Therefore, it may be regarded either as a semi-random or a directed process, evi-
dently in contrast to the aforesaid organismal manipulations ; and the ensuing alterations can be recog-
nized and identified more rapidly. A few most typical and glaring successful biotechnological examples
of such specific methodologies generally include monoclonal antibodies (MABs) and the meticulous
cloning of a plethora of important plant species.

3.3. Molecular

In reality, the spectacular molecular manipulations of DNA and RNA took place for the very
first time almost four decades ago ; and since then opened the flood-gates of an altogether new era of
genetic manipulation thereby enabling a much desired and directed control of the targetted changes. It
is otherwise baptized as genetic engineering or recombinant DNA technology, that is now bringing
forth not only the sea changes but also the dramatic advancements to ‘biotechnology’ in the specific
fields of life-saving medicines, food-products, beverages, agricultural products etc. Importantly, in these
techniques the personnels, intimately associated with the molecular manipulations, are able to predict
and know a lot more with regard to the genetic alterations being affected. Indeed it is now quite feasi-
ble and practicable to either add or delete parts of the DNA molecule with a reasonably high extent of
accuracy and precision and the resulting product may be identified and hence recognized conveniently.
The latest trend in research activities have been geared towards current industrial ventures for alto-
gether newer types of organism, and numerous chemical entities varying from viable commercial chemicals
and pharmaceutical substances.

* A syrup obtained from raw sugar containing 8-10% of cane sugar.

** An approximately 10% solution of malt extract and water to obtain Malt Spirit’ by distillation.

*** An enzyme used for removing the ‘blood-clot’ in the circulatory system.
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One of the most wonderful achievements of ‘conjugation’ is the glorious and superb success in
in vitro fertilization and embryo transfer techniques, whereby childless couples, invariably suffering
from serious sterility problems, to have their own babies, otherwise widely known as test tube babies.
Predominantly, the above mentioned techniques involving either embryo-splitting coupled with em-
bryo transfer and/or hormone-induced superovulation may be exploited for the fast and rapid multi-
plication of farm animals, such as : sheep, pig, cattle, horse etc. The excellent art of ‘genetic engineer-
ing’ has been gainfully extended to develop transgenic* animals that are particularly resistant to some
ailments, with a distinct capability of rapid-growth rates, efficient feed-conversion, and having an ap-
preciable enhanced ability to generate certain important and valuable biochemicals that may be amply
and suitably excreted through milk, urine or blood from which they may be adequately isolated and
purified consequently. In short, the latter aspects are collectively known as ‘animal biotechnology’ ;
whereas, the last instance is termed as molecular farming.

Table 2.2 records some of the typically selected contributions of ‘biotechnology’ to human wel-
fare embracing the various aspects, namely :

• Medical biotechnology

• Industrial biotechnology

• Animal biotechnology

• Environment biotechnology

• Plant biotechnology.

Table 2.2 : Typically Selected Contributions of Biotechnology to Human Welfare.

S.No. Biotechnological Researched Products in Use Comments
Aspects

1. Medical • Monoclonal antibodies (MABs) emp- Accomplished by
Biotechnology ployed for diagnosis of human disea- Hybridoma Technology

ses e.g., Hepatitis B plus other viral
diseases ; cancer ; sexually transmitted
vinereal diseases etc.

• Indispensable drug substances e.g., Accomplished by genetically

human insulin ; human interferon ; engineered bacteria.

human and bovine growth hormones etc.

• Gene therapy to cure genetic ailments Such highly sophisticated

e.g., cystic fibrosis ; Huntington’s chorea. techniques are almost in their

final stages of development.

• DNA probes employed for the diagno- Obtained by genetically

sis of human ailments e.g., kala-azar ; engineered microorganisms.

malaria ; sleeping-sickness etc.

* An organism into which hereditary (i.e., genetic) material from another organism has been duly introduced.
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• Exact identification of real parents/ Extremely precise and relia-
criminals using DNA or Autoantibody ble based on human blood
Finger-Printing. stains, semen strains, and

hair roots.
• Infants with specified sex by artificial It is believed that uncontrolled

insemination with X of Y carrying activities may alter the natu-
sperms prepared by sperm separation ral sex-ratio in the races
techniques. of the universe.

2. Industrial • Specific production of life-saving Obtained by such secondary
Biotechnology ‘antibiotics’ e.g., erythromycin ; metabolites as : actinomycetes ;

mitomycin ; penicillin ; streptomycin etc. fungi ; and micro-organsims.
• Commercial production of viable and Obtained by microoranisms

useful chemical entities e.g., acetone ; (mainly bacteria) from rela-
citric acid ; gluconic acid ; glycerine ; tively less useful substrates.
lactic acid etc.

• Production of useful enzymes e.g., α- Produced from bacteria, fungi
amylase ; proteases ; lipases etc. for use in such industries as :

dairy ; detergent ; leather ;
textile ; and also in medicines.

• Conversion (transformation) of cheaper Using either immobilized
and less useful compounds into more enzymes or microorganisms
useful and important ones e.g., sorbose in aerobic fermentors.
from sorbitol ; and steroidal horomes
from sterols.

• Fuel (viz. biogas, ethanol) from rather Obtained via. fermentation by
less useful, cheaper and abundantly microorganisms [Cowdung-
available substrates e.g., Bagasse ; based Biogas being immen-
Sugarcane ; Wood etc., sely popularized in rural

environments in India].
• Production of immunotoxins by Help in the destruction of

linking together a specific antibody specific-cell types and thus
and a natural toxin. may afford a potent treatment

of cancer.

3. Animal • Evolution of ‘transgenic-animals’ A host of transgenic cattle,
Biotechnology to yield enhanced milk output, growth chicken, fish, mice, pigs,

rate, resistance to certain diseases, and rabbits have been produced.
production of some vital proteins in
blood/milk/urine.

• Test-tube babies in humans, essen- Infertile couples may have
tially involves in vitro fertilization babies.
and suitable embryo transfer.
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• Both embryo-splitting and/or hor- Gives rise to rapid multiplication
mone-induced superovulation involving of a host of animal variants
embryo-transfer together with in vitro with superior genotype.
fertilization.

4. Environmental • Biocontrol and management of plant Environment-friendly
Biotechnology borne diseases and insect pests by techniques ; and specifically

employing amoeba, bacteria, fungi, avoids the use of pesticides
viruses etc. that may cause undue pollution.

• Detoxification of industrial effluents By the help of genetically
and wastes e.g., spent-wash in engineered microbes.
distilleries.

• Bio-degradation of petroleum and By the aid of a strain of
management of crude-oil spills. Pseudomonas putida.

• Efficacious treatment of sewage Strains of microorganisms to
wastes and deodourization of human deal with such problems
excreta. developed.

5. Plant • Conservation of germplasm via storage Specifically beneficial in
Biotechnology in liquid-N2 (at – 196°C, termed as clonal crops e.g., producing

cryo-preservation) or via slow growth. tubers, storage roots etc.
• Gene transfers (genetic engineering) A revolutionary development

for affording storage protein improve- in crop modification and
ment, insect resistance, herbicide improvement. Mostly using
resistance, protection against plant Ti-plasmid of Agrobacterium
viruses etc. and via particle gun and

DNA uptake.
• Embryo culture to preserve and rescue Most widely practised and

inviable hybrids and to recover recognized applications.
haploid plants* for interspecific
hybrids.

• Fast and rapid clonal multiplication Extraordinarily high rates of
via meristem culture, e.g., several multiplication in comparison
forest and fruit trees like ‘teak’. to the very low conventional

procedures.
• Molecular markers e.g., RFLPs** A recognized powerful tool

and RAPDs***-for exclusive linkage for indirect selection of
mapping and mapping of the quanti- quantitative traits.
tative trait loci.

* Plants possessing half the diploid or normal number of chromosomes found in somatic or body cells.

** Restriction fragment length poly morphism.

*** Randomly amplified polymorphic DNAs.
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4. TRANSDUCTION

Transduction may be defined as — ‘a phenomenon causing genetic recombination in bacteria
in which DNA is carried from one bacterium to another by a bacteriophage’.

In other words, the genetic make-up of the cell may be altered by transduction, besides several
other biological processes viz., mutation, sexual recombination, transformation, phage conversion and
the like. It is, however, pertinent to mention here that in the specific incidence of transduction the DNA
is especially transferred from one cell into another by a virus that may be either generalized or special-
ized.

Recombinant DNA Technology

In the articulated phenomenon of gene transmission via natural processes one may encounter
two major and serious drawbacks, namely :

(a) Accomplishment of imprecise gene transmission that essentially renders the recovery of the
‘desired gene combination’ solely dependent on absolutely efficient screening and selection,
and

(b) Corresponding range of gene transmission with respect to the species involved is invariably
restricted based entirely upon the sexual compatibility (i.e., sexual reproduction) and also
the virus host range (i.e., transduction).

In short, these two aforesaid drawbacks give rise to a serious degree of limitation upon the spe-
cific movement of the genes involved across the taxonomic boundaries.

Boyer and Cohen (1973) established through their spectacular practical demonstration i.e., by
introducing a small segment of DNA (usually of foreign origin) into a bacterial plasmid* that eventu-
ally paved the way towards rapid and remarkable advances in recombinant DNA technology. The
resulting hybrid plasmid obtained in this manner was subjected to further growth in the environment of
the most common as well as fast producing bacterium E. coli. Importantly, this altogether unique and
splendid technique ultimately caused the evolution of recombinant DNA (i.e., hybrid DNA is gener-
ated by piecing together the various segments of DNA obtained from a variety of sources ; also invari-
ably known as rDNA) technology.

In actual practice, the recombinant DNA molecules are invariably obtained by adopting one of
the following three cardinal objectives, namely :

(a) to obtain a large quantum of copies (or replicas) of particular DNA fragments,

(b) to recover huge amounts of the ‘protein generated solely by the concerned gene, and

(c) to integrate specifically the ‘gene’ in question into the corresponding chromosome of a
‘target organism’ where it express itself strategically.

It is pertinent to mention here that to accomplish the above cardinal objectives (a) through (c) —
‘it is absolutely essential and prerogative to first obtain a large number of copies (or replicas) of
the concerned genes’. In order to achieve this objective, the particular DNA segments are integrated
meticulously into a self-replicating DNA molecule usually termed as vector. It is worthwhile to state
here that the most commonly used vectors are either DNA viruses or bacterial plasmids.

* A plasmid is a circular DNA molecule that carries a few genes that the bacterium perpetuates and duplicates
besides its own normal chromosomes.
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Summararily, the various steps articulately concerned with piecing together the DNA segments
of divergent origin and causing them into an appropriate vector together give rise to recombinant
DNA technology.

Thus, the tremendous growth and advancement for the rapid isolation of rate and unique pro-
teins, and their subsequent commercial production by the aid of fast-growing microorganisms. Never-
theless, newer breeds of microorganisms were engineered and researched with especially inserted and
tailor-made characteristic features for various qualified applications in the fields of medical, agricultural
and ecological domain.

Fig. 2.4 vividly depicts the basic concepts and processes that are intimately associated with gene-
splicing and recombinant DNA technology.

There is another extremely vital and prodominant aspect of recombinant DNA technology is
the specific and critical use of antibodies in biotechnology, diagnosis, and therapy.

Salient Features of Antibodies : The different salient features of antibodies are as enumerated
below :

E. Coli.
with plasmids

Bacterial cell walls
removed ;

chromosomes
remain

Remove large
chromosomes

by centrifugation

Add restriction
enzyme and incubate

Add fragments of 
eukaryote DNA

cleaved by same
restriction enzyme

(tails match)

Add ligase
and incubate
to join tails

Remove circular
molecules by centrifugation ;

Linear fragments are
discarded

Plasmids are
resuspended

Plasmids with
eukaryotes gene
inserts are heavy.

Remove by centrifugation

Piasmids with
eukaryote inserts
are treated with

bacterial protoplasts

Plasmid infected protoplasts
are cultured on agar plates and
grow into colonies of identically

infected bacteria. Clones (colonies)
may be inoculated into large volumes of 

media and grown in quantity.

Fig. 2.4. Various Stages of Gene Splicing and Recombinant DNA Technology.
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(1) These are exclusively produced by the plasma cells (i.e., β-lymphocytes or B-cells) ; and are
essentially comprised of four protein-chains inter-linked by disulphide-bonds.

(2) The exterior surface of the ‘antibody’ essentially has a very specific indentation, or lock
which would critically show cognizance of the specific foreign entity or key which helps its
due binding or complexation.

(3) They are solely produced in each individual for executing their specific immunological
experience with antigens.

(4) Fusion of B-cell and mycloma cancer cell led to the formation of hybridoma that essentially
retained the two main characeteristic features belonging to its two parent cell. A hybridoma
has the ability to grow indefinitely very much akin to the cancer cell ; and, in fact, it consti-
tutes the major discovery that ultimately leads to the well-known hybridoma technology.

5. PROTOPLAST FUSION

In bacteriology, a protoplast may be defined as — ‘the sphere remaining after Gram-positive
bacteria have had their cell contents lysed ; and the bacterial cell wall constitutes are absent’.

However, in the Gram-negative organisms these spheres do retain an outer wall layer and are
usually termed as spheroplasts.

Interestingly, the protoplast fusion (or somatic hybridization) is one of the most vital and
important applications of protoplasts culture.

Significance of Protoplasts Fusion : The various cardinal significance of protoplast fusion are,
namely :

(1) For hybridization between genera’ or species that are incapable to cross by the normal and
conventional modus operandi of sexual hybridization, and

(2) Significance fully realized in plant kingdom by virtue of the fact that the hybrid cells are
capable of being inducted to regenerate into whole plants consequently.

Evidence from literature amply reveals that Cocking (1960) first produced large quantum of
protoplasts by specifically making use of cell-wall degrading enzymes. As to date the actual techniques
of protoplasts production have undgergone a tremendous extent of articulated refinement. It is, how-
ever, pertinent to state at this juncture that it is now quite convenient and possible to regenerate whole
plants from the protoplasts, and also to fuse protoplasts of variant plant species.

Example : Carlson et al. (1972) were pioneer in producing legitimately a somatic hybrid plant
by meticulously fusing the protoplasts of Nicotiana langsdorfii and Nicotiana glauca.

Soonafter their wonderful break through and achievement a host of divergent somatic hybrids
have been produced successfully.

Techniques of Protoplast Fusion : There are two recognized techniques invariably employed
for the protoplast fusion.

5.1. Spontaneous Fusion

It has been duly observed that in the process of isolation of protoplasts for culture i.e., the situation
when the enzymatic degradation of cell walls gets normally affected, certain protoplasts strategically
located in its viccinity may undergo fusion to yield homokaryons or homokaryocytes each having 20
to 40 nuclei in all. Importantly, the incidence of actual occurrence of specific multinucleate fusion
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* PEG : Polyethylene glycol ;

bodies is invariably abundant and frequent, when the protoplasts are derived from actively dividing
cells. In fact, the prevailing spontaneous fusion is found to be highly intraspecific in nature.

Alternatively, the spontaneous fusion of protoplasts may also be accomplished by bringing them
into close contact via micromanipulators or micropipettes. It has been duly established that the rela-
tively younger leaves are quite prone to experience this type of fusion. Besides, there exists a definite
corelationship between the actual age of the leaf employed for the isolation of protoplasts and the
corresponding percentage of protoplasts experiencing the spontaneous fusion.

5.2. Induced Fusion

In actual practice, however, the somatic hybridization is invariably exploited for the fusion of
protoplasts by following two distinct routes adopted quite often, namely : (a) interspecific fusion —
using two different species ; and (b) employing two diverse sources within the same species. Therefore,
to accomplish this cardinal objective one needs to adopt induced fusion having an appropriate agent
(fusogen) ; whereas the spontaneous fusion may not prove to be effective and useful.

Examples :

(a) In animals : Sendai virus (inactivated) — is required to intiate the process of induced
fusion, and

(b) In plants : PEG* treatment ; NaNO3 (at high pH) + Ca2+ (high concentration) ; and electri-
cal impulse — are needed to achieve the phenomenon of induced fusion.

It has been duly observed that in the plant kingdom the respective inducing agent, as stated
above, exert its action in two stages, namely :

(a) Bringing together the protoplasts, and

(b) Causing them to adhere to one another for affording fusion ultimately.

Fig. 2.5 vividly illustrates the various means to accomplish successfully the fusion of plant
protoplasts spread over to almost three decades (1970 to 2000).

NaNO  (High pH)
+

Ca  ( High conc.)

3

2+

Polyethylene
Glycol (PEG)

Electrical Impulse

Membrane Modifying
Substances

A B

AB

Fig. 2.5. Various Experimental Parameters Employed for Induction of Protoplasts Fusion.
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The following four modes of treatment essentially associated with the production of induced
fusion shall be treated individually as under :

(i) Sodium Nitrate (NaNO3) Treatment

(ii) Calcium Ions (Ca2+) Treatment at High pH,

(iii) Polyethylene Glycol (PEG) Treatment, and

(iv) Electrical Impulse (Fusion).

5.2.1. Sodium Nitrate (NaNO3) Treatment

The NaNO3-treatment method was employed gainfully for the fusion of protoplasts obtained
from the root tips of maize and coat seedlings ; however, the method is not preferred so abundantly on
account of its rather low frequency of fusion, specifically when extremely vacuolated mesophyll
protoplasts are employed. The various steps that are being adopted sequentially are illustrated in Fig. 2.6.

Step 1 : An ‘aggregation mixture’ comprising of sodium nitrate (5.5% w/v) in sucrose solution
(10% w/v) is first prepared into which the isolated protoplasts are duly suspended.

The aforesaid mixture significally serves as a fusion-inducing mixture, and affords fusion upon
adequate incubation in a water bath maintained at 35 ± 2°C. However, one may accomplish higher
frequency of fused protoplasts by subjecting the resulting mixture to centrifugation and the ‘pellet’
resuspended and reincubated for at least one or more additional cycles.

Step 2 : The fusion-inducing mixture obtained in step 1 is promptly replaced by a liquid-
culture medium ; and the protoplasts contained in this mixture are reincubated (35 ± 2°C). If so re-
quired the aforesaid cycle may be repeated at least one or two times before plating the protoplasts on
a solid medium. Thus, the fusion of protoplasts may be monitored adequately at various stages via
intensive examination under an inverted microscope.
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Nicotiana longsdorfii Nicotiana glauca

Leaf meosphyll cells
treated with enzymes to

digest away the cell walls

Protoplasts are
mixed and suspended

in NaNO  to cause
cell fusion

3

Protoplast suspensions
plated on agar

medium with no.
auxin or cytokinin ;
only fused hybrid

cells grow

Hybrid cells differentiate
to form shoots

Shoots grafted onto a 
parent plant ;

the hybrid scion matures
to produce fertile flowers and seeds

Seeds germinate to
produce seedlings
similar to sexually

produced amphidiplold

Fig. 2.6. Various steps Involved in Sodium Nitrate Treatment for Production of Interspecific
Somatic Hybrids in the genus Nicotiana.

[Adopted from : Biotechnology and Genomics, PK Gupta (2004)].
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5.2.2. Calcium Ions (Ca2+) Treatment at High pH

Bhojwani and Razdan* (1983) devised a method involving centrifugation (spinning) of the
protoplasts taken up in a fusion-inducing solution (0.05 M CaCl2 . 2H2O in 0.4 M mannitol at pH 10.5)
for 30 minutes at 50°C, after which the tubes were incubated at water-bath maintained at 37°C for a
duration ranging between 40-50 minutes, which caused fusion of protoplasts to the extent of 20-50%.
However, the method proved to be superior in comparison to other methods in certain cases, whereas the
high pH (10.5) turned out to be too toxic in other instances.

5.2.3. Propylene Glycol (PEG) Treatment

PEG, as a fusogen, has been employed both gainfully and successfully in carrying out the
protoplasts fusion in a variety of crops since 1974. Interestingly, this technique essentially attributes
high frequency of fusion having reproducible results as well as relatively lower cytotoxity. Neverthe-
less, this technique may be extended quite effectively and fruitfully for the fusion of protoplasts be-
longing to rather unrelated/divergent plant taxanomy, such as : suyabean-barley ; soyabean-maize ; and
soyabean-tobacco.

The agglutination** of protoplasts, in the course of PEG-treatment, may be accomplished by
adopting either of the two following methods :

Method-1 : Protoplasts in Macroquantities

In a situation, when the protoplasts are available in macroquantities, 1 ml of the prepared cul-
ture medium along with the two types of protoplasts is carefully added into 1 ml of 56% solution of
PEG, and finally the contents of the tube is shaken thoroughly for 5 seconds only. Consequently, the
protoplasts are allowed to undergo sedimentation for a span of 10 minutes, washed with the liquid
growth (culture) medium once or twice, and finally examined for successful achievement of both agglu-
tination and fusion.

Method-II : Protoplasts in Microquantities

In case, the protoplasts are available in microquantities, the technique of drop cultures may be
employed effectively. The two types of protoplasts, in equal quantities [i.e., 100 µL each or 4 to 6
drops] are mixed and placed carefully in a Petri-dish, and allowed to settle at room temperature (20 ±
2°C) for a duration of 5 to 10 minutes. Now 50 µL PEG (2-3 drops) are carefully added from the
periphery in each Petri-dish, that are subjected to incubation for 30 minutes at room temperature (24°C),
which ultimately leads to agglutination of the protoplasts. Subsequent to the PEG treatment the result-
ing protoplasts are washed meticulously during which the protoplasts fusion takes place largely. At this
stage the PEG is replaced by the culture medium to pemit the ultimate growth of the fused protoplasts.

5.2.4. Electrical Impulse (Fusion)

It has been observed that when the protoplasts are duly placed into a small culture vessel having
electrodes, and an adequate potential difference is applied, the ensuing protoplasts would get accumu-
lated in between the electrodes. At this critical juncture if one applies an extremely short electrical
impulse (shock), it will afford the induction of protoplasts fusion as depicted in Fig. 2.7 including the
various stages involved from (a) through (d).

* Bhojwani SS and MK Razdan, Plant Tissue Culture : Theory and Practice, Elsevier, Amsterdam, 1983.

** Causing the cells to clump together.
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* Ian Wilmut et al. in Scotland (1997)

** A female who bears a child on behalf of another.

*** A fertilized ovum (i.e., the cell produced by the union of two gametes).

Protoplasts

( )a
( )b

Protoplast
undergoing
fusion

Fused
protoplast

( )c ( )d

Fig. 2.7. Various Stages from (a) to (d) Depicting Protoplast Fusion Induced by Application of
Electrical Impulse (Shock)

6. GENE CLONING

The word ‘clone’ has been derived from the Greek, klon-meaning a cutting used for propogation.
A real extension of the terminology using ‘gene’ exclusively for the propogation of animals (including
humans) may be regarded as ‘gene cloning’.

Ever since the British scientists*, in 1997, carried out the successful cloning of sheep (named
DOLLY) by meticulously transferring the necleus from an udder-cell of an adult sheep right into the
cytoplasm of an eunucleated fertilized egg. Subsequently, the resulting ‘egg’ was neatly transplanted
into the uterus of a surrogate mother** wherein it eventually developed just like a normal zygote***
ultimately into a ‘normal lamb’ that has now grown into a normal adult sheep. Therefore, one may
rightly conclude and infer, based on the above actual realistic experimental evidences, that — ‘when
complete animals are duly accomplished from the somatic cells of an animal’ — it is usually termed
as ‘animal cloning’.



GENETIC RECOMBINATION 147

Soonafter the American researchers gained a qualified success in accomplishing the cloning of
Rheus Monkey by employing meticulously the unique embryo-splitting technique, which is well
recognized across the globe to be the nearest and the closest species to the humans specifically wherein
embryo-splitting has been enormously successful.

Interestingly, the terminology ‘clone’ legitimately conveys different meanings in various disci-
plines of ‘biological sciences’, such as ;

(a) Microbiology : the asexual progeny of a single cell,

(b) Botany : a group of plants propogated from one seedling or stock. Members of
the group are absolutely identical but do not reproduce from seed,

(c) Tissue Cultures : a group of cells descended from a single cell. The term commonly

(or In the Body) refers to the multiple offspring of single T or B lymphocytes that
essentially have identical surface receptors or immunoglobulins
(IgS), and to the offspring of malignant WBCs, and

(d) Immunology : a group of lymphocytes that develop from a sensitized lymphocyte ;
they are all capable of responding to a specific foreign antigen.

Advantages of Cloning

Following are the cardinal advantages of ‘cloning’ in the modern revolutionary biotechnological
era, namely :

(1) A highly sought after biotechnologically researched device because it permits the indefinite
multiplication of an elite desirable genotype having the least risk of segregation and re-
combination during the course of meiosis, that should predominantly and critically precede
sexual reproduction, and

(2) The ensuing technique of ‘cloning’ affords an enormous and tremendous promise in the
field of ‘genetic research’, particularly in the better understanding and in-depth knowledge
with respect to the ever complicated and difficult phenomena intimately associated with the
‘aging’ and ‘curing’ of inumerable genetic diseases.

It is, however, pertinent to state at this point in time that the ‘Cloning Process’ and its various
pivotal and vital aspects with respect to the ‘gene cloning’ constitute a major area, and hence, need to be
explored at length in the sections that follows :

6.1. Cloning Process

Literally it refers to — ‘a cutting used for propagation’. In the present context cloning means, to
make identical copies. The recent advances accomplished in the field of ‘‘Biotechnology’’ the cloning
process has been exploited in the following seven aspects, namely :

(i) DNA—cloning,

(ii) Cloning larger DNA fragments in specified cloning vectors,

(iii) Cloning Eukaryotic DNAs in bacterial plasmids,

(iv) Cloning Eukaryotic DNAs in phage genomes,

(v) Cloning cDNAs,
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(vi) Expression cloning.

(vii) Amplifying DNA : The Polymerase Chain Reaction (PCR)

The above diversified cloning processes shall be dealt briefly as under :

6.1.1. DNA-Cloning

The DNA cloning is nothing but a broad based technique whereby large quantum of a particu-
larly DNA-segment are produced. Usually, the resulting DNA segment which is to be cloned is first
linked to a vector DNA, that serves as a vehicle for carrying foreign DNA into a suitable host cell, such
as the bacterium Escherichia coli. The vector (i.e., E. coli) essentially contains sequences which in turn
permits to be replicated within the host cell. In order to clone DNAs within bacterial hosts two types of
vectors are commonly employed, namely :

(a) The DNA segment to be cloned in introduced into the bacterial cell by first joining it to a
plasmid and secondly, causing the bacterial cells to take up the plasmid from the medium,
and

(b) The DNA segment is joined to a portion of the genome of the bacterial virus lambda (λ)
which is subsequently allowed to infect a culture of bacterial cells. Thus, a huge quantum of
viral progeny are produced, each of which contains the foreign DNA segment.

It is, however, pertinent to mention here that by following either of the two methods stated above
— the DNA segment once gets inside a bacterium, it will undergo the replication process with the
bacterial (or viral) DNA and partitioned to the daughter cells (or progeny viral particles). In this manner,
the actual number of bacterial cells which are actually formed.

Besides, cloning may also be employed as a versatile method to isolate in a pure form any
specific DNA fragment amongst a relatively large heterogeneous population of DNA molecules.

6.1.2. Cloning Larger DNA Fragments in Specified Cloning Vectors

It has been observed that neither plasmid or lambda phage (λ) vectors are adequately suitable for
cloning DNAs whose length is more than 20-25 kb*. This specific lacuna has revitalized the interest of
researchers to look into the development of several other vectors which might facilitate to clone much
larger segments of DNA. However, the most important to these vectors are termed as yeast artificial
chromosomes (YACs).

YACs are nothing but artificial versions of a normal yeast chromosome. They normally comprise
of all the elements of a yeast chromosome which are absolutely necessary for the specific structure to be
replicated during S-phase and subsequently segregated to daughter cells during mitosis, including :

• One of more origins of replication,

• Having telomers at the ends of the chromosomes, and

• A centromere to which the spindle fibers may get attached during chromosome separation.

Invariably, the YACs are designed in such a fashion so as to provide essentially :

(a) A gene whose encoded product permits those particular cells having the YAC to be selected
from those that lack the element, and

* [Kilobase (kb)] : A 1000 - base fragment of nucleic acid. A kilo base pair is a fragment containing 1000 base
pairs.
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(b) The DNA fragment to be cloned like other cells, subsequently the yeast cells shall pick up
DNA from their respective medium that caters for the path whereby YACs are introduced
directly into the cells.

It has been observed that DNA fragments cloned in YACs range typically from 100kb to 1,000
kb in length. Example :

‘The restriction enzyme usually recognizes the eight-nucleotide sequence GCGGCCGC, which
in turn specifically cleaves mammalian DNA into fragments approximately one million base pairs long’.

Fragments of this length can now be introduced conveniently into YACs and subsequently cloned
within host yeast cells.

6.1.3. Cloning Eukaryotic* DNAs in Bacterial Plasmids**

A foreign DNA intended to be cloned is strategically inserted into the plasmid to give birth to a
recombinant DNA molecule. However, the plasmid used for DNA cloning are exclusively the modified
versions of those occurring in the bacterial cells. Consequently, the bacterial cells are able to take up
DNA from their medium. This particular phenomenon is termed as ‘transformation’ and forms the basis
for cloning plasmid in bacterial cells.

Fig. 2.8. represents the DNA cloning using bacterial plasmid. First of all the recombinant plasmids
each containing a different foreign DNA insert are added to a bacterial culture (E. coli) which has been
previously treated with Ca2+ ions. These bacteria are gainfully stimulated to take up DNA from their
respective surrounding medium upon exposure to a brief thermal-shock treatment yielding plasmid DNA
(purified). Secondly, human DNA are also obtained in the purified form. Subsequent treatment of hu-
man DNA and plasmd DNA with EcoR1]*** result into the cleavage of human and bacterial DNA into
various sized fragments. Now, these small fragments join together to yield recombinant DNAs with
DNA ligase and thus give rise to the plasmids. These population of plasmids invariably contain vari-
ous segments of human DNA. Incubation of these plasmids with E. coli cells under controlled experi-
mental parameters ultimately yields plasmid that are free from E coli. It has been observed that only a
very small percentage of the cells are competent to pick up and retain one of the combinant replicate
molecules. Once it is taken up the plasmid undergoes replication autonomously within the recipient and
is subsequently passed on to its progeny during cell division. The isolated recombinant plasmids can
then be treated with the same restriction enzymes used in their formation, that releases the cloned DNA
segments from the remainder of the DNA which served as the vector. Thus, the cloned DNA can be
separated from the plasmid.

* Eukaryote : A cell or organism having a unit membrane-enclosed (true) necleus and has no extracellular
form.

** Plasmid : An extrachromosomal genetic element that is not essential for growth and has no extracellular
form.

*** EcoR 1 : Enzymes designation for E. coli with recognition sequence G AA* TTC (arrow indicate the sites of
enzymatic attack : indicate the site of methylation]
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Fig. 2.8. DNA Cloning Using Bacterial Plasmids.
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6.1.4. Cloning Eukaryotic DNAs Phase Genomes

A bacterophase, or more commonly a phage is a virus particle which infects a bacterial cell. In
fact, a phage particle normally comprises of two essential components ; first, a phage head that contains
the genetic material and secondly, a tail through which the genetic material is injected into the host cell.

Interestingly, one of the most broadly explored of the these phage particles, termed Bacteriophage
Lambda [or bacteriophage (λ)], has more or less turned out to be a commonly employed cloning vector.*

The genome** of lambda is a linear and double-stranded DNA molecule having 50kb length.

Fig. 2.9. depicts the protocol for cloning eukaryotic DNA fragment in lambda (λ) phase.

In usual practice, the modified strain (mutant)*** employed in most cloning experiments con-
tains two cleavage sites for the enzymes EcoR1 that ultimately fragments the genome into three large
segments. However, the two outer segments essentially contain all informations required for the infec-
tious growth, whereas the middle fragment could be rejected conveniently and replaced suitably by a
piece of DNA upto 25kb in length.

It has been observed that the genes of eukaryotes are often split, with non-coding intervening
sequences—known as introns, thereby separating the coding regions—termed as exons. The two outer
segmetns undergo splicing**** with eukaryotic fragment to result into the formation of recombinant
DNA. Consequently, the recombinant DNA molecules can be packaged into phage heads in vitro and in
turn these genetically engineered phage particle may be employed to infect host bacteria. Once gaining
entry into the bacteria, the eukaryotic DNA segment is adequately amplified along with the viral DNA
and subsequently packaged into an altogether new generation of virus particle that are released when the
cell undergoes lysis*****. The released particle thus obtained infect new cells, and without any loss of
time either a plaque****** or a clear spot in the ‘bacterial lawn’ is visible distinctly at the site of
infection. Each plaque, which is nothing but a zone of lysis, possesses millions of phage particle, each
carrying a single copy of the same eukaryotic DNA segment. Interestingly, a single pertridish may
accommodate more than 10,000 different plaques.

* Vector : A genetic element able to incorporate DNA and cause it to replicate in another cell.

** Genome : The complete set of genes present in an organism.

*** Mutant : A strain differing from its parent because of mutation.

**** Splicing : The processing step whereby introns are removed and exons are joined.

***** Lysis : Rupture of a cell, resulting in a loss of cell contents.

****** Plaque : A zone of lysis or cell inhibition caused by virus infection on a lawn of cells.
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Fig. 2.9. Sequence for Cloning DNA Fragments in Lambda (l) Phage.
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6.1.5. Cloning cDNAs

It is pertinent to mention that the explanation of cloning cDNAs has been specifically restricted
to cloning DNA fragment isolated from extracted DNA i.e., genomic fragments. In other words, the
isolation of a genomic DNA means the eventual isolation of a particular gene or a family of genes out of
a pool of hundreds of thousands of unrelated sequences. Besides, it becomes more or less necessary to
study the following different aspects during the course of isolation of genomic fragment, namely :

• Non-coding intervening sequences,

• Regulatory sequences flanking on either sides the coding portion of a gene,

• Different members of a multigene family that invariably lie very close in the genome,

• Evolution of DNA sequences, such as duplication and DNA of various species vis-a-vis their
rearrangement, and

• Interspersion of transposable ‘genetic elements’.

There are two aspects which are very important with cloning cDNAs, namely :

(a) Analysis of gene structure, and

(b) Analysis of gene expression.

Fig. 2.10. illustrates the manner by which cDNAs are synthesized for cloning in a plasmid.

In order to clone cDNAs, first of all a sizable population of mRNA is isolated ; secondly, it is
employed as a template to provide a single-stranded DNA complement ; thirdly, the resulting product
(single stranded) is duly converted to a double stranded population with the help of a DNA polymerase ;
and fourthly, they are finally combined with the desired vector. It is quite evident that essentially mRNA
populations typically consists thousands of altogether different species, and as with experiments em-
ploying genomic DNA fragments, the clones should be invariably screened to isolate only one particular
sequence from a heterogeneous population of recombinant molecule.

From Fig. 2.3, it may be observed that when polypeptide (A) and mRNA are annealed, it pro-
vides a small segment of primer attached to poly (A) to the tail of mRNA. Now, with the help of reserve
transcriptase the primer to poly (A) gets fully developed. Alkali helps in the separation of DNA and
RNA strands to give rise to fully developed primer alone, which on treatment with RNA polymerase 1
yields the combined product. The resulting product when digested with S1 nuclease two separate strands
of the primer and poly (A) are obtained. Lastly, integrate cDNA into the plasmid vector that will produce
a bacterium wherein DNA can be cloned.
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Fig. 2.10. Synthesis whereby cDNAs get Cloned in a Plasmid.
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6.1.6. Expression Cloning

For practical applications it is quite important that such systems must be available wherein the
cloned genes may be expressed. In other words, expression cloning is an alternative method for identi-
fying a phage plaque which essentially contains a particular cDNA. In this specific method the cDNA
being cloned is inserted directly in the downsteram region from a strong bacterial promoter, which
adequately ensures that the foreign DNA is not only transcribed but also translated in the course of the
infections process. Interestingly, those phage which has originally incorporated the gene being sought
must form plaques that essentially possess the protein encoded by the gene. Further identification of the
plaque is performed on replica plates of employing a labeled probe which binds particularly to the
encoded protein. The antibodies serve invariably as the most commonly used probe to identify the
desired cloned genes which have been critically located on the replica plate whereas the genes may be
subsequently isolated from the viruses on the original plate.

6.1.7. Amplifying DNA : The Polymerase Chain Reaction (PCR)

The conventional molecular cloning techniques may be considered in vitro DNA—amplifying
tools. Interestingly, the latest development in the field of synthetic DNA* has evolved an altogether new
method for the rapid amplification of DNA in vitro, broadly termed as the Polymerase Chain Reaction
(PCR). In reality, PCR is capable of multiplying DNA molecules to the extent of a billion fold in vitro,
thereby giving rise to huge amounts of very specific genes employed for various purposes, such as :
cloning, sequencing or mutagenesis. In short, PCR utilizes the enzyme DNA polymerase, which eventu-
ally copies DNA molecules.

The polymerase chain reaction (PCR) for amplifying specific DNA sequences have been shown
in Fig. 2.11. [Stage – A through Stage – F]. These six stages have been duly explained here under :

Stage – A : The target genes (DNA — combinant form) if first heated to affect the separation of
the strands of DNA ; secondly, a reasonably excess amount of two oligonucleotide primers**, of which
one is complementary strand, is added along with DNA-polymerase ;

Stage – B : As the resulting mixture attains the ambient temperature, the excess of primers
relative to the target DNA makes sure that most target strands anneal to a primer exclusively and not to
each other. In this way, the primer extension ultimately gives rise to a copy of the original double-
stranded DNA.

Stage – C : Further follow up of three above mentioned steps sequentially viz ; heating, primer
annealing and primer extensions results into the formation of a copy of the original double-stranded
DNA. In other words, DNA polymerase extends the perimers employing the target strands as a template.

Stage – D : Another prime extension of the resulting product yields the second double-stranded
DNA.

* Synthetic DNA—short fragments of DNA of specified base sequence and widely used in molecular genetics.

** Primers : A molecule (usually a polynucleotide) to which DNA polymerase can attach the first nucleotide
during DNA replication.
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Fig. 2.11. PCR for Amplifying Specific DNA Sequences (Stage –A through Stage –F)

Stage – E : The end product obtained from the previous step is subjected to incubation for a
suitable duration ; and the resulting mixture is heated once again so as to separate the strands. Subse-
quently, the mixture is brought to the room temperature whereby the primers aptly get hybridized with
the complementary regions of newly synthesized DNA. Thus, the whole process is repeated. In this
particular instance, the two additional PCR-cycles give rise to 8 to 16 copies, respectively, of the origi-
nal DNA sequence.
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Stage – F : It represents a plot between the number of PCR cycles (along the X-axis) and the
copies of the target gene (along the Y-axis). The graphical illustration depicts the effect of carrying out
20 PCR cycles on a DNA preparation initially having only 10 copies of a target gene. The resulting
graph is semilogarithmic in nature.

Advantages of PCR-Technique

PCR-technique has two cardinal advantages, namely :

(a) Each and every cycle virtually doubles the content of the original target DNA, and

(b) A 106 to 108 fold increase in the target sequence is actually achieved after a 20-30 PCR cycle run.

Human Clone :

Severino Antinori — a 53 year old Italian embryologist along with his fellow scientist Robert
Edwards jointly produced the first Test Tube Baby and thereby created a history in the entire world.
After their spectacular achievement in the field of modern advancement in embryology Antinori is ever
ready to repeat the history by creating the world’s first human clone. Contrary to the extremely opposed
ethical challenges, Antinori with the aid of first human in vitro fertilization (IVF) technique successfully
enabled a 62 year old lady in 1994 to become the oldest to bear a baby. He feels very strongly and hence
advocates vehemently that the very ‘technology of cloning’ is a logical and legitimate extension of IVF
which may certainly help specifically the unfortunate infertile couple to have children.

After years of whole-hearted dogged and dedicated efforts the ‘scientists’ have ultimately suc-
ceeded in developing the key techniques to ‘reset’ the DNA of living cells that critically possessed
specialist functions ; and they behaved as if they were a newly fertilized embryo that eventually grew
into a clone of the adult. In early 1998, the experts at the University of Hawaii carried out the successful
cloning of mice.

In the light of the above successful events the future prospect of ‘human cloning’ is now more or
less perceived as a stark reality. Taking stock of the situation with regard to the astronomical develop-
ment in biotechnology both the US government and the European Parliament have imposed and clamped
most stringent and strictest legislations to outlaw its practice on the humans. In Great Britain, the strict
control of the Human Fertilization and Embryology Authority (HFEA) that has not only made it abun-
dantly clear but also strongly pronounced its clear cut objectives and intensions to completely block and
reject outrightly any requests whatsoever to grant permission to carry out work related to human cloning.

Antinori argues and seeks support from the world body as well as the law enforcing countries to
allow him to go ahead with human cloning —

‘‘What about the man who does not produce any sperm at all ? What should he do ? If he cannot
reproduce himself why should he not reproduce his ’genes’ in this way — this is one of the few cases
where it is acceptable to clone’’.

7. DEVELOPMENT OF HYBRIDOMA FOR MONOCLONAL ANTIBOD-
IES (MABs)

Hybridoma may be defined as — ‘the cell produced by the fusion of an antibody-producing cell
and a multiple mycloma cell’.

Importantly, the ‘hybrid cell’ is capable of producing a continuous supply of identical antibodies’.
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Another school of thought explains hybridoma as — ‘a hybrid cell obtained by fusing a B-
lymphocyte with usually a tumour cell of the antibody forming system or of B-lymphocytes (i.e., B-cells),
that are invariably known as myclomas.

The hybridoma thus produced essentially possess the inherent capability to produce antibodies
by virtue of two cardinal facts, namely : (a) on account of the B-lymphocyte genome ; and (b) due to its
capacity for indefinite growth in vitro caused by the tumour (mycloma) cell involved in the fusion.
Hence, specific hybridomas are either cultured in vitro or made to pass via the mouse peritoneal cavity
to obtain the desired monoclonal antibodies (MABs) ; and this sequential procedures encountered is
usually termed as hybridoma technology. It is, however, pertinent to mention here that the develop-
ment of the hybridoma technology helped to solve insurmountable technical problem(s) intimately
associated with the generation of antibodies which are duly recognized to be monospecific in nature
because they are monoclonal. In 1984, the Nobel Prize for Physiology and Medicine was bagged by
Georges Köhler and Cesar Milstein for their remarkable discovery. The said prize was duly shared with
Niels Jerne, who introduced the concept of clonality of the immune response i.e., the theoretical basic
foundation upon which the entire methodology is solely based.

7.1. The Principle of Monoclonal Antibody Production

The principle of monoclonal antibody production is not only graceful but also stylish. Interest-
ingly, one may ‘capture the particular synthesis’ of a single antibody-forming cell and ‘immortalize’ it
in the very tissue culture. Nevertheless, the normal antibody-forming cells cannot be grown and pre-
served indefinitely (perpetuated) in culture, tumours of the antibody-forming system i.e., myclomas,
may be grown indefinitely in culture. Therefore, it is earnestly required to have a method for bringing
together in one single cell the two cardinal functionalities, namely : (a) altogether different abilities for
the synthesis of a specific antibody ; and (b) ability to grow indefinitely  in culture. However, the efforts
of Köhler and Milstein succeeded in accomplishing this wonderful aim and objective by allowing to
fuse an antibody-forming cell with a mycloma cell, resulting into the formation of a hybrid cell com-
monly known as a hybridoma.

The crucial problem of selecting the antibody-forming cell of the desired specificity is articu-
lately resolved by fusing relatively huge numbers of the antibody-forming cells on one hand and the
mycloma cells on the other. The resulting hybridomas are then meticulously examined (or selected)
specifically for those which are exclusively engaged in the synthesis of the ‘antibody’ having the de-
sired (or anticipated) specificity.

7.2. Cell Fusion

Fig. 2.12. vividly illustrates the underlying principle of generating monoclonal antibodies, which
are duly accomplished by the fusion of an antibody forming cell (invariably a spleen cell) with a myeloma*
cell particularly in the presence of one of a variety of fusing agents e.g., polyethylene glycol (PEG).

* Tumour of B-lymphocyte (or cell).



GENETIC RECOMBINATION 159

HGPRT
myeloma cells

–

Immune spleen cells and
HGPRT myeloma cells are

fused with polyethylene glycol
resulting in hybrid cells.

Immune
spleen cells

Fuse with
PEG

Cells are distributed in
microwell plates and grown
in HAT medium. Unfused

myeloma cells die because
they have no HGPRT to use

the salvage pathway. Unfused
spleen cells are unable to

grow  ; only fused cells
grow[   ].

in vitro

Fused cells (hybridomas)
grown in microwells and

supernate of each well tested
for specific antibody

production. Wells making
antibody of interest are
subcloned and grown in

larger volumes.

HAT
selection

Antibody
screening

Subcloning

Fig. 2.12. Production of Monoclonal Antibodies (MABs).

[Cells from an immunized mouse are fused with myeloma cells and undergo HAT* medium
selection. The fused cells, called hybridomas, are then screened for their ability to react to the
antigen of interest. The clones of interest are then subcloned and expanded.]

This ultimately results into the formation of ‘hybridoma’. Separation of fused hybridoma
cells from normal spleen cell population :

The separation of fused hybridoma cells from the normal spleen cell population is achieved most
conveniently by virtue of the glaring fact that the spleen cells normal die off in culture after a short
period of time. Interestingly, the unfused myeloma cells and the hybridoma cells are absolutely ‘im-
mortal’ ; and, therefore, the dire need of an efficacious and specific method is of prime necessity to get
rid of the unfused myeloma cells. It is achieved by employing myeloma cells which are killed in the
presence of the drug aminopterin.
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* HAT : Hypoxanthine, aminopterin and thymidine.
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Just like a plethora of cells, myeloma cells, predominantly make use of two altogether distinct
pathways for the nucleotide synthesis, namely : (a) synthetic pathway (major one) ; and (b) salvage
pathway (minor one) — as depicted in Fig. 2.13.

Salient Features : The various salient features of Fig. 2.13. are as stated below :

(1) Normal cells invariably synthesize nucleotides by employing both pathways.

(2) The very incorporation of the drug 8-azaguanine to the normal cells, enables it to penetrate
right into the DNA through a reaction catalyzed by a specific enzyme HGPRT* via the
salvage pathway. Such cells eventually prove to be fatal as they simply cannot function with
an altered base.

(3) Evidently, a variant cell that cannot get along with the salvage pathway by virtue of the fact
that it specifically lacks HGPRT should be 8 AzG resistant ; and, therefore, would not be
killed by the said drug substance (i.e., 8 AzG).

(4) Therefore, such HGPRT– mutants may be selected particularly with this drug ; and these
are the actual myeloma cells generally employed for the desired fusion.**

MAJOR SYNTHETIC PATHWAY
[DE NOVO BIO SYNTHESIS]

PURINE PYRIMIDINE

PURINE RIBONUCLEOTIDES d UMP

AMINOPTERIN

PURINE
DEOXYRIBONUCLEOTIDES

d TMP

SALVAGE
PATHWAY

HYPOXANTHINE
HGPRT

Fig. 2.13. Aminopterin Works by Blocking the Reduction of Dihydrofolate (FH2) to
Tetrahydrofolate (FH4).

Explanation : In pyrimidine biosynthesis CoFH4 is oxidized to FH2 , thereby using up FH4.
In purine biosynthesis CoFH4 is converted to FH4 non enzymatically so that FH4 can be
reconstituted to CoFH4. Aminopterin blocks the conversion of FH2 to FH4 so that no more
FH4 can be generated. As soon as it has depleted the existing FH4 , the cell can no longer

* Hypoxanthine guanine phosphoribosyl transferase (HGPRT).

** The best fusion partners are HGPRT– cells that have also lost the ability to produce either the H or the L
chain of the immunoglobulin (Ig). These are known as non secretors.
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function. As a consequence of the pyrimidine pathway now using up virtually all of the FH4 ,
the purine pathway also stops ; however, the cell still carries out DNA synthesis via the
salvage pathway.

(5) Aminopterin acts on the major synthetic pathway (or De Novo Biosynthesis) by interfering
directly with the conversion of dihydrofolate (FH2) to tetrahydrofolate (FH4) and also pre-
venting a series of one-carbon transfers particularly. Hence, in the very presence of
aminopterin the cell cannot synthesize nucleotides via the main synthetic patyway ; and,
therefore, should take the salvage pathway instead.

(6) A normal cell can still grow in the presence of aminopterin, whereas a HGPRT– cell cannot,
perhaps due to the fact that the prevailing HGPRT– mutants cannot carry out the salvage
pathway ; and the net effect would be the fatal fate of the ensuing HGPRT– cells in the
presence of aminopterin.

(7) In a situation, when HGPRT– myeloma cells get fused with the normal B lymphocytes (or B
cells), it has been duly observed that the resulting hybridomas are capable of growing in the
presence of aminopterin because the normal cell profusely contributes functional HGPRT.

(8) In another situation, when two chemical entities e.g., hypoxanthine and thymidine, which
are recognized as the precursor molecules employed by the enzyme HGPRT in the salvage
pathway, are duly incorporated into the medium, evidently the ensuing hybridoma is capa-
ble of using the alternate pathway in the synthesis of DNA.

(9) Importantly, the unused normal spleen cells usually die as they are not capable of growing
for longer span in the tissue culture, and the unfused myeloma cells get killed by the
aminopterin.

(10) As a result the only fused hybridomas are able to grow adequately. This particular pheno-
mena is known as the HAT selection (i.e., hypoxanthine, aminopterin, thymidine selection).

Four Important Principles of HAT-Selection :

The four most important principles of HAT selection are as enumerated under :

(a) When the major synthetic pathways are blocked by the folic acid analogue aminopterin,
the cell should employ the salvage pathway. This pathway essentially contains the enzyme
HGPRT.

(b) HGPRT– myeloma cells may be selected particularly because they can grow in the presence
of 8-azaguanine (i.e., 8-AzG). HGPRT+ cells incorporate 8-AzG into DNA. HGPRT– cells
do not incorporate the toxic molecule. Hence, HGPRT– cells can grow in its presence.

(c) HGPRT– cells die in the presence of HAT because both the major synthetic pathway and
the salvage pathway are blocked virtually.

(d) Fusion of the HGPRT– myeloma cells with the HGPRT+ spleen cells allows growth in
HAT by incorporating the missing enzyme for the salvage pathway.

8. DRUGS PRODUCED BY BIOTECHNOLOGY

The European Federation of Biotechnology (FEB) considers ‘biotechnology’ as — ‘the inte-
gration of natural sciences and organisms, cells, parts thereof, and molecular analogues for products
and services.’



162 PHARMACEUTICAL BIOTECHNOLOGY

New Biotechnological processes essentially embrace almost all methods of genetic modification
by recombinant DNA and cell fusion techniques, together with the ‘magic touch’ of the modern devel-
opments of the so-called ‘traditional-biotechnological processes’. Interestingly, these processes will,
in many instances, function at relatively low temperature, will consume little energy, and will rely mainly
on inexpensive substrates for biosynthesis. However, it is pertinent to state here that, the new
biotechnology revolution begain in the 1970s and early 1980s, when researchers learned meticulously
to alter precisely the genetic constitution of living organisms by processes outwith traditional breeding
practices. This ‘genetic engineering’ aspect has had a tremendous and profound impact upon practi-
cally all areas of traditional biotechnology and further permitted breakthroughs in medicine and agri-
culture, specifically in those that would be rather difficult and impossible by traditional breeding ap-
proaches. In fact, some of the most spectacular and exciting advances, will be in the newer pharmaceu-
tical drugs and ‘gene therapies’ to treat previously incurable diseases, with a view to produce much
healthier foods, safer pesticides, latest and innovative environmental technologies, and above all the
new energy sources.

Although there are a large number of ‘drugs’ that have been evolved via the biotechnological
processes, but the following typical examples shall be treated at large in the sections that follows :

  (i) Altepase [Activase(R)],

 (ii) Human Insulin [Humulin(R)],

(iii) Humatrope : Growth Hormone, and

 (iv) Hepatitis B [Recombinant HB (Merck) — a Hepatitis B vaccine]

8.1. Alteplase (BAN, USAN, INN) ; Activase(R)

Recombinant Tissue-type Plasminogen Activator ; rt PA ;

Form Molecular Formula Molecular Weight

Non-glycosylated C2736H4174N914O824S45 64, 497.9

Glycosylated C2569H3894N746O781S40 59, 008.4

USP ;

Description : Alteplase (activase) in a glycosylated protein of 527 residues having the amino
acid sequence of human tissue plasminogen activator (τ-PA) and produced by the recombinant DNA
technology.

Note : The name may be elaborated on the label by sets of initials mentioned in paren-
theses so as to indicate the specific method of production, example :

(rch) : indicates the production from the genetically-engineered Chinese hamster ovary
cells.

Storage : Alteplase need to be stored preferably at – 20°C or even below in perfectly sealed
containers.

In fact, various elaborated studies meticulously carried out by researchers revealed vital and
important observations with regard to the ‘stability conditions’ of alteplase as detailed below :
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* Lee CY et al. Visual and Spectrophotometric determination of Compatibility of alteplase and
Streptokinase with other injectable drugs. AmJ. Hosp. Pharm. 47 : 606-8, 1990.

** Frazin BS . Maximal Dilution of Activase, AM J Hosp. Pharm. 47, 1016, 1990.

*** Krause J : Catabolism of tissue-type plasminogen activator (t-PA) its variants, mutants and hybrids,
Fibrinolysis, 2, 133-42, 1988.

**** Deep-vein thrombosis and pulmonary embolism.

Lee et. al. 1990* : concluded that ‘alteplase’ must not be mixed in the same container with me-
dicinal compounds such as : dobutamine, dopamine, heparin or glyceryl
trinitrate, because there was indeed ample available evidence of incompat-
ibility ;

Frazin** (1990) : observed that dilution of a proprietory preparation of alteplase (Activase) to
0.09 and 0.16 mg . mL– 1 with 5% (w/v) glucose injection distinctly resulted
in the precipitation of the drug. Frazin made the following two observations :

(a) Alteplase is formulated with arginine as a solubilizing agent, and dilution with 5% (w/v)
glucose to concentration below 0.5 mg of alteplase per mL usually makes precipitation
possible, and

(b) Dilution with 0.9% (w/v) NaCl (i.e., Normal Saline Solution) is possible to concentrations
as low as 0.2 mg. mL– 1 before the precipitation becomes a risk.

Units : The activity of alteplase may be measured in terms of International Units (IU) by
employing the 2nd International Standard for the Tissue Plasminogen Activator established in 1987,
although it is an usual practice to express the doses by weight. The Specific Activity of alteplase is
580 000 IUs. mg– 1.

Pharmacokinetics : It has been duly observed that alteplase gets cleared from the plsma, chiefly
via metabolism in the liver.***

Uses and Mechanism of Action : The various applications and possible mechanism of action of
‘alteplase’ are as follows :

(1) It is a thrombolytic agent, which is a predominant representative of a single-chain form of
the endogenous enzyme tissue plasminogen activator meticulously produced by the
recombinant DNA technology.

Very much similar to the endogenous tissue plasminogen activator, it converts fibrin-bound
plasminogen to the corresponding active form of plasmin, thereby causing in marked and
pronounced fibrinolysis and dissolution of clots.

(2) Alteplase has almost negligible effect upon the circulating, unbound plasminogen ; and
hence, may be termed as a fibrin-specific agent. It was perhaps thought that fibrin specificity
could be an absolute necessity for minimising the prevailing risk of ensuing haemorrhage
intimately associated with the application of thrombolytics ; although the latest fibrin-
specific drugs usually give rise to appreciable bleeding in comparison to the non-specific
thrombolytics.

(3) Alteplase is employed very much akin to steptokinase both in the management and treat-
ment of thrombo-embolic disorders, specifically the myocardial infarction and venous
thrombo-embolism.****
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8.2. Humulin : Humulin(R)

Humulin : Humulin(R) is the branded product of the famous pharmaceutical manufacturer,
Lilly, containing human-insulin and its host of variants, being produced by it in different
countries across the globe.

Description of Insulin : Insulin is a pancreatic-hormone essentially involved in the regu-
lation of blood-glucose concentrations and also having a specific role in the protein and
lipid metabolism. In usual practice, the human, porcine, bovine or mixed porcine-bovine
insulin is administered to such patients having insulin-dependent diabetes mellitus in the
management and control of their blood-glucose concentrations. It may also be used neces-
sarily in certain non-insulin-dependent diabetics. Insulin is also an essential component of
the emergency management and control of diabetic ketoacidosis.

Drawbacks : The two most predominant drawbacks of insulin are as stated below :

(1) Hypersensitivity reactions may take place.

(2) Hypoglycaemia occurs most abundantly giving rise to serious complications of insulin
therapy.

Importantly, it has been established beyond any reasonable doubt that insulin is — ‘a hormone
produced by the β-cells of the islets of Langerthans of the pancreas and essentially comprise of two
separate chains of amino acids, the A and B chains, joined together by two disulphide bridges’.

It is, however, pertinent to mention here that the insulin produced by a variety of species specifi-
cally conforms to the same basic structure but has different sequences of amino acids in the chains.

Porcine, Human, and Bovine Insulins : The difference(s) in the three insulin variants are as
stated under :

Type of Insulin Molecular Formula Comments
(Molecular Weight)

Porcine Insulin C256H381N65O76S6 Differs from human insulin in only

[5777.6] one amino acid in the B-chain.

Human Insulin C257H383N65O77S6 —

[5807.7]

Bovine Insulin C254H377N65O75S6 Differs from human insulin not

[5733.6] only in this same amino acid in the

B-chain, but also in two other amino

acids in the A-chain.

Proinsulin : Proinsulin has been recognized as the precursor of insulin which happens to be a
single polypeptide chain incorporating the A as well as B chains of insulin usually connected by a
peptide known as the C-peptide (also called the connecting peptide). It has been adequately observed
and established that the insulins of various species may have more or less the identical composition ;
whereas, the composition of the proinsulins are not so, in that the number and sequence of amino acids
present in the C-peptide may vary significantly.



GENETIC RECOMBINATION 165

* Steiner DF et al. Recent Prog. Horm. Res. 25 : 207-282, 1969.

Steiner et al.* (1969) reported that insulin gets synthesized by the islet β-cells from a single-
chain, 86-amino acid polypeptide precursor and proinsulin. The latter is eventually synthesized in the
polyribosomes of the prevailing rough endoplastic reticulum of the β-cells obtained subsequently from
an even larger polypeptide precursor termed as preproinsulin. Besides, the B chain of preproinsulin is
extended at the NH2

– terminus by at least a cluster of 23 amino acids. Subsequently, proinsulin passes
through the Golgi apparatus and rightly enters the storage granules, where ultimately the actual conver-
sion to insulin takes place.

Importantly the actions of such proteolytic enzymes as : endopeptidase and thiol-activated
carboxypeptidase, eventually upon proinsulin finally give rise to the formation of equimolar quantum
of insulin along with the connecting C-peptide. It has been observed that the resulting insulin molecule
essentially comprises of chains A and B, having 21 and 31 amino acid residues, respectively. The afore-
said two chains are in turn connected by two disulfide linkages, with an extra disulfide linkage strategi-
cally positioned within chain A as illustrated in Fig. 2.14.
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Fig. 2.14. Conversion of Proinsulin to Insulin.
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There are, in fact, five different types of insulins as stated below :

(i) Conventional insulins,

(ii) Single-peak insulins,

(iii) Highly purified insulins,

(iv) Monocomponent insulins, and

(v) Purified insulins.

These five variants of insulins shall now be treated individually in the sections that follows :

A. Conventional Insulins : The earlier commercial insulins were actually derived by extrac-
tion from bovine or porcine or mixed bovine and porcine pancreases, and were subjected
to subsequent purification by recrystallization only. The insulins produced by such well-
specified methods were invariably termed as : ‘conventional insulins’ simply to distinguish
them from insulins that have been further purified by several techniques.

Fractionation of Extracts : An extract of ‘insulin’ that has been recrystallized only once
may be separated into three distinct fractions or components usually termed as the ‘a’, ‘b’,
and ‘c’ fractions. The composition of each separated component is as given below :

Component ‘a’ : It consists of largely high molecular weight substances. It is only usually
observed in very impure preparations because repeated recrystallization
will help to discard most of it.

Component ‘b’ : It consists mostly of proinsulin and insulin dimers.

Component ‘c’ : It consists of insulin, insulin esters, arginine insulin, and desamido in-
sulin respectively.

Note : A number of pancreatic peptides e.g., glucagon, pancreatic polypeptide,
somatostatin, and vasoactive instestinal peptide are also invariably found in products
that have not undergone any additional purification.

B. Single-peak Insulins : The sophisticated analytical technique, gel filtration, shall afford a
significant reduction in the content of pancreatic peptides or insulin derivatives. Hence, the
products purified by gel filtration are generally called as single-peak insulins.

Note : Gel permeation and size-exclusion chromatography (SEC) are the other nomen-
clatures of the gel filtration process.

C. Highly Purified Insulins : In addition to gel filtration the crude product may be further
purified by ion-exchange chromatography (IEC) that will further lower the proinsulin
content, and may also reduce the contamination caused by insulin derivatives and pancre-
atic peptides. An insulin product, specifically in Great-Britain, that has been duly purified
by gel-filtration and ion-exchange chromatography is termed as highly purified insulins.

D. Monocomponent Insulins : In UK, the insulin product obtained by the purification of gel-
filtration and ion-exchange chromatography is commonly known as monocomponent
insulins.

E. Purified Insulins : Food and Drugs Administration (FDA) in USA has designated the ter-
minology ‘purified insulins’ for such preparations prepared in the same manner ; and con-
taining essentially less than 10 ppm of proinsulin.



GENETIC RECOMBINATION 167

These days much of the insulin produced has the amino-acid sequence very much similar to
that of the human insulin. In actual usage there are several human-insulin variants, such as :

Human insulin (emp) : produced by the enzymatic modification of insulin obtained from the
porcine pancreas. It is also known as semisynthetic human insulin.

Human insulin (crb) : produced by the chemical combination of A and B chains that have
been duly obtained from bacteria genetically modified by recombinant
DNA technology.*

Human insulin (prb) : produced by proinsulin obtained from bacteria genetically modified
by recombinant DNA technology.*

Human insulin (pyr) : produced from a precursor obtained from a yeast genetically modi-
fied by recombinant DNA technology.*

Structurally Modified Insulins

The structurally modified insulins are invariably produced via chemical modification of the
insulin molecule. A few typical examples are cited as under :

(a) Dalanated Insulins : It is prepared by the careful removal of the C-terminal alanine from the
prevailing B-chain of insulin.

(b) Insulin Defalan : It is prepared by the critical removal of the terminal phenylalanine.

(c) Sulphated Insulin : The introduction of sulphated moieties at strategical locations of the
amino acid chain.

Note : None of these insulins (a) through (c) have received any recognition and wide
usages.

Insulin Argine and Insulin Lispro have been developed quite recently. Based upon the
recombinant DNA technology several insulin analogues have been developed with altered
pharmacokinetic profiles in the recent past ; some of which are under progressive clinical trials and
evaluations.

Table : 2.3 summarizes the various versions of Humulin, name of manufacturers, composition ;
and therapeutic usage.

Table 2.3. Summary of Humulin(R) Variants

S.No. Humulin(R) Manufactured Composition Usage

Variants By

1. Humulin 70/30 Lilly, USA Mixture of isophane insulin suspen- Diabetes

sion (human, crb) 70% and insulin mellitus

injection (human, crb) 30%

* Human insulin obtained by recombinant DNA technology is sometimes termed biosynthetic human
insulin.
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2. Humulin 20/80, Lilly, South Mixtures of insulin injection

30/70, and 40/60 Africa (human) and isophane insulin —do—

injection (human) respectively in

the proportions indicated.

3. Humulin 10/90, Lilly, Canada Mixtures of insulin injection

20/80, 30/70, (human, prb) and isophane insulin —do—

40/60, 50/50 injection (human, prb) respectively

in the porportions indicated.

4. Humulin BR Lilly, USA Buffered regular human insulin (crb) —do—

5. Humulin I Lilly, Italy Isophane insulin injection (human) —do—

6. Humulin L Lilly, Australia Insulin zinc suspension (human, prb) Diabetes

mellitus

7. Humulin Lente Lilly, UK Insulin zinc suspension (30% amor- —do—

phous, 70%, crystalline) (human prb)

8. Humulin M1, M2, Lilly, UK Mixtures of insulin injection

M3, M4, M5 (human, prb) 10%, 20%, 30%, 40%

and 50% and isophane insulin —do—

injection (human, prb) 90%, 80%,

70%, 60% and 50% respectively.

9. Humulin U Lilly, USA Insulin zinc suspension (crystalline —do—

Ultralenta (human, prb)

10. Humulins NPH Lilly, Belgium Insulin suspension (human, —do—

biosynthetic)

11. Humutard Lilly, Sweden Insulin zinc suspension (human) —do—

(amorphous 30%, crystalline 70%)

8.3. Humatrope(R) ; Growth Hormone

Growth hormone is an anabolic hormone secreted by the anterior pituitary which stimulates tissue
growth and anabolism. It is found to affect fat, carbohydrate and mineral metabolism.

8.3.1. Somatropin BAN, USAN, INN Humatrope(R) ; Umatrope(R) ; B.P. ; Eur. P.,
Description : It is a synthetic human-growth hormone essentially possessing the normal struc-

ture of the major (22K) component of natural human pituitary growth hormone. It comprises of a single
polypeptide chain of 191 amino acids having disulphide linkages between positions 53 and 165, and
between 182 and 189.

The actual ‘method of production’ of the growth hormone is clearly indicated on the ‘label’, for
instance :
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epr : indicates production by enzymatic conversion of a specific precursor produced by a bac-
terium genetically modified by recombinant DNA technology.

rbe : indicates production from bacteria genetically modified by recombinant DNA technology.

rmc : indicates production from genetically engineered and transferred mammalian (mouse) cells.
Storage : Samotropin needs to be stored at 2-8°C in perfect airtight containers particularly in dosage

forms of not less than 2.5 units. mg– 1. However, the bulk solution must be stored at – 20°C in airtight,
containers.

Units : One Ampoule of the First International Standard (1987) : 4.4 units of the human
growth hormone (somatropin) are contained in 1.75 mg of freeze-dried purified human growth hor-
mone, with 20 mg of glycine, 2 mg of mannitol, 2 mg of lactose, and 2 mg of sodium bicarbonate.

International Reference Reagent for Somatropin (1993)*

1 mg of the first International Reference Reagent for Somatropin (1993) can be assumed, for the
purpose of formulation of therapeutic as well as diagnostic products to possess the equivalent of 3IU of
growth hormone activity. Very much in line with the above statement of facts the European
Pharmacopoea states categorically that — ‘1 mg of anhydrous somatropin is equivalent to 3IU of
biological activity.

Pharmacokinetics : Somatropin is well-absorbed after subcutaneous or IM injection. After IV
injection it has a half-life of about 20-30 minutes ; however, after subcutaneous or IM administration the
prevailing serum concentrations usually decline having a half-life of 3-5 hours, on account of the rela-
tively more prolonged release from the site of injection. It is found to be metabolised in the liver and
excreted in bile.

Uses and Mechanism of Action : Somatropin is a synthetic human growth hormone ; and
Somatrem is its corresponding methionyl analogue. The ‘drug’ promotes the growth of muscular,
skeletal, and other tissues, stimulates protein anabolism ; and also affects fat and mineral metabolism.
The hormone exhibits a diabetogenic action upon the carbohydrate metabolism specifically.

The secretion is observed to be pulsatile and solely depends upon the neural and hormonal
influences, such as : (a) hypothalamic release-inhibiting hormone e.g., somatostatin, and (b) hypothalamic
releasing hormone e.g., somatorelin. In fact, there are certain physical and physiological factors that
largely influence an enhanced secretion of the growth hormone, such as : sleep, emotional stress, and
hypoglycaemia.

8.4. Hepatitis B [Recombivax HM (Merck) — A Hepatitis B Vaccine]

The Recombivax HB (Merck), a hepatitis B vaccine, is one of the most recent and significant
developments in the field of recombinant DNA technology, that essentially comprise of highly specific
antibodies which act like magic bullets.

It has been duly observed that hepatitis tends to cause a severe acute infection and may ulti-
mately lead to chronic infection and permanent liver damage. It is essentially caused by hepatitis B
virus (HBV) ; and recognized as an enveloped and double-stranded DNA virus. It has been adequately
revealed through meticulous studies that individuals who are at the most vulnerable and greatest risk for
infection include : IV-drug abusers (e.g., morphine/heroin addicts) ; homosexual men ; HBV-infected
mothers ; and above all the health care workers. It is now almost mandatory under stringent law-enforc-

* WHO :WHO Expert Committee on Biological Standardization ; 44th Report, WHO Tech. Rep. Ser. 848,
1994.
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ing authorities that ‘Blood Banks’ must now routinely screen for the HBV-antigens, which practice has
substantially minimised the obvious exposure and risk for infection in persons requiring multiple trans-
fusions. Previously called serum hepatitis. Importantly, the hepatitis B infection may be prevented
through a vaccine created using recombinant DNA technology. However, complete protection can be
accomplished via two vaccinations 1 month apart and a third dose 4 months later ; an increased anti-HBs
antibody titer value evidently shows successful vaccination. The following categories of person(s) must
be vaccinated :

• All health care staff members

• Patients with renal disease requiring hemodialysis

• Police personnels and other public safety workers

• Family members and sexual partners of those infected with HBV

• Persons who travel frequently and extensively abroad.

Note : The Centres for Disease Control and Prevention (CDCP) recommends that pregnant
women should be meticulously tested for HBs Ag so that the newborns can be vaccinated.

Caution : Individuals who have not been vaccinated against HBV and receive a needle stick or
mucous membrane contact either with blood or with other body secretions should immediately
contact their occupational health department.

Fig. 2.15 evidently illustrates the various steps being followed in a sequential manner with regard
to the production of a genetically engineered vaccine e.g., Hepatitis B Vaccine.

HEPATITIS VIRUS 
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Fig. 2.15. A Schematic Diagram Illustrating a Genetically Engineered Vaccine.

[Adopted from : Remington : The Science and Practice of Pharmacy, Vol. 1 20th, edn. 2000]
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Step 1 : Genetic material (DNA) is dul extracted from the ensuing hepatitis virus. At this stage
the ‘surface proteins’ essentially provoke an immune response.

Step 2: The ‘individual genes’ are adequately analyzed and identified.

Step 3 : The ‘specific gene’ which categorically directs production of surface protein is located
carefully.

Step 4 : In this most critical steps the gene is removed from the viral DNA and inserted into the
plasmid carefully.

Step 5: The plasmids are meticulously inserted into the corresponding yeast cells.

Step 6 : Yeast is allowed to grow via fermentation. In this manner the cells reproduce and gener-
ate more quantum of surface protein.

Step 7 : After a duration of 48 hours the corresponding yeast cells are ruptured to free the ensu-
ing ‘surface protein’. The resulting mixture is duly processed so as to extract the purify
the surface protein.

Step 8 : A large amount of surface protein particles, in its purest form, are obtained which
ultimately provoke an immune response effectively.

Step 9 : The resulting surface proteins are adequately mixed with appropriate preservations
together with other ingredients to obtain the vaccine.

Antigenic Markers for HBV-Infection

In fact, there are three antigenic markers that have been duly identified for the HBV infection,
namely :

(a) HBsAg : a surface antigen located on the viral envelope that represents one of the earliest
markes and appearing in the blood during incubation,

(b) HBeAg : obtained from the protein capsid surrounding the DNA, and also is a marker for
causing active infection, and

(c) HBc : A core antigen that does not circulate in the blood, and helps in the stimulation of
the production of the primary antibodies against HBV. These antibodies are not
protective and, hence, provide no immunity.
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PROBABLE QUESTIONS

1. What do you understand by the terminology ‘Genetic Recombination’ ? Explain the fol-
lowing terms in this context :

(i) Natural genetic experiments (ii) In-breeding

(iii) Cross-breeding (iv) Third revolution in modern medicine.

2. Explain the theoretical aspects with typical examples of the two vital and major groups of
foreign DNA (or transgenes) :

(a) Agrobacterium Mediated Gene Transfer

(b) Direct Gene Transfer.

3. Discuss any three of the following well-defined and distinct methodologies employed for
the ‘Direct Transfer of Gene’ :

(i) Particle gun delivery (ii) Lipofection

(iii) Microinjection (iv) Macroinjection

(v) Laser-induced gene transfer (vi) Fibre-mediated gene transfer.

4. ‘Manipulation of genetic material in organisms is accomplished by three different ways viz.,
(a) Organismal ; (b) Cellular ; (c) Molecular’.

Expatiate the above statement with appropriate examples.

5. Discuss Recombinant DNA Technology in an elaborated manner. How would you
diagramatically show the various stages of ‘gene splicing’ and recombinant DNA tech-
nology ?

6. How would you explain Protoplast Fusion ? Describe the various aspects of (a) Spontane-
ous fusion, and (b) Induced fusion with the help of diagram and suitable examples.

7. Give a brief account on ‘Gene Cloning’. Explain explicity any five important aspects re-
lated to the Cloning Process with diagrams wherever required.

8. Write a comprehensive eassy on the ‘Development of Hybridoma for Monoclonal Antibod-
ies (MABs).

9. Discuss any two of the following ‘drugs’ produced by the help of Biotechnology :

(i) Alteplase (ii) Humulin

(iii) Humatrope (iv) Hepatitis B [Recombivax HM (Merck)].



1. HISTORICAL DEVELOPMENT OF ANTIBIOTICS

Paul Vuilemin (1889) was the first and foremost scientist who vehemently promulgated the very
concept of ‘antibiotic’ activity to introduce the terminology ‘influences antibiotiques’ (or antibiotic
influences) in order to describe the prevailing negative interactions amongst the animals and plants.*
Later on, Walksman (1940s) eventually coined the term ‘antibiotic’ and also introduced a plausible
definition as — ‘a chemical substance derived from microorganisms which has the capacity of inhibit-
ing growth, and even destroying, other microorganisms in dilute solutions’.**

Another school of thought advocates that the natural product antibiotics essentially comprise
of a specific category of chemical entities invariably termed as the secondary metabolites. Besides, on
a rather broader perspective such substances may be characterized for possessing chemical structures
which are found to be quite unusual when compared with those of the intermediary metabolites. Nev-
ertheless, such natural product antibiotics, are being generated at an extremely low ebb specific growth
rates, and also supported by the fact that these are not absolutely essential the growth of the ‘producing
organisms’ in a pure culture medium. In fact, the ‘antibiotics’ are observed to be of highly critical
nature with respect to the producing organisms in their usual natural environment because their pres-
ence is an absolute must not only for the survival but also for the competitive advantage.***

However, the most widely accepted definition of an ‘antibiotic’ promulgated by the scientific
jargons is — ‘a chemical substance produced by a microorgansims, that has the capacity, in low con-
centration, to inhibit or kill, selectively, other microorganisms’.

Importantly, the aforesaid definition**** lays particular emphasis on the terminologies like ‘se-
lectively’ or ‘selective toxicity’ that explicitely suggests that the substance either checks the growth of
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* Levy SB : The Antibiotic Paradox : How Miracle Drugs Are Destroying the Miracle, Plenium Press,
New York, 1992.
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pathogens or exerts a bactericidal action on the microbes without displaying a similar action on the host
organisms i.e., the humans.

Interestingly, one may evidently observe from the above cited definition(s) that critically ex-
cludes the plethora of never medicinal compounds essentially having the pure synthetic genesis (origin).
In reality and actual practice, these ‘synthetic substances’ are virtually treated at par with the host of
natural compounds together with their respective derivatives under the terminology ‘antimicrobials’
that could be further sub-divided predominantly into two categories namely : antifungals and
antibacterials depending on the specific type(s) of microbe undergoing inhibition. Therefore, in order
to circumvent the practical aspects, both the terminologies, viz., ‘antibiotic’ and ‘antimicrobial’ may
be used effectively and interchangeably irrespective of the specific source of the chemical entity.

In general, the ‘antibiotics’ are produced on a large scale by three well-known and defined
methodologies, such as : (a) fermentation process ; (b) semi-synthetic process ; and (c) synthetic
process. A tremendous quantum leap and qualified successful diversification in the specific field of
‘biotechnology’ has helped the first two processes (i.e., ‘a’ and ‘b’) in accomplishing an enormous
enhancement in the rate of production as well as improved upon their yield and purity.

Antibiotic Development : The latest progressive trend in the logistic aspects of antibiotic de-
velopment may be observed vividly by the under mentioned sequence of goals and objectives, such as :

• To screen and evaluate different types of sources of microorganisms for the detection of
purposeful antagonism.

• To identify and select modified versions of microbial mutants, establish optimal environ-
mental and nutritional conditions, and to develop suitable technique(s) for the recovery of
antibiotics from cultures,

• To induce the production of particular desired metabolites,

• To improve upon and modify the fermeutative metabolites either by the aid of biological and
chemical manipulations to accomplish more useful antibiotic substances,

• To develop an elaborated methods for the ‘total synthesis’ of antibiotics from ab initio for a
feasible economic advantage, and

• To make use of an ‘adjunct agent’ to distinctly enhance the impact or availability of an
antibiotic.

2. ANTIMICROBIAL SPECTRUM AND METHODS USED FOR THEIR
STANDARDIZATION

Microbiology, in particular clinical medical microbiology, is a scientific discipline chiefly con-
cerned with the isolation and subsequent identification of causative disease-producing microorgan-
isms (or pathogens) : bacteria, fungi (including yeast), viruses, rickettsia, and parasites.

In general, there are well-defined specific as well as non-specific techniques available with re-
gard to the isolation and identification of the ‘suspect organisms’ as stated under :

• Propogation on an appropriate primary culture media,

• Selective isolation on special (specific) culture media,

• Application of appropriate living host maerial e.g., mouse, embryonated egg, tissue culture and
the like,
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• Determination of morphological features of the organism,

• Determination of staining characteristics of the organism,

• Confirmation by biochemical analysis, and

• Confirmation by immunochemical analysis.

In actual practice, however, appropriate ‘animal inoculation’, wherever applicable, may be used
to establish pathogenicity. It is pertinent to mention here that for accomplishing the final differentiation
and confirmation process one has to take into consideration the prime variables directly associated,
namely : site, timing, technique (aseptic), instrumentation, and transportation of clinical specimens.

Specific Tests* : There are three specific test that may be used to identify the pathogens, namely :

(a) Enzymatic and Immunological Tests : The introduction of rapid manual enzymatic and
immunological test kits have enormously enabled to identify the presence of ‘pathogens’ in
the cerebrospinal fluid (CSF) analysis.

(b) Coagglutination Tests : In this specific tests, the particular antibody is bound to protein A
on the surface of a staphylococcal cell, and the very presence of antigen causes agglutination,
and

(c) Latex-Agglutination Tests : In this particular tests a specific antibody gets coated onto the
latex particles and when an antigen is present, the latex particles are visible distinctly.

The various pathogenic organism(s), its type, occurrence and the identification tests have been
duly summarised in Table 1 given below :

Table 1 : Identification Test of Various Pathogenic Organism

S.No. Organism Type of Occurrence Identification Test
Organisms

1. Staphylococcus Gram + ve Normal human skin, It is based on colonial (pigmentation)
aureus mucous membranes, and microscopic morphology (grape-

(Micrococcus frequently associated like clusters), positive catalase pro-
pyrogens var with abscesses, duction, positive coagulase production

aurens) septicemia, endo- (staphylocoagulase plasma clotting

carditis, and oste- factor), and positive mannitol
omyelitis. fermentation.

2. Streptococcus Gram + ve Associated with Streptococcal groups are identified by

pyrogenes tonsillitis or pharyn- precipitin tests with group specific

gitis, erysipelas, antisera for A, B, C, D, F and G
pyoderma, and
endocarditis.

3. Neisseria Grame – ve Vinereal disease It is based on the primary isolation
gonorrhoeae gonorrhoeae of the gonococcus from urethral

exudates on chocolate agar or Thayer-

Martin medium. The microscopic

* Kuhn PJ. Mod Lab Observer : 108 (Sept.) 1983.
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* 1. A + ve oxidase test by Gram – ve diplococci isolated on TM medium constitutes a presumptively + ve test
for N. gonorrhoeae.

2. Final identification rests on typical sugar fermentation or specific (fluorescent antibody) staining.

examination of Gram – ve intracellular
diplococci resembling the gonococcus

supports a positive diagnosis of
gonorrhea. The presence of oxidase
enzyme activity of the gonococci is
usually carried out by a reaction with

p-dimethyl aminoaniline, that spe-
cifically changes oxidase – positive
colonies balck.*

4. Enteric Grame – ve Stated under Enteric bacilli may be primarily
bacilli ‘organism’ isolated or selective and differential

(Enterobacte- infusion agar e.g., Mac Conkey and
riaceae), such eosin-methylene blue (EMB) ;

as : besides, enrichment media e.g.,
Shigella spp. : tetrathionate and salenite broth.
dysentry : Leifson’s
Salmonella deoxycholate
typhi : typhoid citrate agar
fever ; Esch- (LCD)
erichia coli, OR
Proteus spp., Salmonella-

and Pseudo- Shigella agar

monas spp. : (SS)
urinary tract Brilliant
and tissue green agar BG
infections ; and

Klebsiella Bismuth
spp. : pul- sulphite
monary agar (BS)
infections ;

Identification/confirmation of
enteric bacilli may be carried out
by a host of serological tests and
biochemical reactions e.g.,
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* Blood, sputum, urine, cerebrospinal fluid (CSF), vesicular fluids etc.

(i) H2S — production (triple - sugar

iron agar) ;
(ii) Acetylmethyl carbinol production ;
(iii) Indole production ;
(iv) Citrate utilization ;

(v) Activity of various enzymes e.g.,
urease, lysinase, and arginine
decarboxylase ; and phenylalanine
deaminase.

Antimicrobial Susceptibility Tests : It may be defined as — ‘a determination of the least amount
of an antimicrobial chemotherapentic agent that will inhibit the growth of a microorganism in vitro,
using a tube-dilution method, agar-cup method, or disk-diffusion method’.

However, the antimicrobial susceptibility test may serve as a vital and critical help essentially
needed by the physician in the judicious and precise selection of a chemotherapeutic agent. It is also
pertinent to state here that the exact concentration of the antimicrobial agent in the body fluids* may
be estimated by ‘biological assay’ with the aid of an ‘organism’ having a known susceptibility (prede-
termined) for the specific agent in question.

Laboratory Diagnosis of Viral Infections : In actual practice, the laboratory diagnosis of sev-
eral viral infections is exclusively based upon the following five cardinal factors, namely :

1. Examination of the infected tissues for actual pathognomonic changes or for the presence of
viral material.

2. Isolation and identification of the viral agent.

3. Demonstration of an appreciable enhancement in the ‘antibody titer value’ to a given virus in
the span of the illness.

4. Detection of viral antigens present in lesions by employing fluorescein-labeled antibodies.

5. Electron microscopic examination of either the tissue extracts or the vesicular fluids.

Secrological Tests : It is a common practice to use ‘blood’ for carrying out the serological tests,
but quite rarely for virus isolation. However, it is absolutely important and vital that both acute and
convalescent-phase blood specimens should be examined thoroughly in parallel to estimate precisely
whether ‘antibodies’ have appeared, lowered or enhanced in the ‘titer value’ in the span of the disease.

Examples : A few typical examples of ‘human viral infections’ are as enumerated under :

• Respiratory infections (e.g., Adenovirus group)

• Diseases of the nervous system (e.g., Polio and Coxsackie viruses of the picornavirus group)

• Small pox (Poxvirus group)

• Measles (Paramyxovirus group)

• Chicken pox (Herpesvirus group)

• Influenza (Myxovirus group)
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* A sporozoan nourished by its hosts during its growth stage.

Clinical Parasitology : It is indeed a well-defined science that is exclusively concerned with the
parasitic protozoa (amoeba), the helminths (cestodes, tapeworms ; trematodes, flukes ; nematodes,
roundwarms), and the arthopods.

Identification of Protozoan Ova : It is based upon the detailed microscopic morphological
studies (including nuclei) by making use of wet mounts (e.g., saline or iodine) or strained prepara-
tions (e.g., iron, hematoxylin) obtained from fecal specimens (fresh or preserved with polyvinyl alco-
hol) that have been adequately concentrated by sedimentation, centrifugation, or floatation tech-
niques.

Example : Amebic Dysentry : Specifically, in the fecal specimens the presence of trophozoite*
and/or cystic stages could be detected along with intestinal protozoa, as in the case of amebic dysentry
usually caused by Entamoeba histolytica.

Serodiagnosis of Parasitic Diaseases : Serodiagnosis essentially concerns with the diagnosis
by observing the reactions of blood serum. Importantly, the serodiagnosis of parasitic diseases includes
the following critical ‘tests’, namely :

Immunodiagnositic Tests : Complement-fixation (trichinosis) ; precipitin test (schistosomiasis) ;
bentonite flocculation (ascariasis) ; hemagglutination (echinococcosis) ; latex agglutination (trichino-
sis) ; cholesterol flocculation (schistosomiasis) ; fluorescent antibody (malaria) ; and methylene-blue
dye test (toxoplasmosis).

Methods Used for Standardization of Antibiotics

Official compendia invariably make use of the terminology ‘antibiotic’ that essentially desig-
nates a ‘medicinal preparation’, containing an appreciable quantum of a chemical entity which is caused
to produce naturally by a microorganism or by a semi-synthetic route artificially, and that possesses the
inherent ability to either destroy (bactericidal effect) or inhibit (bacteriostatic effect) microorganisms in
relatively dilute solution.

Following are some of the standardization certification of various ‘antibiotics’ in a chrono-
logical order :

Year Event

1938 : Federal Food, Drug and Cosmetic Act — Introduction in stages of the ‘batch

certification of antibiotics’ meant for human or verternary applications.

1945 : Penicillin

1948 : Streptomycin

1949 : Aureomycin, Bacitracin and Chloramphenicol.

1962 : Kefauver-Harris Amendments — as part of these amendments it was mandatory
for the ‘batch certification’ of all antibiotics intended for human use.

1982 : Federal Drug Authority (FDA)-USA issued regulations which totally exempted
the ‘antibiotics’ from the batch certification requirements so long as the articles
complied with standards ; however, section 507 (i.e., related to certification of
Antibiotics) remains intact and hence applicable.

Federal Register (USA) : It essentially incorporates the ‘Standards of Potency and Purity for
Antibiotics’ as established and determined by the FDA in the form of regulations published from time
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to time. It is, however, pertinent to mention here that as all recognized antibiotics are automatically
subject to the provisions of the regulations, these eventually determine the official standards.

The following three cardinal points may be taken into consideration with regard to the ‘assay’
i.e., standardization of Antibiotics, such as :

(1) FDA-regulations governing all aspects of antibiotics testing are extremely detailed and are
subject to periodic amendment,

(2) FDA-regulations need to be referred to with regard to the ‘prescribed methods’ for the
assay of individual antibiotics and their preparations, and

(3) While evaluating the potency of ‘antibiotics substances’, the actual and apparent measured
effect is the ‘degree of inhibition’ of the growth of a suitable strain of microorganisms i.e.,
the ultimate prevention of the multiplication of the ‘test organisms’.

The procedures usually employed in the ‘microbial assay of antibiotics’ may be categorized
under two heads, namely : (a) Cylinder-Plate Method ; and (b) Turbidimetric Method, which shall now
be treated briefly as under :

2.1. Cylinder-Plate Method

The cylinder-plate method of assay of antibiotics potency is solely based upon the measure-
ment of the specific diameter of ‘zones of microbial growth inhibition’ immediately surrounding
cylinders containing various dilutions of the ‘test compound’ i.e., the substance under investigation,
that are carefully placed on the surface of a solid nutrient agar medium previously inoculated with the
‘culture’ of an appropriate organism. In actual practice the zone of inhibition caused by the test com-
pound is meticulously compared with that produced by a known concentration of a pure ‘Reference
Compound’.

2.2. Turbidimetric Method

The turbidimetric method of assay of antibiotics potency is exclusively based upon the inhibi-
tion of microbial growth as indicated by the corresponding measurement of the turbidity (i.e., trans-
mittance) of suspensions of an appropriate organism in a fluid medium into which the graded amounts
of the ‘test compound’ have been added duly. Consequently, the changes in the transmittance caused by
the ‘test compound’ are duly compared with those resulted by known concentrations of the Reference
Standard.

Note : (1) Comprehensive account of appropriate microbial assays for specific antibiotic(s)
(viz., cylinder-plate or turbidimetric method) has been duly included in the 4th through
6th and 8th supplements of USP 23-NF 18.

(2) The ‘test organisms’ recommended for each antibiotic have been duly incorportated in
these aforesaid supplements.

3. SCREENING OR SOIL FOR ORGANISMS PRODUCING
ANTIOBIOTICS

‘Soil’ — is nothing but the upper layer of the earth. Ample studies and researches have substan-
tially revealed and established the dictum that — soil is the best available source from which one may
obtain ultimately a broad spectrum of viable ‘microorganisms’.
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Therefore, to ascertain the ‘screening approach’ in an effective and justifiable manner, one may
have to rigorously explore ‘soil’ as a natural microbial source which essentially comprises of various
kinds of microorganisms. It is absolutely immaterial whether a relatively large section of these organ-
isms may or may not be recognized to exhibit the biosynthetic abilities of genuine interest. It is, how-
ever, pertinent to state here that there exists another unexplored possible source which could prove to be
‘Meckenzie’s Gold’ i.e., an unbound source of microorganisms, such as : ocean water and marine mud.
Interestingly, there are several other viable and enormous plausible sources of useful microorganisms,
namely : compost, domestic sewage undergoing treatment, manure, rumen contents, and decomposed
feed stuffs or foodstuffs.

At this juncture, one may raise a crucial and an extremely pivotal question that — ‘why is soil
invariably regarded to be the ideal source from which to obtain diverse types of microorganisms ?’ The
various logical explanations to the above issue may be summarized as given below :

(1) A sizable quantum, of the ‘debris of the world’ finds its normal passage either onto or into
the soil ; and ultimately gets adequately decomposed by one microorganism or the other.

(2) ‘Soil’ may be thought of as being of a specified kind of ‘huge natural fermentation vat’
wherein a plethora of organisms are actively engaged not only in the actual decomposition
and resynthesis of simple to complex organic materials, but also in carrying out effectively
the process of oxidation, reduction and other chemical changes pertaining to inorganic
materials.

(3) It has been duly demonstrated and established that more than one type, and often many
types, of soil microorganisms are invariably capable of performing each of these individual
chemical or biochemical transformation.

(4) Though a large volume of different types of microorganisms do occur in the soil ; however,
it is not yet so clear and evident that actually upto what extent of these organisms, as on date,
been pinned down and isolated in the form of purest laboratory culture.

Explanations : In fact, a host of researchers have more or less determined and established
that both plate counting and isolation procedures as applicable to total numbers and types
of the soil microorganisms, even though employing the best recognized media and incuba-
tion parmeters, perhaps would allow less than 1% of the soil microorganisms to be grown in
the laboratory logistically. Obviously, these ‘microorganisms’ urgently need the ‘magic touch’
for someone to evolve a suitable medium and cultural parameters will permit their adequate
growth in the laboratory environment ultimately.

Evidently, it is of an immense interest and great value to one who wishes to isolate organisms
having predominant newer biosynthetic capabilities, as it vividly indicates that, at least with
soil, there exist a plethora of microorganisms not reported or described previously that are
just waiting to be isolated and evaluated in the near future.

(5) Importantly, soil also admits a certain extent of manipulation in the relative degrees of the
various components of its microbial population just prior to the articulated procedures adopted
for screening and isolation.

(6) Nutrients : The availability of nutrients in soil is invariably found to be relatively at low ebb ;
and, therefore, the prevailing microbial competition for these nutrients is quite prevalent. In
case, a highly desired and specific nutrient is timely incorporated to the ‘moistened soil’,
and the treated soil is duly incubated then a relatively much appreciable larger growth
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response takes place amongst the ensuing soil microorganisms that are capable of attacking
this specific nutrient thereby rendering the isolation of these particular organisms much
simpler and convenient. In other words, one may accomplish judiciously the ‘enrichment in
soil’ for specific microorganisms of our interest.

(7) In the same vein, the resulting soil may be adequately incubated in a particular liquid
laboratory culture media so as to cause enrichment for specific organisms before an isolation
is commenced. However, a natural phenomenon of enrichment invariably takes place in the
soil located in the viccinity of plate roots ; and,  therefore, the prevailing microorganisms in
the specified area may be found out to be quite different from those existing in the ‘adjacent
soil’ not duly penetrated by roots. In actual practice, this ‘rhizosphere effect’ is afforded by
root secretions and dead or sloughed debris of root would serve as microbial nutrients.

3.1. Screening

Screening may be defined as — ‘the application of highly selective, specific and sophisticated
sequential procedures to make the detection and isolation of only such microorganisms that are of
genuine interest out of a large microbial population’.

Concept of Screening : The various underlying concepts of screening essentially include :

(1) Segregation of Viable Microorganisms : It should be highly effective in the sense that either
a few steps of a single step would be able to discard a major portion of the relatively not-so-
useful microorganisms ; whereas, simultaneously allowing the rapid and fast detection of the
small percentage of viable and useful miroorganisms which are usually present in the popu-
lation.

Example : In industrial research programmes an attempt is made from a natural microbial
source e.g., soil is diluted to obtain a ‘cell concentration’ in such a fashion that when aliquots
spread, sprayed, or applied onto the surfaces of sterilized agar plates, in an asceptic condition,
shall give rise to countable. Colonies not essentially touching the neighbouring colonies.

(2) Detection of Microorganisms by Colour Change : The various types of microorganisms
yielding organic acids (attributing acidic characteristics) or amines (attributing basic fea-
tures) generated from various carbon substrates quite often may be detected conveniently by
the incorporation of a pH indicating dye, for instance : bromothymol blue or neutral red,
into a slightly buffered agar nutrient medium. In actual practice, the production of these
aforesaid ‘chemical entities’ is invariably indicative by exhibiting a definite change in col-
our of the previously incorporated indicating dye in the periphery of the ensuing colony to a
‘colour’ showing either an alkaline or an acidic reaction. However, the usefulness of this
‘specific methodology’ may be augmented appreciably if a media having much higher buffer
capacity are utilized so that only such microorganisms which are responsible solely for pro-
ducing significant quantum of either the ‘amine’ or the ‘acid’ can effectively induce charac-
teristic changes in the colour of the dye.

Drawbacks : The various drawbacks of this technique are as enumerated under :

(a) It fails to give a definite indication about which amine or organic acid has been produced
actually. Hence, it should be immediately followed by further testing with the help of
certain well-known analytical procedures e.g., paper chromatography, electrophoresis
so as to determine and establish whether the acidic or basic product really is one of
interest.
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(b) Importantly, in such an event where colonies of microorganisms by virtue of this initial
screening procedure, seem to possess ‘appreciable fermentative potential’ must im-
mediately be subjected to purification ; and, therefore, subcultured subsequently onto
slants of an appropriate agar medium to be maintained adequately as ‘stock cultures’
during further testing devices.

(c) Sometimes, it is indeed quite discouraging to discover a specific organism exhibiting
‘excellent fermentative potential’ only to observe that, via erroneous technique, either
contamination or for other reasons, the culture in question has been lost ultimately.

(3) Microorganisms for Producing Antibiotics : In the recent past, the ‘screening approach’
has been exploited both extensively and intesively in the meticulous search for viable and
specific microorganisms that are exclusively capable of producing antibiotics of interest to
combat drea human diseases.

Crowded-plate Technique : It is one of the simplest screening techniques invariably em-
ployed by the ‘antibiotic producers’. In fact, this technique has an added advantage for
exclusively looking for microorganisms which produce on ‘antibiotic’ without any specific
consideration whatsoever about the types of microorganisms that may be sensitive to the
antibiotic.

Methodology : The various steps involved are as follows :

(1) First of all, the ‘soil’ or anyother source of microorganisms is adequately diluted only to a
cell concentration in such a manner that the agar plates normally prepared from these dilu-
tions shall be crowded with individual colonies on the surface of the agar i.e., approximately
300–400 or even more colonies per plate.

(2) The colonies that are solely responsible for producing antibiotic activity are indicated by an
area of agar around the colony which is usually free of growth of other colonies. It is a
common practice to subculture such a colony further in an identical medium, and purified
subsequently be streaking, just prior to making ‘stock cultures’. The ‘purified culture’ thus
obtained is now almost ready for testing to establish precisely the types of microorganisms
that are sensitive to the antibiotic under investigation, by, means of the ‘minimum inhibi-
tion concentration (MIC)’ or the ‘microbial inhibition spectrum (MIS)’.

Limitations of Crowded-plate Technique

There are several limitations that are noticeable in the crowded-plate technique, such as :

(1) The crowded-plate technique does not necessarily aid in the precise selection of an antibiotic
producing microorganisms by virtue of the fact that the inhibition area (or zone) immediately
surrounding the colony may be attributed to other vital reasons quite frequently, such as :

• marked and pronounced alteration in the pH value of the medium caused due to the me-
tabolism of the colony,

• rapid utilization of essential nutrients in the immediate vicinity of the colony.*

* Requires further testing to ensure that the prevailing  inhibitory activity intimately associated with a micro-
organisms may actually be attributed to the presence of an antibiotic.
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(2) It essential has only limited application, because normally one is more inclined in finding a
microorganisms producing antibiotic activity Vs Specific microorganisms, and certainly
not against the unknown microorganisms which were present just as a stroke of luck on the
agar plate in the vicinity of an antibiotic-producing microorganisms.

(3) The ‘antibiotic screening profile’ may, however, be improved by the strategic introduction
into the laid-out procedure of a ‘test organism’.*

The various ‘screening’ aspects discussed under section 3.1 are usually referred to as the
‘primary screening’ or the ‘preliminary screening’.

3.2. Secondary Screening

Primary screening (or preliminary screening) solely enables not only the ‘detection’, but also
the ‘isolation’ of such viable microorganisms that essentially possess potentially interesting and com-
mercially feasible applications. Nevertheless, this screening is invariably followed by a secondary screen-
ing so as to ascertain more useful information about these organisms, besides their actual inherent
capabilities.

It is, however, pertinent to state here that the primary screening establishes exclusively the capa-
bility of microorganisms that are responsible for producing a compound without giving enough idea
either with respect to the yield or production potential for the organisms. On the contrary, the secondary
screening categorically enables the further ‘sorting out’ of those specific microorganisms that essen-
tially possess the ‘real inherent value’ for feasible and gainful industrial processes ; and distinctly elimi-
nating those devoid of such a potential.

3.2.1. Methodology

The various steps involved are as follows :

(1) Secondary screening is usually carried out on agar plates aseptically.

(2) It may also be conducted in flasks or small fermentors containing liquid media, or as a
combination of such available procedures.

(3) However, one may use ‘liquid culture’ as an alternative to ‘agar plate’ in the ‘secondary
screening’ method. Following are some of the important merits and demerits of these two
techniques stated briefly :

S.No. Agar Plate Method Liquid Culture Method

1. It is not so sensitive. It is very sensitive.

2. More information is obtained. Relatively provides less information.

3. Usually occupies much lesser space in an Occupies relatively larger space in an incu-

incubator ; besides, does not require enough bator, and also requires sufficient procedural

degree of handling and work up effort. details.

* An organisms used as an indicator for the presence of specific antibiotic activity.
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4. It essentially provides only a restricted It distinctly provides a much vivid idea with

knowledge with respect to the actual regard to the physical, nutritional and produc-

product yield potentials amongst the various tion responses of an organism in comparison

isolates obtained. to the actual fermentation production

parameters.

3.2.2. Salient Features of Secondary Screening

The various vital and important salient features of secondary screening are enumerated below :

(1) It may be either qualitative or quantitative in its approach.
(a) Qualitative Approach : Provides valuable information(s) with regard to the wide

spectrum or ranges of microorganisms that is significantly sensitive to an altogether
newly discovered antibiotic.

(b) Quantitative Approach : Gives authentic information(s) with regard to the specific
yields of ‘antibiotic substance’ that may be expected when the microorganisms is
allowed to grow in various media having varying composition.

Special Notes :
(i) There exists no clear cut and necessarily a distinct difference between the qualitative

and the quantitative secondary screening.
(ii) In reality, a qualitative screening for the ensuing ‘microbial inhibition spectrm’ of an

antibiotic essentially gives an ample idea with respect to the ‘test organisms’ that are
found to be sensitive to the antibiotic, whereas it may provide information pertaining to
the comparative prevailing sensitivities of these organisms to the respective antibiotic.

(2) It invariably promulgates a wide spectrum of highly valuable and authentic information(s)
that are very much needed in order to evaluate the precise and actual (true) potential of a
particular microorganisms for industrial application.

Example : It must determine as well as establish the types of microorganisms that are involved,
in addition to the fact whether these may be classified at least to various genera or families.

Note : The aforesaid information is of immense value, because it broadly makes possible
a befitting comparison between the newly isolated organisms with those already reported
either in the scientific journals or in the patent* literatures showing a adequate logical
evidence to produce fermentation products of commercial value and interest.

(3) Classification of Organisms : Interestingly, classification of the organisms due to secondary
screening certainly makes a room for the much needed prediction of whether they (organisms)
do own any genuine pathogenicity for humans, animals or plants that would necessarily
warrant special precautions in the handling of such organsisms. Besides, it gives a probable
prediction of the growth characteristic features in the intensive studies of these microorganisms.

(4) Establishing a More Economically Variable Process : The secondary screening must pro-
vide adequate information(s) with respect to the fact whether the microorganisms (isolated

* A newly discovered microorganisms invariably helps in obtaining a ‘patent’ as it predominantly adds ‘nov-
elty’ or newness to the microbial process.
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* It is usually ascertained by the help of paper, thin-layer or high performance thin layer chromatogrophic
procedures so as to compare the newly discovered compound with the known reference compounds.

and identified) are virtually giving rise to ‘newer chemical entities’ not reported earlier or,
alternatively, for such fermentation procedures which are already reported.

Highlights : A few highlights are as given below :

(i) In case, the resulting product happens to be an altogether newly discovered compound
then an attempt must be made to establish its real genuine usage.

(ii) In actual practice, the patents are usually granted for exclusively new as well as useful
products*.

(5) Real Differences in Product Yield Potentials : The secondary screening must be able to
detect the real differences in product yield potentials amongst the various isolates irrespec-
tive of the fact whether the outcome of the ‘ultimate fermentation product’ is or is not a
new chemical entity (i.e., compound). Therefore, in order to save on valuable resources,
such as : manpower, time, energy and money, it is almost mandatory to allow the organisms
to grow upon different media in liquid-culture for various length of time so as to accomplish
quantitative assays effectively. Nevertheless, the aforesaid studies may be carried out only
after the complete rejection (or elimination) or useless cultures previously ascertained by
agar-plate procedures.

(6) Critical Requirements for Specific Microorganisms : The secondary screening should
articulately reveal whether the two cardinal phenomena, namely : (a) growth of the organism ;
and (b) formation of chemical products, are dependent on pH, aeration or other critical re-
quirements associated with specific microorganisms. Importantly, it must also detect ‘gross
genetic instability’ present in various microbial cultures.

Therefore, secondary screening essentially expatiates the following relevant facts :

• a microorganisms is of practically little importance if it takes care of to either mutate or
change in some manner thereby drastically losing its inheret ability to accumulate high yields
of product.

• it must reveal evidently whether some ‘medium constituents’ are either missing or perhaps
prove to be too toxic to the growth of the organism or to its in-built capacity to accumulate
fermentation products.

• it should exhibit the chemical stability profile of the product ; and consequently, the prod-
uct’s solubility profile in different organic solvents.

• it must adequately establish whether the resulting product bears a simple, complex or rather
a macro-molecular structure.

• it should demonstrate explicitely whether the ‘ultimate isolated product’ possesses either
typical physical characteristic properties, for instance : UV-absorption, fluorescence ; or
typical chemical characteristic properties which may be judiciously exploited to detect the
compound via various sophisticated analytical techniques or by the aid of elaborated paper
chromatographic studies, and which ultimately be of immense value is predicting and as-
signing the most probable chemical structure of the ‘compound’.

• adequate determinations must be made so as to ascertain whether gross human, animal or
plant toxicity can be attributed to the fermentation product(s) obtained specifically during
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the secondary screening, in case it is be utilized (e.g., antibiotics) exclusively in the treat-
ment of human ailments. Therefore, the compound must be in its purest form so as to obtain
both valid and reliable informations. Importantly, for studying the detailed toxicity tests of
an impure compound, one should resort to a qualified and educated ‘guess’ with respect to
the various types of contaminating substances which may be intimately associated with the
compound, and ultimately provide appropriate experimental parameters for such identified
contaminants in the ensuing toxicity testing.

• it must reveal clearly whether the ‘final product’ obtained from a microbial fermentation
occurs in the culture broth in a racemic form i.e., as a mixture of optically active d- and l-
forms of which one may turn out to be a biologically active material. Besides, there may also
exist two or even more compounds of variant nature that could be obtained from a ‘single
fermentation’. Hence, in the ultimate fermentation broth one may come across frequently
one to several intermediate chemical entities in the prevailing ‘metabolic pathways’ lead-
ing to product formation ; besides absolutely unrelated chemical entities. Importantly, the
presence of additional minor as well as major products are of distinct interest, because their
subsequent recovery and commercial value as viable by-products may substantially improve
upon the economic status of the ‘prime fermentaion’.

• it should adequately ascertain the fact whether the ensuing microorganisms are capable of
undergoing changes under the influences of chemical compounds or even cause destruction
of their self-generated fermentation products. Thus the microorganisms may, by virtue of the
relatively high-level accumulation of product present in the culture broth, generate enough
adaptive enzymes that would grossly destroy the potential value and usefulness of the product.

Examples : (a) A microorganisms may be able to produce a ‘racemase enzyme’ which in
turn shall alter the L-configuration of an amino acid product to an equimolar mixture of the
corresponding D- and L-isomers, with the D-isomers exhibiting almost little biological value.
(b) A microorganism may strategically respond to the accumulation of an amino acid by
adaptively influencing the production of a ‘decarboxylase enzyme’ which would specifically
remove CO2 from the resulting molecule, thereby rendering an organic amine at the end.

• secondary screening thus may give rise to a broad-spectrum of valuable information, such
as :

(i) it helps in deciding precisely which of the various microbial isolates possess probable
useful potentialities as a viable industrial organism.

(ii) it immensely helps most articulately in predicting the approaches to be utilized justifi-
ably in persuing further productive, aggressive and meaningful research on the selected
microorganism and its corresponding fermentation process.

4. FERMENTORS [OR BIOREACTORS]

The most articulate, manipulative and progressive industrial (commercial) usag of microorgan-
isms invariably needs that they be allowed to grow in large vessels essentially loaded with considerable
quantum of highly nutritive cultur media. These specially designed vessels are universally and commonly
termed as fermentors or bioreactors. In reality, these bioreactors (fermentors) could be quite compli-
cated in design by virtue of the fact that most abundantly they should cater for the precise control and
meticulous observation of the innumerable facets of microbial growth and the biosynthesis.
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* SCP = single cell protein.

** Bull AT et al. Biotechnology International Trends and Perspectives, OECD, Paris.

*** Metabolites that do not appear to have an obvious role in the metabolism of the producer organism.

**** Most of these procedures are duly protected under the ‘Patent Laws’.

Another school of thought has rightly baptized the above mentioned phenomenon as the bioprocess
or fermentation technology. In a rather broader perspective the fermentation technology or, as it is now
widely recognised, bioprocess technology were conspicuously were derived in part from the use of
microorganisms for the generous production of various important and vital products, for instance :
pharmaceutical drugs [e.g., antibiotics, diagnostic agents (enzymes, monoclonal antibodies MABs),
enzyme inhibitors, steroids, vaccines] ; food products [e.g., cheeses, yoghurts, sauerkraut (chopped
pickled cabbage), fermented pickles and sausages, soy sauce, tempeh, miso, mushroom products, starch
products, vitamins and amino acids, glucose and high fructose syrups, functional modifications of pro-
teins and pectins] ; beverages [e.g., beers, wines, derived spirits] ; organic chemicals [e.g., ethanol,
acetone, acetic acid, citric acid, itaconic acid, n-butanol, perfumeries, enzymes, polymers (mainly
polysaccharides)] ; inorganic chemicals [e.g., metal beneficiation, bioaccumulation and leaching (Cu, U)]
; energy [e.g., ethanol (gasohol), methane (biogas), biomass] ; agriculture products [e.g., animal feed
stuffs (SCP)*, veterinary vaccines, ensilage and composing processes, microbial pesticides, Rhizobium
and other N-fixing bacterial inoculants, Mycorrhizal inoculants, plant-cell and tissue culture (vegetative
propagation), embryo production, genetic improvement].**

The aforesaid divergent and highly specific forms of bioprocessing technology were overwhelm-
ingly long regarded as spectacular piece of ‘arts’ or splendid ‘crafts’, but most interestingly these are
now attracting wide recognition world wide besides increasingly being subjected to the full array of
modern science and magic touch of technological advancements. Besides, the aforesaid innumerable
highly beneficial product formations was the legitimate cognizance of the critical and specific roles of
the ‘microorganisms’ essentially utilized in the removal of extremely obnoxious and unhealthy waste
products, that has resulted in the world-wide service industries intimately associated with water purifi-
cation, effluent treatment, and above all the solid waste management efficaciously.

Biofermentors (bioprocessing technology) in its several recognized variants essentially
embrances a relatively large multitude of complex enzyme-catalyzed biochemical reactions within the
specific microorganisms. Nevertheless, these reactions are exclusively and critically dependent upon
the broad spectrum of physical and chemical parameters which predominantly exist in their immediate
vicinity. Importantly, the categorical success of the bioprocessing phenomenon will take place only
when all the vital experimental conditions are duly brought together.

Bioprocessing tecnology, in the recent time, has spread its tentacles in several major commercial
byproducts solely derived from microbial fermentations, such as :

(a) Primary Metabolites : i.e., to overproduce certain essential primary metabolites, for in-
stance : citric acid, lactic acid, acetic acid, glycerine, n-butanol, amino acids, vitamins,
polysaccharides, perfumeries etc.

(b) Secondary Metabolities*** : i.e., to produce most important and life-saving ‘antibiotics’
(pharmaceutical drugs) via well defined fermentative procedures****, for instance :
Giberellins, Pencillins, Cephalosporins, Streptomycin etc.
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(c) Enzymes : i.e., to produce a large variants of industrially viable and useful enzymes
e.g., (a) intracellular enzymes : invertase, asparaginase, restriction endonucleases etc. ;
(b) exocellular enzymes : amylases, pectinases and proteases.

4.1. Salient Features of Bioreactors

The various salient features of ‘bioreactors’ or ‘biotechnological processes’ are as enumerated
under :

(1) In the recent past, biotechnological processes (bioprocess technology) is found to use both
aggressively and progressively specific cells derived exclusively from higher plants and ani-
mals to give rise to several useful and vital products.

Examples :

(a) Plant Cell Culture : It is largely aimed at the adequate formation of secondary prod-
ucts solely,  for instance : drugs (antibiotics), flavours, and perfumes.

(b) Animal Cell Culture (Mammalian Cell Culture) : It is mainly concerned with the
production of extremely potent and life-saving products, such as : (i) vaccines ; (ii)
antibody formation ; and (iii) protein molecules e.g., interferon, interleukins etc.

(2) It has been amply demonstrated, proved and established beyond any reasonable doubt that
the aforesaid ‘bioproducts’ cannot be produced economically via other chemical processes.
Besides, with the advent of latest developments in the specific fields of genetic engineering
(or ‘organisms’) and technological advances (in processing modes) one may accomplish
wonderful viable economies in the production of ‘bioproducts’.

Examples :

(a) Huge quantum of cells are magnificently grown under well-defined stringent controlled
conditions, whereby the ‘organisms’ may be adequately cultivated and motivated to
produce the desired products by the help of a precise physical/technical containment
system (i.e., bioreactor) in addition to the appropriate medium composition and the
specific environment growth regulating parameters, for instance : aeration and temperature.

(b) Articulated optimization of various streams of the ‘bioprocess’ spans not only the pre-
vailing biosystems but also the ensuing technical systems. In actual practice, the careful
and proper exploitation of an organism’s potential to produce apparently distinct di-
vergent products having well-defined characteristic features, quality parameters and in
huge quantum will necessarily require the in-depth knowledge of the biochemical
mechanisms of product generation duly.

(3) Importantly, the same apparatus, of course with certain modifications, may be used to bring
into being several vital products e.g., antibiotic, enzyme, amino acid or single-cell protein.
One may look at the bioprocess phenomenon as comprising of several sequential modes of
operation, such as : mixing microorganisms with a nutrient broth, allowing the components
of react (e.g., yeast cells with a nutrient broth) to give rise to the formation of ethanol.

(4) Most biotechnological procedures are meticulously carried out very much within bioreactors
or containment systems’ whereby large excess of cells that are actually invovled in these
processes and the bioreactor essentially secures their intimate involvement with the suitable
correct dium as well as experimental parameters for the actual growth and product formation.
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(5) One of the most desired and major functional criterion of a ‘bioreactor’ is to reduce drasti-
cally the cost involved in producing a product or providing a service.

A few typical examples having the diverse product categories being produced on a commer-
cial scale in bioreactors are summarized as under :

Category Examples

Cell mass* Baker’s yeast, single-cell protein

Cell components** Intracellular proteins

Biosynthetic products** Antibiotics, vitamins, amino and organic acids

Catabolic products* Ethanol, lactic acid, methane

Bioconversion* High fructose corn syrup, 6-amino pencillanic acid (6-APA).

Waste treatment Activated sludge, anaerobic digestion.

4.2. Classifications

Evidences from the literature survey amply justifies that ‘bioreactors’ are invariably classified
in two broad categories, namely :

(a) based on the ‘agent used’, and

(b) based on the ‘process requirements’

Bioreactors that are exclusively based on the ‘agent used’ may be further sub-divided into two
groups, such as :

(i) those based on living cells, and

(ii) those employing enzymes.

On the contrary, ‘bioreactors’ that are solely based upon the ‘process requirements’ may be
further classified into four prominent groups, for instance :

(i) Solid-state fermentation,

(ii) Anaerobic fermentation,

(iii) Aerobic fermentation, and

(iv) Immobilized cell bioreactors.

The aforesaid four groups of ‘bioreactors’ based on the ‘process requirements’ shall now be
treated individually in the sections that follows :

4.2.1. Solid State Fermentation

In true sense, such fermentation procedures are usually governed by both microbial growth and
product formation predominantly taking place at the surface of the solid substrates, such as : mold-
ripened cheeses ; starter cultures ; mushroom cultivations etc.

* Typical conversion of feedstock cost-intensive processes.

** Typically recovery cost-intensive processes.
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Importantly, in the recent past, the solid state fermentation approach has been judiciously and
skilfully extended for the production of certain high-value products of interest, namely : extracellular
enzymes, valuable chemical entities, fungal toxins, and fungal spores (exclusively employed for biotrans-
formation processes).

However, the usual traditional substrates essentially comprise of a plethora of ‘agricultural
products’ like rice, maize, wheat, soybean etc. It has been observed duly that the prevailing substrate
predominantly caters for a rich and complex source of nutrients that either may or may not require to be
supplemented. Interestingly, ‘substrates’ belonging to this specific class selectively support the mycelial
organisms that are capable of growing even at an elevated nutrient concentrations, and ultimately
give rise to variety of extracellular enzymes, such as : (a) a huge number of filamentous fungi ; and
(b) a relatively small number of bateria (e.g., actinomycetes and one strain of Bacillus).

It is, however, pertinent to mention at this point in time that according to the physical character-
istic state, the solid state fermentations are invariably categorized into two major heads, namely :

(i) low moisture solids fermented either without or with occassional/continuous agitation, and

(ii) suspended solids fermented in packed columns through which liquid is circulated.

In actual practice, the fungi which are exclusively employed for carrying out the solid state
fermentations are normally that obligate aerobes. The following table summarizes a few typical exam-
ples of the solid state fermentations which are used extensively in Japan for large-scal products of food,
enzyme and organic acid(s).

S.No. Product Substrate Primary Genus Product Comments
Used As

1. Amylase* Rice A. Oryzae Enzyme —

2. Cellulase* Wheat Bran Trichoderma reesei Enzyme —

[Synonym : Viride]

3. Citric acid Cooked vegetable Aspergillus niger Organic acid Occassionally

residues in Japan

4. Hamanatto Soybean ; Wheat Aspergillus sp. Food Processed

further

5. Miso Rice/Barley ; A. Oryzae Food — do —

Soybean

6. Soy Sauce Soybean, Wheat Aspergillus Soyae or Food — do —

(Shoyu) A. Oryzae

7. Sufu Tofu Actinomucor sp. Food — do —

8. Tempeh Soybean Rhizopus spp. Food Further

[R. Oligosporus] processing not

required

* Enzymes produced commercially ; other enzymes include : pectinase, lipase and protease.
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Special Remarks : Following are some of the special remarks with respect of the solid state
fermentation procedures, namely :

(1) they make use of either stationary or rotary trays,

(2) invariably both temperature and humidity controlled air is being circulated through the entire
stacked solids,

(3) rotary-drum type fermentors are used rather less frequently,

(4) they usually offer certain unique advantages besides some vital disadvantages also, and

(5) major commercial application of this phenomenon for the biochemical production is solely
confined to Japan.

4.2.2. Anaerobic Fermentation

It is quite evident that in anaerobic fermentation a provision for ‘aeration’ is absolutely not
required as shown in Fig. 3.1.

INFLUENT EFFLUENT

METHANE
+

CARBON DIOXIDE

Fig.  3.1. Anaerobic Digester or Bioreactor.

Salient Features : The salient features of ‘anaerobic fermentation’ are as follows :

(1) Certain specific instances do require aeration at initial stages only to build-up innoculum.

(2) Large number of cases do not essentially need a ‘mixing device’, whereas a few of them the
initial mixing of the innoculum is an absolute necessity.

(3) Once the fermentation commences the CO2 generated in the reaction vessel generates suffi-
cient mixing (i.e., causes agitation).

(4) Air present in the headspace of the fermentor must be adequately replaced by CO2, N2, H2 or
an appropriate mixture of these ; and this specific operation is absolutely vital and important
for critical obligate anaerobes e.g., Clostridium.

(5) Process of ‘fermentation’ invariably gives rise to CO2 and H2, that are carefully collected in
pressurized cylinders and used accordingly in various commercial and production utilities,
namely :
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* Aeration is usually done with absolutely ‘sterile air’ dispensed under adequate compression through the
liquid culture medium.

(i) CO2
 — for making dry ice and methanol,

(ii) CO2 — for making carbonated beverages e.g., beers, soft-drinks, shandies, club-sodas,
etc.,  and

(iii) CO2 — for slowly bubbling into freshly inoculated fermenters.

Note :

(1) Acetogens plus other gas-utilizing organisms it is necessary to bubble through the
medium either oxygen free sterile CO2 or other mixture of gases.

(2) Acetogens may be cultured successfully in 400 L fermentors by carefully bubbling
sterile CO2 ; and thus 3 kg cells could be harvested in every individual operation.

(6) Recovery of ‘desired final products’ from the anaerobic fermentors does not essentially need
anaerobic environments anymore. However, several ‘enzymes’ belonging to such organ-
isms are high oxygen-sensitive. Hence, the sole objective for the recovery of such enzymes
may be accomplished by harvesting the ‘cells’ strictly under anaerobic conditions.

4.2.3. Aerobic Fermentation

The apparent cardinal and most distinct features of the ‘aerobic fermentation’ is the essential
and critical provision of constant adequate aeration.* It has been observed that in certain specific in-
stances the actual quantum of air required per hour is almost 60 folds in comparison to the prevailing
medium volume. Hence, bioreactors employed invariably for carrying out the ‘aerobic fermentation’
have an essential provision for the constant, adequate and compressed (pressurized supply of ‘sterile
air’ that is usually sparged into the liquid culture medium. Besides, such ‘biorectors’ (fermentors)
should possess a befitting device and mechanism for efficient stirring and mixing of the liquid culture
medium and the cells.

In actual practice, however, the ‘aerobic fermentors’ are of two kinds, namely : (a) stirred-tank
type fermentors ; and (b) air-lift type fermentors. These two distinct fermentors shall now be dealt with
separately in the sections that follows :

4.2.3.1. Stirred-tank Type Fermentors (or Stirred Bioreactors)

These are usually made of ‘glass’ [i.e., smaller vessels having capacity ranging between 1 to
1000 L] or ‘stainless steel’ [i.e., larger vessels having capacity varying between 2000 to 8000 L]. In
reality and actual practice, these are closed systems having rather a definite fixed volumes and are
normally agitated with motor-driven stirrers with lots of variation in design specifications, such as :
curved-bottom for more efficient mixing at low speeds ; water-circulated jacket in place of heater type
(electrical) temperature control ; mirrored internal finishes to minimise cell-damage drastically etc. as
depicted in Fig. 3.2.
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Fig.  3.2. Stirred-Tank Type Fermentor.

Advantages : The various vital advantages of stirred-tank type fermentors are as stated below :

(1) Several heteroploid* cell-lines may be grown successfully in such vessels.

(2) Small scale reactors (cap. 2-50 L) fulfil the need for research biochemicals from cells.

(3) Large scale reactors (cap. 100-5000 L) are largely employed for growing hybridoma cells for
the production of monoclonal antibodies (MABs) ; whereas, their yields from the ‘cultured
cells’ ranges meagrely between 1-2% of those obtained by passing the cells via peritoneal
cavity of mice.

Note : Namalva cells grown for ‘interferon’ ; but in actual practice the maximum size
of the ‘stirred bioreactor’ is 20L only because larger vessels are rather not-so-conven-
ient and difficult to handle, to autoclave, and also to agitate the culture medium effec-
tively.

* Possessing a chromosome number that is not a multiple of the haploid number common of the species.
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4.2.3.2. Air-lift Type Fermentors

The cultures in an air-lift type fermentor are not only subjected to ‘aeration’ but also ‘agita-
tion’ by passing sterilized compressed air bubbles introduced strategically at the bottom of vessel as
shown in Fig. 3.3.

Salient Features of Air-lift Type Fermentors : The various vital salient features of an air-lift
type fermentor are as follows :

(1) The fermentor has an inner draft tube via which the air bubbles as well as the aerated me-
dium rise, because this effectively gives rise to through mixing of the culture and aeration
simultaneously.

(2) The air bubbles being lighter lift to the top of the medium and the air subsequently gets
released through on outlet.

(3) In this process, importantly the cells and the medium which eventually lift out of the draft
tube usually move downwards outside the tube and are recirculated duly.

(4) Air-lift type fermentors with a capacity of 2-90L are invariably available for large-scale
production. However, 2000L fermentors are being employed specifically for the production
of monoclonal antibodies (MABs).

GAS OUT

VESSEL WALL

CELLS

DRAFT TUBE

AIR BUBBLES

GAS SPARGE
MEMBRANE

Fig. 3.3. Air-lift Type Fermentor.

4.2.4. Immobilized Cell Bioreactors

It has been adequately established that the specific cultures based on immobilized cells do offer
several impotant and vital advantages, namely :

(1) possess relatively higher cell densities to the tune of 50 – 200 × 10– 6 cells.m L– 1,
(2) retain evidently greater stability and longevity of cultures,

(3) possess wider applicability to both suspension and monolayer cultures,



ANTIBIOTICS 195

(4) afford a plethora of systems that essentially protect the cells from shear forces by virtue of
the medium flow, and

(5) provide comparatively less dependence of cells at higher densitites on the external supply of
growth factors that eventually saves culture cost significantly.

In actual practice, there exists two basic approaches to cell immobilization, such as : (a) immurement ;
and (b) entrapment. These two different aspects shall now be treated individually in the sections that fol-
lows :

4.2.4.1. Immurement Cultures

Obviously, in such type of cultures, cells are invariably confined within a medium permeable
barrier. In actual practice, one may make use of the clustre of ‘hollow fibers’ usually packed in an
appropriate cartridge offer one such system. In this particular instance, the medium gets circulated through
the fiber whereas the cells in suspension are normally present in the cartridge outside the fiber.

Advantages : The various cardinal advantages of this technique are as follows :

(1) an extremely effective technology for scales upto 1 L, and affords cell densities upto
1 – 2 × 108 cells . mL– 1,

(2) sophisticated units may yield even upto 40g MABs per month,

(3) interestingly, membranes permitting medium and gas diffusion medium are also employed to
develop bioreactors of this particular type, and

(4) commercial availability of both small and large scale versions of membrane bioreactors.

4.2.4.2. Entrapment Cultures

In this particular instance, the cells are very much retained within an ‘open matrix’ via which the
medium flows freely.

Examples :

(1) Opticell is the most befitting example wherein the cells are extrapped well within the porous
ceramic walls of the unit. In actual practice, opticell units of upto 210 m2 surface are gener-
ally available that may give rise upto 50g MABs per day.

The opticell units can also be enmeshed in cellulose fibres, such as : DEAE, TLC, QAE,
TEAE. All these fibres are adequately autoclaved (sterilized), and washed subsequently as
prescribed. Ultimately these are carefully incorporated into a stirred/spinner bioreactor at
a concentration of 3g . L– 1.

(2) Porous Microcarriers : These are rather small beads (having diameter ranging between
170 to 600 µm) made up of gelatin, collagen, glass or cellulose that predominantly possess a
network of interconnecting pores.

In fact, these pores afford remarkable advantages, namely :

(i) provide a tremendous enhancement in surface area Vs volume ratio,

(ii) allow adequate and efficient diffusion of medium and product that are absolutely suitable for
scaling up, and

(iii) found to be equally beneficial for both monolayer and suspension cultures.

Interestingly, these plus points may be amalgamated and arranged in different variants of
bioreactors e.g., fixed-bed reactors, fluidized-bed reactors, and stirred reactors.
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Future Scopes : It is, however, earnestly believed that future developments in this direction
would probably render the immobilized cell systems the most prevalent and dominant production
systems of the twenty-first century.

4.3. Design and Bioreactors (Fermentor Variants)

It is, however, pertinent to state here that the various design and types of bioreactors (fermentors)
invariably employed either in small-scale or in large-scale (commercial) utilities and production are
essentially of twelve types, namely :

(a) Fermacell (laboratory) fermentor, (b) Bubble-cap fermentor,
(c) Loop (recycle) bioreactor, (d) Tower bioreactor,
(e) Activated sludge bioreactor, (f) Continuous flow stirred-tank bioreactor

(g) Packed bed bioreactor, (h) Trickling film bioreactor,
(i) Mist Bioreactor, (j) Rotating drum bioreactor
(k) Bubble column bioreactor, and (l) Commercial fermentation plant.
The aforesaid twelve types of bioreactors (fermentors) shall now be described in the sections

that follows individually :

4.3.1. Fermacell (Laboratory) Fermentor

The fermacell or laboratory fermentor essentially makes use of the phenomena based on ‘con-
tinuous fermentations’. In actual practice, these specific fermentations are practically operated on a
continuous mode without emptying the ‘fermentor’ at each and every harvest of microbial cells or
biosynthetic products. To accomplish this ‘objective’ the fresh medium is either added intermittently or
continuously to the fermentor (bioreactor) so as to replace spent nutrients, and a portion of the fluid,
that invariably comprises of either cells or biosynthetic products, from the ‘bioreactor’ is intermittently
or continuously withdrawn for recovery of the product.

Nevertheless, ‘continuous fermentation’ (or continuous cultivation) predominantly gives rise
to near-balanced growth, with almost negligible fluctuation of nutrients, metabolites, and cell numbers
or biomass. Thus, the ensuing practice solely depends upon the fresh medium gaining entrance into a
batch system at the particular exponential phase of growth, as shown in Fig. 3.4, having a corresponding
withdrawl of medium plus cells.
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Fig. 3.4. Growth Factor in a Batch Culture of a Microorganism.
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The above graphic representation illustrates the six different phases that are encountered in the
span of ‘growth factor’ in a batch culture of a microorganism, such as :

1 [Lag Phase] : The initial lag phase designates a time of no apparent growth, but actual
biochemical analyses reveal metabolic turnover thereby indicative of the fact that the cells are in the
process of adaptation to the prevailing environmental conditions, and also suggest that new growth will
commence eventually.

2 [Transient Acceleration Phase] : In this subsequent transient acceleration phase, in fact,
the inoculum beings to grow.

3 [Exponential Phase] : In the exponential phase the microbial growth specifically proceeds at
the maximum possible attainable rate for that organism by virtue of three vital reasons e.g., (a) absence
of growth inhibitors ; (b) excess of nutrients ; and (c) ideal experimental conditions. Nevertheless,
particularly in the batch cultivations the exponential growth phase is of very limited duration.

4 [Deceleration Phase ] : It has been duly observed that when the nutrient parameters start depleting,
growth rate decreases first gradually and then drastically thereby gaining entry into the deceleration phase.

5 [Stationary Phase] : The prolongation of the deceleration phase ultimately leads to the sta-
tionary phase whereby the growth rate virtually comes to a stand still.

6 [Death Phase] : The final phase of the growth cycle is termed as the death phase when
eventually the growth rate has ceased completely.

Caution : A plethora of important biotechnological batch processes are arrested completely
before reachng the ‘death phase’ on account of two vital reasons, namely : (a) cell lysis : and
(b) decreased metabolism.

Fig. 3.5 represents the flow-diagram of a not-so-complicated ‘continuous laboratory fermentor’
or ‘farmacell fermentor’.

Methodology : In an absolutely mixed continuous culture system the sterile medium is made
to pass directly into the previously sterilized ‘bioreactor’ at a steady flow rate, and the culture broth
(containing medium, waste products and organisms) usually gets released from it at the same rate thereby
maintaining the total volume of the culture in the ‘bioreactor’ almost constant.
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Fig. 3.5. Diagramatic Representation of a Continuous Laboratory Fermentor.
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Advantage : The most prominent advantage of it is that various factors, such as : (a) pH of the
medium ; and (b) concentrations of the nutrients as well as the metabolic products, which invariably
undergo undue alternations in the course of batch cultivation may be held almost near constant in a
continuous cultivation process.

Limitations : In industrial practice, however, the ensuing constinuously operated systems are of
almost limited application ; and essentially include exclusively such operations as : (a) single-cell pro-
tein and ethanol productions ; and (b) certain aspects of waste-water treatment phenomena.

4.3.2. Bubble-Cap Fermentor

In actual practice, the critical and specific ‘gaseous-carbon nutrients’ serving as components of
the fermentation media invariably pose special articulated problems with respect to the ‘design’ of
fermentation equipment.

Examples : Methane and ethane (gaseous-carbon nutrients) usually represent as two typical
and befitting examples, and to circumvent these types of gaseous-carbon nutrients the ‘Bubble-Cap
Fermentor’ has been designed meticulously to allow the proper utilization of such substrates.

Salient Features : The various salient features of a ‘bubble-cap fermentor’ are as follows :

(1) It essentially comprises of a tank provided with a series of horizontal plates, as illustrated in
Fig. 3.6.

(2) Each plate supports nutrient medium devoid of a carbon source, and subsequently the me-
dium is duly inoculated with the ‘required microorganism’.

(3) Furthermore, each plate is provided with several short vertical pipes that are strategically
connected to its upper surface, and duly projecting just above the surface of the liquid cul-
ture medium.

(4) Each short vertical pipe has two important provisions, namely : (a) a hole in the bottom of
this pipe allows legitimate contact with the atmosphere above the medium in the next imme-
diate lower plate ; and (b) the top of the lower rim of the inverted cap extends beneath the
surface of the nutrient medium.

(5) Methane and ethane (i.e., the hydrocarbon gas) are introduced at the bottom of the bubble-
cap fermentor beneath the above cited plates and eventually rises through the pipes of each
plate, thereby getting released from each pipe just below the surface of the liquid medium
due to the inverted cap loosely covering the said pipes.

(6) In this manner, the ‘quantum of gas’ which fails to get oxidised at a particular plate level in
the fermentor usually rises to the next plate to get exposed once again to the prevailing
microbial oxidation. However, the ‘gas’ rising completely through the fermentor may be
recycled conveniently to the bottom of the fermentor for another passage, and hence usage
consequently.

(7) Evidently, an ‘alternate procedure’ for carrying out the fermentation of ‘gaseous substrates’
is to introduce them along with ‘air’ via the sparger into a submerged aerated fermenta-
tion device.

CAUTION. It is absolutely necessary to adhere for special stringent precautionary
measures, otherwise a good proportion of the ‘gaseous substrate’ (i.e., methane and ethane)
shall go as a waste along with the air exhausted from the fermentor simultaneously.
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Fig. 3.6. Bubble-Cap Fermentor Illustrating Microbial Attack on Gaseous Substrates e.g., Gaseous Hydro-
carbons.*

[* Taggart MS Jr. March 19, 1946, US Patent NO : 2, 396, 900]

Fermentations with Liquid Carbon Substrates : In actual manufacturing operational proce-
dures it has been observed that the fementations employing solely liquid carbon substrates together with
water e.g., liquid hydrocarbons which usually float on the surface of the aqueous medium, may be
handled conveniently and effectively in one of the following three methods, namely :

(a) Vigorous Impeller Agitation : In reality, the SS or MS tanks for submerged aerated
fermentations are employed quite frequently, accompanied by vigorous impellar agitation
thereby helping to disperse the ‘liquid hydrocarbons’ in the form of small oil droplets through-
out the aqueous medium. It is, however, pertinent to state here that an ‘emulsifying agent’
may also be incorporated so as augment the phenomenon of dispersion adequately.

(b) Lift (Cyclic) Fermentor : In this particular process, the required ‘liquid hydrocarbon’
substrate is permited to float upon the surface of the aqueous medium. The latter comprising
of requisite/desired microorganisms is now withdrawn continuously from the bottom of the
fermentor upto a small-bore lift pipe strategically located at the side of the fermentor. At this
juncture, the column of the liquid medium in this very pipe is raised adequately to two different
modes : (i) by introducing sterile air under pressure (i.e., compressed sterile air) ; and (ii) by
employing mechanical pumps, — right upto the top of the fermentor where it is duly sprayed
over the entire surface of the ‘liquid hydrocarbon’.

In fact, the spraying as well as the introduction of the sterile-air either into the life-pipe
or the head-space of the fermentor accomplishes the following important aspects, namely :
(i) maintains the liquid medium well aerated ; (ii) passage of the condensed aqueous spray
down the floating liquid hydrocarbon layer renders the prevailing microorganisms present in
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the spray into continuous contact with the liquid hydrocarbons ; and (iii) a forceful spray
may tend to break up the layering effect of the liquid hydrocarbons upon the ‘liquid surface’
predominantly.

(c) Baffle Arrangement : In this ‘fermentor design’, the immiscible liquid substrates is duly
pumped right into a mixture of aqueous culture medium and an immiscible substrate from
the main reservoir of the fermentor, which is subsequently forced via a nozzle against a
baffle rearrangement. Thus, the resulting thoroughly mixed and aerated splash falls back
into the culture reservoir located right below.

4.3.3. Loop (Recycle) Bioreactor

Another vital and major approach to aerobic bioreactor design essentially makes use of air-
distribution (having reasonably much lower power consumption) to create both forced and controlled
liquid flow in a loop (recycle) bioreactor. In this manner, the actual contents of the fermentor are
adequately subjected to a controlled recycle flow, either involving the external recycle loop or very
much within the bioreactor. Importantly, the process of stirring has been judiciously replaced by a pumping
device, that could be either pneumatic or mechanical, as may be observed in the instance of airlift
bioreactor (section 4.2.3.2). Fig. 3.7 depicts a loop bioreactor.

Air Air

Air Air

Fig. 3.7. Loop (Recycle) Bioreactor.

4.3.4. Tower Bioreactor

The industrial fermentor e.g., tower bioreactor is meticulously designed to provide the best
feasible as well as possible growth and biosynthesis conditions meant for industrially vital microbial
cultures ; besides, to allow ease of manipulation virtually for almost all operations that are associated
with the use of the fermentors. Thus, a tower bioreactor should be strong enough to withstand not only
the pressures of large volumes of aqueous medium, but also the material of construction of the fermentor
i.e., it should not be either corroded by the fermentation product or even contribute severe toxic ions to
the prevailing growth mediun. Therefore, in an event when the growth of the fermentation microorgan-
ism is to take place aerobically, then a subsequent provision should be rendered for rapid introduction of
sterile-air into the medium in such a fashion that the oxygen (O2) of this air is suitably dissolved in the
medium. In short, the oxygen is readily and adequately available to the microorganism, and that the
resulting CO2 obtained from the ‘microbial metabolism’ is mostly flushed out from the medium ac-
cordingly through a vent provided at the top-end of the tower bioreactor as illustrated in Fig. 3.8.



ANTIBIOTICS 201

* Kristiansen K and Chamberlain H, Fermentor Systems. In : The Filamentous Fungi, Vol. 1, pp. 48-61,
Edward Arnold Publishers, London, 1983.
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Fig. 3.8. Tower Bioreactor [From : Kristiansen and Chamberlain, 1983*]

The sample is introduced into the tower bioreactor from the bottom, and the finished fermented
product is removed from the top-end outlet as and when required.

4.3.5. Activated Sludge Bioreactor

In actual practice, a huge quantum of organic waste waters obtained from either industrial or
domestic sources, across the globe, are routinely subjected to aerobic and anaerobic systems. In this very
context, the activated sludge bioreactors are being employed extensively for the specific oxidative
treatment of sewage and other liquid wastes. To accomplish such objectives and processes one may
utilize effectively either the batch or continuous agitated bioreactor systems to enhance categorically
the ‘adequate entrainment of air’ to optimise the oxidative breakdown of the organic material. How-
ever, these activated sludge bioreactors are relatively large in dimensions, and, therefore, to facilitate
optimum functioning may have a battery of ‘agitator units’ so as to accomplish thorough mixing as
well as oxygen uptake. They are mostly and abundantly used in municipal sewage treatment plants.
Fig. 3.9 depicts the diagram of a typical activated sludge bioreactor.

Air
entrainment

Fig. 3.9. Activated Sludge Bioreactor.
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4.3.6. Continuous Flow Stirred Tank Bioreactor

In general, the continuous flow stirred tank bioreactors are of huge dimensions ; and, there-
fore, these are obviously less productive and the overall percent conversion of substrate stands at a low
level, however, the concentraiton of the end-product is relatively high. Consequently, the high concen-
tration of the product reasonably inhibits the prevailing activity of the ‘catalyst‘ that may drastically
reduce productively. Perhaps this very fact amply explains the ensuing low rate of conversion of the
substrate. In actual practice, however, it is absolutely uneconomical for having a conversion factor of
more than 90%.

Importantly, the continuous flow bioreactors are basically of two different types, namely : (a) continu-
ous flow stirred tank bioreactor having adequate provision of thorough mixing ; and (b) plug flow
bioreactor having no mixing arrangement. Nevertheless, the various experimental parameters very much
within a continuous flow stirred tank bioreactor predominantly remain identical to those prevailing at
its outlet.

Fig. 3.10. depicts evidently two variants of the continuous flow stirred tank bioreactors, such
as : (a) provided with a settling tank ; and (b) provided with an ultrafiltration device, as illustrated under :

OUTLET

OUTLET

OUTLET

CFST Bio reactor [ ] CFST with Settling Tanka [ ] CFST with Utrafiltration Devicea

Fig. 3.10. Continuous Flow Stirred Tank (CFST) Bioreactor [a] With Settling Tank ;
[b] With Ultrafiltration Device.

The catalyst is duly suspended homogenously in a big SS-tank via which the substrate flows and
very much retained within the bioreactor by means of subsequent sedimentation followed by filtration or
alternatively being attached to the paddles of the stirrer. The reactants present in the bioreactor are
mixed thoroughly. Various physical conditions, namely : pH, temperature, replacement of the ‘used-up
catalyst’, — are maintained efficiently. Efforts are also made to hold the ‘diffusional limitations’ to a
bear minimum level.

4.3.7. Packed Bed Bioreactor

It is indeed worthwhile to state at this juncture that the packed bed bioreactors are available in
several advantageous designs. Generally, they are of rather small in size and dimension, and on the
contrary possess remarkably high productive output. This specific bioreactor has certain glaring draw-
backs, namely :
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• high viscous substrates do tend to block these bioreactors

• ‘diffusional limitations’ may be caused due to poor mixing of the substrate with enzyme.

• compressible nature of the ‘catalyst’ may prevent the flow through the packed bed bioreactor.

• flow direction of the ‘substrate solution’ in packed bed bioreactor must be taken into consid-
eration strictly.

Fig. 3.11. depicts the simple packed bed bioreactor wherein the flow of the ‘substrate solution’
is indicated upwards.

Fig. 3.11. Packed Bed Bioreactor.

Evidently, the downward flow of the ensuing ‘substrate solution’ invariably gives rise to the
compression of the bed of enzyme columns. Hence, it is absolutely important and necessary that the said
flow of ‘substrate solution’ is preferably maintained in the upward direction particularly when ‘gas’ is
generated during the enzyme reaction. The enzymes may be advantageously incorporated into the PB-
bioreactor in two different forms, for instance : (a) immobilized enzyme fibre skins ; and (b) spirally
rolled-up sheets of immobilized enzymes.

Advantages of these enzymes are as stated below :

� Ease of handling procedures,

� Possess ‘automatic control’ and operational modes’,

� Extremely cost-effective, and

� Quality control of end-products very easy and convenient.

4.3.8. Trickling Film Bioreactor

In the trickling film bioreactor the ‘culture medium’ trickles upon the glass beads. In actual
operational mode the culture media is made to recirculate from a reservoir and sprayed carefully on the
fixed bed of roots ; and ultimately allowed to follow a downward flow via the root bed. Subsequently,
the roots are inoculated on top of the glass beads, where they usually multiply either on the bed-surface
or down the glass beads. In is, therefore, quite necessary to maintain the actual length of the pipe be-
tween the air-inlet (PTFE-filter) and the air-lift specifically to the shortest possible dimension so as to
reduce the oscillation of the prevailing culture medium very much within the airlift tube. In actual
practice, it is vital and important to make a provision of a screw-clamp arrangement strategically
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positioned in the pipe returning the culture medium to the bottom of the air-lift pipe that would serve
essentially as a throttle-valve to substantially dampen the oscillations that otherwise may sometimes
give rise to the ‘reversal of air flow up’ via the base (bottom) of the trickling film bioreactor as
illustrated explicitely in Fig. 3.12 given below.

Inoculation Port

Air Lift

Air Inlet
(PTFE Filter)

Screw-Clamp
Arrangement

Stainless St Mesh

Level of Medium

Glass Beads

Air Outlet
(PTFE* Filter)

Fig. 3.12. Trickling Film Bioreactor

The trickling film bioreactor configuration remarkably holds a reasonably high promise with
regard to the scale-up operations because the prevailing flow patterns are overwhelmingly under the
influence of ‘gravity’ that predominantly acts more or less uniformly over the bed very much in contrast
to the existing localized power input due to mechanized agitation. However, the harvesting of the
ensuing roots is relatively difficult on account of their intimate adherence to the glass beads.

4.3.9. Mist Bioreactor

In the mist bioreactor the culture medium is strategically pumped via the provided ‘mist head’
by adequately making use of a peristaltic pump fitted at the bottom of the reactor along with a pump
limer. The base of the bioreactor is inserted with a glass-wool fibre to enable the filtration of cells shed
out either from the root cap or other debris, that might help in clogging the pin-hole (jet) located in the
mist head. In fact, this kind of bioreactor has the added advantages, such as : (a) culture medium may be
drained off as and when required ; (b) wet-weight of the ‘antibiotic‘ can be determined directly ; and
(c) without disturbing the santity of the sterile cultures one may estimate the wet-weight of the end-
product at frequent intervals to know the completion of the on-going fermentative process in the
bioreactor.

* [PTFE = Polytetrafluoroethylene (Teflon)].
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Fig. 3.13 depicts the diagrammatic representation of a mist bioreactor showing its various es-
sential parts.

Electric Motor

Air Out
(PTFE Filter)

Inoculation Port

Culture Medium

Peristaltic Pump

Pump Timer

Mist Head

Feedlines Medium

Root Support

Air Out
(PTFE Filter)

Shaft Seal

Glass Wool Fibre

Fig. 3.13. Diagram of Mist Bioreactor.

4.3.10. Rotating Drum Bioreactor

The underlying principle and configuration of a rotating drum bioreactor are very much iden-
tical to the corresponding ‘fill and drain reactor’. Interestingly, in this particular configuration, the
‘filling process’ usually occurs when the tissue specifically rotates just below the surface of the ‘culture
media’ ; whereas, the corresponding ‘draining process’ normally takes place when the tissue rotates in
the upward direction i.e., out of the media. It has been duly observed that this configuration summararily
lowers the various problems directly or indirectly associated with the scheduled timing of the respective
‘fill and drain’ sequence, but may also exhibit certain obvious limitations pertaining to the scale.
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Fig. 3.14 illustrates rotating drum bioreactor in a simple and explicit manner.

Broth in

Broth out
Air in

Air Out

Fig. 3.14. Diagram of a Rotating Drum Bioreactor.

It essentially comprises of a horizontal rotating drum strategically filted on rollers. It is, however,
pertinent to state here that the rotating motion of the drum markedly facilitates the proper as well as
intimate mixing of gas and liquid phases in the bioreactors, whereby accelerating the promotion of
efficient oxygen transfer to the respective cells specifically at high values of densities. Importantly, the
rotating drum bioreactor predominantly gives rise to definitive lesser hydrodynamic stress.

Disadvantage : The cardinal disadvantage of the rotating drum bioreactor is its critical depend-
ence upon its comparatively high energy consumption in commercial scale operation(s).

4.3.11. Bubble Column Bioreactor

The bubble column bioreactor represents an unique development in the field of air-sparged
stirred bioreactors that have eventually proved to be highly successful ; and hecne being used gainfully
across the global periphery. Nevertheless, a major segment of the latest bioreactor designs are not only
very sophisticated (i.e., requires skilled personnels), but also quite complicated (i.e., needs to be oper-
ated by only duly trained persons) ; whereas, the bubble column bioreactors are a lot simple to con-
struct and operate efficiently. They are gaining an immense popularity in usage and adaptation equally
in biochemical and chemical industries. Just contrary to most of other bioreactors that essentially need
heavy duty mechanically agitated devices the bubble column bioreactor comprises of a cylindrical
large vessel, preferably of SS, wherein the compressed sterile air is adequately sparged right into the
main bulk of the liquid culture mediun. Obviously, it does not possess any moving parts because a
relatively high and efficient degree of mixing could be accomplished with the duly sparged gas (air).
Besides, these bioreactors the requisite quantum of energy needed for thorough agitation, and also the
much required O2 supplementation exclusively for the ‘culture medium’ is duly provided by the sparged
air itself.

Advantages : A number of cardinal and noteworthy advantages of a bubble column bioreactor
are as stated below :

(1) It is basically a highly simple arrangement for producing biochemical products e.g., antibiotics.

(2) It does not require energy for driving any mechanically operative devices whatsoever.

(3) Complete elimination of sealing arrangement of the usual stirrer-shaft assembly (in other
‘bioreactors’) is achieved.
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(4) Absence of any shaft in the head-space of the fermentation vessel invariably provides enough
room for various entry ports essentially required in such bioreactors that are mostly having
rather small sizes and dimensions.

(5) Complete freedom from any sort of ‘mechanical arrangements’ does help tremendously to
maintain the high degree of sterility over extended periods (5-6 days).

(6) Absence of shafts also eliminate risk-prone, expensive, highly vulnerable and process
unreliability factors to a great extent.

Limitations : The various limitations of the bubble column bioreactor are enumerated as under :

(1) It is less suited specifically for such processes that essentially make use of highly viscous
liquids.

(2) It has been observed that the analogous environment in a bubble column bioreactor results in
more aggressive homogenous mixing whereby the ‘bubbles’ emerging at the sparger-head
invariably coaleseed instantly to give rise to relatively large bubbles usually termed as ‘slugs’.
These slugs eventually rose quickly all along the ‘axis of the column’ thereby setting the
whole body of the liquid into circulation with distinct movement in the upward direction in
the vicinity of the axis of the cylindrical vessel, and movement in the downward direction
near the walls of the same vessel.

Sparger Specifications : The ‘sparger’ actually determines the initial bubble size, shape and
dimension in a given liquid. Interestingly, a sparger having small-sized diameter holes e.g., sintered
glass plate, perforated plate, produces appreciably ‘much smaller bubbles’ in comparison to a ‘single-
orifice sparger’ ; and, therefore, provide a distinct, advantageous, and stratgegic higher interfacial
gas-liquid contact surface area in the close approximity of the ‘sparger’.

Choice of Cultures : Importantly, a host of large-scale fermentative bioprocesses make utiliza-
tion of shear-sensistive cultures. Besides, the hairy-root cultures, which are also shear-sensitive,
have been grown quite successfully and gainfully in the bubble column bioreactors. Ample evidences
based on several experimental procedures duly revealed that the usual growth of plant-cell cultures in
various bioreactors, namely : bubble column bioreactors, stirred-tank bioreactors, and shake flasks
was almost identical.

Finally, the bubble column bioreactor depending on its various excellent characteristic features,
such as : O2-transfer at low shear, low hydrodynamic stress, and low operative cost render it an
exceptional attractive choice for a plethora of articulated scale-up investigative studies in biotechnology.

4.3.12. Commercial Fermentation Plant

Commercial fermentation plant (or industrial fermentors) are usually designed in such a manner
so as to provide the following three cardinal objectives, namely :

(a) best possible growth,

(b) biosynthesis parameters for industrially important microbial cultures, and

(c) permit ease of manipulation associated with various operations of the fermentors.

In reality, these ‘fermentation vessels’ (i.e., bioreactors) should be strong enough to withstand
the ensuing pressures of huge volumes of aqueous medium. As most industrial fermentations invariably
make use of relatively ‘pure cultures’, the bioreactors should provide adequate provision and means for
the control of or prevention of the growth of possible contaminating microorganisms. It is quite obvious
at this juncture to take cognizance of the fact in the instance whereby growth of the microorganism
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responsible for fermentation is to take place in an ‘aerobic environment’, it is absolutely necessary to
provide adequate and rapid introduction of enough sterile-compressed air right into the culture me-
dium so that the oxygen present in this air gets dissolved appropriately in the medium and, hence,
simultaneously available to the microorganism. Besides, the CO2 released from the ensuing microbial
metabolism is mostly flushed out from the prevailing medium constantly. Importantly, certain degree of
‘stirring’ must be made available so as to take care of two vital operations, such as : (a) thorough
mixing of the organisms in the culture medium ; and (b) greater availability of nutrients and oxygen to
the individual microbe as shown in Fig. 3.15.
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Fig. 3.15. Flow Sheet Depicting Layout of a Commercial Fermentation Plant.
[Muller and Kieslich. Angew Chem. Internat. Edit., 5, 653-662, 1966]

Highlights of Commercial Fermentation Plant : These are as follows :

(1) Must have an adequate provision for the intermittent introduction of ‘antifoaming agents*,
as and when required by the actual foaming status of the medium.

* Antifoam Agents : Crude organic materials viz., animals and vegetable oils, such as : lard oil, soybean oil,
corn oil ; long-chain alcohols, for instance : octadecanol ; mixture of oils and alcohols e.g., lard oil +
octadecanol (used for penicillin fermentations) ; inert-antifoam agents, such as : silicone compounds (more
expensive for use in commercial scale).
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(2) Maintenance of a constant predetermined temperature in the fermentor for optimum growth
of the microorganisms.

(3) Adequate provision and means for the necessary withdrawal of culture samples in the course
of fermentation process ; besides, the introduction of inoculum at the initiation of the fer-
mentation process.

(4) A suitable aseptic-device for withdrawing sample(s) from the on-going fermentation process
in the fermentor to ascertain pH values of the prevailing culture medium ; and also for appro-
priate adjustment of these values by the addition of a calculated amount of alkali/acid to the
fermentation medium.

(5) Provision of seed tanks or additional innoculum wherein innoculum is produced and intro-
duced directly to the fermentor without making use of extensive pipe-lines, that may usually
not only magnify but also give rise to serious contamination problems.

5. MUTANTS

Mutants may be defined as — ‘variations of genetic structures that eventually breed true’.

Nevertheless, the actual usage of metabolically blocked mutants of certain microorganisms is
relatively quite recent, but do possess an immense importance and recognition. In reality, the extensive
and intensive study of the ‘genetic blocks’ has vividly unravelled largely and specifically the present-
day-knowledge of microbial genetics. Besides, it has more or less paved the ways and means for direct-
ing microorganisms to accumulate comparatively huge quantum of metabolic intermediates which usu-
ally by virtue of their ‘transient existence’ in the metabolic parthways, otherwise fail to get accumulated
to any extent in cultures precisely. Interestingly, the actual mechanisms that are intimately associated
with a few specific metabolic blocks are being decephered aggressively and progressively nowadays
across the globe.

It has been adequately observed that the ensuing mutation of the fermentation organism poses a
serious problem in a situation when the resulting mutants exert a selective growth advantage in the
course of a prolonged incubation ; and simultaneously give rise to an appreciably lesser amount of the
desired fermentation product. Therefore, in order to circumvent the phenomenon of ‘mutation’ it is
always preferred to make use of multistage-continuous fermentation procedures, whereby the first
fermentor (bioreactor) in the prevailing sequence being reinoculated periodically. In short, the real over-
all solution to curtail mutation is to minimise their incidences of occurrence whereby the offending cells
may be flushed from the bioreactors before they get an opportunity to multiply once again.

5.1. Isolation of Mutants

In true sense, one may have to look into the means and ways whereby ‘mutants’ are actually
formed i.e., the phenomenon of mutagenesis. In its simplest way one may explain mutagenesis as an
essential process in the course of genetic engineering experiments that specifically lead to regulate a
region of the gene of interest in order to be able to manipulate it in a highly desired manner. Therefore,
to accomplish such manipulation(s), it is absolutely vital as well as necessary that the ‘desired gene’
must be fully isolated and subsequently characterized meticulously. One must also have a clear picture
with regard to its various important informations, such as : restriction map ; sequence of the entire gene ;
and sequence of the ‘target region’.
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5.1.1. Method of Causing a Mutation

Evidently, the most common methodology usually adopted for effectively causing a mutation is
to adequately expose the ‘culture of the organism’ to a particular mutagen. For this, nitrous acid (HNO2),
is considered to be one of the most widely employed mutagens (chemicals). The culture of the bacteria
on being exposed profusely to the respective mutagen, the former may be allowed to grow and multiply
under several experimental parameters ; and, thus the resulting mutants having desired phenotypic*
characteristic features are isolated. Consequently, the genotype of  these organisms is subjected to an
elaborate characterization so that the ‘specific gene’ actually responsible for the altered characteristic
features in mutants may be scored without any ambiquity. Nevertheless, such mutations are found to be
quite random and the resulting mutants are invariably recognized by the phenotypic changes in desired
characteristic features.

5.1.2. Somaclonal Variation

It may be defined as — ‘the genetic variability present amongst the cultured cells, plants derived
from such cells, and progeny of such plants’.

In general, the terminology is broadly employed for describing genetic variability invariably
present among all types of cells/plants derived from cells that are cultured in vitro. It has been duly
observed that the plants generated from either tissue or cell cultures exhibit predominant heritable vari-
ants associated with both qualitative as well as quantitative characteristic features.

Examples : A few typical examples wherein somaclonal variation has been described duly are :
potato, tomato, sugarcane etc. There are, in fact, two types of variants, namely :

(a) R0 Generation : i.e., those which are obtained in specific homozygous** condition in the
plants usually regenerated from cells cultured in vitro, and

(b) R1 Generation : i.e., those that are recovered in the selfed progeny of tissue-culture-regen-
erated plants.

5.1.2.1. Isolation of Somaclonal Variants

It has been well established that mutants for several characteristic features may be far more
conveniently and easily isolated from respective cell cultures rather than from whole plant populations.
Perhaps the above mentioned analogy holds good because a plethora of cells, approximately say 106-
109, may be screened for ‘mutant traits’ both effectively and conveniently.

However, in actual practice screening of as many plants would prove to be real herculian task,
and may turn out to be virtually impossible. Importantly, mutants could be selected effectively to serve
a host of definitive aims and objectives, namely : improvement in nutritional quality and aspects ; dis-
ease resistance ; adaptation of specific plants to several well-defined stress parameters e.g., low tem-
perature, soil conditions (salinity), toxic metals (e.g., Al) ; resistance to various herbicides (chemicals) ;
and to enhance particularly the biosynthesis of plant products usually employed for industrial or medici-
nal purposes.

* The expression of the genes present in an individual.

** Produced by similar alleles (i.e., different genes containing specific inheritable characteristics that occupy
corresponding positions (loci) on paired chromosomes.
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* 5-Bromodeoxyuridine ;

** Requiring a growth factor that is different from that required by the parent organism.

In short, the major acceptable approaches put forward towards the isolation of somaclonal vari-
ants may be broadly categorized into two heads, namely : (i) screening ; and (ii) cell selection, which
shall now be dealt with individually in the sections that follows :

5.1.2.1.1. Screening

It is solely based upon the observation of a substantial quantum of cells or regenerated plants for
the ultimate detection of variant individuals. Perhaps this particular approach is considerd to be the only
plausible and feasible technique employed for the isolation of mutants not only confined to yield exclu-
sively but also the corresponding ensuing yield traits. Generally, as a common practice the specific R1
progeny (i.e., the progeny of regenerated R0 plants) are invariably scored for the identification of vari-
ant-plants, and their corresponding R2 progeny lines are mostly evaluated for confirmation.

Advantages : Screening has been exploited both profitably and extensively for the categorical
isolation of ‘cell clones’ which evidently give rise to certain higher amounts of some biochemicals ;
besides, computer-aided automated cell sorting devices (CAACSDs) have also been introduced over-
whelmingly to aid the screening of upto 1000-2000 cells per second from the asorted cell-pool the
desirable variant cells were segregated via automatic means.

5.1.2.1.2. Cell Selection

The wonderful cell selection modus operandi essentially makes use of an appropriate applied
‘selection pressure’ that allows the preferential survival or growth of the ensuing variant cells solely.

Examples : A few typical examples of the cell-selection are, namely : high-salt concentration,
presence of herbicides (chemicals), adequate selection of cells resistant to different toxins, and the like.

However, cell-selection may be of two types, such as :

(a) Positive Selection. In this particular instance the selection pressure largely permits only the
mutant cells to either survive or divide, and

(b) Negative Selection. In this specific case the wild-type of cells usually undergo division ;
and, therefore, get killed by a counter selection agent, such as : arsenate or 5-BUdR*.
Obviously, the mutant cells fail to undergo division and consequently they escape the possi-
bility of any interaction with the counter selection agent. Naturally, the prevailing cells may
be rescued by timely removal of the counter selection agent. However, in actual practice
the negative-selection modus operandi is employed exclusively for the isolation of
autotrophic** mutants.

Nevertheless, the positive selection methodology may be further categorized into four groups,
namely :

(i) Direct selection ; (iii) Stepwise selection ; and

(ii) Rescue method ; (iv) Double selection.

The four groups of positive selection shall now be discussed individually in the sections that
follows :
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* Disease producing microorganisms.

** Destructive to cells ;

(a) Direct Selection : In this case, the cells that are resistant to the prevailing selection pressure
survive and divide to form colonies ; while the wild type of cells are eventually killed by the
selection agent. It is, however, pertinent to state here that it is one of the most abundant
common selection methods ; and, therefore, is being employed for the isolation of cells that
are specifically resistant to herbicides (chemicals), toxins (caused by pathogens*), increased
salt concentrations, amino acid analogues, antibiotics, and the like.

(b) Rescue Method : In this particular instance, the wild type cells are virtually killed by the
corresponding selection agent ; whereas, the variant cells do remain very much alive, but
fail to undergo division by virtue of the ensuing unfavourable environment. Subsequently,
attempt is made to remove the selection agent specifically so as to recover the prevailing
variant cells. The rescue method has been employed frequently to recover the low-tem-
perature as well as aluminium resistant variant cells.

(c) Stepwise Selection : In this specific instance, the ensuing selection pressure viz., salt con-
centration, may be enhanced slowly from a relatively low level to the Cytotoxic** level ; and,
thus, the resistant clones isolated at each and every progressive state are appropriately sub-
jected to the higher selection pressure. In actual practice, stepwise selection approach may
invariably favour gene amplification (an unstable phenomenon) or subsequent mutations
in the organelle DNA.

(d) Double Selection : In double selection approach, it may be absolutely feasible to select
cells for usual survival and/or growth on one hand, and affording resistance to the selection
pressure on the other.

Example : Sterptomycin (anantibiotic) : It illustrates double selection explicitely i.e., the
selection was based on cell survival as well as colony formation (first aspect) ; and specific
development of green colouration in the aforesaid colonies (second aspect) — only green
colonies were selected. Interestingly, the double selection apporach has been judiciously
applied for the selection of cells that are found to be resistant to such substances as : amitrole

N

N
N

N H 2

H

-a  herbicide ; tobacco mosaic virus (TMV) ; and aluminium (Al).

5.1.2.1.3. Variant Traits

It has been observed that the somaclonal variants isolated via cell selection approach are invari-
ably unstable ; whereas, the percieved frequency of stable variants may vary between 8-62%, most
probably depending on the species and the selection agent. Besides, there are several selected clones
that do not exhibit their due resistance in the course of further selection or screening. Evidently, these
emerged clones are fairly susceptible, and were wrongly classified as resistant ; and, therefore, rightly
termed as escapes. Nevertheless, there exists a plethora of clones which eventually lose their resistance
to the prevailing selection agent after a certain span of growth in the absence of the ensuing selection
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pressure. Thus, the clones obtained in this manner are commonly known as unstable variants. How-
ever, the unstable variants’ may be duly accomplished from valid and legitimate alterations achieved
from gene expression* and from gene amplification**.

5.1.2.1.4. Molecular Foundation of Somaclonal Variation

The somaclonal variation may come into being by virtue of any of the following events that
occur at molecular level exclusively, such as : gene mutation ; plasmagene mutation ; gene amplifica-
tion ; changes in gene expression ; mitotic crossing over ; alterations in chromsome number and/or
structure ; rearrangements in cytoplasmic genes ; and transposable element activation.

It has been observed that a majority of mutants isolated from cell cultures may essentially engage
single-gene mutations, whereas the mutant allele could be either recessive or in dominant form.

Salient Features : A few salient features with respect to the molecular foundation of somaclonal
variation are as follows :

(1) Gene amplication has been duly observed in certain variants which are normally recovered
via stepwise selection of plant cell in vitro.

(2) Deamplication may often take place in somaclonal variants, e.g., for rRNA genes.

(3) Transposable elements may be activated during in vitro culture.

(4) Cleavage and fusion of chromosomes that take place during culture may aid in augmenting
the Ac activity and/or other controlling factors.

5.1.2.1.5. Somaclonal Variations and Induced Mutations

In certain specific instances, mutagenesis was observed to be absolutely vital and necessary for
the adequate recovery of the specific variant that are being isolated. Nevertheless, the phenomenon of
mutagenesis must be kept at an arm’s length in view of the undesirable features intimately associated
with such treatments.

It is pertinent to state here that the somaclonal variations are most preferable for the induction of
mutations based on a plethora of widely acceptable valid reasons as enumerated below :

(1) Chimaerism is a predominant and serious problem in the induced mutations, but not so in
somaclonal variations.

(2) Induced mutations are frequently linked with undesirable characteristic features e.g., sterility.

(3) Both ‘newer breed of mutations’ and ‘newer alleles’ have been legitimately isolated via
somaclonal mutations.

(4) Degree of frequency-useful mutations is found to be at a reasonably high level in somaclonal
variations.

(5) Applicability of highly specific and effective selection may be accomplished in vitro for a
large number of economically viable and important characteristic features which is virtually
impossible in the particular instance of mutation breeding.

* Gene Expression : An overall process by which the information encoded by DNA in a gene is converted
into an observable phenotype (most probably the production of a protein).

** Gene Amplification : An increase in the number of copies of a gene per genome of the organism in com-
parison to that naturally present.
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(6) Astronomically huge number of individuals may be screened quite effectively in vitro.

Special note : Precisely the somaclonal variation is exclusively applicable to those spe-
cies whereby the whole plants may be reproduced from the cultured cells ; whereas,
mutation breeding may be applicable to all species in general. Furthermore, the
somaclonal variation is solely dependent upon highly modernized and sophisticated
facilities for the tissue culture as well as the greenhouse.

5.2. Factor Influencing Rate of Mutation

After having grasped sufficient understanding of the various aspects of mutation it is quite
necessary and important to know the various factors that exert their specific influence upon the different
types of mutation. A few such aspects are as stated under, namely :

(i) Conditional mutation,

(ii) Radiation induced mutation,

(iii) Effect of UV radiation,

(iv) Chemically induced mutation, and

(v) Beneficial mutation.

These aforesaid aspects shall now be treated individually in the sections that follows :

5.2.1. Conditional Mutation

It has been observed that sometimes the mutation is strategically taking place in such a ‘genetic
locus’ that under one particular experimental parameters the organism tends to grow normally, whereas
under an altogether different experimental parameters, either the expected growth is far from being
normal or the organism fails to grow at all. Thus, such not-so-steady mutations are usually termed as the
conditional mutations. In actual practice, however, the prevailing conditions that invariably permit the
‘normal growth’ are called the ‘permissive conditions’ ; and the other conditions are collectively re-
ferred to as either the ‘non-permissive conditions’ or the ‘restrictive conditions’.

Now, if under the influence of restrictive conditions the organism is totally unable to grow, the
mutation is known as a conditional lethal mutation.

Auxotrophic Mutation : In this case, the growth media and the metabolic conditions are en-
tirely responsible for the ensuing expression of mutation.

Examples : A few specific mutants have the capability to grow very conveniently in the presence
of ‘glucose’ but a possible replacement of glucose with any other sugar entity would virtually cause the
growth to a complete stand-still (i.e., stop).

Mutants may be either temperature sensitive (hot or cold) or supressor* sensitive. In the latter
instance the organism is found to be viable in the presence of a supressor, whereas the mutation becomes
lethal in the absence of a supressor.

5.2.2. Radiation Induced Mutations

A plethora of ‘electromagnetic radiations’, particularly the electromagnetic waves having 100
nm or even smaller wave lengths may give rise to the phenomenon of ‘ionization’.

* Supressor : It contains a gene which either complements or corrects the defect in the mutant (both reces-
sive or dominant).
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Examples : The various typical examples are : X-rays, γ-rays, and cosmic rays.

Muller (1927) observed the ultimate effect of these rays and concluded that an excessive expo-
sure to X-rays enhanced the incidence of sex-linked recessive-lethal mutation in Drosophila particu-
larly. It was further doctrined that there exists a direct relationship between the ‘radiation dose level’
and the ‘incidence of mutation’ articulately.

Examples : The following are some concrete evidences :

Exposure (r) Occurrence of Mutation (%)

500 15

1000 3

Besides, there are some other vital factors taht invariably govern the incidence of mutation, for
instance :

5.2.2.1. Duration of Exposure to Radiation

It has been duly observed that certain mutations may even occur at very low exposure dose but
for a relatively longer duration or at high exposure dose but for much shorter span. Therefore, one may
infer that there is ‘no safe-level of radiation’, and even a very small dose could be unsafe practically for
causing mutation. It has been found that the probability of mutation in experimental rats are compara-
tively much less if a ‘chronic radiation’ with a low dose is administered than if the ‘same dose of
radiation’ is given in one-go.

5.2.2.2. Environmental Conditions

In reality, the affect of environmental conditions exert a positive effect on ionization.

Example : Lower the presence of O2-tension gives rise to lower incidence of mutation. Likewise,
the presence of higher O2-tension at the time of irradiation affords higher incidence of mutation, even
if the animal is subjected to lower O2-tension at a later stage. All kinds of mutations are adequately
accomodated by ionic radiation. Incidences of chromosome abberation of all kinds are duly observed
via ionic radiation, such as : duplication, deletion, inversion, and transversion.

5.2.2.3. State of Cellular Metabolism

Both the state of cellular metabolism and the phase of cell-cycle do play a cognizable major role
on the remarkable effect of ionizing radiations.

Example : In response to the given irradiation to the plant Trillium, the observed mutations were
60 times more prevelent specifically at the metaphase in comparison to the interphase of the cell-
cycle.

5.2.3. Effect of UV Radiation

It has been well established that UV-radiation serves as a ‘weak mutagen’. Besides, the usual
normal strenghts of UV-radiation in the sun light are not strong enough to initiate and produce mutation.
Interestingly, any extent of damage caused to DNA is repaired instantly by the cell. Nevetheless, the
exposed UV radiation gets adequately absorbed by both the purine and the pyrimidine bases respec-
tively ; and, thus, are converted into their corresponding excitable state that eventually render them
more reactive ultimately.
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Importantly, the UV range of either 254 nm or even lower is found to be highly damaging for
mutation. In general, the prevailing relationship between the degree of UV radiation and the rate of
mutation is predominantly variable in nature.

Mechanism of Action : Though the ‘mutagenic’ effect of UV radiation has been known for
quite sometime, but its exact mechanism whereby it causes mutations has been understood only recently.
In fact, the irradiation of DNA with UV rays usually gives rise to the actual formation of covalent bonds
between thymine molecules on the same strand of DNA yielding thereby the thymine-thymine dimers
as shown in Fig. 3.16.
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Fig. 3.16. Formation of Thymine-Thymine Dimer by UV Radiation.

It has been observed that several microorganisms have enzymes which can affect this damage in
the dark (i.e., dark repair). In certain instances the ‘repair-phenomenon’ is not done correctly, and
this give rise to mutation(s). Interestingly, as opposed to dark repair, the covalent bonds joining the
thymine dimers may also be eliminated by the help of light of longer wavelength, which process is
usually termed as photo-reactivation. In nut shell, most UV mutations are more or less nonsense type
of mutations ; and, therefore, are the ultimate result of a change in one or few bases in the structure of
DNA.

Besides, X-rays and r-rays are nothing but ‘ionizing radiations’ and may cause damage to the
prevailing DNA, but no dimer formation takes place at all. The overall net damage frequently caused by
these radiations and improper follow up repairs may categorically lead to either addition or deletion of
bases present in the DNA. This finally gives rise to a change in the reading frame (i.e., frame-shift
mutations).

5.2.4. Chemically Induced Mutations

There are a host of pure ‘chemical substances’ that are mutagenic in nature. A few such chemi-
cals are used frequently by humans while the others are not so common at all. On a broader perspective
the ‘chemical substances’ may be classified into two categories depending upon their inherent mode of
action, such as :

(a) Chemicals affording mutation to replicating and non-replicating DNA : A few typical
examples of this class are : nitrous acid (HNO2) and alkylating/hydroxylating agents which
would be discussed briefly depending upon their precise ‘mechanism of action’ as stated
under :
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(1) Nitrous Acid (HNO2) : It essentially exerts its mode of action via the oxidative
deamination of bases in DNA. Consequently, ‘A’ gets converted to the corresponding
hypoxanthine that may base pair with ‘C’ during the process of ‘replication’ and, hence,
finally convert on ‘A-T pair’ into a ‘G-C pair’. Likewise, ‘C’ is converted to ‘U’ that
may subsequently base pair with ‘A’, thereby converting a ‘C-G pair’ to an ‘A-T pair’.
Thus, ‘G’, on the other hand gets converted to Xanthine finally, that may also base pair
with ‘C’. Therefore, this very change fails to cause a ‘mutation’. In short, because the
net effect of HNO2 is to afford a plausible conversion of an ‘A-T pair’ to a ‘G-C pair’ ;
and eventually a ‘G-C pair’ to an ‘A-T pair’, it may be gainfully employed to revert a
mutant back to the corresponding wild-type.

(2) Alkylating/Hydroxylating Agents : It has been observed that both the alkylating
and the hydroxylating agents help in the transference of a methyl (—CH3) or ethyl
(—C2H5) functional moiety to the corresponding bases.

Examples : Mustard gas (I) and ethyl methane sulphonate (II) usually affect the
‘ethylation’at the N-7 and C-6 positions respectively.

CH3 SO2 O CH2 CH3

(I) (II)

[Di (2-chloroethyl) Sulphide] [Ethyl Methane Sulphonate]

Consequently, these ‘modified bases’ usually form a base pair with a wrong base :

Examples :

(i) N-Methyl-N′′′′′-nitro, N-nitroso guanidine (NTG) — is a highly potent alkylating agent
and affords a good number of multiple as well as related mutations in DNA.

(ii) Ethylene Sulphonate (EES) — is another alkylating agent. These two ‘chemicals’
help in 7 ethyl ‘G’ base pair with ‘T’, thereby converting a ‘G-C pair’ to an ‘A-T pair’.

(iii) Hydroxylamine (NH2OH) — is a hydroxylating agent that specifically converts a ‘G-
C base pair’ to an ‘A-T pair’.

In general, these chemicals, besides effectively a base change may also bring about the
following modifications in mutants :

• Cross-linking in mutants

• Occasional chromosomal breakage and aberrations

• Activate the repairing mechanism of the cell.

(b) Chemicals affording mutagenic activity to replicating DNA : A few beffitting examples
of this category are acridine dyes and base analogs that would be briefly described along
with their respective mechanism of actions as given under :

(1) Acridines : It has been observed that the acridine dyes invariably give rise to the ‘frame-
shift mutations’. In other words, these dyes e.g., acridine orange, proflavin, ICR 170
and 190 usually interchelate particularly between the stacked base pairs in the DNA
and eventually are strategically sandwitched between two predominant bases. Conse-
quently, DNA possesses an enhanced rigidity and its confirmation gets altered. In fact,
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the ensuing conformational change gives rise to the ultimate deletion and addition of
one or more bases in the course of replication ; and finally emerges with the ‘frame-
shift mutation’.

(2) Base Analogs : Extensive and intensive research has made it virtually possible to
incorporate several ‘modified bases’ in place of a ‘normal base’ in the course of DNA
replication by virtue of the fact that the prevailing DNA polymerase fails to afford critical
differentiation between the normal base and its corresponding structural analog.
Nevertheless, quite frequently the analog is capable of forming a ‘base pair’ with an
‘alternate base’ and thereby gives rise to a replacement change during the next cycle of
replication.

Examples :

(i) 5-Bromo-deoxyuridine (BRDU) represents a thymidine analog ; and, hence, may con-
vert a ‘G-C pair’ to an ‘A-T pair’ only when it is present in an enol-form and thereby
converts an ‘A-T pair’ to a corresponding ‘G-C pair’ in its keto-form as depicted in
Fig. 3.17. Interestingly, identical mutation may be brought about by 2-amino purine.
These chemical entities may be strategically and gainfully employed for reverting a
possible mutation.

(ii) Another set of examples for the ‘base analogs’ are : N4-hydroxy CTP* which is in-
variably replicated either as a ‘G’ or an ‘A’ and results into the replacement of ‘G’ to
‘A’ or ‘C’ to ‘T’ in 30% of the available molecules.
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Fig. 3.17. Representation of Tautomeric Isomeric Forms of four common bases in DNA
e.g., Thymine (a) ; Cytosine (b) ; Adenine (c) ; and Guanine (d).

It is, however, pertinent to state here that the base-pairing potentials of the above bases, namely :
pyrimidines [(a)] and [(b)] take place due to the shift of H-atoms between – 3 and C-4 positions ; and
purines [(c) and (d)] — occur on account of the shift of H-atoms between N-1 and C-6 positions, which
cause the effective change ultimately.

5.2.5. Beneficial Mutation

It has been well established that a major proportion of the ‘spontaneous mutations’ are harmful
to the organism because they invariably render an organism relatively lesser efficient with respect to its
activity profile. In fact, the overall phenomenon of evolution could be made feasible exclusively by
virtue of the ensuing rather slow mutations. It has been amply demonstrated that a plethora of muta-
tions normally permit an organism to be more appropriate for effective survival in an altogether unfriently
environment. Therefore, these newer developed mutations critically allow the development of certain
newer characteristic features that ultimately give rise to greater and befitting degree of adoptibility to
their immediate surrounding environment.

The actual applicability of such ‘beneficial mutations’ have been duly extended and exploited
in the domain of plant sciences :

Examples :

(1) Induction of useful characteristic features in an organism e.g., high-yielding seeds, stress
resistance plants, and pest resistance species.

(2) Development of specific variety of Penicillium that would yield definitely higher yields of
penicillin (an antibiotic), obviously a highly viable and commercially feasible propositions.
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6. DESIGN OF FERMENTATION PROCESSES

The very ‘design’ of fermentation processes essentially require the most predominant compo-
nent of the media i.e., water, wherein the microorganisms tend to grow. The aforesaid phenomenon
holds good in several well-defined ‘biotechnological processes’ leading to the commercial production
of antibiotics, industrial alcohols, acetic acid, beer, wines and the like. It is, however, pertinent to state
here that once the liquid fermentation processes have accomplished optimum production, it is abso-
lutely necessary to remove water as far as possible because it evidently attributes to a major factor in the
‘cost’ of bioproduct recovery and downstream processing.

In reality, there are several vital and critical factors that invariably govern as well as play an
important role in the media design of various fermentation processes, such as :

(i) Quality of water,

(ii) Quality control of raw materials,

(iii) Nutritional requirements,

(iv) Sterilization practices, and

(v) Media preparation.

The above mentioned factors shall now be treated individually in the sections that follows :

6.1. Quality of Water

The prevalent quality of water is obviously of the greatest importance by virtue of the fact that it
not only affects predominantly the ensuing microbial growth, but also the essential production of spe-
cific bioproducts.

In the past, it was actually a practice to erect and establish the so called ‘traditional brewing
centres’ particularly in such locations that more or less provided natural springs (i.e., natural sources)
so as to obtain very high quality of soft, sweet and potable water without the cumbersome need to resort
to extensive and expensive ‘pretreatment’.

However, the present day practice essentially needs the utilization of commercial-scale
demineralized water plants (i.e., DM-Plants), reverse-osmosis plants (i.e., RD-Plants) etc., to obtain
pure water required for the fermentation processes.

6.2. Quality Control of Raw Materials

Besides, water the other chemical constituents e.g., pasteurized wort (malt extract solution),
salts, acids etc., must be of relatively better grade and quality so as to obtain flawless optimized fermen-
tation yielding specific bioproducts.

6.3. Nutritional Requirements

It has been duly observed that the required fundamental essential nutritional requirements of the
microorganisms are, namely : an energy or carbon source, an available nitrogen source, inorganic ele-
ments, and for certain particular cell-types specific growth factors. Interestingly, most biotechnological
processes invariably derive both carbon and nitrogen sources from rather complex admixtures of cheap
natural by-products or products, for instance : glucose, lactose, starch and sucrose (as sources of carbo-
hydrates providing carbon) ; and barley, beet molasses, corn-steep liquor, groundnut meal, oat flour,
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pharmamedia, rye flour, soyabean meal, and whey powder (as sources of nitrogen), which have been
duly summarized in the following table :

S.No. Source of Carbohydrate S.No. Sources of Nitrogen
[% Nitrogen by Weights]

1. Glucose : Pure glucose monohydrate ; 1. Barley : [1.5 to 2.0]

hydrolysed starch ;
2. Lactose : Pure lactose ; whey powder ; 2. Beet Molasses : [1.5 to 2.0]
3. Starch : Barley ; oat flour ; rye flour ; 3. Corn Steep Liquor [4.5]

groundnut meal ; soyabean meal ;

4. Sucrose : Sugarcane molasses ; beet 4. Groundnut Meal : [8.0]
molasses ; crude brown sugar ; pure
white sugar ;

5. Oat Flour : [1.5 to 2.0]

6. Pharmamedia : [8.0]
7. Rye Flour : [1.5 to 2.0]
8. Soyabean Meal : [8.0]
9. Whey Powder : [4.5]

6.4. Sterilization Practices

The various conventional, time-tested and widely adopted sterilization practices solely meant for
the ‘biotechnological media’ should accomplished maximum kill of contaminating microorganisms,
thereby maintaining almost bare minimum damage caused to the medium components. Of the two steri-
lization practices frequently employed the ‘batchwise sterilization’ in the bioreactor is still regarded
to be the most widely used method, whereas the various prevalent ‘continuous sterilization’ methods
are virtually gaining not only enhanced acceptability but also adaptibility.

6.5. Media Preparation

The media preparation is precisely the backbone of the entire ‘bioprocess operation’ ; and,
therefore, must be carried out with utmost care and precaution. Importantly, the improper and inad-
equate media design may ultimately give rise to both impaired efficiency of growth as well as concomi-
tant significantly poor product formation.

Based on the enormous evidences available in the literatures the design of fermentation proc-
esses may be categorized into the following five techniques, namely :

(a) Solid substrate fermentation,

(b) Submerged fermentation,

(c) Downstream processing,

(d) Technology of mammalian and plant-cell culture, and

(e) Cell-recycle technique.

The above stated techniques shall now be treated individually as under :
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6.5.1. Solid Substrate Fermentation

There are a plethora of ‘biotechnological processes’ which predominantly make use of the ap-
preciable growth of desired microorganisms on particular solid substrates either in the absence or near
absence of free availability of water. The solid substrate fermentation techniques are exploited abun-
dantly for the specific production of fungal enzymes that essentially includes growth of filamentous
fungus on a water-sprayed wheat or rice bran loaded with requisite nutrients to serve as ‘substrates’ to
yield allulases, amylases, proteases and penctinases. However, in the course of the fermentative phe-
nomenon the effective management and control of pH, temperature  and humidity is a little difficult
task, but nevertheless should be maintained as prescribed as far as possible. The following Table records
certain typical examples of solid substrate fermentations :

S.No. Example Solid Substrate Microorganisms (S)
Utilized

1. Mushroom production Straw ; Organic manure ; Araricus bisporus ; Lentinula

(Western and Eastern) edodes ; Volvariella volvalaceae ;

2. Sauerkraut Cabbage ; Lactic acid bacteria ;
3. Soy sauce Soyabeans ; Wheat ; Aspergillus oryzae ;

4. Tempeh Soyabeans ; Rhizopus oligosporus ;

5. Ontjom Peanut press cake ; Neuospora sitophila ;

6. Cheese(s) Milk curd ; Penicillium roquefortii ;

7. Organic acid(s) Cane sugar ; Molasses ; Aspergillus niger ;

8. Enzymes Wheat bran ; Maize bran ; Aspergillus niger ;

9. Composting Mixed organic substrancs ; Fungi, Bacteria ; Actinomycetes ;

10. Sewage treatment Components of sewage ; Fungi ; Bacteria ; Protozoa ;

It has been observed that the most regularly and frequently employed solid substrates are, namely ;
legume seeds, cereal grains, wheat bran, lignocellulose substances e.g., sawdust, straws, or wood shav-
ings ; besides, a broad spectrum of animal and plant materials. A good number of such typical chemical
entities are mostly ‘polymeric molecules’ that are essentially either insoluble or sparingly water soluble ;
but are, however, invariably inexpensive, easily obtainable, and do represent largely a concentrated
source of nutrients strategically required for the microbial growth.

The Western world makes use of the solid substrate fermentation processes rather confined to
the production of cheese and sauerkraut, silage and mushroom cultivation ; besides, the composting of
both animal and plant wastes. In contrast, the Eastern world the fermentation processes have virtually
centered upon the very production of a wide array of food fermentations, such as : soy sauce, tempeh ;
besides, several huge industrial enzyme processes both profitably and effectively.

6.5.2. Submerged Fermentation

The submerged fermentation process essentially makes use of bioreactors which are very
much identical both in design and function to those employed in the antibiotic production. It is mostly
made of stainless steel having a capacity ranging between 10 to 15 m3 and adequately provided with
such devices as : mechanical internal agitator — for mixing the contents of the bioreactor ; external
pumps — for circulation, loading and evacuation ; bubble columns — for aeration of the medium ; and
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the air-lift loop. Cultivation progessively involves the suspension growth of microorganisms in the
liquid environment. Nevertheless, the sterilization as well as the process control in the submerged
fermentation are relatively easy and convenient to accomplish.

In general, the pH of the prepared culture medium is first optimized and then pumped right into
the previously steam-sterilized bioreactor via HTST* sterilization devices. The thermobavile additives
are carefully introduced individually into the sterile medium at an ambient temperature. Adequately
propogated inoculum must be transferred into the production-stage vessels through sterilized SS pipes/
pumps with utmost care and precaution. At this particular stage sterile-compressed air is introduced into
the fermentation broth via a strategically positioned sparger** at the bottom of the bioreactor. In com-
mercial bioreactors the agitation is done by the aid of multiple flat-bladed disc turbines located onto a
vertical shaft. Besides, other suitable devices, such as : counter-current stirrers, and axial-flow propellars,
may also be employed as per the necessary requirements. It is, however, absolutely necessary to main-
tain the contents of the bioreactors (or fermentors) to an ambient temperature by two commonly used
devices, namely : (a) external heat-exchangers ; and (b) internal cooling-coils.

Note : The evolution of CO2, as a byproduct, in fermentative procedures essentially gener-
ate adequate heat energy, which if not taken care of properly would cause serious unwanted
microbial processes to triger off thereby lowering the yield of desired products.

Modern bioreactors are frequently provided with in situ sophisticated probes and sensitive in-
strumental gadgets to monitor as well as stringently control various physical parameters during devel-
opment of the inoculum in the course of various production stages. It is, however, pertinent to mention
here that the different physical parameters like : dissolved O2, evolved CO2, redox potential, and pH
value must be monitored and simultaneously controlled adequately.

Factors Governing Submerged Culture : In fact, there are three major factors that essentially
govern the submerged culture, namely : (i) temperature ; (ii) pH ; and (iii) dissolved oxygen tension
(DOT). These factors would be treated individually in the sections that follows :

(a) Temperature : Each fermentative process leading to a particular bioproduct essentially
requires optimum temperature for the specific production of an enzyme, and hence the sub-
sequent growth of the microorganism, which varies accordingly with the progressive stages
of the entire process. Interestingly, the activity of an enzyme for an already utilized substrate
gets remarkably influenced by temperature. It is, therefore, almost mandatory to closely
monitor the range of temperature during fermentation in such a manner which would en-
courage cell growth appropriately.

(b) pH : The stability of an ‘enzyme’ is exclusively guided by the pH optima. Therefore, it is
quite evident to sustain and maintain pH optima so as to accomplish the maximum growth
rate of the specific organism in question. In other words, it is absolutely vital and necessary
that not only the ‘pH profile in the course of fermentation alone’, but also the ‘enzyme
production phase’ must be imposed as well as monitored in such a manner so as to achieve
the maximum growth and enzyme production simultaneously.

(c) Dissolved Oxygen Tension (DOT) : In actual practice, the dissolved oxygen tension (DOT)
may be maintained stringently by controlling three most important physical conditions, such

* HTST : High temperature short time pasteurizers.

** A device for inlet of sterile compressed air viz., single, multiple inlet type or ring type.
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as : adequate rate of aeration ; agitation ratio ; and gas-phase pressure. It has been amply
demonstrated that the ‘level of O2’ just lower than its critical concentration does affect the
growth of microorganisms adversely. Therefore, it is very essential to maintain ‘appropriate
aerobic condition’ in the growth culture medium. Interestingly, the desired ‘level of O2’
predominantly in the submerged microbial cultures may be obtained by adopting either of
the two following methods, namely :

(i) Enhancing the mass of O2 being provided to the bioreactor per unit time by increasing
the overpressure in the head-space of the bioreactor, and

(ii) Increasing the ensuing rate of air supply to the bioreactor.

CAUTION : Oxygen-enriched air could attribute to higher oxygen transfer rates.

6.5.3. Downstream Processing

The downstream processing is solely related to the extraction and purification of the desired
end-product from the bioprocess based on the skills of bioscientists, chemists, chemical engineers, and
process engineers.

The very design and absolute efficient operation of downstream processing methodologies es-
sentially include two important aspects, namely :

(a) Vital elements in getting the required products into viable commercial usage, and

(b) Reflect the need to lose more of the desired product than is absolutely necessary.

Example : Humulin(R) [Eli Lilly, USA] ; Insulin : More than 90% of the 200 staff members are actively
engaged in the various recovery processes. Obviously, downstream processing of biotechnological
processes truly represents a major portion of the overall costs directly involved in most processes, but at
the same time is also the least glamorous aspect of biotechnology. Summararily, any improvements
rightly afforded in the downstream processing would certainly benefit the overall efficiency and
exhorbitant costs of processes.

The various stages of ‘downstream processing operations’ are as stated below :

Stage I : Separation — Filtration — centrifugation — flotation — disruption ;

Stage II : Concentration — Solubilization — extraction — thermal processing — membrane
filtration — precipitation ;

Stage III : Purification — Crystallization — chromatographic methods ;

Stage IV : Modification — Structural analogs ;

Stage V : Drying — Under vacuum — spray drying — freeze drying — fluidised — bed drying ;

Salient Features : The salient feature variants of the downstream processing are as enumerated
under :

(1) Initial separation of the bioreactor broth into a liquid phase and a solid phase, and subse-
quent concentration and purification of the product.

(2) Processing comprises of at least five stages as described above.

(3) Methods either proposed or in use usually range from two extremes i.e., conventional to
almost mysterious that may predominantly comprise of such well-known techniques as :
distillation, centrifugation, filtration, ultrafiltration, solvent extraction, adsorption, reverse osmosis,
molecular sieves, selective membrane technology, electrophoresis, and affinity chromatography.
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Special Note : In fact, it is in this particular domain wherein a plethora of reasonably
potential industrial applications of latest developments in biotechnology have virtually
come to grief or rendered problematic by virtue of the following two important draw-
backs, namely :

(a) extraction failed to achieve the ingenuity of the designers, and

(b) extraction procedure has virtually consumed so much excessive energy-input as to render it
almost uneconomical.

It has been a practice to ascertain the final product of the ensuing downstream purification stages
to possess some degree of stability for the ultimate commercial distribution. However, stability may be
best accomplished for a wide range of products by affording some form of drying, for instance : freeze-
drying, spray-drying, fluidised-bed drying. The method of choice is solely dependent on product
quality and cost-effective measures.

Dry-form products : include — antibiotics, amino acids, organic acids, polysaccharides, single-
cell proteins, enzymes etc.

Liquid-form products : include — products which cannot be dispensed conveniently in a dried
form.

Proteinacious products : to avoid possible changes of ‘denaturation’.

In general, special precautionary measures need to be taken 80 as to avoid any scope of either
deterioration or microbial contamination.

Highlights of Downstream Processing : Operations indulging in downstream processing do
possess quite a few outstanding features, namely :

(1) It gives rise to several challenging and demanding aspects of a wide spectrum of
biotechnological processes.

(2) Hallmarks of most high value biotechnological products are solely based upon their purity
and stability.

(3) Ultimate success of a wide range of biotechnological processes shall entirely depend upon
the correct well-defined area of choice and modus operandi of such established systems.

(4) The commercial-scale operative measures will solely depend upon the economic viability/
feasibility without the least compromise on the final end-product ; and for this the utmost
understanding and cooperation should always prevail between the ‘bioscientist’ and the
‘process engineer’.

6.5.4. Technology of Mammalian and Plant-cell Culture

Recent literatures have adequately substantiated the glaring fact that the mass cultivation of organ-
isms for a host of biotechnological processes got evolved and subsequently developed invariably not only
around the bacteria, yeasts and filamentous fungi ; but also around the plant and animal cell cultures.

Plant-cell Culture : Plant-cell Culture may be defined as — ‘a specific technique encompass-
ing the in vitro culture of plant cells, tissues, organs, and even whole plantlets’.

In actual practice, the application of plant-cell culture techniques have been abundantly extended
and exploited for the micropropogation of certain plants. In such instances, plant-cell cultures would
meticulously progress via several cardinal stages, namely : organogenesis, plantlet amplification, and
eventual establishment in soil.
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However, commercial-scale production of requisite suspension-cell cultures of several species
has now been accomplished gainfully ; and the ultimate yields of desired products very much akin and
typical of the whole plant have been largely impressive and successful, such as : alkaloids, ginseng, and
nicotine. Furthermore, the extension of the said technique to large-scale fermentation programmes may
give rise to the legitimate production of commercially acceptable levels of some high-value plant prod-
ucts, for instance : codeine, digitalis, jasmine, spearmint etc.

Importantly, the plant-cell culture technique is relatively much slower in comparison to the mi-
croorganisms, through a large extent of the other characteristic features of fermentation are very much
identical. Moreover, the operational volume of an average cultured plant cell could be upto 200,000
folds that of a bacterial cell. Although certain plant products are now being marketed ; however, it is not
expected to be commercially viable for several years from now.

Note : Animal or human cell cultures could give rise to a host of potentially vital and im-
portant organic compounds. Such break throughs have been mostly stalled or hampered due to
several encountered problems together with exhorbitant scale-up operations.

Mammalian-Cell Culture : In reality, the culture of both mammalian cells and tissues repre-
sents a largely exploited and widely employed technique in the ever expanding domain of modern cell
biology and biotechnology. In the recent past, the broad range of cells types now grown invariably in
culture is both very extensive and progressively increasing ; and essentially includes cells that are stra-
tegically derived from bone, liver, cartilage, lung, breast, skin, bladder, kidney, neurones, pituitary cells,
and several types of cancers. In actual practice, there has been an enormous growth in the utilization of
animal-cell culture cultivation for the commercial-scale production of a good number of high-value
products, namely : life-saving vaccines (e.g., polio, mumps, measles, rabies, chickenpox, cholera etc.,),
insulin, hormones, interferons, plasminogen, and various antibodies.

Major Problems Encountered : The major problems that are mostly encountered in the mass
cultivation of mammalians cells essentially include :

• Extreme sensitivity of cells to impurities in water.

• Cost effective measure.

• Stringent quality control of media.

• Need to discard contamination by more rapidly growing microorganisms completely.

Primary Cultures : Primary cultures may be defined as — ‘freshly isolated cultures ob-
tained from the mammalian systems’.

The primary cultures are normally heterogeneous in nature but still closely designate and represent
the parent cell types. They also exhibit and involve in the expression of tissue-specific characteristic
features. It has been observed that after having passed through several sub-cultures upon fresh culture
media, the ultimate cell line would either prove to be fatal (i.e., die out) or get transformed into continuous
cell line. It is, however, pertinent to mention at this juncture that the continuous cell lines exhibit a wide
variation from the corresponding primary cultures, namely :

• Alternations in cytomorphology,

• Enhanced rate of growth,

• Increase in chromosome variation, and

• Increase in tumorigenicity.
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Nevertheless, the in vitro transformation explicitely designates primarily the valid acquisition of
an infinite extent of life span.

Cultivation of Anchorage-Dependent Cell Types : It has been amply demonstrated that spe-
cifically the animal cells may be grown either in an unattached suspension culture or attached to a
solid surface.

Examples :

(i) Lymphoblastoid Cells — usually grow in an unattached suspension culture,

(ii) Primary or Normal Diploid Cells — normally grow only when they are attached duly to a
solid surface, and

(iii) Hela Type* Cells — invariably can grow in either of the two states stated earlier.

It is duly apprehended that most of the future commercial develpment(s) with animal cells shall
be predominantly guided by the prevailing cultivation of anchorage-dependent cell types.

Monolayer Cultivation of Animal Cells : Precisely the monolayer cultivation of animal cells is
exclusively governed by the ensuing ‘surface-area’ available for attachment. Importantly, the particular
design considerations have been solely directed to methods of increasing surface area. The most recent
sophisticated system has been developed that essentially supports the actual growth of cells strategically in
coils of gas-permeable TEFLON**-tubing (i.e., each tubing with a surface area of 10,000 cm2, and
upto 20 such coils may be incorporated into an incubator chamber). A wide spectrum of cells has been
cultured under these experimental parameters successfully.

In short, the ‘suspension cultures’ have been developed so meticulously and successfully to
substantially large bioreactor volumes thereby permitting the utilization of all the ensuing engineering
advantages of the stirred-tank bioreactor that have eventually accrued from an elaborated microbial
studies being presently employed to an added advantage. Such studies have been carried out only on
batch culture basis.

Recent Innovative Breakthrough : The wonderful recent innovative breakthrough in
biotechnological process has been duly accomplished via an unique combination of attachment cul-
ture and suspension culture by the application of microcarrier beads. The underlying principle essen-
tially involves the strategic attachment of the anchorage-dependent cells to specially designed DEAE-
Sephadex beads (with a surface area of 7 cm2.mg– 1) which are capable of floating in suspension. Thus,
in this manner the engineering advantages of the designed stirred bioreactor may be employed with
anchored cells overwhelmingly.

Examples : Many cell types have been meticulously grown in this way, namely : (a) human
interferon ; and (b) viruses.

Further developments entirely rest upon the new bioreactor designs based on the microcarrier-
bead concept that would certainly afford a much wider lage-scale develoment of both human and animal
cell types.

* Cells obtained from a human malignancy.

** Polytetrafluorethylene.
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6.5.5. Cell Recycle Technique

Ethanol has been exploited and used extensively not only as a fuel supplement but also as a
chemical feed stock in the past 2 to 3 decades, thereby enhancing the overall global interest in seriously
augmenting production in an extremely cost-effective manner (i.e., cheaper) and feasible way. Therefore,
there are ample evidences in the literature that obviously show a broad spectrum of improvements af-
fected in the ‘traditional batch fermentation’. Hence, one such methodologies researched in the recent
past which has attracted tremendous attention is the cell recycle technique. In fact, it does not necessar-
ily involves any appreciable additional expenditure.

The underlying principle of this newly evolved technique is that it essentially involves the reuse
of cell mass which is critically produced in the course of fermentation process. Thus, it has been estab-
lished that the aforesaid cell recycle technique gives rise to three prominent advantages, namely :

(i) Net saving of nearly 5 to 10% of the entire substrate that would have been otherwise utilized
for the ensuing cell growth,

(ii) Significant saving in the cost of innoculum and time, and

(iii) Cell recycle technology has virtually reduced the total fermentation time drastically upto
80% viz., from 24-36 hours in a batch fermentation reduced to mere 5-6 hours.

7. PRODUCTION OF ANTIBIOTICS (ISOLATION OF FERMENTATION
PRODUCTS)

Industrial fermentaiton industry, across the globe, commendably received its ever outstanding
impetus for the most coveted strategic expansion as well as profits with the wonderful advent and ex-
ploitation of antibiotics* as potential well known ‘chemotherapeutic agents’**. During the World
War II the actual demand for penicillin almost reached its peak to save the lines of millions of wounded
soldiers ; and later on followed by streptomycin and a host of other antibiotics in the domain of global
scenario of pharmaceutical industry. These developments instantly triggered off extensive and intensive
research programmes most articulately designed to look for useful microorganisms that are capable of
producing highly effective, viable, and good antibiotics ; and oriented a tremendous push towards the
adequate research and development for producing antibiotic substances on a commercial scale. Thus,
several altogether newer cultural procedures were devised, developed, and the state-of-the-art technique
of suberged-agitated-aerated fermentation using deep-tank fermentors came into being with obvious
high rate of success.

Primarily the antibiotics are produced by bacteria and fungi ; besides, several other classes of
microorganisms do possess at least limited liabilities in this aspect.

Examples : (a) Bacteria ; Streptomyces species ; Bacillus species ;

(b) Fungi (Mold) : Aspergillus species ; Penicillium species ;

In genetal, a good many of the known bacterial antibiotics are polypeptides, that have proved to
be rather unstable, toxic, and difficult to purify. Likewise, the fungal antibiotics, with a few notable

* Microbial metabolites or synthetic structural analogues inspired by them which, in small dosage regimens,
inhibit the growth and survival of microorganisms without any serious toxicity whatsoever to the parent
host.

** In the treatment of disease, the application of chemical reagents that have a specific and toxic effect on the
disease-causing microorganisms.
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exceptions, generally have been observed to be too toxic for usage in medical practice. However, the
penicillins (i.e., the pencillin group of antibiotics) produced by variuos molds stand out to be an obvious
exception. The earlier belief and conception that an ‘antibiotic’ possesses toxicity, that invariably
negates its ‘internal administration’ both to the animal and human body, does not obviously restrict its
medical usage, because in certain cases the antibiotic may even be judiciously recommended for use in
topical applications, namely : dermatological preparations, treatment of burns, open cuts and injuries.

The following Table includes the names of certain known antibiotics, the related microorganisms,
and therapeutic usages :

Antibiotic-Microorganisms-Therapeutic Usage

S.No. Antibiotics Microorganisms Therapeutic Usages (TN)*

1. Amphotericin B Streptomyces nodosus Deep-seated mycotic infections
[Fungizone(R)]

2. Bacitracin Bacillus subtilis Applied topically in ointment form.

3. Chloramphenicol Streptomyces ven. zuelae Broad spectrum agent useful in
typhoid fever [Chloromycetin(R)]

4. Erythromycin Streptomyces erythreus Many Gram +ve and some Gram
–ve organisms [Illotycin(R)].

5. Griseofulvin Penicillium griseofulvum Oral antifungal antibiotic effective
P. nigricans ; P. urticae ; against ringworm.

6. Kanamycin Streptomyces kanamyceticus Restricted to Gram –ve organisms ;
viz., Klebsiella, Proteus,Serratia,

and Enterobacter spp.
7. Neomycin Streptomyces fradiae Local infections viz., burns, ulcers,

wounds, impetigo, infected
dermatoses, furunculosis, and

conjunctivitis. [Fradiomycin(R)].
8. Oxytetracycline Streptomyces rimosus Broad spectrum antibiotic for

dysentery, gum infection etc.
[Terramycin(R)].

9. Penicillin Penicillium notatum, Bactercidal, for most Gram +ve
Penicillium chrysogenum and certain Gram –ve organisms.

[Crystaken(R)].
10. Streptomycin Streptomyces griseus Treatment of tuberculosis in

conjunction with drugs like :
isoniazid and rifampicin
[Streptomycin Sulphate(R)].

* TN = Trade Name
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* Aharonowitz Y et al. Annu Rev Microbial, 46 : 461-496, 1992 ; Jensen SE et al. (eds) : Genetics and
Biochemistry of Antiobiotic Biosynthesis, Butterworth-Heinemann, Massachusettes, 239-268, 1994.

Based on the above statement of facts the isolation of fermentation products of the following
substances shall be described individually in the sections that follows :

(a) Penicillins

(b) Streptomycins

(c) Tetracyclines

(d) Vitamin B12.

7.1. The Penicillins

Penicillins, the β-lactam antibiotics, have indeed enjoyed the legendary of a long history of
application as chemotherapeutic agents since 1929 by the epoch making discovery of Alexander Fleming ;
and, even today, they legitimately command the reputation for being prescribed more than 50% of all the
known antibiotics across the globe. The most genuine and remarkable combination of unique very effec-
tive bactericidal property and desirable levels of extremely low toxicity are solely attributed by the
ensuing bacterial cell wall biosynthesis. In reality, the relatively low cost of these therapeutic agents is
exclusively based upon the tremendous acclaimed enhancement in fermentation yields which have been
gainfully accomplished through years of dedicated researches as : strain improvement, fermentation
optimization procedures, and above all meticulous refinement of downstream processing. It would be
worth while to lay proper emphasis upon the current status of knowledge with regard to the genetics and
molecular biology of penicillin biosynthesis.*

7.1.1. Genes in Penicillin Biosynthesis

It has been observed that the biosynthesis of the penicillin group of antibiotics essentially
involves a common pathway, having some core activities duly protected among all producer microor-
ganisms which have been screened till date both intensively and extensively. Interestingly, most of these
producer species embrace a plethora of filamentous fungi, such as : members of the genera Penicillium,
Cephalosporium, Aspergillus, a number of actinomycetes including Streptomyces, and Nocardia spp.,
and a few bacterial species e.g, Flavobacterium and Lysobacter spp. It is, however, pertinent to men-
tion here that in every instance, the pathway essentially commences with the condensation of three
prominent amino acids, namely : L-α-aminoadipic acid, L-Cysteine, and L-Valine to give rise to a corre-
sponding tripeptide intermediate, δ-L-(α-aminoadipyl)-L-cysteinyl-D-valine (ACV). Now, ACV gets
converted to isopenicilln N in the presence of the enzyme isopenicillin N synthase (pcbC), which in turn
is duly modified to yield a variety of end product(s), for instance : hydrophobic penicillins, as depicted
in Fig. 3.18.
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[ACV = δ-L-(α-aminoadipyl)-L-cysteinyl-D-valine ; 6-APA = 6-amino-penicillanic acid ;
IPN = Isopenicillin N ; The genes are shown in parentheses]

A. L-ααααα-Aminoadipic Acid : A common Precursor, but Different Biosynthetic Origins

Nevertheless, a predominant point of difference does exist between the bacterial β-lactam and
fungal producer species with respect to the formation of L-α-aminoadipic acid, which is one of the three
precursor amino acids of the penicillins. However, this difference actually comes into being via the two
separate and distinct pathways specifically for the lysine metabolism as could be observed in prokaryotes*
and eukaryotes.**

* An organism of the kingdom Monera with a single, circular chromosome, without a nuclear membrane, or
membrame-bound organelles (i.e., mitochondria and lysosomes). Included in this classification are bacteria
and cyanobacteria (formerly the blue-green algae).

** An organism in which the cell nucleus is surrounded by a membrane.
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The two aforesaid routes of biosyntheses shall now be treated briefly :

In Prokaryotes : In this instance, lysine gets biosynthesized via a pathway without the
utilization of L-α-aminoadipic acid* ; and, therefore, the prokaryotic βββββ-lactam producing species
have worked out an altogether different strategy to yield L-α-aminoadipic acid. It has been duly
observed that in the two different species, namely : Streptomyces spp., and Nocardia lactamdurans,
the production of L-α-aminoadipic acid by the catabolism of lysine occurs in a two-step phenom-
enon.**

First, lysine gets converted to 1-piperidine-6-carboxylic acid, duly catalyzed by the enzyme
lysine-ε-amino transferase (LAT). As LAT is exclusively present in penicillin-producing
actinomycetes, and is apparently absent in corresponding nonproducers, and because the ‘gene’
responsible for encoding this particular enzume (LAT) is eventually associated with other penicillin
biosynthetic genes in Streptomyces clevuligerus*** and Nocardia lactamdurans.**** In reality,
LAT is regarded to be an integral part of the ensuing penicillin biosynthetic pathway as illustrated
in Fig. 3.19.

Secondly, 1-piperidine-6-carboxylic acid gets converted to α-amino-adipic acid by the prevail-
ing reputed enzyme piperidine-6-carboxylate dehydrogenase.

In Eukaryotes : In this case, the inclusion of fungal β-lactam-yielding species, lysine gets
biosynthesized via a distinct metabolic pathway wherein L-α-aminoadipic acid invariably appears as an
exceptional intermediate***** ; and subsequently, it may be removed carefully for the ensuing penicil-
lin biosynthesis.******

Precisely in fungi, the L-α-aminoadipic acid is made available via the prevailing lysine
biosynthetic pathway, it may also be obtained alternatively via a lysine catabolic pathway, very much
identical to the one frequently observed in the actinomycetes ; and ultimately routed and channeled into
the penicillin biosynthesis.

* Vining LC et. al. Biotech Ad., 8 : 159-183, 1990.

** Madduri K et. al. J. Bacteriol., 171 : 299-302, 1989.

*** Madduri K et al. J. Bacteriol., 173 : 985-988 1991 ; Tobin MB et al. J. Bacteriol., 173 : 6223-6229, 1991.

**** Coque JJR et al. J. Bacteriol., 173 : 6258-6264, 1991.

***** Bhattacharjee JK., Crit Rev. Microbiol., 12 : 131-151, 1985.

****** Luengo JM et al. J. Bacteriol., 144 : 869-876, 1980.
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B. Late Genes in the Biosynthesis of Hydrophobic Penicillins

Extensive research has amply proved and established that isopenicillin N (IPN) may be rightfully
regarded as the most crucial branch-point intermediate in the penicillin pathway. Furthermore, its
subsequent strategic conversion to a wide range of hydrophobic penicillins, such as : Penicillins G,
essentially designates the ultimate and final step particularly related to the penicillin-producing seg-
ment of the pathway.
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Salient Features : The various salient features involving the late genes in the biosynthesis of the
hydrophobic penicillins are as follows :

(1) It has been observed that the L-α-aminoadipic acid moiety first gets dislodged by an enzyme,
amidohydrolase, to give rise to the formation of 6-APA followed immediately by reaction
with a CoA derivative to result into the formation of the targetted drug penicillin.*

(2) Enzyme actively engaged in catalyzing the reaction [in (1) above], acyl-CoA-isopenicillin
acyltrasferase (ACT), normally occurs as a heterodimer usually comprising of two subunits
of 29 and 11 kDa** (i.e., kilo dalton).

(3) ACT represents a ‘multifunctional enzyme’ which predominantly exhibit the characteristic
features of three enzymes, namely : acetyl-CoA-isopenicilin N acyltransferase (IAT), acyl-
CoA-6-APA acyltransferase (AAT), and penicillin amidase.

(4) Interestingly, the aforesaid subunits [in (2) above] are articulately derived from a 40 kDa
preprotein by the aid of a post translational processing mechanism ; and are legitimately
encoded by a single gene, pen DE, that has been duly cloned as well as sequenced originat-
ing from two fungal βββββ-lactam producers.***

(5) It has been shown that the sequences encoding the 11 kDa subunit precisely precede those
that encode the 29 kDa subunit, thereby having the ‘processing site’ strategically positioned
between Gly-102 and Cys-103.****

(6) The pen DE gene expression along with its various structural analogues critically present in
an E.coli. expression system has virtually suggested that the actual generation of an active
ACT prominently requires a cooperative interaction between the two polypeptide segments
in the course of their synthesis and folding.

7.1.2. The Penicillin Variants

Penicillin is the name assigned to the mixture of naturally occurring chemical entities having the
molecular formula C9H11O4N2SR, and differing specifically only in the nature of ‘R’ :

N
O

R  C. NH

O S

COOH

CH3

CH3

PENICILLIN

The various penicillin variants are mainly produced by a variety of strains of Penicillin notatum
and Penicillium chrysogenum.Six naturally occcurring penicillins have been prepared, characterized,
and studied extensively, whose chemical names, other names and the nature of ‘R’ are stated in the
following table :

* Queener SW and Neuss N. The Biosynthesis of βββββ-lactam antibiotics, Moran EB, Morgan M, eds. The
Chemistry and Biology of β-Lactam Antibiotics, vol. 3., Academic Press, London, pp : 1-81, 1982.

** Tobin MB et al. J. Bacteriol. 172 : 5908-5914, 1990.

*** Montenegro E et al. Mol Gen Genet, 221 : 322-330, 1990.

**** Aplin R T et al. FEBS Lett., 319 : 166-170, 1993 ; Tobin MB et al. Gene 132 : 199-206, 1993.
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S.No. Chemical name Other names – R

1. Pent-2-enylpenicillin Penicillin-I or F —CH2.CH = CH.CH2CH3

2. Benzylpenicillin Penicillin-II or G  C H 2

3. p-Hydroxybenzyl penicillin Penicillin-III or X  C H 2 O H

4. n-Heptyl penicillin Penicillin-IV or K —(CH2)6.CH3

5. n-Amylpenicillin Dihydro-F-Penicillin —(CH2)4.CH3

6. Phenoxymethyl penicillin Penicillin-V  C H O2

7.1.3. Production of Benzylpenicillins [Penicillin G]

Alexander Fleming’s originally isolated strain of Penicillium notatum (Straub) afforded actually
very low yield of penicillin. Vigorous search for improvement of strain revealed the isolation of P.
chrysogenum which distinctly gave much higher yields of penicillin. Importantly, the newer strains of
Penicillium could even produce upto 180 folds higher yields in comparison to the original isolate that
are solely based upon the novel phenomenon of ‘mutation’ or the so-called ‘genetic engineering’
methodologies.

In actual practice, penicillin is commercially produced in submerged vat cultures employing a
highly purified and selected strain of P. chrysogenum, whereby the ultimate yield of the targetted product
(penicillin) has been enhanced almost three folds i.e., from 10 mcg. mL– 1 to 30 mcg. mL– 1. Interest-
ingly, these modified, researched, purified strains of Penicillium do exhibit a number of marked and
pronounced characteristic features, such as : high-titre values, improved growth, immense tolerance to
the side-chain precursors, acetyltransferase activity, ability to store intracellular requirement(s).

The various steps that are associated intimately with the production of Benzylpenicillins [Peni-
cillin G] are stated as under :

7.1.3.1. Inoculum

Penicillium notatum (i.e., Fleming’s initial/original strain) together with other ‘early isolates’
afforded exclusively low yields of penicillin ; besides, they responded very sluggishly to the submerged
culture techniques particularly. Contrary to this, an early strain of P. chrysogenum (NRRL, 1951), duly
isolated from the moldy fruits, was observed to yield much higher yields of penicillin. Consequently,
the high-yield strain was duly subjected to careful treatment with a broad-spectrum of time-tested
mutagenic agents, for instance : UV-radiations, X-rays, and mechlorethamine (MBA)—a nitrogen
mustard. Obviously, these mutagenic agents helped a long way in the appropriate selection of several
higher yielding mutants in particular ; and, in general, the judicious application of these ensuing
mutagenic agents in sequence, along with certain repetitive treatments, ultimately grave rise to the newer
strain Q-176, that essentially had the ability of producing maximum yields of penicillin.
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Q-176 strain produced > 1000 Units . mL– 1

NRRL-1951 strain produced ~ 200 Units . mL– 1

Drawback : Both Q-176 and NRRL-1951 strains gave rise to the formation of a yellow water-
soluble pigment known as chrysogenin that prominently introduced a distinct yellow tint to the final
product of penicillin. Therefore, it was almost necessary to intensify the studies in the direction of
mutation and selection to lay hand on such modified strains that failed to produce the undesired yellow
pigment.

Developments in Better Penicillin-Producing Strains : It is worthwhile to observe at this point
in time that a major segment of strain-development programmes ultimately culminated with the latest
high-yielding industrial strains for the penicillin production. However, one may serenely take notice
of the fact that all of these modified strains are truly the descendant variants of the mother strain Q-176.

Asexual Reproduction : Nevertheless, the penicillin-producing strains of Penicillium are found
to be due to asexual reproduction ; and, therefore, the scope of the ‘conventional methods of genetic
analysis’ may not be applicable to them at all.

Parasexual Recombination : The incidence of a specific type of combination usually termed as
‘parasexual recombination’ may take place by the help of prevalent resultant-segregation as well as
recombination of genes.

Meticulous and intensive studies carried out by several researchers, namely : Roper (1952)*,
Sermonti (1956)**, and Pontecorvo (1956)*** have evidently demonstrated that in the event when two
genetically altogether different strains of Penicillium are allowed to grow simultaneously, the hyphae****
of the two strains in question will exhibit a tendency to fuse at a number of points. The formation of
diploid nucleus***** shall come into being when the corresponding cells duly generated from the
aforesaid ‘union’ essentially comprise of nuclei from each of the respective fungal strains and invariably
two nuclei strategically located in the close proximity within the cell ultimately get fused. In case, the
ensuing diploid nucleus just per chance gets into a respective conidium******, that happens to be
uninucleate in nature, the eventual formation of an altogether new strain would be perpetuated.

Formation of Haploid Nuclei******* : Further effective division by diploid nuclei meiotically
may give rise to the formation of haploid nuclei essentially having distinct genetic combinations.
Interestingly, this very technique has a lot of potential and scope for future development of remarkably
newer and useful industrial strains of penicillin-yielding fungi.

* Roper JA, Experientia, 8 : 14-15, 1952.

** Sermonti G, J. Gen. Microbiol, 15 : 599-608, 1956.

*** Pontecorvo G, Ann. Rev. Microbiol. 10 : 393-400, 1956.

**** Filaments of mold or parts of a mold mycelium.

***** A nucleus having two sets of chromosomes ; said of somatic cells, that contain twice the number of
chromosomes present in the egg or sperm.

****** Asexual source of fungi.

******* Nuclei possessing half the diploid or normal number of chromosomes found in somatic or body cells.
Such is the case of the germ cells-ova or sperm-following the reduction divisions in gametogenesis.
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* Jackson T, Development of Aerobic Fermentation Processes. In : Biochemical Engineering [R. Steel ed],
Heywood and Co., LTD, London, pp : 183-221, 1958.

** All of the living organisms present in a specified area.

7.1.3.2. Production Media

Though the precise and exact compositions of the penicillin-production media really employed
in any industry are more or less impossible to quote and determine, by virtue of the fact that such
information(s) are regarded to be the ‘trade secrets’ or patented by the actual users. Nevertheless, a
large segment of these commonly used media invariably comprises of such ingredients as : cornsteep
liquor solids, lactose, glucose, calcium carbonate, potassium dihydrogen phosphate [KH2PO4], edible
oil, and a penicillin precursor. Jackson (1958)* promulgated a very useful and typical medium having
essentially the following composition :

S.No. Ingredients Quantity (%) Remarks

1. Fermentable carbohydrates
— Corn steep liquor solids 3.5 Organic

— Lactose 3.5 Carbon
— Glucose 1 Source

2. Organic nitrogen source q.s.
3. Phenyl acetic acid q.s. Penicillin precursor

4. Potassium dihydrogen 0.4
phosphate [KH2PO4]

5. Calcium carbonate 1 Acts as buffer
6. Edible oil 0.25

7. Organic salts q.s. Maintain salt-balance in medium

Note : (1) The pH after sterilization is carefully maintained between 5.5 to 6.0.

(2) Higher lactose content ranging between 4 to 5% is desired with vigorously increased
aeration and agitation environments maintained within the fermentor (i.e., bioreactor).

(3) The ‘production media’ contains both ‘lactose’ and ‘precursor’ which are not included
in the inoculum media.

7.1.3.3. Biomass** Production

It has been amply demonstrated that the ensuing production of penicillin exclusively depends
upon the prevailing biomass production ; and, therefore, it is absolutely desirable to achieve a relatively
high biomass concentration in the fermentor (bioreactor). The very presence of carbon compounds (car-
bohydrates) besides other nutrients and additives is grossly responsible for the initial growth of the
organism(s) almost achievable near the maximum specific growth rate. Importantly, the rapid growth
rate prominently gives rise to an appreciable enhancement in the initial O2-uptake rate as well as the
subsequent CO2-evolution rate accordingly. It is, however, pertinent to mention at this juncture that
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* The mass of filaments (hyphae) which constitutes the vegetative body of fungi, such as : molds.

the ultimate penicillin production may be enhanced by suitably augmenting and greatly improving
mycelial* biomass, which could be accomplished appropriately by boosting up both the speed and rate
of agitation.

7.1.3.4. Course of Typical Penicillin Fermentation

The actual course involved in a typical penicillin fermentation on account of several undergoing
chemical changes is represented explicity in Fig. 3.20.
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Fig. 3.20. Various Chemical Changes Involved in a Typical Penicillin Fermentation with
Added Phenylacetic Acid Precursor.

[Adopted from : Brown WE and Peterson WH, Ind. Engg. Chem. 42, 1773, 1950]

Salient Features : The various salient features intimately associated with the chemical changes
incurred in Fig. 3.15 are enumerated below :

(1) At the initial stage of fermentation pH remains rather constant, whereas the cornsteep liquor-
cabon entities, glucose, and ammonia are being utilized simultaneously.
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* Sylvester JC and RD Coghill : The Penicillin Fermentation., Jn : Industrial Fermentation, Vol. II (Underkofler
LA and RJ Hickey eds)., Chemical Publishing Co., Inc., New York, pp. 219-263, 1954.

(2) Optimum pH range for penicillin production rises maximum between 7 to 7.5 by a sequence
of events, namely : carbon compounds (i.e., carbohydrates) utilized and depleted — portion
of lactic acid (from cornsteep liquor) being consumed — ammonia (NH3) released by
deamination of aminoacids from cornsteep liquor.

(3) At this criticial point in time pH remains virtually steady and constant as the method makes
use of the lactose to form penicillin, further rise in pH arrested due to the fact that prevailing
mold gets absolutely starved (of nutrients).

(4) Completion of fermentation is indicated by pH rise to 8 or even higher by virtue of consider-
able depletion of ‘lactose’ which smartly brings about autolysis of the mycelium.

(Note : In usual practice, the penicillin fermentation is arrested and harvested before
this specific and critical stage is achieved.)

(5) First 20 to 30 hours : i.e., during cornsteep liquor solid and carbohydrate consumption the
fungal growth turns out to be distinctly thick and heavy due to three possible reasons,
namely : (i) disperse strands (of DNA) ; (ii) clusters of mycelium ; and (iii) availability of
definitive pellets of mycelium (ranging between 0.5 to 2 mm diameter).

(6) Fig. 3.15 reveals vividly that the yields of penicillin are found to be ‘linear even at 22 hours,
but in actual practice they range between 48 to 96 hours.

(7) Ultimate yield of penicillin varies between 3 to 5% solely based upon carbohydrate actually
consumed, and almost attains a level in excess of 1500 Units . mL– 1.

(8) Sylvester and Coghill* (1954) have arrived at the following statistically averaged estimation
with regard to the yield of penicillin :

Aim : To produce 1000 Gallons of fermented culture (approx. equivalent to 5-6 lbs of
penicillin) by submerged-culture process.

S.No. Requirements Quantity Unit

1. Various nutrients 500 lbs

(e.g., cornsteep-liquor solids,

lactose, glucose etc.)

2. Live LP-Steam 7500 lbs

3. DM-Water 10,000 Gallons

4. Electricity 1,000 kwh

5. Air (Compressed and Sterile) 250,000

LP = Low Pressure ; DM = Demineralized Water ; Gallon = 4.5 L or Imperial Gallon =
3.75 L ; kg = 2.45 lbs ;

(9) pH plays an extremely vital and critical role particularly in the course of penicillin fermenta-
tion since penicillin is quite sensitive to relatively low pH values. Besides, penicillin is
equally sensitive to pH values above 7.5, specifically in the presence of NH4

+ ion. Therefore,
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it is quite necessary and mandatory to maintain pH ~ 7 (i.e., near neutrality) by incorporating
calculated quantum of CaCO3 and MgCO3 into the medium, and also using phosphate buffer.
[Note : (i) A little rise in pH is not so alarming since during this stage very little NH3
(gas) gets released to increase the prevailing pH values.
(ii) Fluctuation in pH may be adequately controlled by the addition of calculated amount
of either NaOH or H2SO4.]

(10) Overall Performance : The various constituents present in the medium exert a remarkable
effect on the overall penicillin yields as stated briefly below :

Cornsteep-Liquor Solids — Gives rise to NH3 needed in the early stages of fermentation
along with certain carbon-nutrients.

Glucose — Gets readily used-up to afford requisite mycelial growth but
permits and restricts very little penicillin production.

Lactose — Gets only gradually degraded to glucose and glactose : and
perhaps this rather not-so-rapid availability of glucose from
lactose affords the much desired starvation environments ur-
gently needed for penicillin production.

Liquid nutrients — Liquid nutrients (i.e., fatty oils*) are fully consumed by the
respective fungus during penicillin production. However, some
of the ‘oil’ is incorporated into the fermentation medium to
serve as ‘antifoaming agent’. Most probably these oils (liquid
nutrients) are duly subjected to degradation by the correspond-
ing ‘fungus’ either to the 2C-acetate or similar compound level
before being utilized in the actual formation of mycelium and
penicillin.

7.1.3.5. Penicillin Nucleus : Two Amino Acids

One may observe the presence of two specific amino acids embedded into the penicillin nucleus,
namely : L-cysteine and D-valine as depicted below :

O

HS OH

NH2
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H C3 OH
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CH3

* Fatty Oils : include lard oil (animal fat), soyabean oil, linseed oil, and fatty acids of more than 14 C-chain
lengths and their corresponding esters.
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* Arnstein HRV., Biochem. J. 57 : 360-368, 1954.

It has been proved beyond any reasonable doubt that the adequate supplementation of L-cysteine
and L-cystine i.e., the two S-containing amino acids, predominantly enhanced the overall yields of
penicillin to a much greater level and extent that occurred by the addition of all types of pure ‘inorganic
S-containing’ compounds.

Arnstein* (1954) further substantiated and expanded the aforesaid findings by employing
isotopically labeled L-cysteine (viz., β– 14C, 35S, and 15N) to demonstrate precisely that the prevailing
mold could induct this ‘specific amino acid’ directly right into the ‘penicillin nucleus’. Likewise, fur-
ther researches carried out in this direction by Arnstein et al. using isotopically labeled D- and L-valine
together with other ‘inhibitor studies’, invariably established the fact that the C-skeleton of L-valine
gets duly incorporated very much into the ‘penicillin nucleus’.

7.1.3.6. Role of Enzyme Penicillinase

Penicillinase is an extracellular hydrolyzable enzyme adaptively generated by the specific mem-
bers belonging to the ‘coliform group of organism’,in general, by most Bacillus species, and also certain
strains of staphylococcus. Penicillinase actually hydrolyzes penicillin into penicilloic acid (a dicarboxylic
acid) as given under :
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Characteristic Features : Penicillinase is vehemently present in a plethora of penicillin-resist-
ant pathogenic strains of Staphylococcus aureus ; and, therefore, is largely responsible for causing over-
whelmingly penicillin-resistance in the course of an infection. In addition to this the ‘enzyme’ aids in
the rapid degradation of penicillin in the penicillin-fermentation medium,in the event of a possible
contaminant which particularly produces the enzyme that not only has an easy access to, but also capa-
ble of growing in the fermentation broth.

7.1.3.7. Penicillin Production and Recovery

Principle : Penicillin in the anionic (acid) form is prove to extraction by solvent(s) as shown
below :
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* Cassida LE Jr. Industrial Microbiology, New Age International Publishers, New Delhi, p-244, 2004.

The corresponding solution in an organic solvent may be back-extracted conveniently as
its corresponding salt into an aqueous solution. This, in fact, constitutes the fundamental basis
for the ‘recovery’ as well as subsequent means of ‘purification’ of penicillin from the respective
duly harvested culture-broths.

Production and Recovery : A general and basic flowsheet diagram for the large-scale recovery
and purification of ‘antibiotics’ is illustrated in Fig. 3.21. The various steps that are usually followed in
a sequential manner are described as under :

(1) Once the entire fermentative procedure is accomplished i.e., at harvest, the completed peni-
cillin fermentation culture is subjected to filteration by the help of heavy duty rotary vacuum
filter to get rid to the mycelium plus other unwanted solid residues.

(2) The pH of the clear filtered fermented broth is carefully brought down between 2 to 2.5 by
the addition of a calculated amount of either phosphoric acid [H3PO4] or sulphuric acid
[H2SO4] so as to convert the resulting penicillin to its anionic form, as shown above.

(3) The resulting fermented broth (pH 2 – 2.5) is extracted immediately by using a Pod bielniak
countercurrent solvent extractor,* with an appropriate organic solvent e.g., amyl acetate,
butyl acetate, or methyl isobutyl ketone.

(4) Penicillin, thus obtained, is back extracted into aqueous medium from the corresponding
organic solvent by the careful addition of requiste quantum of KOH or NaOH to give rise to
the formation of the corresponding potassium or sodium salt of the penicillin.

(5) The resulting aqueous solution, containing the respective salt of penicillin, is again acidified
and reextracted with the organic solvent methyl isobutyl ketone.

(6) In fact, these shifts taking place between ‘aqueous’ and ‘solvent’ medium help in the ulti-
mate process of purification of the penicillin.

(7) The resulting solvent extract is finally subjected to a meticulous back-extraction with aque-
ous NaOH preferably, a number of times till extraction of penicillin is completed ; and from
this combine of aqueous extractions different established procedures are adopted to afford
the penicillin to crystallize out either as sodium or potassium penicillin.

(8) The crystalline penicillin thus obtained is washed, dried under vacuum, and the final product
must conform to the requirements/specifications laid down by various Official Compendia.
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Fig. 3.21. General and Basic Flowsheet Diagram for Large-scale Recovery and
Purification of Antibiotics.

[Adopted From : Cassida LE Jr. Industrial Microbiology, 2004].

Fig. 3.22 illustratres a typical ‘antibiotic’ fermentation plant. In actual practice, the culture me-
dium could be conveniently batched as well as sterilized in the fermentor itself. Nevertheless, most of
the fermentors are attached to a batching vessel and subsequently to the respective sterilizers as given in
the above figure. The various feed vessels duly connected to the final-stage fermentor are invariably
employed to supplement both nutrients and precursors during the on-going fermentative process. Im-
portantly, the seed fermentor and the final-stage fermentor should be operable under stringent aseptic
environments. The bioreactors are made of SS, having a capacity ranging between 30 and 300 m3,
agitation by 2/3 flat-peddled impellars, aeration done with compressed sterile air injection, generated
heat dissipated by employing chilled-water cooling coils (maintained at 26 ± 2°C). Sterilization of the
system done with live-steam injection ports adequately.
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Fig. 3.22. A Typical Antibiotic Fermentation Plant.

[Adopted from : Gupta PK Biotechnology and Genomics, 2004]

7.2. Streptomycin

Streptomycin is produced by either of the two Streptomyces species, namely : S. griseus and S.
humidus. The antibiotic is particularly active against Gram –ve bacteria e.g., Mycobacterium tuberculo-
sis. Besides, it is also found to exert its activity against Gram +ve bacteria, and used therapeutically for
curing infections inflicted by such organisms that distinctly show resistance to penicillin.

The wonderful epoch making discovery of streptomycin was meticulously carried out by three
prominent researchers : Schatz, Bugie and Waksman (1944) ; and one of their first and foremost soil
isolates (bearning No : 18-16) derived from S. griseus was, in fact, a mother strain still being employed



ANTIBIOTICS 245

largely as industrial strains across the globe even today. However, constant endeavour in selective
mutation and purification of various strains articulately helped to enhance excellent practically achiev-
able yields of today.

7.2.1. Chemical Structure

The chemical structures of two basic compounds, viz., streptomycin and dihydrostreptomycin
are as given below :
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Dihydrostreptomycin may be prepared by the chemical reduction of the carbonyl moiety present
in the L-streptose segment of the streptomycin molecule as shown above.

The various salts of streptomycin and dihydrostreptomycin are as stated below :

Streptomycin :

  (i) Trihydrochloride : C21H39N7O12 . 3HCl

 (ii) Trihydrochloride-cadium : (C21H39N7O12)2 . CaCl2
  chloride double salt

(iii) Pantothenate : C21H39N7O12 . C9H17NO5

(iv) Sesquisulfate : (C21H39N7O12)2 . 3H2SO4

Dihydrostreptomycin :

  (i) Trihydrochloride : C21H41N7O12 . 3HCl

 (ii) Sesquisulfate : (C21H41N7O12)2 . 3H2SO4

(iii) Pantothenate : C21H41N7O12 . C9H17NO5
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* Depending on the choice of strain of organism actually employed or on the production medium or in a
normal fermentation process a small quantum of mannosidostreptomycin is produced specifically in the
initial stages of fermentation ; however, the same gets mostly enzymatically degraded by organism, S. griseus
to Streptomycin by the time of harvest.

Besides streptomycin, some other forms also exist as the ensuing fermentation products of
S. griseus as given below :

S.No. Streptomycin Variants Organism Used Remarks

1. Streptomycin S. griseus ; S. humidus ; Highly active

2. Mannosidostreptomycin* S. reticuli Low antibiotic activity
(Streptomycin B)

3. Hydroxystreptomycin S. reticuli —do—
(Reticulin)

4. Mannosidohydroxy streptomycin Streptomyces spps. —do—

7.2.2. Choicest Medium

The choicest medium for the fermentative process of streptomycin production essentially com-
prise of :

(a) Carbon Source : e.g., dextrin, glycerol, glucose, starch, and similar economically viable
substances.

(b) Nitrogen Source : e.g., naturally occurring processed agricultural products : cottom seed
meal, soyabean meal, cornsteep liquor solids, casein-hydrolysate, yeast and its prepared ex-
tracts ; and pure inorganic salts : ammonium sulphate [(NH4)2 SO4], ammonium nitrate
[NH4NO3].

(c) Vegetable/Animal Fat : e.g. soyabean oil, linseed oil, fatty acids having more than 14C-
chain lengths plus their corresponding esters, and lard oil.

Two research groups, almost over a gap of a decase suggested typical industrial medium best
suited for the fermentation of streptomycin as given below :

S.No. Ingredients Woodruff and McDaniel1 Hockenhull2

1. Soyabean meal 1% —

2. Glucose 1% 2.5%
3. Sodium chloride 0.5% 0.25%
4. Extracted soyabean meal — 4%
5. Distiller’s dried solubles — 0.5%

6. pH (Before Sterilization) — 7.3-7.5

1 : 1954 ; 2 : 1963 ;
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* One must seriously consider the maintenance of ‘stock cultures’ based upon the fact that the high yielding
mutated strains of S. griseus are genetically unstable.

** Stock Cultures : These are maintained very carefully (e.g., by lypholization) that essentially require trans-
fer as infrequently as possible, as repeated transfers may ultimately select only those cells of the organism
that are rather poor generators of antibiotic.

7.2.3. Inoculum

High-yeilding Streptomyces griseus spores accomplished through meticulous mutation proce-
dures are stringently maintained either soil stocks* or duly lypholized in an appropriate carrier, for
instance : sterile skimmed milk. Consequently, the spores obtained from these stock cultures** are
carefully inoculated into a ‘sporulation medium’ strictly under aseptic conditions. It has been observed
that it duly caters for sufficient ‘sporulated growth’ to gainfully initiate the much desired liquid build-
up of mycelial inoculum in flasks or inoculum tanks respectively.

7.2.4. Streptomycin Production

Preamble : Streptomycin production outputs in bioreactors invariably respond overwhelmingly
to relatively high degree of aeration as well as agitation. It has been duly established that the ‘optimum
production parameters’ for streptomycin are :

Fermentation temperature : Varies between 25-30°C

(~ 28°C)

pH : Ranges between 7-8 (Max. between 7.6-8)

Duration : Varies between 5-7 days

(yield > 1200 mcg . mL– 1)

Importantly, streptomycin is fairly rough and tough, and hence hardly gets destroyed by the
presence of contaminating microorganisms as is the case with penicillin. Nevertheless, contaminants
definitely minimise yields to a considerably extent.

Note : (1) The actinophage infections may prove to be harmful and serious in nature for both
the inoculum and production vessels, because the streptomycete rapidly undergoes cleav-
age thereby reducing yields substantially.

(2) Development and application of ‘tailor-made’ strains of S. griseus, specifically resistant
to certain more common phages, are being used nowadays globally.

Production : The classical and widely promulgated commercial fermentation operation for the
production of streptomycin essentially passes through three cardinal phases, namely :

Phase-1 : It extends upto only 24 hours wherein the rapid growth commences producing the
large proportion of mycelium required for the fermentation. The highly energised proteolytic char-
acteristic property of S. griseus predominantly sets free NH3 right into the medium from the soyabean
meal, and thus the carbon-enriched nutrients present in the soyabean meal are adequately con-
sumed for the vigorous progressive growth. Nevertheless, the glucose up-take of the medium is
rather on a very low ebb during this particular phase, and perhaps that could be the reason for
reasonably lower (slight) streptomycin production. Interestingly, the ensuing pH of the medium rises
from 6.7/6.8 to nearly 7.5 or so.
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Phase-2 : It is the most crucial and critical stage since during this phase streptomycin is eventu-
ally generated at a tremendously rapid rate that usually extends from 1 day to almost 6/7 days of incuba-
tion under perfect sterile environment. Because there is little growth of mycelium ; and hence, the
weight of mycelium almost remains constant. In fact, three events take place precisely in this specific
phase, namely : (a) NH3 is fully consumed ; (b) glucose also being used-up to the maximum extent ; and
(c) pH stands constant between 7.6 to 8.

Phase-3 : With the virtually complete depletion of ‘sugar’ from the fermentation medium the
streptomycin production almost comes to a standstill situation. At this point in time, the ensuing
fermentation is invarianly harvested before the commencement of this phase of senescense i.e., the
‘period of old age’.

Harvest-Recovery-Purification : Once the fermentation attains completion, the resulting
mycelium is duly separated from the ensuing fermented broth by filtration ; and thus, the streptomycin
is finally recovered by one of the two methods described below based on the specific industrical concern.

Method-I : The streptomycin produced is adequately adsorbed from the fermented broth onto
activated carbon particles, and subsequently subjected to elution from the carbon particles by means of
diluted mineral acid till streptomycin gets eluted almost completely. The eluted product is precipitated
by suitable solvents, filtered, and dried under vacuum before further purification.

Method-II : Fermentation broth is first acidified and subsequently filtered and neutralized. The
resulting clear broth is forced via a packed column of cation-exchange resin to allow the adsorption of
streptomycin on it completely. The column is washed with water (DM) soonafter the completion of
adsorption, and finally eluted with diluted HCl, and the liquid containing streptomycin is concentrated
under vacuo almost to dryness. The crude antibiotic is dissolved in methanol and filtered, and acetone is
now added so as to allow the complete precipitation of streptomycin. In the final treatment the ensuing
precipitate is washed thoroughly with acetone and dried in vacuo before being solubilized in MeOH for
the ultimate preparation of the desired streptomycin-calcium chloride complex in its purest form.

Note : The final product obtained either from Method-I or II must rigidly conform to the stand-
ards of purity and assay as prescribed in the Official Compendia.

7.3. The Tetracyclines

The epoch-making discovery of chlortetracycline (aureomycin) in 1947 by Duggar paved the
way for a number of structural analogues used as broad-spectrum antibiotic that belong to the tetracy-
cline family. The tetracyclines which are found to be effective therapeutically are listed in the following
table.

7.3.1. Salient Features of the Tetracyclines
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Name of Official Status Brand Name(s) R1 R2 R3 R4 R5

Compound

Tetracycline BPC ; Tetracyn(R) H OH CH3 H H
(1973) ; USP ; (Pfizer)

SK-Tetracycline(R)

(SK & F)
Oxytetracycline USP ; Terramycin(R) OH OH CH3 H H

(Pfizer)

Chlortetracycline BP, USP ; Eur. P. ; Aureomycin(R) H OH CH3 Cl H
HCl Int. P. ; Ind. P. ; (Lederle)
Demeclocycline BP. USP ; Ledermycin(R) H OH H Cl H
HCl Eur. P. ; (Lederle, UK)

Methacycline BP (1973) ; Rondomycin(R) OH = CH2 H H
HCl USP ; (Wallace)
Doxycycline USP ; Vibramycin(R) OH H CH3 H H

(Pfizer)

Rolitetracycline USP ; Syntetrin(R) H OH CH3 H—CH2—N
(Bristol)

7.3.2. Nomenclatures

Based on the above conventional numbering of various carbon atoms and subsequent labelling
of the four aromatic rings present in the tetracycline nucleus, oxytetracycline is chemically designated
as :

‘‘4-Dimethylamino-1, 4, 4a, 5, 5a, 6, 11, 12a-octahydro-3, 6, 10, 12, 12a-penta-hydroxy-6-me-
thyl-1, 11-dioxo-2-naphthacenecarboxamide’’.

Some other members of the tetracycline family may conveniently be named as follows :

Methacycline : 6-Methylene-5-oxytetracycline ;

Doxycycline : α-6-Deoxy-5-oxytetracycline ;

Rolitetracycline : N-(Pyrrolidinomethyl)-tetracycline.

7.3.3. General Characteristics of the Tetracyclines

Following are the general characteristic features of all the members of the tetracycline family :

(a) The tetracycline are obtained by fermentation procedures from streptomyces species or by
the chemical transformations of the natural products.

(b) The important members of this family are essentially derivatives of an octahydronaphthacene,
i.e., a hydrocarbon made up of a system of four-fused rings.

(c) The antibiotic spectra and the chemical properties of these compounds are quite similar but
not identical.
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(d) The tetracyclines are amphoteric compounds, i.e., forming salts with either acids or bases. In
neutural solutions these substances exist mainly as zwitter ions.

(e) The acid salts of the tetracyclines that are formed through protonation of the dimethylamino
groupf of C-4, usually exist as crystalline compounds which are found to be very much
soluble in water. However, these amphoteric antibiotics will crystallize out of aqueous solu-
tions of their salts unless they are duly stabilized by an excess of acid.

(f) The corresponding hydrochloride salts are used commonly for oral administration and are
usually encapsulated owing to their bitter taste.

(g) The water soluble salts are obtained either from bases such as sodium/potassium hydroxides
or formed with divalent/polyvalent metals, e.g., Ca++. The former ones are not stable in
aqueous solutions, while the latter ones, e.g., calcium salt give tasteless products that may be
employed to prepare suspensions for liquid oral dosage forms.

(h) The unusual structural features present in the tetracyclines afford three acidity constants
(pKa values) in aqueous solutions of the acid salds. The thermodynamic pKa values has been
extensively studied by Lesson et al. and discussed in the chapter on ‘Physical-chemical fac-
tors and biological activities’.

(i) An interesting property of the tetracyclines is their ability to undergo epimerizaton at C-4 in
solutions having intermediate pH range. These isomers are called epitetracyclines.

The four epi-tetracyclines have been isolated and characterized. They exhibit much less,
activity than the corresponding ‘natural’ isomers ; thus accounting for an apparent de-
crease in the therapeutic value of aged solution.
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(j) It has been observed that the strong acids and bases attack the tetracyclines having a hydroxy
moiety at C-6, thereby causing a considerable loss in activity through modification of the C-
ring as shown below :
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Strong acids produce a dehydration through a reduction involving the OH group at C-6 and
the H atom at C-5a. The double bond thus generated between positions C-5a and C-6 in-
duces a shift in the position of the double bond between the carbon atoms C-11 and C-11a
thereby forming the relatively more energetically favoured resonant system of the naphtha-
lene group found in the inactive anhydrotetracyclines.

The strong bases on the other hand promote a reaction between the hydroxyl group at C-6
and the carbonyl moiety at C-11, thereby causing the bond between C-11 and C-11a atoms to
cleave and eventually form the lactone ring found in the inactive isotetracyclines.

(k) The tetracyclines form stable chelate complexes with many metals, e.g., Ca++, Mg++, Fe++,
etc.

A few typical examples for the tetracyclines shall be dealt with in the sections that follows :

7.3.3.1. Tetracycline
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2-Naphthacenecarboxamine [4S-(4α, 4aα, 5aα, 6β, 12aα)]-4-(dimethylamino)-1, 4, 4a, 5, 5a, 6,
11, 12a-octahydro-3, 6, 10, 12, 12a-pentahydroxy-6-methyl-1-11-dioxo- ; USP ; Achromycin(R) ;
Cyclopar(R) ; Panmycin(R) ; Tetracyn(R) ;
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Tetracycline* is the drug of choice in the treatment of chloera, relapsing fever, granuloma inguinale
and infections produced by rickettsia, Borrelia, Mycobacterium fortuitum and marinum, and Chlamydia
psittaci and trachomatis (except pneumonia and inclusion conjunctivitis).

It may be employed as an ‘alternative drug’ in the following two situations, namely :

(a) With silver nitrate in the prevention of neonatal ocular prophylaxis of chlamydial and
gonococcal conjunctivitis, and

(b) For treatment of actinomycosis, anthrax, chancroid, mellioidosis, plague, rat-bite fevers, syphi-
lis and yaws.

It has also been reported to be beneficial in the treatment of toxoplasmosis.

Tetracycline Production

Tetracycline is produced on large-scale using the submerged fermentation process by two pre-
dominant strains employed across the globe, namely : (a) Streptomyces aureofaciens [ATCC : 13908-
13911 and NCL B-9114]. In actual practice, the stock cultures are adequately maintained for reasonably
long durations in the shape of spores. Importantly, the resulting spores are maintained strictly either
under liquid N2 (– 70 to – 80°C) or lyphilized.** The ‘bioreactor’ being employed is normally made up
of stainless-steel along with SS connecting pipes, two-or three way SS gate-valves, SS-pumps (Alpha
Laval - Make) provided with adequate agitation and compressed sterile air circulation. Besides, it must
have all the necessary gadgets and recording devices meant for round-the-clock monitoring during the
entire fermentative operation. Various physical and physiological parameters of the culture media in the
bioreactor need to be controlled automatically, such as : pH regulation, supplementation with sterile
nutrients during the fermentation run etc. In addition, a number of vital and critical tests are being
carried out for the optimum growth of the antibiotic (tetracycline), for instance : strength of nutrients,
morphology and growth of culture, antibiotic production, and sterility conditions.

Note : Sterilization of the ‘liquid nutrient media’ is normally carried out at 120°C for a period
of 40 minutes.

Culture Medium : It has been observed that the overall tetracycline production is solely gov-
erned by the ensuing C : N ratio of the nutrients (i.e., sources) in the culture medium. However, in actual
practice the various components that essentially provide carbon sources are, namely : starch, sucrose
and glycerol ; and nitrogen sources are, namely : admixture of soyabean  meal plus mineral salts,
ammonium salts, amino acids, casein (milk-protein), meat-extract (animal-protein) etc. Besides, the
usable medium also comprises of cotton-seed meal, peanut meal, cornsteep liquor etc. It is absolutely
important as well as necessary to stringently maintain very low concentration of Cl– ion in the medium
so as to accomplish high production levels. Deionized cornsteep liquor and similar raw materials free
from Cl– ions may also be used gainfully. The optimum temperature should be 28°C and pH must vary
between 5.5 to 6.5 (ideally 5.6 to 6.0).

Inoculum : The basic inherent characteristic features of the ensuing inoculum do play a major
role for the biosynthetic production of tetracycline, such as : quality of vegetative inoculum or spores
i.e., its threshold age, genetic homogeneity, metabolic reative profile etc. Optimum tetracycline yield is
duly accomplished from a medium that predominantly comprises of inoculum for 24 hours, and present
within a range of 2-10% having an optimum pH value between 5.6 and 6.2.

* Kar, A., Medicinal Chemistry, New Age International Publishers, New Delhi, 3rd. edn., 664-667, 2005.

** Rapid freezing of a substance at an extremely low temperature and then dehydrating the substance in a high
vacuum. [Synonym : Freeze-Drying]
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Aeration : It is quite necessary and equally important to make available both vigorous and inten-
sive aeration in the submerged cultures of Streptomyces aureofaciens right from the very initial stage of
cultivation phenomenon. Any observed irregular aeration or interruption in aeration during the first-
few hours invariably give rise to an appreciable extent of production of tetracycline.

Tetracycline Production : The teracycline production is carreid out in submerged aerated agi-
tated bioreactor containing adequate virulent culture medium loaded with genetically homogenous and
metabolically reactive inoculum. It essentially comprise of three distinct and vital stages, namely :

Stage-1 : Growth Phase : It is mostly characterized by instant fast utilization of incorporated
nutrients. There is a distinct enhancement of the cell mass. The phsophate (PO4

– 3) ion concentration has
an enormous influence upon the prevailing culture medium. Interestingly, during the on-going produc-
tion phase of the tetracycline fermentative procedure the secondary mycelium (i.e., the thin-hyphae) is
found to modulate the specific phosphate ions present in the culture medium. However, the ‘production
type of the mycelium’ is hardly generated particularly in the overwhelmingly presence of the PO4

– 3 ions.

Stage-2 : Production Phase : In this particularly phase the maximum quantum of the antibiotic
is actually generated. Thus, the overall rate of growth of the concerned microorganism gets decreased
substantially and almost ceases in due course.

State-3 : Thus is, in fact, the last phase wherein the production of the tetracycline almost attains
the lowest ebb. The mycelium undergoes due fragmentation and the process of cleavage commences
apparently.

Isolation and Purification : Tetracycline is invariably obtained from the clear filtrate ob-
tained from the acidic medium (i.e., the fermented broth) by the help of sterilized SS-Plate Type Filter
Press or Pdobielniak Counter Current Extractor (as mentioned under ‘penicillin’). The clear filtrate is
subjected to a process of adsorpton upon an active substance e.g., activated carbon, and elution subse-
quently. The eluted liquid is treated with a requisite amount of salts of alkaline earth metals to obtain the
precipitate of tetracycline as its corresponding salts. The resulting salt is poorly water soluble, but
fairly soluble in several organic solvents. Once the organic phase is separated, the tetracycline is ad-
equately pushed into the aqueous phase (by the addition of diluted HCl). Finally, the purified form of
tetracycline is salted out or crystallised carefully, and dried under vacuo.

7.4. Vitamin B12 (Cyanocobalamine ; Cobamide)

Vitamin B12 is produced commercially by the aid of a direct fermentation procedure using
Streptomyces species, for instance : Streptomyces olivaceus.

Rickes et al.* (1948) first and foremost recovered the active crystalline vitamine B12, as given
below from a S. griseus culture (that also eventually produced the antibiotic resein).

* Rickes EL et al. Science, 108 : 634-635, 1948c.
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Prolonged intensive and extensive researches have adequately proved and revealed that at least
‘small quantum’ of vitamin B12 could be synthesized by a host of microorganism variants belonging
specifically to actinomycetes and bacteria ; and that relatively ‘large quantum’ was prevalent particu-
larly amongst the microorganisms pertaining to the intestinal habitats.

In general, cobamides (vitamin B12) essentially comprise of a ‘porphyrin nucleus’ to which the
ribose and phsphate residues are attached strategically. Nevertheless, the cobamide variants do differ
in their corresponding purine, benzimidazole on other base located in the nucleotide-like segment of
the molecule ; and besides, in the chemical functional moiety duly attached to the Co atom.

The various steps involved in the production of Vitamin B12 are enumerated sequentially as
stated below :

(1) S. olivaceous is allowed to grow with adequate constant aeration at 27°C preferably in a
nutritionally rich crude-medium having glucose as a major source of carbon.

(2) A potential source of cobalt (Co) between 2-10 ppm is duly incorporated into the above
medium in the form of its salt cobalt chloride [CoCl2 . 6H2O] to serve as a precursor. Thus,
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the relevant organism meticulously scavenges low levels of cobalt from the prevailing me-
dium, whereas the respective higher levels are proved to be toxic in nature.

(3) Total duration of the fermentative process lasts between 3 to 4 days or until such time when
mycelium lysis commences to take place. In this manner, a major segment of the vitamin B12
produced remains very much contained within the microbial cells until autolysis* comes
into force ; and, therefore, the recovery of the vitamin from the ‘fermentation broth’ is
tremendously simplified by actually initiating harvesting before autolysis has turned out to
be adequately serious i.e., a situation when vitamin B12 is still lodged within the mycelium
securedly.

(4) At harvesting stage, both the solids and the mycelium are duly filtered or centrifuged to
separate them from the ensuing ‘fermentation broth’, and dried subsequently for an appro-
priate usage in the form of either vitamin B12 enriched animal-or poultry-feed supplements.

(5) Alternative Method of Recovery : In this specific instance, the vitamin B12 is predomi-
nantly released from the concerned cells by several tried and tested methodologies, namely :
alcohol treatment, heat, acidification etc.

Example : The adequately completed ‘fermentation broth’ is first acidified, treated with
sodium sulphite so as to protect the vitamin, and finally the admixture of culture and fermen-
tation broth is subjected to careful heating by employing steam-heated coils with agitation or
passing low-pressure steam slowly with proper agitation.

(6) The ‘solid residues’ as well as ‘spent mycelium’ are duly separated either by ‘filtration’ or
‘centrifugation’, and the resulting clear fluid thus obtained is meticulously evaporated strictly
under superb vacuum facilities.

Note :

(1) Main bulk of vitamin B12 is used as such in solid dosage forms and liquid prepara-
tions.

(2) Relatively small proportion of the vitamin B12 is further purified and crystallized
for the exclusive treatment of pernicious anemia** and other vital medicinal usage
via the IV route of administration.

Latest Method of Production : The latest method adopted for the present-day commercial pro-
duction of vitamin B12 is usually carried out by adequately aerated submerged bacterial fermentations
making use of strains of Propionibacterium or Pseudomonas with a beet-molasses based culture me-
dium and the adequate supplementation with requisite amount of the cobalt-salts.

Vitamin B12 may also be produced on a large-scale by using Bacillus megaterium, and the over-
all recovery from this fermentative procedure almost approaches quite similar to those obtained from the
Streptomyces organisms.

The details of commercial production from Propionibacterium shermanii and Pseudomonas
denitrificans are described as under :

* The self-dissolution or self-digestion which occurs in cells by enzymes in the cells themselves.

** A chronic, macrocyclic anemia marked by achlorhydria. It mostly occurs in 40 to 80 year old northern
Europeans with fair skin, but has been reported in other races as well and ethanic groups. It is rare in blacks
and Asians.
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7.4.1. Vitamin B12 from Propinonibacterium Shermanii

There are, in fact, three different types of medium that are skillfully used in the production
of vitamin B12 from P. shermanii, such as : (a) maintenance medium ; (b) seed-culture medium ; and
(c) main-culture medium. All these media shall now be treated individually in the sections that follows :

(a) Maintenance Medium : The maintenance medium for P. shermanii essentially includes
per 1L the various ingredients as : tryptone 10g ; yeast extract – 10 g ; filtered tomato juice
– 200 g ; and agar 10 g. The pH of the prepared medium is adjusted to 7.2. The inoculated
media is duly incubated for a duration of 96 hours at 30°C.

(b) Seed-Culture Medium : The seed-culture medium is usually of different types which are
prepared according to the following two stages, namely :

(1) First-Stage Medium : It is very much identical in composition to the maintenance me-
dium and is precisely devoid of agar. It is normally incubated for a duration of 48 hours
at 30°C without any agitation whatsoever.

(2) Second-Stage Medium : The exert composition of the second stage medium 1L is as
follows : cornsteep liquor solids — 20 g ; glucose — 90 g ; and the pH is maintained at 6.5.
In general, the medium is duly incubated for 24 hours at 30°C devoid of any aeration,
and pH is adjusted to 6.5

(c) Main-Culture Method : The main-culture (i.e., production) media essentially comprise of
the following ingredients in 1L : cornsteep liquor solids — 40 g ; glucose — 100 g ; cobalt
chloride [CoCl2 . 6H2O] — 0.02 g ; and the pH adjusted to 7.0. It is usually incubated at
30°C. Nevertheless, the first phase of 80 hours is allowed to carry on without aeration, but with
slight introduction of N2 with agitation. Later on, a slight aeration to the tune of 0.1 v/v/m is
sustained, and pH is adjusted to 7.0.

It has been observed that ‘propionibateria’ are invariably grown/cultivated upon carbohydrate-
based media specifically and that too in an unaerated environment. However, the cobalt supplment is
an absolute necessity for vitamin B12 production. Besides, it also solely depends upon either the internal
generation or external supply of 5, 6-dimethyl benzimidazole (or 5, 6-DBI). Importantly, the mutant
strainsof P. shermanii are capable of synthesizing their own 5, 6-DBI, which ultimately enhances the
yield of vitamin B12 to an extent of 65 mg . L– 1 in a pilot scale.

It is, however, pertinent to state here that the ‘aeration’ definitely augments the formation of 5,
6-DBI, whereas it distinctly lowers the vitamin B12 biosynthesis at one of its various steps. Therefore, it
is quite necessary and equally vital that the very first stage (80 hours) the fermentative process in the
bioreactor must be carried out predominantly in an anaerobic environment, but a little agitation is still
necessary until the main bulk of the carbohydrate present in the media is fully consumed for the growth
and the ultimate formation of cobamide. Of course this kind of sequential steps will exert hardly any
undue effect. The subsequent follow up stage (next 88 hours) is supplemented with moderate agitation
and slight aeration. The aeration afforded at this stage essentially induces the biosynthetic pathway of
5, 6-DBI, whereby the resulting cobinamide gets converted ultimately to cobalamin.

7.4.2. Vitamin B12 from Pseudomonas Denitrificans

Quite recently a plethora of mutant strain variants have been duly developed that are prominently
based upon the original wild-type of P. denitrificans used for the large-scale production of vitamin B12.
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Nevertheless, it essentially requires three different types of media, such as :

(a) Laboratory-Scale Medium : Precisely the medium required essentially for the laboratory-
scale fermentative process for producing vitamin B12 form P. denitrificans comprises in 1L
the following constituents : beet molasses — 60 g ; brewer’s yeast — 1 g ; N2 amine — 1 g ;
ammonium phosphate [(NH4)2 HPO4] — 2 g ; magnesium sulphate [MgSO4 . 7H2O] — 1 g ;
manganese sulphate [MnSO4 . 7H2O] — 2 g ; zinc sulphate [ZnSO2 . 7H2O] — 0.02 g ;
sodium molybdate [Na2MoO4 . 2H2O] — 51.5 g ; agar — 25 g ; and pH adjusted to 7.4. The
inoculated laboratory-scale medium is duly incubated at 28°C for 96 hours.

(b) Seed-Culture Medium : It has almost the identical composition as stated in (a) above, but it
is devoid of agar. It is incubated at 28°C on a ‘rotary shaker’ for a duration of 72 hours.

(c) Production-Culture Medium : It consists of the following ingredients in 1L, namely : beet
molasses — 1000 g ; yeast — 2 g ; ammonium hydrogen phosphate [(NH4)2 HPO4] — 5 g ;
magnesium sulphate [MgSO4 . 7H2O] — 3 g ; manganese sulphate [MnSO4 . H2O] — 0.2 g ;
cobalt nitrate [Co(NO3)2 . 6H2O] — 0.188 g ; zinc sulphate [ZnSO4 . 7H2O] — 0.02 g ;
sodium molybdate [Na2MoO4 . 2H2O] — 51.5 g ; 5, 6-DBI — 0.025 g ; and pH is adjusted
to 7.4. The prepared media is duly incubated at 29°C for a duration of 90 hours with constant
agitation of 420 RPM and rate of aeration at 1v/v/m.

Source of Carbohydrate

In actual practice, the sugarbeet molasses loaded with 5 to 10% betaine (i.e., trimethyl glycine)
serves as an ideal source of carbohydrate. It also stimulates the production of vitamin B12 by promoting
the synthesis of α-synthetase. It has been duly observed that it specifically aids in the production of
δδδδδ-aminovulinic acid i.e., the very first and foremost intermediate in the cobalamine biosynthesis.

It is pertinent to mention here that the aforementioned cobalamin biosynthesis by the organism
P. denitrificans essentially require the external supply of 5, 6-dimethyl-benzimidazole [i.e., 5, 6-DBI]
and cobat salt.

Fermentation Phenomenon

The process of fermentation involving the growth of the Pseudomonas and the ensuing biosynthesis
of the vitamin B12 particularly needs moderate aerated environment along with adequate agitation in the
‘bioreactor’.

8. FUTURE PROSPECTS

Biotechnoligical processes may be broadly viewed from two distinct and acceptable angles,
namely : first, to a small extent which grossly need to be confined within a specifically well-defined
area or system ; and secondly, to a large extent wherein the ultimate eventful grand success of a plethora
of the processes shall exclusively depend on the rationalized correct choice and meticulous operation of
these systems. Most desirously in an industrial environment, the expected level and scale of operation
will, certainly for realistic economic reasons, significantly, be substantially enormous ; and, therefore,
invariably in all instances the ultimate success will evidently requires the closest cooperation between
the process engineer and the bioscientist thereby proving explicitely the most realistic interdisciplinary
nature of the newer biotechnological processes.

The latest trend has just gained the momentum for the overall improvement of various strains
via the spectacular application of molecular genetics. It is now possible to manipulate certain ear-
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marked experimental parameters in stringently controlling secondary metabolism ; and this glaring
accomplishment has given rise to a very modest gains in the much-sought-after production efficiency.
Many more future ambitious targets with specific reference to molecular techniques shall predominantly
revolve around the identification of the prevailing transcriptional and regulatory mechanisms that
would essentially either limit or restrict the expression of both foreign and native genes in producing
viable strains. Besides, with advent of an ever-increasing knowledge of the wide-spectrum of biochemical
and biophysical characteristic features of the biosynthetic enzymes shall ultimately allow their legitimate
productive manipulation at the molecular level governed by X-ray crystallographic analysis of the
prevailing active-site structures, that would in turn ultimately permit the synthesis of a much wider range
of bioactive precursors and corresponding metabolites.

Nevetheless, these optimistic projections are entirely supported by evidence upon a realistic
consideration of the scientific merits of the application of recombinant DNA technology to the production
of antibiotics. Off late an unfortunate situation has occurred unexpectedly due to the rapid spread of
antibiotic-resistant organisms that necessiates the dire need for exploring new classes of antibiotics most
pressing on one hand, and the economic cost of discovering and developing these newer breed of antibiotic
on the other hand — is precisely discouraging such research endeavours globally.

In nutshell, perhaps once the problem of prevailing ‘antibiotic resistance’ boils down to an even
more acute situation, aggressive research into the development of newer antiobiotics will, gain momentum
out of necessity, come back into reasonable favour, and the full blast impact of molecular genetics shall
be brought into force to bear on the problem.
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PROBABLE QUESTIONS

1. (a) What are ‘antibiotics’ ? Name the three well-known methods for their large-scale pro-
duction quoting specific examples. Elaborate briefly on the ‘antibiotic development’.

(b) Write short-notes on any three of the following :
(i) Specific Tests for identification of pathogens.

(ii) Laboratory diagnosis for viral infections.
(iii) Soil as the ‘Best Available Source of Antibiotics’.
(iv) Detection of Microorganisms by colour change.
(v) Crowded-plate Technique and its Limitations.

2. (a) Discuss ‘Secondary Screening’ and its importance in Antibiotics.
(b) Differentiate between ‘Agar-Plate Method’ and ‘Liquid Culture Method’ briefly.

(c) Elaborate the various ‘Salient Features’ of Secondary Screening.

3. (a) What are Fermentors (or Bioreactors) ?

(b) Give a brief account of the three major commercial byproducts derived from the
bioprocessing technology together with some typical examples.

(c) Describe the various ‘Salient Features’ of Bioreactors. Support your answer with ap-
propriate examples.

4. (a) What are the major differences between the ‘Anaerobic Fermentation’ and the ‘Aero-
bic Fermentations’ ?



260 PHARMACEUTICAL BIOTECHNOLOGY

(b) Describe an ‘Anaerobic Bioreactor’ diagramatically along with its various ‘salient
features’.

5. (a) What are the various important advantages of the ‘Immobilized Cell Bioreactors’ ?

(b) Discuss the following two cultures with reference to the immobilized cell bioreactors :
(i) Immurement Cultures (ii) Entrapment Cultures.

6. (a) How many types of Bioreactors or Fermentor Variants (at least ten) you have come
across in the Fermentation Industry ?

(b) Describe any two such Bioreactors with diagrams amongst the ones that you have studied.
7. (a) What are ‘Mutants’ ? Why the multistate-continuous fermentation procedures are of

great significance in ‘mutation’ ? Explain.
(b) Discuss the following explicitely :

(i) Isolation of Mutants

(ii) Method of causing a Mutation
(iii) Somaclonal Variation
(iv) Isolation of Somaclonal Variants
(v) Molecular foundation of Somaclonal Variation

(vi) Somaclonal Variations and Induced Mutations.
8. Give a comprehensive account of the following cardinal factors influency the ‘Rate of

Mutation’ :
(a) Radiation induced mutation
(b) Effect of UV radiation
(c) Chemically induced mutations.

9. Describe the following technique with respect to the design of fermentation processes
engaged :

(i) Submerged Fermentation (ii) Downstream Processing

(iii) Cell Recycle Technique.

10. Discuss the various steps invovled in the commercial production of the following ‘antibi-
otics’ : [Attempt any one] :

(a) Benzylpenicillins [Penicillins G]

(b) Streptomycin

(c) Tetracycline.

11. How can would manufacture Vitamin B12 by using the following microorganisms :

(a) Propionobacterium shermanii

(b) Pseudomonas denitrificans

Give exhaustive details of the two methods.

12. Write short-notes on the following :

(i) Stirred Bioreactors

(ii) Air-lift Type Fermentor

(iii) Chemicals affording mutagenic activity to replicating DNA

(iv) Late Genes in the Biosynthesis of Hydrophobic Penicillins.



1. INTRODUCTION

Microorganisms do have the capability and accessibility for the conversion of one organic molecule
into another precisely. Based upon the experimental evidences a good number of complex bioconversions
which are usually accomplished by several specific microorganisms, cannot be achieved by various
normal chemical means. Interestingly, the microbial transformations of the molecules that are eventu-
ally found to be of immense industrial application invariably involve oxidation, reduction, hydrolysis,
condensation, isomerization and the like.

Besides, it was adequately realized that microorganism articulately represent an exceptionally
useful tool to have an in-depth knowledge with respect to the mechanism of ‘heredity’ and ‘genetic
transfer’ ; and, therefore, utilized progressively in elaborated genetic investigations.

It has been duly observed that all fermentations do not necessarily cause to participate total
microbial transformation of carbon substrates e.g., cornsteep liquor solids, glucose etc. to rather smaller
biosynthetic building blocks, for instance : acetate, and subsequent resynthesis to produce the desired
fermentative end product. In this manner, therefore, certain microbial transformations essentially
engage one-, two-, or a few step enzymatic transformations of the corresponding substrate to give rise to
a fermentative product which is intimately related to the ensuing substrate chemically. At this critical
juncture, it is quite evident that in case  the microbial growth is closely linked with the transformation, a
specific segment of this substrate or that of an alternate one, when present, should also get degraded
partially so as to maintain a regular supply of ‘carbon’ not only for the energy, but also for the growth of
the cell.

Example : A typical example of a microbial transformation is explicitely represented by
the ‘second half’ of the dual fermentation of ααααα, εεεεε-diaminopimelic acid : L-lysine, because the
α, ε-diaminopimelic acid decarboxylase enzyme obtained from Acetobacter aerogenes is predominantly
used up in carrying out a single-step enzymatic decarboxylation of the α, ∈ -diaminopimelic acid into
L-lysine.

4CHAPTER

MICROBIAL TRANSFORMATIONS
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Nevertheless, microbial transformations are gaining legitimate enormous interest in the realm
of the state-of -the-art fermentation industry by virtue of the glaring and overwhelming fact that enzymatic
reactions may be gainfully employed to bring about some chemical transformations that are essentially :

• Quite expensive,

• Difficult to accomplish, and

• Next to impossible solely by chemical means.

Importantly, the microbial transformations of a host of specific organic compounds are duly
accomplished by making use of such starting materials as : growing cultures, resting cells, spores,
enzymes, immobilized cells, and enzymes derived from microorganisms. The commercial scale of
the aforesaid microbial transformations are mostly performed under perfect sterile environments us-
ing  aerated and stirred bioreactors. However, sterilization is absolutely necessary so as to avoid any
possible contamination(s) that may give rise to either generation of undesired products or undue sup-
pression of desired reactions. Obviously, the ultimate end products invariably get secreted very much
‘outside the cell’ ; and, hence, they either remain dissolved or found suspended in the final fermentation
broth. The final product may be obtained from the above fermented broth by adopting the following
steps in a sequential manner, namely :

• If filamentous fungus (e.g., Penicillium notatum) is the microorganism that has been used, it may
be separated by simple filtration.

• Further recovery of the product from the filtered fermented broth may be obtained by any one of
the following well-defined, time-tested procedures, such as :

M adsorption to ion-exchangers

M precipitation as their corresponding Ca2+ – salts

M simple repeatative extractions with choicest solvents

M direct distillation from the medium (exclusively for volatile products).

2. TYPES OF REACTIONS MEDIATED BY MICROORGANISMS

A plethora of microbial transformation reactions that are solely mediated by microorganisms are
as stated under :

(i) Vinegar (acetic acid) production,

(ii) Gluconic acid production,

(iii) Antibiotics production,

(iv) Single-cell protein (SCP) from methanol,

(v) Lactic acid production,

(vi) Kojic acid, and

(vii) Itaconic acid.



MICROBIAL TRANSFORMATIONS 263

Of the five products stated above, (iii) has been discussed under Chapter-3; (v) shall be discussed
separately under 4.4 in this chapter ; and the remaining (i), (ii) and (iv) will be treated individually in the
sections that follows :

2.1. Vinegar (Acetic Acid) Production

Vinegar fermentation enjoys the reputation of being one of the oldest known fermentative pro-
cedures to the mankind; and historically, it was obtained as an unwanted spoilage of wine as a natural
event. In true sense, vinegar (acetic acid) is nothing but a fermentation-derived food product essen-
tially comprising of not less than 4 g of acetic acid per 100 ml (i.e., 4% w/v) ; and besides, it inherently
possesses an unique special flavour characteristic features, which evidently protects and provides a
clear-cut edge over the artificial direct products obtained  via pure synthetic routes in flavour, mellow-
taste, and above all the competition.

The production of vinegar on commercial scale may be accomplished by several time-tested
procedures as stated below, namely :

(i) Traditional method,

(ii) Aerobic fermentation process,

(iii) Orleans process,

(iv) Packed-generator process,

(v) Trickling generator, and

(vi) Submerged fermentor.

The aforementioned methods shall now be described individually in the sections that follows :

2.1.1. Traditional Method

In this particular instance the production of vinegar essentially requires two different modes of
fermentations, namely :

(a) Utilizing a specific yeast — i.e., to produce ethanol from cane-sugar (sucrose — obtained
from fruits, malt etc.), and

(b) Utilizing Acetobacter species — i.e., to carry out the oxidation of ethanol via acetaldehyde to
ultimately acetic acid.

In usual practice, the substrate for the first-stage of fermentation may be provided by almost a
host of naturally occurring starting materials, such as : ripe and sweet fruits e.g., apples, pears, plums,
grapes, berries etc.; honey ; wine, malt and the like. It is, however, pertinent to mention here that mostly
the modern trends in the production of vinegar extensively make use of apple-cider and wine, in the
presence of two predominantly employed fermentation organisms, namely :

(i) Saccharomyces cerevisiae ; and

(ii) Saccharomyces cerevisiae var. ellipsoideus.

The introduction of pressurized sulphur dioxide (SO2) gas into the fermentative broth is an
absolute necessity in order to control as well as monitor the bacterial growth effectively.

CAUTION : It is quite important to remove the inducted SO2-the gas from the fermentative
broth either by aeration or by other suitable means just prior to the oxidation of generated
alcohol further to the desired vinegar (i.e., acetic acid).
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* A class of the phylum. Nemathelmenthes that includes the true roundworms or threadworm, many species of
which are parasitic in nature.

Once the alcohol-fermentation is fully accomplished, the resulting mass of yeast cells along with
various other sedimented solid residues are permitted to settle down as completely as possible, and the
supernatant fermented alcoholic broth is withdrawn carefully.

Finally, the vinegar production is initiated from the above ‘alcoholic broth’ by following the
various steps detailed below sequentially :

(i) alcohol content adjusted between 10-13%,

(ii) vinegar in small quantity added to enhance the acidity of the broth, and

(iii) alternatively, Acetobacter cells may also be incorporated in such processes that would
require inoculation.

2.1.2. Aerobic Fermentation Process

In general, the microbial oxidation of ethanol to acetic acid is nothing but an aerobic fermenta-
tion process which essentially demands an excessive oxygen (O2) requirement.

Salient Features : The various salient features of an aerobic fermentation process are as given
below :

(1) Acetobacter cells are usually of a highly aerobic nature; and, therefore, any circumstantial
development of an ‘oxygen deficiency’ in the fermentation medium would directly affect
their normal activities.

(2) Oxidative conversion of ‘ethanol’ to ‘acetic acid’ per se needs an enormous quantum of
oxygen which is evidenced by the following example :

1 L of Ethanol when converted to Acetic Acid requires 552 g of oxygen.

(3) Evolution of Heat Energy—Oxidation of ethanol to acetic acid evolves a considerable amount
of heat energy that should ordinarily be dissipated from the fermentative broth in due course,
example :

4.5 L (≡ 1 Gallon) of Ethanol when converted to Acetic Acid liberates approximately
30, 250 BTUs (i.e., British Thermal Units).

(4) Interestingly, the more latest developments in process design have adequately provided enough
manipulative measures and controls with regard to the supply of sufficient oxygen to the
fermentation broth, and also sufficient arrangement for dissipation of heat either through
circulation of chilled air or chilled-water coils in the bioreactors.

In the age-old vinegar fermentation processes, besides those wherein a fortuitous souring of wine
took place, were duly obtained by the introduction of an ‘alcoholic liquid’, either in the form of fermented
fruit juice or wine, in shallow open vessel. The exposed air adequately caused due inoculation of the
alcoholic solution by Acetobacter organism, whereas the ensuing large surface area catered for the
much needed aeration. It has been duly observed that during an extended incubation period, the
apparent growth of a ‘bacterial scum’ essentially comprising of the alcohol-oxidizing bacteria got
eventually developed on the surface of the liquid. In addition to the above, certain nematodes* very
specific to vinegar usually termed as vinegar eels, also found to have multiplied in these vessels both
progressively and aggressively.
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* A tree with smooth bark and glossy leaves.

** Whenever fermentation takes place, CO2 is evolved, which generates heat ; and the hot-air being lighter
than cold-air has a tendency to move up and escape through the vents at the top of the generator.

2.1.3. Orleans Process

Orleans, in France, first and foremost worked out gradually the ‘production of vinegar’ from
the original vat fermentation to the rather more sophisticated ‘Orleans Process’ particularly for wine
vinegars. Importantly, the said methodoloy is still being adopted in certain units in France to produce
fine and top quality table vinegars.

In fact, the Orleans process, essentially makes use of large fermentation vessels or barrels or
casks placed either in vertical or in horizontal positions. A number of holes made in the walls of these
fermentative vessels, strategically located above the ‘level of liquid’, allow the cross-sectional move-
ment of air in them adequately. Consequently, the Acetobacter organism (bacteria) generate a substan-
tial quantum of ‘slime’ which eventually grow into a layer or filu or vinegar mother, right upon the
surface of the alcoholic broth, carefully supported at the surface of the floating raft made up of wooden
grating. It has been duly established that the culture cells in the slime layer are further placed together in
position by the corresponding cellulosic strands caused by one of the Acetobacter species known as
Acetobacter xylinum. However, in actual practice, a natural inoculum of Acetobacter cells is allowed to
pile up either in the casks, or a portion of the ‘vinegar mother’, which is essentially transferred from the
previous casks to boost and promote the process of ‘acetification’.

It is pertinent to state here that the phenomenon of oxidation responsible for the conversion of
ethanol to acetic acid via this route is rather slow and sluggish. It usually demands an incubation span
varying between 1 to 3 months at a stretch, and during this fermentative duration a plethora of other non-
Acetobacter organisms are also rendered active, thereby giving rise to organic acids viz., lactic acid,
propionic acid that eventually as their respective ‘esters’ do impart/induce an exceptionally unique and
pleasant fruity flavour and aroma to the ultimate vinegar thus produced.

Note : Nevertheless, long incubation period normally gives rise to a relatively higher loss of
ethanol via evaporation and over oxidation.

2.1.4. Packed-Generator Process

Packed-generator process was developed initially by Schuzenbach, a German scientist, whereby
the microbial oxidation of ethanol to acetic acid could be accomplished efficiently and adequately by a
rather more rapid methodology. However, it is also known as the ‘quick method’ and the ‘trickle method’.

In the packed-generator process the fermentation vessel i.e., the ‘vinegar generator’ usually
consists of a large vertical tank, that could be either open or closed at the top, and loosely packed with
beechwood* shavings, small twigs, evenly cut corn cobs, bamboo-stick bundles, or similar other pack-
ing substances. Consequently, a bacterial film made up of mixed Acetobacter species, other than those
for the Orleans Process (section 4.2.1.3), eventually grows upon the exposed surface of the supporting
agent. At this stage, the alcoholic broth (obtained separately by many known methods) is introduced in
small lots at intervals from the top of the packed generator, which trickles down gradually via the packing
medium (support) in order to make available sufficient contact of the alcohol with the bacterial cells ;
and this ultimately leads to the oxidation of alcohol into acetic acid. In usual practice, the packed
generators (vinegar generators) are strategically provided with air-inlet devices positioned very much
near the bottom to permit air to move-up through the generator, because the ‘rise-of-air’** gets acceler-
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ated progressively by virtue of the ‘heat’ being generated during the process of fermentation. Precisely,
it is absolutely important and necessary to control and monitor the evolution of heat so as to allow the
fermentative process to continue without any adverse/harmful effect ; and it may be accomplished by
any one of the following procedures, namely :

• rate of addition of added ‘alcoholic broths’,

• temperature of the added ‘alcoholic broths’,

• cooling-coils provided in sophisticated generators, and

• chilling of incoming or recycled ‘alcoholic broths’

Salient Features : The salient features of packed-generator process are enumerated below :

(1) Alcoholic broth is either adequately recycled through the same fermentor until the entire
ethanol content gets ‘oxidized’ completely, or it is passed through the several generators kept
in series (i.e., connected to one another) in order to oxidize the alcohol successively at each
of the connected generators.

(2) These generators (connected in series) invariably yield an appreciable concentration of acetic
acid even upto 15% (v/v) ; and, therefore, are being employed extensively and specifically
for the genuine production of ‘white table vinegar’ across the globe.

(3) Modern day recirculating packed-generators are duly stuffed with specially sized
beechwood shavings (air-dried), 2 × 1.25 inches, and not-so-tightly rolled, that may take up
approximately 2000 cubic feet of the said material.

(4) Satisfactory accumulation of ‘bacterial film’ upon the supporting agent in the ‘packed gen-
erator’ would render it operational effectively from several to many months at a stretch or
until an unavoidable serious contamination caused due to the slime-forming bacterium,
Acetobacter xylinum becomes prevalent.

2.A. Fermentor Designs

The broad spectrum of fermentor designs involving the sustained performance of the submerged
fermentation approach for ‘vinegar fermentation’ has duly acclaimed a reasonably widely recognized
development in process technology. In fact, the present day submerged fementations being utilized,
extensively in the large-scale production of ‘table vinegars’ and are entirely based upon the well-elabo-
rated intensive aeration studies performed on antibiotic fermentations both during and after World War II.

Importantly, these submerged fermentations make use of two entirely different ‘fermentor de-
signs’ invariably termed as : (a) acetator ; and (b) cavitator.

Acetator : Fig. 4.1 illustrates the schematic diagram of the Fring’s submerged culture acetator,
wherein the following essential components are as given below :

1 = Aerator motor ;

2 and 3 = Aerator assembly ;

4 = Heat-exchange coils ;

5 = Baffles ;

6 = Cooling water valve ;

7 = Mechanical defoamer ; and

8 = Waste-air stack.
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Fig. 4.1. Schematic Diagram of Fring’s Submerged Culture Acetator.
[Adapted from : Casida LE, Industrial Microbiology, 2004]

Acetator normally operates as a semi-batch-mode ; and, however, with certain modifications
may now be utilized as a continuous-flow-mode. An effective ‘aeration’ in the Acetator may be
adequately accomplished with the aid of a fast-rotating ceramic disc strategically placed over an air
nozzle to produce extremely fine dispersed air-bubbles, having consequent solution of O2 in liquid-phase
(i.e., culture medium).

At the initial stage, the Acetator is fed with a mixture of fresh stock of alcoholic solution together
with actively oxidizing vinegar obtained from a simultaneously operating fermentor. It is a common
practice to determine the alcoholic and acid contents of the mixed alcohol stock with vinegar ; and, if
required, necessary adjustments are duly made to achieve adequate starting concentrations. Ideally, the
acid content should vary between 1-1.5%, and an alcohol content between 4.5-10.8%. It is pertinent to
mention here that start up alcohol concentration seems to be too high for sustaining the continuous
operation ; and, therefore, the fermentation broth is neither withdrawn for harvest, nor is fresh alcohol
stock added, till such time when the fermentation has adequately gone through to accomplish an alcohol
content nearly 0.5%. Fresh alcohol stock solution is further added automatically and the completed
fermentation broth is withdrawn from the Acetator accordingly.

It is absolutely important to maintain the actual alcohol content of the ‘harvested broths’ to
stand nearly at 0.3% because of the following two reasons, namely :

(a) strength of alcohol content less than 0.3% shall cause harm to the organism, and

(b) alcohol content < 0.3% also gives rise to excessive foaming (which may be controlled by the
addition of silicones).
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Cavitator : Just like the Acetator, the Cavitator is also an ‘automated device’ that essentially
caters for both charging with alcoholic solution and discharging of completed fermentation broth. Because
this fermentator i.e., Cavitator is rated as highly efficient and capable of producing acetic acid at a much
faster speed and pace, it is appreciably smaller in size and dimension in comparison to the correspond-
ing packed vinegar generators (see section 2.1.4).

Advantages : The various distinct advantages of the Cavitator are as enumerated under :

(1) It neither forms ‘slime’ nor the ‘vinegar eel’.

(2) Since, the rate of O2-removal from the culture medium by the Acetobactor cells is so large
and predominant that neither the ‘oxidative browning’ of the ‘apple cider’ nor of ‘wine
mash’ ever occurs.

(3) A small quantum of ‘residual alcohol’ is invariably left behind in the vinegar as it is recov-
ered from the fermentor ; and, therefore, in this particular process the vinegar is usually
stored to permit broth ‘aging’ and subsequent ‘microbial depletion’ of this residual alcohol.

(4) Superior Vinegar. In actual practice, the vinegar removed from the Cavitator prominently
contains a host of ‘suspended microorganisms’, quite unlike the ‘packed vinegar genera-
tors’ (wherein the microorganisms are intimately attached to the beechwood shavings), and
during storage of the vinegar these microorganisms specifically oxidize the residual alcohol
and simultaneously attribute splendid additional ‘pleasing alterations’ both in the overall
aroma and taste to yield a ‘superior vinegar’.

Methodology : The various steps involved are as follows :

(1) It is a complete continuous fermentation process.

(2) It essentially comprises of five vital stages, namely :

Stage-1 : The cavitation force developed by the rotor at the time air-bubbles are formed.

Stage-2 : The air-diffusion takes place during the passage of the bubbles to the surface.

Stage-3 : An advanced stage whereby the air-diffusion at the point at which the bubbles
usually burst at the surface.

Stage-4 : At this stage, the surface-aeration caused by the atmospheric pressure on account
of the constant change of surface exposed to atmosphere both by the agitation
and circulation of the liquid very much within the tank.

Stage-5 : This is the final stage whereby the air induced into the liquid by a vortex action
as the liquid flows over the cone and through the draft tube.

All the aforesaid five distinct and critical stages have been duly shown in the
following Fig. 4.2.
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Fig. 4.2. Schematic Diagram of the Cavitator.
[Adopted from : Casida LE, Industrial Microbiology, 2004]

(3) Diammonium hydrogen phosphate [(NH4)2 HPO4], as an additional nutrient supplement is
judiciously incorporated both at start-up and in the course of continuous operation. Eventu-
ally, the progress acquired in, fermentation is estimated periodically by finding the ‘acid’
and ‘alcohol’ contents of the broths. However, it is quite important to induct fresh-air into
the fermentors, during this period, along with the recirculated air of the fermentor so as to
afford just sufficient O2 to fulfil the combined demands of the prevailing microbial respira-
tion as well as alcohol oxidation. Besides, adequate care needs to be taken with respect to
the feed-rate of the fresh alcohol stock to maintain the required and stipulated low-alcohol-
content in the finished vinegar i.e., the fermented broth.

2.1.5. Trickling Generator

The trickling generator still holds a coveted position and extensively employed in vinegar pro-
duction, as depicted in Fig. 4.3. In reality, the ‘wooden bioreactor’ has an overall capacity approxi-
mately 60 m3 and is usually packed with beechwood shavings.
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Fig. 4.3. Diagram of a Trickling Generator for Acetic Acid.

In actual practice, the starting material is adequately sprayed over the surface and trickles gradu-
ally through the shavings containing organisms into a basin located in the bottom, where the partially
converted solution (i.e., alcohol converted to acetic acid), as shown below, is duly chilled and pumped
again to the top of the generator.
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Oxidation of Ethanol to Acetic Acid.

It has been duly observed that the ‘trickling generator’ process is capable of converting be-
tween 88-90% of total ethanol added into acetic acid ; whereas, the rest of ethanol (10-12%) gets either
used up for the primary metabolism or released along with the waste air. Interestingly, the prevailing
temperature in the upper portion of the trickling generator stands at about 29°C ; whereas, in the lower
segment it remains at 35°C (hence, it is partially cooled and recirculated from the top).

In nutshell, it takes almost 72 hours to yield 12% acetic acid by this methodology.
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2.1.6. Submerged Fermentor

The submerged fermentor first and foremost makes use of either fruit wines or special mashes
having reasonably rather low concentrations of ethanol. Indeed with such a low-yielding methodology/
technique the aeration was not absolutely critical and important. However, as on date the emergence and
recognition of high-yielding methodologies that essentially yield 13% acetic acid in amounts ranging up
to 50 m3, predominantly demands highly controlled and regulated means of aeration.

Interestingly, the fermentors very much look alike other bioreactors (see chapter 3). The fementation
tanks are usually made up of stainless steel that have an arrangement of stirring at the bottom. The
aeration assembly comprises of a suction rotor having the incoming air flowing down via a SS pipe
located at the top of the fermentor. In order to dissipate the elevated temperature during fermentation
process efficient heat-exchangers are engaged (through which cold water is passed constantly) to con-
trol the temperature around 25 ± 2°C ; besides, mechanical foam eliminators should be pressed into
service to arrest the nuisance caused due to foaming.

Methodology : The various steps involved in the production of acetic acid (household vinegar)
by the submerged fermentor process are as stated under :

(1) Household vinegar (13% acetic acid) is usually produced in a semicontinuous, absolutely
automatic process, in an environment (atmosphere) of adequate aeration and constant me-
chanical stirring together with a start-up material which essentially composed of approxi-
mately 7-10% acetic acid plus 5% ethanol.

(2) The concentration of ethanol is determined continuously by suitable method during the
fermentative process ; and when the concentration dips down to a level varying between 0.05
and 0.3% achievable within a span of 36 hours. At this particular juncture, about 50-60% of the
fermented solution is removed and duly replaced with a new lot of ‘mash’ containing 0 to
2% acetic acid and 10-15% ethanol so as to recharge the fermentor accordingly.

It has been duly established by researchers that one may obtain upto 98% yields at 40°C via fully
continuous processes, as shown in Fig. 4.4.
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Fig. 4.4. Diagrammatic Sketch of Submerged Fermentor for Acetic-Acid Production.
[Adopted from : Crueger and Crueger : Biotechnology, 2004]

Advantages Over Trickling Generator : The advantages score of the submerged process
upon the trickling generator are as described below :

(1) The production rate with the submerged process per m3 is almost 5 folds greater than the
corresponding trickling generator process and 10 folds higher than the surface fermenta-
tion process.

(2) Submerged process require much lesser capital investment per production amount, merely
1/5th of the total plant area is required for its due installation, vulnerability of faster conver-
sion to different mash variants in a much shorter duration, and above all reasonably lower
manpower cost involved on account of highly automatic controls and measures.

Recovery : The end-product acetic acid (household vinegar) obtained by the sub-merged process is
invariably turbid in apperance by virtue of the presence of microorganisms (mostly in suspended form) ;
and, therefore, the product must be clarified by adequate filtration. One may make use of plate-type filters
along with appropriate filter-aids are mostly recommended and used gainfully. The coloured filtrate (acetic
acid) may be decolourized by the help of potassium ferrocyanide [K4Fe(CN)6], if necessary.
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2.2. Gluconic Acid Production

Gluconic acid possesses enormous commercial applications in a variety of product and product
utilities in pharmaceuticals as well, namely :

manufacture of metal, leather and food.

Calcium gluconate to provide and supplement Ca2+ to pregnant mothers.

Na+ and Ca2+ salts in alkaline serve as effective metal sequestering agents for Fe3+, Al3+, Cu2+.

Ferrous gluconate caters for Fe for the treatment of anemia in humans.

Sodium gluconate finds its use as a sequestering agent in detergents.

δδδδδ-gluconolactone functions as a baking powder additive.

In the domain of ‘industrial microbiology’ gluconic acid enjoys a creditable long historical
evidence. Alsberg (1911) first and foremost reported the production of gluconic acid commencing with
the Pseudomonas. In 1928, the first ever commercial surface process by making use of a ‘fungus’,
Penicillium leuteum-purpurogenum, saw the light of the day gracefully which remarkably gave a yield
ranging between 80-87% of its theoretical values.

Interestingly, as to date the submerged processes have gained a world-wide acceptance and recog-
nition by employing either the fungus—Aspergillus niger or the bacterium—Acetobactor suboxydans,
which ultimately gave rise to a range of value-added products, such as : gluconic acid ; glucose oxidase ;
and sodium — and calcium-gluconates.

Note : There are several organisms that have been duly optimized via research to yield ‘gluconic
acid’, but unfortunately have not been exploited commercially, prominently include the fol-
lowing : fungi : Endomycopsis, Gonatobotrys, Penicillinum, Pullularia, Scopulariopsis ;
bacteria : Vibrio, Pseudomonas.

Fermentation Production. The production of gluconic acid from glucose is predominantly
carried out by a flavoprotein which is termed as glucose-oxidase*, or more precisely glucoseaerode-
hydrogenase that essentially serves as an enzyme mediating this oxidation. The overall reaction takes
place in two steps as illustrated below :
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FAD = Flavin Adenine Dinucleotide

FADH2 = Flavin Adenine Dinucleotide Dihydrate

* It has also been identified as a ‘antibiotic’ in fermentation broths by virtue of its antimicrobial activity ; and,
hence been termed as Penicillin B, Notatin, and Penatin.
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Step-1 : The dehydrogenation of a mole of D-glucose in the presence of FAD gives rise to
the formation of δ-D-gluconolactone. Besides, the transferance of 2 H-atoms
from FADH2 to oxygen (O2) yields a mole of hydrogen peroxide (H2O2) that gets
instantly split up into a mole of water (H2O) by the help of the enzyme catalase.

Step-2 : The resulting product obtained from Step-1 i.e., δ-D-gluconolactone takes up
the water from the previous step and legitimately yields a mole of gluconic acid.

Methodology : The various sequential steps involved in the production of gluconic acid are as
stated under :

(1) The Aspergillus niger (fungus) — gluconic acid fermentation may be preferably accom-
plished by submerged culture process usually at pH ranging between 4.5 to 6.5, predomi-
nantly needs a growth culture medium wherein both P and N are limiting.

(2) The A. niger mycelium, once formed in an initial gluconic acid-growth fermentation ad-
equately, is judiciously reutilized in the ensuing successive ‘replacement culture’
fermentations, of course, as long as the prevailing glucose-oxidase activity of the mycelium
remains highly virile and active.

(3) Soonafter the initial fermentation process yields the mycelium, the consequent successive
fermentations are nothing but exclusively enzymatic transformations specifically brought
about by the ensuing glucose-oxidase of the mycelium. In usual practice, the entire fermentative
run lasts for 20 hours at 28-30°C having a high aeration rate ranging between 1-15 vvm.

(4) Recycling of the mycelium evidently gives rise to lowering of the requirement for inoculum
built-up. However, as and when the system is in dire need of inoculum, it is introduced as
spores or pregerminated spores directly to the production fermentor.

(5) Growth culture medium for gluconic acid production essentially comprises of glucose (25%)
together with various salts, CaCO3, a boron compound, and sometimes even cornsteep liq-
uor is added. The overall fermentation is invariably carried out at 28 ± 2°C supported by
adequate agitation, aeration, and control of heat generation either using water-jacketed
fermentors or employing cooling-coils.

(6) Once the fermentation is completed, the gluconic acid is recovered by neutralization of the
fermented broth with calculated amount of Ca(OH)2 in order to permit the crystallization of
calcium gluconate. Finally, gluconic acid is recovered from the calcium gluconate (salt) by
the addition of a measured and calculated quantity of concentrated H2SO4.

Important Highlights : Following are some of the important highlights of gluconic acid pro-
duction :

(1) Simply by enhancing the pressure in the system, the solubility of O2, and hence the produc-
tion of gluconic acid may be accelerated commercially upto 90-95%.

(2) The replacement culture fermentation is performed, and the ensuing medium is devoid of N-
containing substances to prevent further growth of the mycelium. Under these highly spe-
cific and stringent production parameters the conversion of glucose into gluconic acid gets
elevated upto 95%.

(3) These exists a healthy and legitimate competition between the microbiological process and
the chemical methods that ultimately give rise to high yields of gluconic acid.
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2.3. Antibiotic Production

An elaborated description of the various antibiotics, namely : Penicillins, Streptomycins, and
Tetracyclines has been duly treated under sections 7.1 through 7.3 in chapter 3 of this text book.

2.4. Single-Cell Proteins (SCPs) from Methanol

The terminology single-cell protein (SCP) was first and foremost coined by some researchers at
the famous MIT-Massachusetts Institute of Technology (USA) in the year 1966. As to date, SCP, covers
a rather broad spectrum coverage not only confined to isolated cell protein but also to the ensuing
microbial biomass derived from either uni-and multicellular organism, yeasts, filamentous fungi or al-
gae that may be employed extensively both as ‘food’ or ‘feed additives’. It has been duly established that
the usual protein content (average) in the microbial biomass varies between 45-55%, but in certain
specific organism it may be as high as 80%. Because of the presence several essential nutrients ‘biomass’
has gainfully been exploited as an ‘ideal’ supplement to conventional food products across the globe.

Interestingly, in overall comparison with the traditional means and ways of generating proteins
both for food or feed, commercial production of microbial biomass affords the following cardinal ad-
vantages, such as :

(a) Generally the microorganisms exhibit an exceptionally high rate of multiplication,

(b) Microbes possess a high-protein content,

(c) Capable of using a plethora of different C-sources, a few of them could even be waste-
products,

(d) Strains with predominantly high yield and markedly excellent composition may be either
selected or produced quite easily and conveniently, and

(e) Production of microbial biomass is absolutely independent of either seasonal and climatic
variation.

The Central Food Technology Research Institute (CFTRI) at Mysore (India) carried out an inten-
sive and extensive research on the utilization of blue-green-algae obtained from the marine sources,
Spurulina, as a prominent supplement to diet in elderly and convalescent subjects. The marine-algae is
duly cultured, and carefully dried, powdered and used either as tablet (1g) or capsule (1g). It essentially
comprises of protein (upto 60%), essential vitamins and certain unsaturated fatty acids. Spurulina is
being used largely as a supplement to the diet of humans both in India and abroad as well.

Disadvantages of Microbial Biomass. The three most vital disadvantages of microbial biomass
are as stated below :

(1) A good number of microorganisms give rise to serious toxic products ; and, therefore, one
has to ascertain that the biomass is absolutely devoid of such substances.

(2) Microorganisms invariably present in the biomass may give rise to unavoidable indigestion
and allergic reaction(s) after consumption.

(3) The excessive high level of nucleic acids (DNA and RNA) present in the microbial biomass
products is extremely undesirable.

The SCP Phenomenon. In actual practice, the production of SCP exclusively involves the fol-
lowing four major steps that are precisely independent either upon the specific kind of substrate or type
of microorganism being employed, namely :
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(1) Preparation of an appropriate medium by making use of various suitable carbon sources e.g.,
carbohydrates, starch, corsteep liquor, glucose etc.,

(2) Very stringent and effective control, management and prevention of contamination of me-
dium and also the entire plant system,

(3) Meticulous production of the desired microorganism essentially required for the fermentative
procedure, and

(4) Recovery of the generated microbial biomass and its subsequent processing stages involved.

Salient Features : The various salient features with regard to the production of SCPs are de-
scribed as given below :

(1) Medium for SCP Production. Importantly, the medium for SCP production varies as per
the type of microorganisms being used.

Examples :

(a) Green Algae (Chlorella, Scenedesmus, Spirulina) — may be cultivated autotrophically*
without making use of a dissolved carbon source.

(b) Heterotrophic organisms** (humans) — may be grown heterophically using C-sources
derived from two distinct categories, namely :

(i) Fossil : viz., n-alkanes, methanol, ethanol, gaseous hydrocarbons and the like ; and

(ii) Renewable : via., molasses, CO2, whey, solid substrates polysaccharide hydrolysates, and
effluents of various industries like — distilleries, breweries, potato and canning industries,
confectionary industries, and wood-pulp industries.

n-Alkanes : Serve as the most preferred C-source for a wide spectrum of industrial requirements.

Source of N : Ammonia gas (NH3) for Saccharomycopsis lipolytica Salts : e.g., Fe2+, Mn2+,
Mg2+, PO4

3– etc.

Fungus and Higher Fungi : Mushrooms i.e., fruiting bodies of higher fungi, has proved to be
an excellent delicacy for foods meant for human consumption in a host of countries across the globe
which has almost touched the mark of 106 MT each year.

Example : Chaetomium cellulyticum (a fungus) has been gainfully and successfully cultured on
a variety of solid substrates e.g., sawdust, straw, wood chips, composted straw, agricultural wastes, and
forestry wastes.

Precautionary Measures : It is, however, pertinent to state here that specifically in the biomass
production the following precautionary measures must be taken religiously, such as :

• Culture medium and the entire plant (fermentor etc.) should be free from any possible con-
tamination.

• Gaseous components of the culture medium viz., CO2, NH3 etc, and the circulating com-
pressed air must be sterilized by allowing it to pass through filters.

• Various other components in several instances are duly sterilized by live-steam.

* Self-nourishing i.e., capable of growing in the absence of organic compounds.

** An organism e.g., a human, requiring complex organic food in order to grow and develop.
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(2) Microorganism : The microorganism being used is suitably cultured in the respective
culture medium in perfect clean and hygenic environmental conditions. However, the
microorganisms which is meant to be cultured in the medium should essentially possess
the under mentioned basic characteristic features, for instance :

(a) Must be non-pathogenic in nature to humans, animals, and plants,

(b) Essentially possess excellent nutritional value,

(c) Must be devoid of any ‘toxic’ component whatsoever,

(d) Should be largely exploitable as food or feed, and

(e) Overall ‘production cost’ must be reasonably low to render it commercially viable.

(3) Choice of Fermentor : In actual practice, the choice of fermentor i.e., the cultivation
vessel or bioreactor, solely depends upon the exact microorganisms to be employed for the
operation. Generally, aeration is regarded to be a vital and important functional operation the
entire cultivation phenomenon. Heat is invariably produced during cultivation due to the
evolution of CO2 ; and, therefore, it has got to be dissipated by using a cooling device effec-
tively (cooling coils or heat exchangers).

Fig. 4.5 illustrates the outline of an industrial fermentor employed by Imperial Chemical
Industry (ICI) to commercially produce SCP starting from Pseudomonas methylotrophus
grown carefully upon methanol. By the help of the aforesaid fermentor it may be quite
feasible to produce a definite quantum of microbial biomass ranging between 4 to 30 g. L– 1 at
38-40°C and at pH 6.8. Importantly, the production is invariably allowed to continue for an
indefinite duration to accomplish the maximum achievable targetted economy.

COOLING
JACKET

DOWNWARD
FLOW FOR
COOLING

WASTE
GAS PILOT-PLANT

SYSTEM NUTRIENT SOLUTION
SURFACE

PRODUCT REMOVAL

AIR-LIFT COLUMN

COMPRESSED AIRNUTRIENT
SOLUTION

Fig. 4.5. ICI-Fermentor to Produce SCP from Methanol.

(4) Harvesting of Microbial Biomass : The various steps that are usually followed for the
harvesting of microbial biomass are as described below in a sequential manner :

(i) Bacteria and yeast i.e., single-cell organisms are invariably recovered by adopting
one of these methods, namely : flocculation, floatation and centrifugation.

(ii) Filamentous bacteria e.g., Penicillium notatum are mostly recovered by simple filtration ;

(iii) Maximum amount of ‘water’ needs to be discarded before proceeding to the final
stage of drying.
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(iv) Adequate precautionary measures are absolutely mandatory to perform the entire op-
eration under utmost clean, hygenic and sterilized conditions to maintain the product
and the broth which eventually gets transferred from the plant absolutely free of bac-
terial contamination.

(v) The final dried products are found to be fairly stable bacteriologically only if they
are treated and handled as per the stringent operational directives.

(vi) Microbial biomass, in certain instances only, essentially require an elaborated and
well-defined after-treatment either in order to minimise drastically the unwanted com-
ponents in the said product or to isolate the respective protein(s).

(vii) Reduction of nucleic acids (DNA and RNA) are required to be accomplished on top
priority because they may prove to be quite hazardous to health, viz., fungi (2.5 to 6%) ;
microorganisms (10 to 16%) ; algae (4 to 6%) ; and yeasts (6 to 10%). However, the
various means and ways that are usually engaged in the removal of nucleic acids from
the microbial biomass normally include : activation of endogenous nucleases dur-
ing the last-stage of microbial biomass production ; chemical extraction proce-
dures ; and ultimately the alkaline hydrolysis.

2.5. Lactic Acid Production

Preamble : Scheele (1780) first discovered the presence of lactic acid [CH3CH(OH)COOH)] in
the sour milk. Pasteur (1857) i.e., almost a gap of 77 years after Scheele’s epoch making discovery
proved and established that the souring of milk was due to microbiological fermentation by a causative
organism. As on date, there are indeed several evidences to show that a plethora of microorganisms are
capable of producing at least small amounts of lactic acid which is present in several fermented foods
and beverages.

Subsequently, the first ever microbial production of an ‘organic acid’ was that of lactic acid
carried out in the year 1880 i.e., almost after 23 years from Pasteur’s observation. Nowadays, both the
chemical procedures and the biological processes are not only extremely competitive but also appreci-
ably cost-effective.

Organisms for Lactic Acid Production : In fact, there are two different types of lactic acid
organisms that have been duly recognized, namely : (a) Heterofermentative ; and (b) Homofermentative,
which would be explained as under :

A. Heterofermentative Organisms : These organisms usually yield certain quantum of lactic
acid, but simultaneously and most probably by virtue of the ensuing pentose-phosphate metabolic
pathway they may give rise to the production of several chemical substances, such as : ethanol, acetic
acid (vinegar), CO2, and traces of a few other products.

Example : Leuconostoc mesenteroides — it is of no utility for the commercial lactic acid
fermentative procedures due to the fact that a substantial quantum of the ‘substrate carbon’ is con-
sumed in yielding products other than lactic acid.

B. Homofermentative Organisms : These strains of lactic acid producing bacteria invariably
yield maximum quantum of lactic acid and only trace amount of other products. In fact, these organisms
make use of the specific metabolic pathway to yield pyruvic acid which gets subsequently reduced by
the corresponding enzyme, lactic dehydrogenase, to produce lactic acid. It has been observed that the
overall percent conversion of hexose-sugar to lactic acid is almost equivalent to two moles of lactic acid
for every mole of hexose-sugar (theoretical yield) consumed by the respective organism.
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Examples :

(1) Lactobacillus delbrueckii — it is used for the commercial production of lactic acid in
fermentative procedures using corn-dextrose media.

(2) Lactobacillus bulgaricus — it makes use of ‘lactose’ as a source of carbon and finds usage
in lactic acid production starting from whey media.

(3) Lactobacillus pentosus — it specifically utilizes the ‘pentoses’ obtained from the ‘sulphite-
waste liquor’ for lactic acid production on a large-scale.

Other Potential Homofermentative Species : There are some other species which belong to
the class of homofermentative organisms, such as : Lactobacillus casei ; Lactobacillus leichmannii ;
and streptococcus lactis — all do possess potential industrial importance and recognition. These organ-
isms are essentially anaerobes ; however, they may withstand certain extent of O2. Interestingly, S. lactis
is found to be relatively much less sensitive to O2 ; and, hence, may be regarded as a facultative*
aerobes rather than obligate anaerobes ; and, therefore, the bioreactors should be used in an absolutely
O2-free atmosphere.

Theoretical Aspects : The biosynthetic pathway of lactic acid starting from glucose essentially
takes the route via glyceraldehyde-3-P, 1, 3-di-P-glycerate, and pyruvate as given in Fig. 4.6. It may be
further expatiated by the reducing power generated effectively during the oxidation of glyceraldehyde
phosphate is eventually transferred with an NAD-dependent enzyme lactate dehydrogenase to the
corresponding pyruvate, and this ultimately gets reduced stereospecifically to give rise to the two optical
isomers L(+) or D(–) lactic acid.

N A D H 2

N A D

G LY C E R A L D E H Y D E -3 -P

G L U C O S E
(C H O )6 12 6

L A C TAT E  (C H O )3 36

L A C TAT E
D E H Y D R O G EN A S E

P Y R U VAT E  (C H O )3 4 31 ,3 -D I-P -G LY C E R AT E

G LY C E R A L D E H Y D E
P H O S P H AT E
D E H Y D R O G EN A S E

Fig. 4.6. Lactic Acid Production from Glucose Using Lactobacillus delbrueckii.

Fermentation Medium : In USA, the C-source used commercially for the production of
lactic acid from a variety of available media, such as : molasses, whey, and partially refined corn-sugar
(containing dextrose) ; whereas, several other countries extensively employ either previously
hydrolysed potato starch or other suitable C-substrates i.e., semirefined sugars, maltose, lactose,
sucrose, and dextrose.**

* A microorganism may be facultative with respect to O2 and thus be able to survive (live) either with or
without O2.

** Inskeep GC et al. Ind. Eng. Chem., 44, 1955-1966.
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* Methyl ester of lactic acid gets decomposed in water.

Ideally, the fermentation medium must comprise of glucose (12-13%), diammonium acid phos-
phate [(NH4)2HPO4] (0.25%), and small amount of B-vitamins. The fermentative operation is usually
initiated in huge fermentors (capacity : 25-120 m3) at a temperature ranging between 45 to 50°C plus an
excess of CaCO3 (solid) supplemented to maintain the pH varying between 5.5 to 6.5 strictly. The entire
fermentation usually takes almost 3 days (72 hours) under the aforesaid experimental parameters. Becuase,
lactic acid is found to be toxic to the organism, two specific procedures have been successfully tried and
tested so as to remove the product (i.e., lactic acid) both simultaneously and continuously from the
‘fermented broth’, namely :

(a) Electrodialysis : A method of separating electrolytes from colloids by passing a current
through a solution containing both.

(b) Continuous Culture : A continuous culture was duly carried out in a membrane reactor
that ultimately led to the production of lactic acid to the extent of 80 g/l.h.

Extraction and Recovery : There are four distinct procedures that may be adopted for the
extraction and recovery of lactic acid from the fermented broth as described under :

Method–1 : At harvest, a calculated amount of CaCO3 is added to the fermented medium, pH
adjusted to 10, and the contents are heated and filtered subsequently. By doing so a host of desirable
goals are accomplished, such as :

(i) All of lactic acid gets converted to calcium lactate,

(ii) Most organisms are killed and eliminated,

(iii) Help in the complete coagulation of protein present in the medium,

(iv) Removes excess of CaCO3, if any, and

(v) Decomposes any residual sugar(s) present in the medium.

Lactic acid is now recrystallized as calcium lactate and decolourized by adding activated carbon.

The latter step may be accomplished alternatively by preparing the zinc salt of lactic acid which
happens to be comparatively less soluble.

Method–2 : In this particular instance the ‘free lactic acid’ is subjected to extraction with isopropyl
ether (solvent) successively from the pre-heated and filtered fermentation broth. This phenomenon is
based upon the principle of counter-current continuous extraction. In fact, the desired ‘lactic acid’ is
finally recovered from the medium of isopropyl ether by further affecting counter-current extraction
with water, in which the former is soluble because both are polar in nature.

Method–3 : The ‘lactic acid’ thus obtained is converted into its corresponding methyl ester
which is separated from the fermentation broth by distillation followed by hydrolysis of the corresponding
ester by simply boiling in dilute aqueous medium.* Subsequently, the lactic acid is recovered from the
aqueous medium by evaporation of the water, and the liberated methanol may be collected by distillation.

Method–4 : In this specific procedure, the lactic acid is obtained as its corresponding secondary
and tertiary alkylamine salts which are subsequently extracted from the aqueous medium with appro-
priate organic solvents completely. The solvent is removed usually by distillation and the residual ‘salt’
is then decomposed carefully to obtain lactic acid.
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Note : In general, it is quite important and necessary that the ‘recovery processing equip-
ment’ must be quite resistant to the corrossive action of the high concentration of lactic
acid being accumulated. Hence, invariably one should make use of stainless-steel equip-
ment for the recovery of lactic acid in its purest form and quality.

Grades of Lactic Acid : Depending upon the actual usage and application one may come across
different ‘grades of lactic acid’ available commercially in trade, namely :

(1) ‘Crude’ or ‘Technical’ Grade : It is a coloured product solely meant for commercial appli-
cation at various concentrations ranging between 20–80%. It may be prepared by using H2SO4
to eliminate Ca2+ from the calcium lactate salt obtained from the heated and filtered fermen-
tation broth by adopting these steps sequentially viz., filtration, concentration, refiltration to
remove additional CaSO4. Hence, the crude or technical grade lactic acid comprises of
several impurities and may be used where purity of the product is not so critical and essen-
tial, such as : deliming of hides in leather industry.

(2) ‘‘Edible’’ Grade : It is usually having a straw-coloured appearance and mostly available at
strengths ranging between 50–80%. It is mostly used in food and beverage industries to
maintain optimum pH for better storage and shelf-life of products.

(3) ‘Plastic’ Grade : It is more or less colourless and available in strengths varying between 50–
80%. Invariably prepared from technical grade lactic acid via adequate refining processes.

(4) ‘USP’ Grade : It is a pharmaceutical grade lactic acid having a strength of 85% and mostly
used in pharmaceutical formulations.

2.6. Kojic Acid

Kojic acid (5-hydroxymethyl-4-pyrone) though does not possess a free carboxyl moiety but still
named as an ‘acid’ by virtue of the fact that it gets ionized to liberate H+ ions as shown below :
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It is usually produced by fungi belonging to the groups Aspergillus flavus, A. oryzae and Aspergillus
tamaril preferably in surface culture. However, high yields of kojic acid by the direct fermentation of
glucose as indicated below :
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However, it may also be obtained from pyruvic acid, acetic acid, glycerol, and ethanol.

It find its application as flavour-enhancing additives, also as food additives to inhibit tyrosinase.
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2.7. Itaconic Acid

In 1931, itaconic acid was first ever demonstrated to be a metabolic product of Aspergillus
itaconicus. Within a span of next decade it was duly observed that certain strains of Aspergillus
terreus also give rise to the formation of itaconic acid. In actual practice, the mutants of both strains
are profusely employed even today for its large-scale production.

Theory : Itaconic acid is produced by way of the tricarboxylic acid cycle (TCA-cycle), whereby
D-isocitric acid in the presence of the enzyme aconitic-acid hydrolase loses a mole of water to yield cis-
aconitic acid. The resulting product undergoes decarboxylation (i.e., loses a mole of CO2) in the pres-
ence of the enzyme aconitic-acid decarboxylase to produce the desired product itaconic acid. The afore-
said two steps may be summarized as stated under :
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The above is the biosynthetic pathway of itaconic acid via the TCA-Cycle.

Alternatively, the destruction of itaconic acid by the help of itaconic acid oxidase yields two
undesirable products, namely : succinic acid and itatartaric acid as given below :
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Importantly, Ca2+ ions specifically inhibit the enzyme itaconic acid oxidase ; and, therefore,
Ca2+

 ion additions predominantly enhances the overall yield of the desired product itaconic acid.

It has been duly observed that the appropriate usage of the immobilized cells, the actual produc-
tion of itaconic acid has been adequately increased upto 0.73 g/l.h.

Interestingly, the present day practice is to make use of the strain Aspergillus terreus exclusively
in the batch-wise submerged fermentation process. In this process a 15% (w/v) solution of sucrose is
employed that leads to its conversion into the itaconic acid to the extent of 78% of the theoretical yield.
It is, however, pertinent to mention here that the effective and progressive fermentation of itaconic acid
occurs only at pH values less than 2.6. At higher pH values either the desired acid undergoes degrada-
tion or ceases to produce any product.

Cautions : There are two important ‘cautions’ that have to be observed strictly, namely :

(i) Fermentor liners should be fabricated with acid-resistant material, and

(ii) Accumulation of itaconic acid is found to be sensitive to the presence of ‘trace metals’
in the fermentation medium.

Applications of Itaconic Acid : The various applications of itaconic acid are enumerated under :

(1) It is used largely in the plastic industry.

(2) Copolymers with its corresponding esters and other monomers find their utilities in the
paper industry for wall paper and other paper products.

(3) Copolymers are also used in the manufacture of adhesives.

(4) An itaconic acid acronitrile copolymer is observed to be more readily dyed in comparison
to certain other polymers.

3. DESIGN OF BIOTRANSFORMATION PROCESSES

It has been adequately observed that the most crucial and pivotal biotransformation processes are
designed and based upon a variety of chemical reactions which may be classified under several catego-
ries, such as : (a) oxidation ; (b) reduction ; (c) hydrolysis ; (d) condensation ; (e) isomerization ; (f)
formation of newer C–C bonds ; and (h) introduction of hetero functional moieties.

In general, the various kinds of biotransformation processes involving typical chemical reactions
along with certain specific examples and the percentage efficiency of conversion are summarized in the
following Table : 4.1. A possible explanation of the reaction(s) involved has been included in order to
have a better understanding of these chemical pathways.
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Table : 4.1. Biotransformation Reactions of Different Types

S.No. Type of Reaction Typical Example(s) Efficiency of Explanation
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3. Hydrolysis of 55 S. aureofaciens

C = C bonds. helps in the hydro-

lysis of anhydro-
tetracycline so that
the carbon-carbon
double bond

between C-6 and
C-5a is abolished
to obtain tetracy-
cline by undergoing

hydration.

IV. Condensations
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due to the conden-
sation reaction.
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Summararily, biotransformation designs have been accomplished with tremendous success for a
plethora of compounds, namely : cardiac glycoside ‘digoxin’, acetyltropine, benzylisoquinoline etc. So
far, the various typical examples that have been cited are exclusively related to a variety of chemical
reactions in the presence of microorganisms.

In addition to the above remarkable explicite examples it has been amply demonstrated and
adequately substantiated scientifically that ‘plant cells’ are also capable of transforming a wide range of
substrates ; and, therefore, carry out a large number of reaction(s), for instance : oxidation, hydroxylation,
reduction, methylation, glucosylation, acetylation, aminoacylation and the like. Interestingly, the plant-
cells may reasonably tolerate a variety of compounds, namely : steroids, phenolics, alkaloids etc., when
incorporated exogenously via the growth medium.

Examples : A few glaring examples are given below :

(1) Transformation of Steviol (aglucon) into Stevioside (glucoside) : The transformation of
Steviol (i.e., hydroxydehydrostevic acid) by the cells of Stevia rebaudiana (Bert.) Hemsl.
(Eupatorium rebaudianum Bert.) Compositae, also called yerba dulce (Habitat : Paraguay),
into a glucoside known as stevioside which is proved to be 300 times sweeter than sucrose,
and hence used as a sweetner.
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(2) Glycosylation of salicylic acid by the cultures of Mallotus japonica yields a product that
possesses an appreciable high analgesic activity, and also exhibits excellent better tolerance
in the stomach in comparison to acetylsalicylic acid (i.e., aspirin).

(3) Hydroxylation of βββββ-Methyl digitoxin to Digoxin : It has been observed that the most sig-
nificant biotransformation process of pharmaceutical importance is the 12-hydroxylation
of βββββ-methyl digitoxin to digoxin by the aid of cell cultures of Digitalis lanata. In fact, the
two cardiotonic compounds digitoxin and digoxin are duly isolated from the leaves of Digi-
talis. It is a well-known fact that the cardiotonic substance digoxin cannot be produced
either by microbial biotransformation (bioconversion) or chemically.
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It is worthwhile to mention here that the biotransformation (hydroxylation) of β-methyl
digitoxin into the more desirable and substantially less toxic drug, βββββ-methyl digoxin by the
cell cultures of Digitalis lanata is significant remarkably.

(4) Arbutin from Hydroquinone : It has been observed that arbutin, a naturally occurring β-
D-glucoside, usually found in the leaves of Pyrus communis, Pyrus serotina, Bergina
crassifolia, and Arctostaphylos uvaursi. In fact, the biotransformation procedures involving
the conversion of hydroquinone into its β-D-glucoside, arbutin, by the help of different cell
systems, such as : Rauwolfia serpentina, Datura innoxia, and C. roseus. In actual practice,
one may obtain upto even 18 g.L– 1 of arbutin from the cell suspension cultures of R.
serpentina after a continuous feeding of hydroquinone into the culture medium for a dura-
tion of 7 days at a stretch. However, the aforesaid technique has a major disadvantage due to
the fact the ‘cells’ invariably accumulate not only arbutin, but also another by product known
as para-hydroxy-phenyl-O-βββββ-D-primveroside upto 6 g.L– 1, which is rather difficult to
separate from the desired substance arbutin.
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(5) Codeine from Morphine : Morphine may be successfully transformed into codeine by
using the suspension cultures of Ginkgo biloba as given below :

G. biloba
Morphine →  Codeine

Biotransformation

(6) Scopolamine from Hyoscyamine : Hyoscyamine may be conveniently transformed into
scopolamine by making use of the suspension cultures of Anisodus tanuticus as shown under.

A. tanuticus
Hyoscyamine →  Scopolamine

Biotransformation

Importantly, the concentration of scopolamine may be enhanced reasonably by augmenting
the initial concentration of hyoscyamine to a certain extent.

One may summarize the three cardinal absolute preconditions or requirements for a success-
ful biotransformation of a ‘precursor’ into a targetted product as stated under :

(a) The culture medium should have adequate enzymes very urgent and quite necessary for the
ensuing transformation of a precursor to the desired product,

(b) The ‘targetted product’ should be generated at a rate predominantly faster than its rate of
metabolism, and

(c) The ‘culture medium’ must be having enough limit of tolerance with respect to the added
precursor as well as the targetted product.

3.1. Methodologies for Biotransformation

A variety of substances, namely : growing cultures, resting cells, immobilized cells, spores, enzymes,
and immobilized enzyme systems may be employed overwhelmingly in the microbial biotransformation
of a plethora of organic compounds. A few specific methodologies involving growing cultures, resting
cells, and immobilized cells shall be discussed individually in the sections that follows :

3.1.1. Growing Cultures

The methodologies that are intimately associated with growing cultures essentially involve the
strain that are cultivated in an appropriate culture medium, and subsequently a concentrated substrated
solution is usually incorporated after an appreciable growth of the culture after a lapse of 6 to 24 hours.

A few noteworthy variants of this particular procedure are as stated below :

(a) Usage of a relatively very large inoculum,
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(b) Incorporating the concentrated substrate immediately without permitting, a growth phase to
commence,

(c) Usage of ‘emulsifiers’ e.g., Tweens (i.e., Tween-20, 40, 60, 80 — synthetic surfectants) or
water-miscible solvents e.g., acetone, ethanol, dimethyl formamide (DMF), dimethyl
sulphoxide (DMSO) may be employed to aid the dissolution of rather sparingly soluble
substances quite conveniently.

Salient Features : A few distinct salient features of this growing culture process are as enumer-
ated below :

(1) In certain instances where the solubility limits are at a low ebb e.g., steroid biotransformations,
the quantum of substrate that may be incorporated are usually performed at substrate con-
centrations ranging between 0.1 to 10 g.L– 1 of the medium ; whereas, in certain cases even
upto 30 g.L– 1 may be converted successfully.

(2) Solvent Concentrations varying between 5 to 15 mL . L– 1 of the culture medium may be
employed in certain specific cases of steroid biotransformations, and the susbtrate is incor-
porated and subsequently converted into the desired fine crystalline form. However, it is
pertinent to state here that these so-called pseudo-crystalline fermentation procedures
may be performed by using comparatively high concentrations of the substrate e.g., 15 to 50
g . L– 1 with progesterone — a female sex-hormone.

(3) Lipophilic Substrate : The lipophilic substances may be subject to biotransformation sig-
nificantly by employing a polyphase system.

Example : An aqueous phase comprising the cell material or the enzyme is overlayed with
a water-immiscible fluid phase wherein the ‘substrate’ has been duly dissolved. Conse-
quently, the ensuing ‘substrate’ gets across gradually into the prevailing aqeous phase ; and
as the biotransformation phenomenon gains momentum, the desired product passes right
into the solvent phase ultimately. Interestingly, in certain very specific instances, the actual
prevailing biotransformation takes place almost exclusively at the ensuing interface of the
aqueous and solvent phases.

(4) Ideal Optimal Biotransformation Reaction Parameters : Ideally the biotransformation
reaction parameters as applicable to large-scale plant equipments and accessories are invari-
ably performed in an environment under perfect sterile conditions preferentially in adequately
aerated and stirred bioreactors, wherein bioconversions taking place being controlled and
monitored meticulously by spectroscopically or chromatographically (HPLC, HPTLC,
GC). However, the on-going process is normally terminated (arrested) on accomplishing a
maximal titer value. Sterility is an absolute must throughout the entire operation because
any type of uncalled for contamination would give rise to several happenings, such as :
(a) suppress the desired reaction ; (b) result into several faulty conversion products ; and
(c) cause total substrate breakdown.

* A cell which is not engaged in the process of dividing.
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3.1.2. Resting Cells*

In such critical situations when the enzyme induction afforded by the added substrate is not quite
necessary and urgent, resting cells may be employed profusely and effectively. However, the resting
cells do offer a tremendous advantage whereby the growth inhibition by the substrate is eliminated
completely. Besides, the presence of high-cell densities that essentially promote an enhanced level of
productivity may be employed; simultaneously, the very risk of any possible scope of contamination is
minimised appreciably. Interestingly, there are several biotransformation reactions that exclusively and
predominantly take place in the ‘buffer solution’ and this eventually renders the ultimate recovery of
the ‘desired product’ relatively easy and convenient.

3.1.3. Immobilized Cells

In more recent times, a host of biotransformation methodologies do make use of the immobi-
lized cells thus affording the biggest even advantageous plus point that the process could be carried out
simultaneously; besides, the cells might be employed over and over again.

Applications : In actual practice, the immobilized bacterial cells that invariably catalyze either
single-stage reaction or multi-stage reaction, are presently exploited in the large-scale production of
L-alanine, aspartic acid, and malic acid.

4. SELECTION OF ORGANISMS

The selection of strains either from its natural sources or from the various available cultures
which are solely responsible for catalyzing the desired biotransformation reaction(s) is not only vital and
critical but also of great importance. It has been observed that there are quite a few microorganisms that
usually carry out the desired bioconversions with the help of a related chemical entity. In steroid one
may encounter a rather difficult problem due to the lack of selective methods so as to identify the
colonies precisely which usually perform the ear-marked specific activity.

Example : The ‘plate assay’ may be successfully employed to select such organisms which may
aromatize several steroidal entities, for instance : 19-nor steroids; 19-substituted steroids; and sterols
(e.g., β-sitosterol, ergosterol etc.) into equilin and related oestrogen.
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These ring A aromatic oestrogenic products I and II above usually react particularly with the
reagent para-nitrobenzene diazonium fluoborate to give rise to the production of an intense red
colouration. Therefore, the development of such colonies in a solid medium containing an appropriate
steroidal substrate, are duly replicated before the reagent is sprayed ; and thus, a red-ring gets developed
all around the active colonies.

* A physical or chemical process used to fix bacteria and cultures of plant cells on to a solid support or trap
them in a solid matrix.
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Modified Enrichment Method : The modified enrichment method is invariably used for the
isolation of mutants blocked in the substrate dissimilation mechanism. In this specific instance, a steroid
substrate is normally incorporated as the sole C-source exclusively in a ‘minimal medium’ seeded
adequately with the soil dilutions. The cells that causes the degradation of the substrate will ultimately
grow ; and are, therefore, subsequently transferred to the same medium but particularly enriched with
another C-source, for instance : glucose. However, the mutants may be present which are strategically
blocked at different stages in the process of degradation of the steroid substrate, but may consume
glucose as the C-source.

Besides, the resulting intermediates may get accumulated, whereas the lesion-bearing mutants
can be isolated conveniently. Furthermore, mutants may also be isolated which are incapable of accu-
mulating an ‘undesirable compound’.

Example : An ‘undesirable reaction’ initiated by Aspergillus ochraceus which eventually blocked
the ensuing transformation of 11ααααα-hydroxyprogesterone into 6βββββ-11ααααα-dihydroxyprogesterone was
duly prepared that could only yield the derivative 11ααααα-hydroxy-progesterone.
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It has been profusely established and reported that a fairly large number of microbial strains viz.,
eubacteria*, yeasts, molds, and streptomycetes may be stored and maintained strictly as per the
recommended ‘standard methods’, such as : agar slant, soil culture, frozen culture, and lypholized
culture preserved at temperatures ranging between – 20°C to – 170°C.

Filtration Enrichment Method : In this case, after mutagenesis the spores of filamentous
organisms e.g., actinomycetes, fungi, are made to develop in a liquid minimal medium. The ensuing
microcolonies of prototrophs thus developed are meticulously separated by filtration, whereby the
spores of auxotrophs** that were unable to grow left behind in the filtrate. The filtrate obtained in this
manner in subsequently plated and the resulting colonies are adequately checked for auxotrophic char-
acteristics.

Penicillin-Selection Procedure : In penicillin-selection procedure the prevailing growing cells
are killed selectively by the ‘antibiotic’ treatment, thereby enriching the auxotrophs that are incapable of
growing upon the ‘minimal medium’. Thus, exclusively based upon their mode of action a plethora of
‘inhibitors’ other than penicillin may also be employed effectively in this procedure, namely :

* Eubacterium : A genus of bacteria of the order Eubacteriales.

** An auxotrophic organism i.e., requiring a growth factor which is different from
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dihydrostreptomycin for Pseudomonas aeruginosa ; nystalin for Hansenula polymorpha, Penicillium
chrysogenum, Aspergillus nidulans, and Saccharomyces cerevisiae ; nalidix acid for Salmonella
typhimurium ; colistin for the penicillin-resistant Hydrogenomonas strain H16.

Sodium Pentachlorophenolate : The salt sodium pentachlorophenolate also affords enrich-
ment procedure by virtue of its greater toxicity particularly against the ‘germinating spores’ in com-
parison to the ‘vegetative cells’.

Example : The above method has been successfully applied with several organisms, such as :
Penicillium chrysogenum ; Streptomyces aureofaciens ; Streptomyces olivaceus ; and Bacillus subtilis.

It is, however, pertinent to state at this juncture that the applications of the aforesaid enrichment
methods may cause an enhancement of ‘auxotrophs’ between 10 to 100 times, thus increasing consider-
ably the probability of obtaining mutants. Importantly, one may observe that the variants of mutants
present in the initial original population may get shifted to an appreciable extent, such as : an enhanced
proportion of proline auxotrophs may be accomplished in E. coli after the due auxotroph enrichment.

Spraying with Reagents (or Incorporating Indicator Dyes) :

One may observe either the presence or absence of specific enzyme activities almost directly in
the colonies that are allowed to grown on plates by employing either of the two available common
procedures, namely : (a) spraying with appropriate reagents ; and (b) incorporating indicator-dyes right
into the culture medium.

Inhibition of Assay Organisms : In this specific instance the antibiotically-active compounds
may be detected quite easily and conveniently by measuring the inhibition of sensitive assay organ-
isms. This procedure allows the precise determination (assay) of the ‘antibiotic content’ of an unknown
solution using a reference standard simultaneously.

Agar Plug Method : The agar plug method is regarded to be one of the most reliable and
precise techniques wherein the agar cylinders having ‘single-colonies’ are transferred to test plates
after due incubation preferably in a moist chamber as depicted in Fig. 4.7 given below :
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Spore suspension of
kasugamycin-producing strain

Mutation

Plating (30-100 colonies/plate)

Agar cylinder (6 mm diameter)
is transfered to a sterile
petridish

W

Incubation in a
moist chamber
29° C, 96-120 hr

Transfer of the
cylinder to a
test plate

Culture from
cylinders with
inhibition zones

Incubation 29°C, 48 hr

Fig. 4.7. ‘Agar plug’ Method in Kasugamycin Strain Development (Ichikawa et al. 1971)

[Adapted from : Crueger W and Crueger A, Biotechnology, 2004]

In fact, the actual observed diameter of the resulting ‘zones of inhibition’ invariably caters for a
definite measure of the capability of ‘antibiotic production’ of each strain under investigation.

Suitability of Agar Plug Method : The method is fairly suitable for such processes where only
a differentiation between productivity and non-productivity is sufficient e.g., detecting the production of
specific constitutive enzymes.
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Drawbacks : This method has several drawbacks which may be summarized as given under :

(1) There exists only a slight correlation between antibiotic formation in the ‘plate culture’ vis-
a-vis antibiotic production is submerged fermentation.

(2) Strains that produce at high yields on being grown on plates may yield at only low yields or
even almost nil in the prevailing liquid culture.

(3) When screening is adopted and initiated employing high-yielding strains, further enhance-
ments in yield invariably cannot be detected by the help of this procedure.

5. BIOTRANSFORMATION PROCESS AND ITS IMPROVEMENTS WITH
SPECIAL REFERENCE TO STEROIDS

In true sense, the ‘biotransformation process’ i.e., the ensuing regiospecific and stereospecific
bioconversions, is nothing but a pure biological process. Nevertheless, these processes are not only
simple but also chemically well-defined ; and, therefore, invariably the various organic substances are
duly modified into the corresponding reversible products. Beyond any reasonable doubt these reactions
are suitably catalyzed by the help of certain highly specific enzymes usually present abundantly in
microbial, plant, and animal cells ; which in turn do catalyze a host of transformation reaction processes.

Microbial Cells : Bertrand (1986) first and foremost initiated a methodical, scientific approach
to microbial transformation whereby the ‘microbial cells’ definitely produced better results in compari-
son to the plant and animal cells. In fact, the microbial cells do possess substantially greater surface-
volume ratio due to which they have a tendency to grow faster and afford reasonably higher rate of
metabolism. In other words, these essential characteristic features predominantly help in accomplishing
highly specific as well as efficient transformation of the prevailing substrate in which they normally
grow. Perhaps this could be the reason why various phenomenon, such as : growing, resting or adding of
the dried microbial cells or enzymes duly isolated from these cells into the substrate to cause transforma-
tion effectively. Importantly, the particular agents undergoing transformation usually remain suspended
into a medium for proper usage either in agitated/aerated bioreactor or in packed columns for continu-
ous operations. Lastly, ‘microbial cells’ may be carefully immobilized on the solid support both for
prolonged operation and enhanced desired stability.

Plant Cells : Plant cells have been profusely exploited in bringing about superb biotransformation
processes towards the ultimate objective for the successful production of a large spectrum of exclusive
novel drug molecules, namely : Cardiac glycoside — digoxin ; Sweetening agent — stevioside ; skin-
lightening agent — arbutin ; CNS-depressant — codeine etc. It has been observed that the ‘plant
cells’ have the enormous built in tolerance for a variety of chemical substances, for instance : steroids,
alkaloids glycosides, phenolics, antibiotics and the like. Interestingly, these cells markedly behave and
perform in a much better manner in comparison to the ‘microbial cells’, particularly in such an event
when highly specific enzymatic biosynthetic pathways are required as a top priority.

Animal Cells : The application of animal cells viz., organ perfusion preparation, cell culture
preparation, are employed mostly in carrying out the biotransformation process involving organic com-
pounds, preferentially at the laboratory scale only.

In a nut-shell, amongst all the three above cited cells the application of microbial cells for
biotransformation process is the most preferred one by virtue of the fact they largely replace the in-
volvement of a good number of chemical steps and their subsequent purification and recovery.
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5.1. Biotransformation of Steroids

A large cross section of naturally occurring steroids belonging to the animal and plant kingdom
significantly exhibit remarkable hormonal characteristic features, for instance : animal source —
corticosteroids, oestrogens, sex-hormones, cholesterol etc. ; plant source — ergosterol, cardiac glycosides,
β-sitosterol etc., In general, all steroids essentially possess the same basic structure i.e., a
cyclopentanoperhydrophenanthrene.

Examples : Various examples of steroids are as given below :

Glucocorticoids : Cortisol ; Cortisone ; Corticosterone ; Dexamethasone ;

Mineralocorticoids : Aldosterone ; Fludrocortisone ;

Androgens : Testosterone ; Oxandrolone ;

Oestrogens : Estrone ; Estriol ; Estradiol ;

Gestogens : Progesterone :

The structures of several naturally occurring steroidal hormones are as given below :
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Androgens :
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It is, however, pertinent to state at this point in time that the steroids known till date invariably
take care of a variety of human diseases so satisfactory that the dire need for further development of
certain newer steroid biotransformation processes is more or less restricted. Nevertheless, the research
is, at present, geared toward the optimization of the prevailing available procedures, such as :

(a) Utilization of immobilized cells or enzymes,

(b) augmentation of existing reaction system e.g., by the help of polyphase systems,

(c) finding improved and efficient starting materials, and

(d) minimising degradative side reactions.

Future Developments : There are, in fact, two predominant aspects on which the future devel-
opments in steroid biotransformations are based, namely :

(i) application of plant-cell cultures, and

(ii) genetic engineering research upon the microorganisms.
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5.1.1. Types of Transformations/Biotransformations

The various types of transformations/biotransformations that are of particular interest with re-
spect to the steroids are as described under :

(a) Total Synthesis : The ‘total synthesis’ of cortisone (yield = 1g) obtained from deoxycholic
acid (615 g) via the original chemical process essentially involved as many as 31 different
individual reaction steps which eventually held the cost of the product abnormally high.
Hence, this kind of research is only limited to academic interest and very little commercial
interest.

(b) Site-specific and Stereospecific Manipulation : Intensive and extensive research with re-
gard to microbial introduction of an O-atom strategically into the steroid nucleus particularly
in a site-specific and sterospecific fashion encouraged the 11∝ -hydroxylation of progester-
one, and that too without any prior activation whatsoever. Interestingly, these biochemical
processes proceeded quite effectively and efficiently, which ultimately paved the way for a
viable, feasible and cost-effective production of cortisone. Cost of 1g of cortinsone stood at
USD 200 per g in 1949.

(c) Microbial Process : The entirely microbial-based process discovered in 1979 having the
same prime objective to cause an effective 11α-hydroxylation of progesterone helped in the
historical drastic decreased in the cost of pure cortisone to less than even USD 1 per g.

The above landmark in pharmaceutical biotechnology amply substantiates that microbial
biotransformation of steroids proved to be a qualified success toward combating the sufferings of hu-
man ailments across the globe.

5.1.2. Cost-Effective Viable and Important Transformations

The past couple of decades have witnessed a quantum leap and tremendous success in the prepa-
ration of thousands of modified steroids using highly skilled and specialized methodologies amalga-
mating both chemical and microbial reaction sequences. Interestingly, the end-products yielded several
therapeutically effective drugs.

Example : Production of Cortisone, Prednisolone, and Prednisone from Diosgenin :

Diosgenin is a sapogenin obtained from Dioscorea tokoro Makino, belonging to the natural
order Dioscoreaceae.

The classical example based on the combined chemical-microbial synthesis may be vividly
represented by the production of cortisone and prednisone (i.e., its 1-dehydro derivative) starting from
diosgenin via Reichstein’s Substance S (i.e., 11-deoxycortisol) as illustrated under :
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The explanations of the aforesaid reactions are as stated below :

Step-I : Diosgenin undergoes several chemical-microbial transformations to give rise to the
formation of Reichstein’s Substance S which may also be called as 11-deoxycortisol.

Step-II : The resulting Reichstein’s Substance S undergoes 11β-hydroxylation in the presence
of the microorganism Curvularia lunata to yield cortisol i.e., hydrocortisone.

Step-III : Cortisol obtained from the previous step-III affords dehydration at C-1 position in the
presence of the organism Corynebacterium simplex to produce prednisolone.

Step-IV : It is essentially a non-microbial step and gives rise to cortisone via chemical oxidation
whereby the 11-hydroxy moiety is converted to a 11-ketonic function conveniently.
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Step-V : Once again the organism Corynebacterium Simplex (see step-III) has been success-
fully utilized to cause dehydration at C-1 to yield the desired product prednisone.

The concerted efforts of various researchers across the globe exclusively based upon a host of
microbial reaction sequences have left a lasting impression upon its great economic significance and
immense values.

Examples : There are two typical examples that evidently expatiate the above observations,
namely :

(a) progesterone transformation to the corresponding C-19 steroid has been adequately exploited
on a commercial scale in the feasible production of testosterone and oestrogen, and

(b) Oestrogen production may also be accomplished by the meticulous microbial dehydra-
tion of ring A present in the steroidal nucleus.

Summararily, the various experimental parameters invariably adopted for carrying out the innu-
merable bioconversion reaction sequences of this specific nature are given in Table : 4.2.

Table : 4.2. Typical Examples of Certain Commercial Steroid Processes.

S.No. Product Substrate Reaction Microorganism Manufacturer

Used

1. 11α-Hydroxy- Progesterone 11α-Hydroxylation Rhizopus Upjohn

progesterone nigricans Co., (USA)
2. Cortisol 11-Deoxycortisol 11β-Hydroxylation Curvularia Pfizer Inc.,

(Reichstein’s lunata (USA).
substance S)

3. 9α-Fluoro-16α- 9α-Fluorocor- 16α-Hydroxylation Streptomyces Lederle Labs.
hydroxycortisol tisol roseochromo- Squibb & Sons.

genes

4. Prednisolone Cortisol 1-Dehydrogenation Arthrobacter Schering Corp.

simplex (USA)
5. 1-Dehydro- Progesterone 1-Dehydration Cylindrocarpon Squibb % Sons

testololactone side-chain cleavage radiciola

6. Androstadien- β-Sitosterol Side-chain Mycobacterium Upjohn Co.

dione cleavage fortuitum (USA), Searle
mutants and Co. (USA)

7*. Triendiol1 Diendiol2 1-Dehydrogenation Septomyxa Upjohn Co.
affinis (USA)

1 Triendiol : 11β, 21-Dihydroxy-1, 4, 17 (20)-pregnatriene-3-one (i.e., precursors employed in
the production of 6α-methylprednisolone).

2 Diendiol : 11β, 21-Dihydroxy-4, 17 (20)-pregnadiene-3-one.

* Sebek OK and D Perlman : Microbial transformation of Steroids and Sterols, pp : 483-496. In : Pepler HJ
and D Perlman (eds.) : Microbial Technology, Vol. 1, Academic Press, New York. 1979.
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It has been established beyond any reasonable doubt that the commercial production of
testosterone and oestrogen may be accomplished by the transformation of progesterone into a corre-
sponding C-19 steroid specifically. Besides, the strategic microbial dehydration of ring A is successfully
exploited resulting into the oestrogen production. In fact, the wisdom and precise manoeuvre of certain
specific experimental parameters a host of ‘bioconversion reactions’ of this particular pattern may be
accomplished legitimately, and six of them have been duly provided in the following Table : 4.3 expatiately.

In fact, batch fermentative procedures have since been able to cause several steroidal transfor-
mations ; however, considerable progress has also been accomplished by the skilful usage of both en-
zymes  and immobilized cells. Interestingly the latter procedures invariably offer a large number of
advantages, such as :

• minimised risk of possible contamination,

• easier mode of product recovery,

• significantly shorter conversion times, and

• enhanced substrate concentrations.

Table : 4.3. Operational Parameters of Several Steroid Transformations.

S.No. Product Substrate Yield (%) Medium Microorganism Experimental
parameters
exmployed

1. 1-Dehydrotes- Progesterone 50 I Cylindrocarpon 25°C ; 72 hr.

tololactone radiciola

2. 1, 4-Andro- Progesterone 85 II Fusarium solani 25°C ; 96 hr.

stadiene-3,

17-dione

3. 15α-Hydroxy- Progesterone 11 III Streptomyces 25°C ; 72 hr.

4-pregnene-3, aureus

20-dione

4. 11α-Hydroxy- 4-Androstene- 25 IV Rhizopus 28°C ; 96 hr.

4-androstene- 3, 17-dione arrhizus

3, 17-dione

5. 11α-Hydroxy Progesterone 91 V Aspergillus 28°C ; 120 hr.

progesterone ochraceus

6. Prednisolone Hydrocortisone 93 VI Arthrobacter 28°C ; 120 hr.

simplex Pseudo crystal

fermentation.

Media Composition as per Table : 4.3 :

I : Corn-steep liquor (dry wt. basis) 3g ; Dihydrogen ammonium phosphate (NH4H2PO4) 3g ;
Calcium carbonate (CaCO3) 2.5 g ; Soyabean oil 2.2 g ; Progesterone 0.5 g ; DW q.s. to 1L ;
pH 7.0 ;
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II : Peptone 15 g ; Corn-steep liquor 6 ml ; Glucose 50 g ; DW q.s. to 1 L ; pH 6.0 ; Progesterone
0.25 g should be incorporated only after 48 hr. ;

III : Soyabean oil 2.2 g ; Soymeal 15 g ; Glucose 10 g ; Calcium carbonate (CaCO3) 2.5 g ;
Progesterone 0.25 g ; DW q.s. to 1 L ;

IV : Peptone 20 g ; Corn-steep liquor 5 ml ; Glucose 50 g ; DW q.s. to 1 L ; pH 5.5 to 5.9 ;
Androstendione 0.25 g to be incorporated only after 27 hr. ;

V : Peptone 10 g ; Yeast extract 5 g ; Sucrose 30 g ; DM water q.s. to 1 L ; pH 6.5 ; Progesterone
40 g carefully dissolved in acetone and added to the ensuing growing culture after 24 hr. ;

VI : Peptone 5 g ; Corn-steep Liquor 5 g ; Glucose 5 g ; DW q.s. to 1 L ; pH 7.0 ; Finely powdered
hydrocortisone, 1-50%, duly suspended in ethanol ; incorporated carefully into a 24 hr. old
culture medium.]

[Adopted from : Sebek and Perlman : Microbial Technology, Vol. 1., Academic Press, New
York, 1979.

In actual practice, it has been duly observed that even more than one essential biochemical step
may be carefully combined together and engaged in order to achieve several such steroid transforma-
tions both gainfully and efficaciously.

Examples : There are at least well recognized, tested and tried instances that explicitely exem-
plify the aforesaid steroid transformations, such as :

(1) Application of Immobilized Mycelium : The immobilized mycelium  of Curvularia lunata
or the immobilized cells to Arthrobacter simplex have been intensively and extensively ex-
ploited to effectively perform the two-step reaction as evidenced in the conversion to
prednisolone from the Reichstein’s substance S (i.e., 11-deoxycortisol).

(2) Application of Fungal Spores : The utility of a number of fungal spores e.g., Penicillium
notatum, are being employed directly to augment the catalytic transformation(s) of a plethora
of such bioconversion processes.

(3) Application of Solvent System : Based on the universal fact that since most steroidal
substrates are immiscible in aqueous medium, the ensuing transformation parameters have
been meticulously developed for certain selected and specific steroids in a particular solvent
system that happens to be invariably water-immiscible e.g., transformation of ‘testosterone’
with the immobilized cells of Nocardia rhodochrous.

(4) Application of Two-Phase System : In general, the organic solvent is most frequently found
to be toxic to the cells as well as enzyme ; therefore, one may alternatively make use of an
aqueous two-phase system.

Example : Prednisolone may be obtained by the 1-dehydration of cortisol by the aid of cells of
Arthrobacter simplex precisely in a two-phase system comprising essentially of the following two sub-
stances, namely :

(a) Polyethylene glycol (PEG) 8000* : 25% (w/w), and

(b) Dextran T40* : 6% (w/w)
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* Mexican Yam root.

** Soya beans

*** As a sizable byproduct of paper manufacture.

5.1.3. Microbial Cleavage of Sterol-Side Chains (at C-17)

Since 1970s, the world experienced an ever growing demand for a large cross-section of steroidal
drugs that eventually caused an appreciable shortage of various available steroid precursors for carrying
out various bioconversion reaction e.g., diosgenin. In fact, diosgenin — a sapogenin is obtained from a
variety of plant sources, such as : Dioscorea rokoro Makino, Dioscorea composita* Dioscorreaceae ;
and the South African Plant Testudinaria sylvatica.

An aggressive and highly intensified researches were aimed at for the exploitation and feasibility
attempts on the broad-based utilization of low-cost sterols derived from either animal sources (zoosterol)
e.g., Cholesterol or plant sources (phytosterol) e.g., βββββ-sitosterol, stigmasterol**, and campesterol***.

Objectives : The major objective of all such elaborated investigations was the highly selective
removal (elimination) of an array of aliphatic side-chain moieties, thereby resulting into the formation of
propionic acid and acetic acid, without further cleavage of the basic steroid nucleus at all.

It has been duly established and proved that the ensuing 8-carbon side-chain undergoes appropri-
ate cleavage to give rise to the formation of a C-17 keto compounds ultimately as depicted under :

H O

C H O L E S T E R O L  (C -2 7 )
S tero id  N u c leu s  : C -1 7  .,  1 7  C -a to m s  ;
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Side-Chain Cleavage of Cholesterol

5.1.4. Mycobacterial Cleavage of Steroid Nucleus (Ring ‘B’)

The degradative product 3-hydroxy-9, 10-secoandrosta-1, 3, 5(10) triene-9, 17-dione is produced
predominantly starting from cholesterol (a zoosterol) via a strategical cleavage of the ring ‘B’ in the
steroid nucleus, besides the generation of two extremely useful intermediate products, namely :
androstendione and androstadiendione as described below :
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A plethora of highly sophisticated techniques are duly available to block selectively and pre-
cisely the cleavage of the steroidal nucleus :

Cleavage reaction may be entirely blocked by appropriate chemical modification of the
substrate.

Conversion may take place largely in the presence of certain inhibitors that specifically check
either C-1(2)-dehydration or 9α-hydroxylation, for instance :

(a) bivalent ions that critically replace Fe2+ ion,

(b) chemical entities which chelate Fe2+ or Cu2+ ions,

(c) compounds that specifically block sulphhydryl moieties e.g., Pb2+, Co2+ and Ni2+.

Mutants having inactive enzymes, such as : C-1(2)-dehydrogenase or 9α-hydroxylase may
be employed. It is, however, worthwhile to state here that Mycobacterium mutants that are
solely responsible for the transformation of various sterols, namely : cholesterol, stigmasterol,
and sitosterol into the corresponding main products, such as : androstenedione and
androstadiendione have been isolated duly. It has been observed that these mutants are
incapable of causing further cleavage of the said two main products.

Specific example : The product 9α-hydroxy-4-androstene-3, 17-dione may be obtained from the
various substrates e.g., β-sitosterol, stigmasterol, campesterol and cholesterol in the presence of the organ-
ism Mycobacterium fortuitum using a specific medium* at 30°C for a period of 336 hrs. at a stretch.

5.2. Steroid Bioconversion via Fermentative Procedures

Steroids i.e., the highly biologically active compounds are usually produced by a host of vital
organs in the human body, namely : testies, ovaries, placenta and the adrenal cortex. The nature of the
steroids are exclusively dependent upon the various functional moieties attached on the steroid nucleus
plus the side chains at C-17 which in turn attribute classical and extremely specific spectrum of biologi-
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cal activities e.g., antiinflammatory agents, antifertility agents, contraceptives, oestrogenic agents, ste-
rility profile and the like.

Microorganisms invariably do play a vital and pivotal role in the steroid bioconversions as
enumerated below in a sequential order :

(a) Corynebacterium simplex aids in the dehydrogenation of cortisone to yield prednisone

(b) Rhizopus arrhizus (a fungal sp.) helps in the hydroxylation of progesterone therapy giving
rise to the corresponding steroid 11ααααα-hydroxyprogesterone by introducing an O-atom at
C-11 position.

(c) Rhizopus nigricans (a fungal sp.) is also able to hydroxylate progesterone to give rise to the
formation of 11ααααα-hydroxyprogesterone.

(d) Corynebacterium simplex may cause the effective dehydrogenation of either cortisol or
hydrocortisone to yield prednisolone.

(e) Nocardia restrictus affords the biotransformation of δδδδδ4–cholestene-19-hydroxy-3-one into
the desired oestrone.

(f) Cunninghamella blakesleeana (a fungus sp.) aids the hydroxylation of cortexolone to form
11-hydroxy cortisone by the introduction of an O-atom at C-11 position strategically.

(g) Yeast strains also cause conversion of androstendione into the corresponding male-sex-
hormone testosterone.

Interestingly, in the typical steroid bioconversion via fermentative procedures the desired micro-
organism, Rhizopus nigricans, is allowed to grow in a fermentation tank charged with an appropriate
growth culture medium along with optimized incubation parameters to accomplish biomass upto the
maximum possible extent. It is, however, pertinent to mention here that the ensuing fermentation proce-
dures essentially require both aeration and agitation to accomplish rapid growth. Hence, it is always
preferred to incorporate steroid (e.g., progesterone) right into the bioreactor loaded with Rhizopus
nigricans. The end-product is subsequently recovered with methylene chloride, adequately purified by
chromatography, and ultimately obtained in its purest form by recrystallization.

Generally, the bioconversion of steroids is invariably accomplished by employing exclusively
the submerged aeration technique carried out in SS-tanks (fermentors) charged with minimal nutri-
tional quantities so as to permit the maximum ease and conversion with regard to the extraction and
purification of the ultimate desired transformation substance.

In usual practice, the fermentative procedure is adopted efficiently by either of the two following
phases, namely :

Phase-I : It represents predominantly the ‘growth phase’ whereby the maximum extent of the
culture-growth is accomplished. And for the culture-growth one may require both
optimized temperature and aeration parameters. However, the duration of incubation
solely depends upon the type of culture being employed, such as : bacteria : 12-24 hrs ;
fungi : 24-72 hours. Besides, one must adhere to strict environmental conditions as per
the laid-out norms.

Phase-II : When the ‘growth-phase’ almost comes to an end, the careful addition of the
respectively steroid commences. In certain instances, one may carry out the addition
of steroid very much alongwith the inoculation procedure. Importantly, the quantum
of steroid need to be added solely depends upon three vital components, namely :
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(a) transforming capacity of culture ; (b) potential toxicity of substrate ; and (c) nature
of product. It has been duly observed that deoxycorticosterone possesses an appreciable
antifungal activity. It is absolutely essential to contain the ‘problem of toxicity’ in the
culture medium by subjecting to either continuous or periodic incorporation of substrate
into the fermentation vessel. The organic solvents that are utilized profusely may
include : acetone, ethanol, and methanol, which essentially contribute two main
advantageous factors, such as : (a) afford relatively low toxicity for the conversion
enzymes ; and (b) cause appreciable solubility of steroids. Importantly,
dimethylformamide (DMF) does possess an exceptional solubility characteristic feature
for steroids, whereas its non-toxic level stands at below 2% concentration in the culture
medium.

It is, however, pertinent to state here that the ‘bioconversion capacity’ actually based upon the
load of the prevailing substrate, and the ability of the microorganism.
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PROBABLE QUESTIONS

1. (a) Explain with appropriate examples these terminologies :
(i) Complex bioconversions

(ii) Genetic investigations
(iii) Microbial transformations
(iv) Total microbial transformation.

(b) ‘Antibiotic production can be mediated by microorganisms’. Justify the statement with
the help of a typical example of a ‘drug’ being used as a therapeutic agent.

2. (a) Is ‘vinegar’ a fermentation-derived food product ? Explain.
(b) What are the five different methods for the production of commercial ‘Vinegar’ ?

(c) Submerged vinegar fermentation essentially use two entirely different ‘fermentor de-
signs’, namely :

(i) Acetator ; and (ii) Cavitator.

Discuss any one of them in details.

3. (a) Give the diagramtic sketch of a ‘Submerged Fermentator’ for the production of acetic
acid. Explain its working and methodology.

(b) What are the advantages of the ‘Submerged Fermentor’ over the ‘Trickling Generator’ ?

4. Discuss the following aspects with regard to the production of Gluconic Acid, namely :

(a) Organisms used in commercial production.

(b) Reactions involved in gluconic acid production from glucose.

(c) Methodology.

(d) Important Highlights.

5. Expatiate the following statements/terminologies :

(i) Single-cell protein (SCP)

(ii) Advantages of Microbial Biomass

(iii) The SCP-Phenomenon

(iv) Medium for SCP production

(v) ICI-Fermentor to produce SCP from Methanol

(vi) Harvesting of Microbial Biomass.

6. Discuss the production of ‘Lactic Acid’ high-lighting the following aspects in an elaborated
manner :

(a) Organisms used,

(b) Theoretical aspects,
(c) Fermentation medium, and
(d) Extraction and recovery.

7. (a) Discuss ‘Biotransformation Reactions’ of the following types by citing the examples
of at least one typical example from each category.
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(i) Oxidation Reactions
(ii) Reduction Reactions

(iii) Hydrolytic Reactions
(iv) Condensation Reactions.

(b) Give a brief account of any one of the following biotransformation reactions :

(i) Hydroxylation of βββββ-methyl digitoxin to digoxin
(ii) Arbutin from hydroquinone.

8. Elaborate the three specific methodologies involved in the Microbial Biotransformation
giving suitable examples and salient features.

9. (a) What do you understand by ‘Selection of Organisms’ with respect to microbial trans-
formations ? Explain.

(b) Describe the following l methods with typical examples :

(i) Modified enrichment method
(ii) Filtration enrichment method

(iii) Agar-plug method.
10. Give a comprehensive account on the — ‘Biotransformation Process and its Improvements

with special reference to Steroids’. Support your answer profusely with appropriate exam-
ples.



1. INTRODUCTION

Microbial enzymes are most extensively employed in the food and beverage industries across the
globe to meet the ever increasing demand for nutritionally superb and high-value products. Importantly,
the predominant utilization of the enzymes in an industrial environment has been drastically restrained
and limited by virtue of the fact that a large number of enzymes are not only relatively unstable but also
involve exhorbitantly high-cost of isolation, purification, and recovery of ‘active enzymes’ from the
reaction mixtures after the due completion of the ensuing catalytic on-going process. In actual practice,
the soluble enzymes engaged in ‘batch operations’ is found to be not-so-economical due to the fact that
the active enzyme is virtually lost (not recovered) after each viable reaction.

Therefore, in order to combat and overcome such a non-productive, economically not feasible,
and deleterious effect the enzymes have been ultimately immobilized ; and the process is termed as
enzyme immobilization. Hence, it may be defined as — ‘confining the enzyme molecules to a distinct
phase from the one wherein the substrates and the products are present’.

1.1. Salient Features

Some of the vital and important salient features of enzyme immobilization are enumerated as
under :

(1) Enzymes are more or less physically confined in the course of a definite continuous catalytic
process. They may be suitably recovered from the reaction mixture and used over and over
again thereby gainfully improving the economic viability of the entire process.

(2) It may be accomplished by fixing the enzyme molecules to or within certain appropriate
subtance.

(3) It should be absolutely critical that both the substrates and the products migrate quite freely
in and out of the phase to which the specific enzyme molecules are actually confined.

(4) Certain enzymes which are as such readily inactivated by heat (i.e., thermolabile), may be
rendered heat-stable by attachment to inert polymeric supports.

(5) Utilization of whole beads are invariably employed for a wide spectrum of catalytic func-
tions thereby ascertaining the fact that immobilized enzymes do have an edge over their
soluble counterparts overwhelmingly.

5CHAPTER

ENZYME IMMOBILIZATION
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(6) Immobilized enzymes may be recycled, rapidly controlled, operated continuously, product(s)
easily separable, and above all the enzymatic properties (i.e., stability, activity) altered
favourably.

(7) Immobilized enzymes seem to be fairly compatible with multienzyme procedures that es-
sentially make use of enzyme-based cofactors.

1.2. Carrier Matrices

The substances that are solely employed for the immobilization of enzymes are known as carrier
matrices e.g., inorganic materials (salts), and inert polymers.

An ideal carrier matrix has the following characteristic features, namely :

(a) cost effectiveness,

(b) inertness,

(c) reasonable physical strength,

(d) adequate stability,

(e) regenerability after the gainful lifespan of the immobilized enzyme,

(f) enhancement in specificity of enzyme,

(g) reduction in product inhibition,

(h) a possible shift in optimum pH for enzyme activity to the desired value for the process, and

(i) appreciable reduction in non-specific adsorption and microbial contamination.

It is, however, pertinent to state here that a large segment of carrier matrices do possess inher-
ently only a few of the aforesaid characteristic features (‘a’ through ‘i’). In the light of the above state-
ment of facts one should always remember that the carrier matrix for the immobilization of an enzyme
need to selected with utmost care and wisdom bearing in mind the characteristic features as well as the
prevailing limitations of various matrices.

2. METHODS OF IMMOBILIZATION

The immobilization methods are of four distinct types depending solely upon the physical re-
lationship of the catalyst being used to the carrier matrix, such as : (a) adsorption ; (b) covalent bonding ;
(c) entrapment ; and (d) membrane confinement.

Importantly, the carrier matrix selected for the process must enhance the operational stability of
the immobilized enzyme purification. The carriers should be either porous or nonporous matrices be-
longing to the organic (natural or synthetic) or inorganic domain. The four various types of methods of
immobilization as stated above (i.e., ‘a’ through ‘d’) shall now be described individually as under :

2.1. Adsorption Method

Adsorption of an enzyme may be accomplished by allowing the contact of the enzyme and the
polymer support either by percolating* the enzyme via a packed bed, tube, membrane formed from a
support material or in a stirred bioreactor. In other words, in the particular instance of adsorption, the
enzyme molecules evidently get adhered to the surface of a carrier matrix on account of the spectacular
combination of hydrophobic effects and the critical formation of several salt-linkages per enzyme
molecule as shown in Fig. 5.1.

* Filtering especially through small holes or crevices.



ENZYME IMMOBILIZATION 311

+
+
+
+

++
++ + + + + + + + + +

++
+
++
++++++++++

EM––––
–
–

–
–
–
–––

–

–

EM––––
–
–

–
–
–
–––

–

–

EM––––
–
–

–
–
–
–––

–

–

EM = Enzyme molecule
CM = Carrier matrix

CM

Fig. 5.1. Enzyme Immobilization by Adsorption Method.

In usual practice, a variety of specific and non-specific forces come into play in the adsorption
method viz., hydrophobic, electrostatic interactions or affinity bondage to certain specific ligands duly
attached to the carrier matrix. However, a predominant influence being exerted upon the quantity of
enzyme adsorbed exclusively depends upon the enzyme concentration per unit surface of the carrier
matrix. Consequently, the overall activity gets enhanced with an increasing enzyme concentration —
approaching a targetted saturation value — having a noticeable decline in the specific activity.

It has been duly observed that the process of binding of the prevailing carrier matrix to the
available enzyme molecules is invariably quite strong but it may be weakened during actual usage by
several vital factors, namely : pH, ionic strength, and addition of substrate. Therefore, it is always advisable
to pick up the carrier matrix with great care, wisdom, and judicious manner from such substances as :
porous carbon clays, hydrous metal oxides, polymeric aromatic resins, glasses, and ion-exchange matrices.

Methodology : The actual methodology involved in the adsorption of enzymes to the matrices is
quite simple, easy, and employed largely. The appropriate enzyme is adequately mixed with a right
adsorbent usually under appropriate pH parameters as well as the desired ionic strength. After incuba-
tion for a stipulated duration, the carrier matrix is washed thoroughly to get rid of the entire unabsorbed
enzyme molecules, whereby the ‘immobilized enzyme’ is ready for actual usage. Interestingly, this
specific method invariably gives rise to a high loading (nearly 1 g enzyme per g matrix) of the enzyme.

Note : Ion-exchange carrier matrices are relatively costlier ; however, they may be regener-
ated easily and rapidly (i.e., at the end of the active life of the absorbed enzyme) by a
rather absolutely simple operation viz., carefully washing off the absorbed enzyme by
means of a concentrated salt solution.

The various enzymes that may be immobilized by adsorption on respective carrier matrix are
summarized as under :

S.No. Enzymes Carrier Matrix

1 α-Amylase Calcium phosphate

2 Amyloglucosidase Agarose-Gel ; DEAE*-Sephadex

3 Catalase Charcoal (activated)

4 Glucose oxidase Cellophane (followed cross linking with glutaraldehyde,
inorganic adsorbents)

5 Invertase Charcoal (activated) ; DEAE*- Sephadex

6 Subtilisn Cellulose.

* Sephadex-2 (diethylaminoethyl) ether.
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2.2. Covalent Bonding

In this particular instance the ‘enzyme molecules’ in question are duly attached to the carrier
matrix by the formation of covalent bonds. Consequently, the actual strength of bondage happens to be
quite strong ; and hence, there is absolutely no loss of enzyme during usage. The formation of colvalent
bond usually takes place particularly with the side chains of amino acids present in the enzyme ; how-
ever, their actual strength of reactivity being exclusively linked to the status of ‘charge’ present in them
as given below :

— S– > — SH > — O– > — NH2 > — COO– > — OH >> — NH3
+

Thus, the various functional moieties mostly present in enzyme which actively take part in the
formation of the numerous viable chemical bonds are : sulphide, sulphhydril, oxide, amino, carboxyl,
hydroxyl, ammonium, imino, amide, methylthiol, guanidyl, imidazole, and phenol ring.

The covalent bonding of an enzyme may be accomplished either by activating the polymer with
a reactive moiety (i.e., copolymerization with ethylene, anhydride of maleic acid) or by effectively em-
ploying the bifunctional reagent to serve as a bridge between the two entities : enzyme and polymer,
whereby 3D-network may be obtained by cross-linking with low molecular weight bifunctional agent(s).
In doing so, the enzyme invariably may get inactivated because the reactions normally engage a
functional moiety strategically located at the ‘active site’ of the enzyme. Thus, the overall net effect
being the substantial loss of enzymatic activity. Importantly, such an overwhelmingly loss in the enzymatic
activity may be overcome by judiciously carrying out the ‘enzyme immobilization’ either in the
presence of a competitive inhibitor or an enzyme substrate.

COVALENT BONDING

EM
EM

EM

EM

EM

EM

EM = ENZYME
              MOLECULE

CROSS LINKING

Fig. 5.2. Covalent Bonding and Cross Linking of Enzyme Immobilization.

Fig. 5.2 Illustrates the covalent bonding and cross linking explicitely.

The activated polymers that are solely employed are : hydrogels duly incorporated with a host of
typical chemical entities, such as : azide group ; diazo group ; carbodiimide group. The various enzymes
immobilized by covalent bonding using typical carrier matrix and binding reaction are summarized below :

S.No. Enzymes Carrier Matrix Used Binding Reaction Involved

1 α-Amylase DEAE-Cellulose* Direct coupling

2 Amyloglucosidase —do— Cyanuric chloride
3 Cellulase Polyurethane Isocyanate
4 Glucose Isomerase —do— —do—
5 Glucose Oxidase Porous Glass Isothiocyanate

6 Pectinase Polyurethane Isocyanate
7 Pronase CM-Sephadex Carbodiimide Activation

*Cellulose-2-(Diethylamino) ethyl ether.
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Advantages of Covalent Bonding : The various important advantages of the covalent bonding
in enzyme immobilization are as enumerated below :

(1) Adsorption of enzymes to the carrier matrices is quite easy and convenient, and hence used
extensively.

(2) Covalent bonding attachment is not reversed by pH, ionic strength or substrate.

(3) Relatively broader spectrum of bonding reactions, and of matrices with functional moieties
capable of either having covalent bondage or prone to be activated to yield such groups
renders this method into a highly acceptable one.

(4) Support with Functional groups : Various typical examples using support with functional
groups are :
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Fig. 5.3. Immobilization of Enzymes ; Using Supports with – OH Moieties that are Activated
by Covalent Bonding with : (a) Cyanogen Bromide ; and (b) Triazine.
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(a) With – OH Group : Supports of this type may be activated specifically for the covalent
bonding by subjecting it to treatment with either cyanogen bromide or triazine as illus-
trated in Fig. 5.3(a) and (b). The reaction with the enzyme protein in each instance
involves the –NH2 moiety of lysine.

(b) With – COOH Groups : Carboxymethyl cellulose (CMC) may be activated either via
acyl-isourea formation or azide derivative formation as given in Fig. 5.4(a) and (b) be-
low. The reaction essentially involves the participation of amino (– NH2) moiety present
in lysine ; besides, a host of other amino acids viz., cysteine, serine, tyrosine — are also
made use of in the covalent bonding phenomenon.

Fig. 5.4. Immobilization of Enzymes using CMC Supports Having — COOH with — NH2
Group or with Hydrazine (NH2–NH2) Group via Covalent Bondage Involving :

(a) Acyl Urea ; and (b) Azide Derivative.
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(c) With – NH2 Group : The amino functional moiety containing support material may be
converted easily to the corresponding diazonium chloride salt by suitably treating with
a mixture of sodium nitrite (NaNO2) and diluted hydrochloric acid (HCl) between 0-5°C
(diazotization). The enzyme protein gets hooked up with the resulting diazotized deriva-
tive thereby establishing an appropriate azo-linkage involving the corresponding the
tyrosine residue of enzyme protein as illustrated in Fig. 5.5(a). In certain specific
instances one may make use of glutaraldehyde (i.e., an aliphatic aldehyde) to
strategically activate the support material essentially having the —NH2 functional
group. Thus, the reaction predominantly involved as Schiff’s base formation between
two entities, namely : (i) amino moiety of the support material ; and (ii) amino moiety
of one of the amino acids present in the protein, as depicted in Fig. 5.5(b).

Interestingly, it has been observed that the exact number of bonds existing between the support
material and the corresponding enzyme molecule in the course of the very covalent bondage is dis-
tinctly variable, such as : papain molecule* has 17 covalent bonds ; and subtilopeptidase immobilized
duly on semialdehyde starch analogue possesses 8 covalent bonds.

* Papain — a proteolytic enzyme, is usually bound adequately to porous glass which is linked via three azo
bondages per enzyme molecule.
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Fig. 5.5. Immobilization of Enzymes using Supports with Specific —NH2 Moiety Involving
(a) Formation of Diazonium Chloride ; (b) Activation with Glutaraldehyde.

Loss in Enzyme Activity : Immobilization by covalent bonding may ultimately lead to a certain
extent of loss in enzyme activity due to the involvement of the specific active site in the process of
immobilization. Another school of thought suggests that immobilization of the enzyme in a particular
orientation affords either a distortion of the active site or renders it more or loss unavailable. However,
the ensuing loss in enzyme activity may be minimised to a considerable extent by adopting the following
methods, such as :

(a) Immobilization of the enzyme in the presence of its substrate at a saturated concentration
only, and

(b) Incorporation of a ‘competitive inhibitor’ (i.e., it gets bound to the active site*).
The above possible effects of enzyme mobilization exclusively by the help of covalent binding

upon the enzyme activity may be illustrated explicitely in Fig. 5.6.
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- ]ENZYME ACTIVE

INCORRECT ORIENTATION [ACTIVE
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- ]ENZYME INACTIVE

INCORRECT CONFORMATION
[ACTIVE SITE DISTORTED -

]ENZYME INACTIVE

E = Enzyme
M = Matrix

Fig. 5.6. Enzyme Immobilization : Probable Effects by Covalent Bonding upon the Enzyme Activity.

* In such a critical situation, the prevailing active site is duly preoccupied and held in the correct conforma-
tion mode while immobilization occurs. This phenomenon minimises the involvement of active site and
prevents incorrect orientation of the ensuing enzyme entities during immobilization.
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2.3. Entrapment

Entrapment refers to the phenomenon whereby the enzyme molecules are either held or en-
trapped within the appropriate fibres or gels*. Nevertheless, this entrapment may or may not necessarily
be accomplished via covalent bonding existing between the enzyme entities (molecules) and the carrier
matrix. Obviously the phenomenon pertaining to a non-covalent extrapment would be regarded as putting
the ‘enzyme molecule’ virtually in a molecular cage very much akin to a caged-bird or a caged-animal.
In a situation when the covalent bonding is also needed, evidently the enzyme molecules essentially
required to be treated with synthetic reagents e.g., acryloyl chloride, cellulose acetate etc.

Examples :

(1) Lysine residues may be prepared by employing acryloyl chloride resulting into the forma-
tion of the corresponding acryloyl amides. The acryloyl amides are first copolymerized, and
secondly cross-linked with either acrylamide and bisacrylamide to give rise to the formation
of the desired ‘gel’ which comprises of the ‘entraped enzyme’ that may be further exploited
in the form of a thin film on a solid support or as small beads.

(2) Cellulose acetate fibres also find their application for the entrapment of enzymes. Enzyme
and cellulose acetate is blended together to obtain an ‘emulsion’ preferably in an organic
solvent, methylene chloride. The resulting emulsion is subjected to the process of ‘extru-
sion’ to obtain fibres into a solution of an aqueous precipitant. Calcium alginate is the
mateiral of choice used for the entrapment of microbial, plant cells, and animal cells.

Mechanism : Entrapment is exclusively based upon the coupling enzymes specific to the lat-
tice of a polymer matrix or enclosing them in semipermeable membranes to check and prevent the
release of proteins but permitting the adequate diffusion of substrates and products. Besides. entrap-
ment does not allow the binding of the enzyme itself either to the gel matrix or the membrane. There-
fore, practically negligible inactivation of the ensuing ‘biological activity’ of the enzyme takes place in
comparison to the coupling method.

Methodology : The various steps involved in ‘entrapment’ are as stated below :

(1) The enzyme(s) may be dissolved in a solution of the polymer’s precursors.

(2) Polymers may be selected from a variety of materials e.g., natural gels (e.g., cellulose triacetate,
alginate, agar, gelatin) ; synthetic gels e.g., polyacrylamide gels (Fig. 5.7).

(3) In order to check and prevent the possible leakage of the low molecular weight enzymes
from the body of the gel, the average pore size of the gel must be maintained as large as
possible.

(4) Efforts should be geared into action to practically contain two important aspects in ‘entrapment’
process, namely :

(a) excessive diffusion limitation, and

(b) variability of pore size.

Modification Enforced : Interestingly, in the industrial domain certain specific modification has
been suggested, tried, and tested.

* A semisolid condition of a precipitated or coagulated colloid, jelly, a jelly-like colloid. It contains a large
quantum of water.
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Example : Penicillin acylase represents the category of fibre-entrapped enzymes that essentially
affords immobilization via entrapment in the microcavities of the synthetic fibres. Liposome* entrap-
ment refers to the physical phenomenon whereby entrapment may be accomplished by carrying out the
dissolution of a ‘fibre’ forming polymer e.g., cellulose triacetate in an organic solvent which being
immiscible in aqueous medium, and subsequently emulsifying the resulting solution with the aqueous
solution of enzyme carefully. The emulsion thus obtained is extruded via a spinneret** into liquid
coagulant (e.g., toluene, petroleum ether) which specifically precipitate the polymer in its desired
filamentous form having a precise microdroplet of the ‘enzyme’ solution meticulously entrapped in the
fibre. This technique, obviously possess two remarkable advantages, namely :

(a) minimises the diffusion limitation, and
(b) relative surface to volume ratio is appreciably high.
Fig. 5.8 depicts the manner ‘liposome entrapment’ actually takes place.

POLYMER ENTRAPMENT

Enzyme

Phospho-
lipid

Polymer
matrix

LIPOSOME ENTRAPMENT

Fig. 5.7. Enzyme immobilization Fig. 5.8. Enzyme Immobilization
via Polymer Entrapment. via Liposome Entrapment.

Another way to elaborate explicitely the manner whereby the ‘enzyme’ may be entrapped inside
a cross-linked gel matrix by allowing the formation of the gel very much in an aqueous medium having
one or more than one enzymes. Thus, the polymerization of the gel is invariably performed in the
presence of enzyme(s) which ultimately gets entrapped physically very much within the matrix ; and,
therefore, fail to escape via permeation at all, as shown in Fig. 5.9 below :

ENZYME ENTRAPPED
IN POLYMER

POLYMERIZED

ENZYME IN GEL
SOLUTION

ENZYME

ENLARGED VIEW

Fig. 5.9. Entrapped Enzyme Inside a Polymerized Gel.

It has been observed that the substrate molecules, which are smaller in size, have a tendency to
diffuse in, may be acted upon by the enzyme, and ultimately may diffuse out of the matrix. The most
important and vital matrices for entrapping enzymes are polyacrylamide, silicone rubber gel, and
purified starch gel. Nevertheless, the observed immobilization of enzymes afforded by such an en-
trapment method is invariably linked with three distinct kinds of difficulties, namely :

* The sealed concentric shells formed when certain liquid substances are in an aqueous solution. As it forms
the liposome entraps a portion of the solution in the shell.

** The thread producing organ in a spider (or silkworm) etc.
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(a) Continuous leakage of the entrapped enzyme by virtue of its abnormal wide pore-size distri-
bution in the gel,

(b) Significantly lowered substrate accessibility to the respective enzyme, and

(c) Certain extent in the ‘loss of enzyme activity’ on account of the free radicals generated
frequently in the course of the polymerization process of the ensuing gel.

2.4. Encapsulation [Microencapsulation ; Membrane Confinement]

Encapsulation or microencapsulation or membrane confinement is another versatile and ef-
fective approach in the field of enzyme immobilization specifically by entrapping technique. In this
method the enzyme molecules, invariably taken up in an aqueous medium, may be strategically confined
very much within a semipermeable membrane that ideally permits an almost absolute ‘free movement’
of the enzymes in either direction to the products and substrates but fails to allow their migration and
escape, eventually as depicted in Fig. 5.10(a) and (b). In other words, the enzyme immobilization pre-
vailing in encapsulation method predominantly occurs well within the microcapsules meticulously
prepared from organic polymers in order that the ensuing enzymes are prevented from the ‘great escape’ ;
and, of course, the comparatively low molecular weight products and substrates do have a tendency to
either enter or leave the ‘capsule’ by diffusion via the membrane sooner or later.

E E

E
E

E

SEMIPERMEABLE
MEMBRANE

MEMBRANE CONFINEMENT
[OR MICROENCAPSULATION]

ENCAPSULATION

Fig. 5.10. Enzyme Immobilization : (a) Encapsulation ; (b) Membrane confinment
(or Microencapsulation).

In actual practice, there are two well-known general methods for preparing the membranous
capsules for enzyme entrapping, namely :

(a) Phase Separation : Membranes are usually made by adopting the process of phase-separa-
tion, that essentially bears a close resemblance to homogenization of water in oil. In this
particular instance one phase is obviously not miscible with the other but eventually gives
rise to a droplet with the other phase upon adequate mixing. Thus, ultimately the ‘enzyme’
gets entrapped right within this droplet, and

(b) Chemcical Polymerization : The chemical polymerization aids in the preparation of the
specific water-insoluble membrane, and thus the enzyme in question gets duly entrapped
during this on-going phenomenon of polymerization.

Examples : The various typical examples are as follows :

(i) Semipermeable collodion or nylon membranes in the shape of spheres (round beads) are
invariably utilized for the microencapsulation of an enzyme. These materials are also
available commercially.
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(ii) Fibres of celluclose triacetate may also be employed for the entrapment of enzymes
within this synthetic material. However, these fibres may be either woven into a suitable
fabric or packed into the columns carefully.

Choice of Method : The choice of method exclusively depends upon the degree of immobilization
corresponding to the specific enzyme involved, and its subsequent application. In fact, a rather broad
spectrum of variation has been duly cited in the literature with respect to the actual level of retention of
the ensuing enzyme activity (%) upon the immobilization to various commercially available support
materials as summarized under :

Enzyme Support Method of Enzyme Retention of Enzyme
Immobilization Activity (%)

Aminocyclase AE-Cellulose Cross-linked with 0.6

CN Br-Activated Sephadex Glutaraldehyde 1.0

Covalent Bonding

CM-Sephadex C-50* Ionic Bonding 0

DEAE-Cellulose —do— 55

DEAE-Sephadex A-59 —do— 56

Nylon Encapsulation 36

Polyacrylamide Entrapment 53

*Iodoacetyl Cellulose

[Adapted From : Fermentation Technology Today, 1972]

A plethora of viable, feasible, and tangible strategies have been judiciously used for carrying out
the phenomenon of encapsulation (membrane confinement) that may be enumerated briefly as under :

(1) Bioreactor or ‘reaction vessel’ may be partitioned into two separate compartments by means
of a semipermeable membrane ; while one chamber contains the ‘enzyme’ and the other has
either the substrate or the product.

(2) Hollow fibre membrane units mostly contain the enzyme strategically located in their lu-
men or hollow space, and are adequately submerged in the ensuing substrate. Importantly,
this sequence of events caters for an extremely large surface area per unit volume viz., greater
than 20 m2. L– 1, but is found to be quite beneficial significantly for such substrates which are
definitely much smaller in size and dimension in comparison to the corresponding enzyme
molecules. Nevertheless, the hollow fibres are quite expensive, and also may be employed
with a variety of enzymes even the so-called coenzyme-regenerating systems.

(3) The desired and selected enzymes may be skillfully packed right into the ‘microcapsules’
duly formed but the aid of a typical polymerization reaction*, such as : usage of 1, 6-
diaminohexane.

In conclusion, one may critically observe that each immobilization strategy does possess certain
strengths and weaknesses that may be adequately summarized in Table 5.1. below :

* Besides, these enzymes may be entrapped within liposomes which are nothing but small spherical materials
composed of concentric lipid membranes.
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Table : 5.1 Comparison of Characteristic Features of Immobilization Techniques

S.No. Characteristic Features Immobilization Techniques

Adsorption Covalent  Bonding Entrapment Encapsulation

1. Matrices (examples) Clays ; Acrylamide ; Acrylamide ; Semipermeable
Glasses, Ion- Cellulose ; Sepharse Cellulose acetate membranes via.,
exchange matrices etc. hollow fibres,

liposomes etc.

2. Preparation Simple Difficult Difficult Simple

3. Immobilization Hydrophobic Covalent bonds ; Trapping in gel Confinement in

mechanism effects ; salt links or fibre ; semipermeable

etc. membrane.

4. Binding force Variable Strong Weak Strong

5. Enzyme loading High (Ca. 1g/g Low (Ca. 0.2g/g — —

matrix) matrix)

6. Enzyme leakage during Yes No Yes No

usage

7. Applicability Wide Selective Wide Very wide

8. Problems encountered High Low High High

during operation

9. Matrix influences on Yes Yes Yes No

enzyme

10. Diffusional barriers to Absent Absent Significantly Significantly

substrate and product large large

molecules

11. Protection from No No Yes Yes

microbial attack

12. Cost factor Low High Moderate High

Advantages of Enzyme Immobilization

It has been amply researched, proved, established, and recognized as well that ‘enzyme immobi-
lization’, discussed under section 5.1.3.1 through 5.1.3.4, do afford a spectacular qualified success and
remarkable advantages as stated under :

(1) Enzymes being quite expensive and also having the unique ability to be used repeatedly
only in a situation when these may be recovered completely from the accomplished reaction
mixtures. In true sense, immobilization distinctly and specifically allows their repeated us-
age by virtue of the fact that such enzyme preparation may be separated conveniently from
the reaction system involved.

(2) Importantly, the final desired product should be readily from the enzyme. It goes a long way
in affecting reduction and saving upon the cost of ‘downstream processing’ of the ensuing
end-product.

(3) Non-aqueous systems (i.e., using organic solvents exclusively) are found to be fairly com-
patible with the immobilized enzymes particularly, and this may be regarded to be extremely
desirable in certain typical and specific instances.
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(4) Immobilized enzymes may be used predominenty in most continuous production systems ;
and, of course, this not absolutely feasible and possible with the ‘free-enzymes’.

(5) Immobilized enzymes, a few selected ones, may exhibit thermostability of the highest order, viz.,
the free-enzyme glucose isomerase usually gets denatured only at 45°C in solution ; however,
when immobilized suitably the enzyme is found to be stable enough upto 1 year at 65°C.

(6) Importantly, the ultimate recovery of ‘immobilized enzyme’ would drastically minimise the
high effluent disposable problems (which is quite acute in several fermentation industries).

(7) Immobilized enzymes may be employed at a much higher concentration range in comparison
to the corresponding free enzyme.

Disadvantages of Enzyme Immobilization

Immobilized enzymes do offer several disadvantages which are briefly discussed in the section
that follows :

(1) Enzyme immobilization evidently gives rise to an additional bearing on cost. Hence, this
improved technique is got to be used only in such an event when there prevails a sound
economic viability, feasibility, safety, and above all a positive edge over the corresponding
‘soluble enzymes’.

(2) Immobilization of enzymes invariably affects the stability and/or activity adversely. In
order to circumvent such typical instances one may have to adhere strictly to the laid down
developed immobilization protocols.

(3) Practical utilization of the ‘immobilized enzymes’ may not prove to be of any use or advan-
tage when one of the substrates is found to be insoluble.

(4) Certain immobilization protocols do offer a good number of serious problems with respect to
the diffusion of the ensuing substrate to have an access to the corresponding enzyme.

Essential Requirements for Commercial Application of Immobilized Enzyme Systems :

The potential and enormous application of the immobilized enzymes gained a world-wide rec-
ognition in various industries particularly during the period 1970-–’80. It is indeed worthwhile to men-
tion here that during the late 1970s the specific immobilized isomerase turned out to be a grand and
spectacular success in the commercial production of high-fructose corn syrup (HFC - Syrup). This
product find its immense utilization particularly in the soft-drinks industry (e.g., Coca-Cola ; Pepsi,
Campa-Cola, etc.).

The outcome of concerted research has made it abundantly possible for the skilful and gainful
utility of immobilized enzymes and whole cells, as on date, for a broad-spectrum of industrially viable
processes across the globe, a few typical examples are enlisted in the following Table : 5.2.

Table : 5.2. Typical Applications of Immobilized Enzymes and Whole Cells

S.No. Enzyme System Involved Commercial Process

1. Immobilized Enzyme Systems :

α-Amylase Corn-Syrup production

L-Amino acid oxidase D-Amino acid production

Flavoprotein oxidase N-oxidation of drugs containing hydrazine
moieties
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Glucoamylase Glucose production from corn syrup

Invertase ; Inulinases Conversion of sucrose into glucose and fructose

Lipases Hydrolysis of oils

Pectinase Treatment of fruit juices

Proteases Hydrolysis of whey protein ; cheese ripening.

Ribonuclease Nucleotide production from RNA

∆′-Steroid hydrogenase Production of prednisolone

Tannase Hydrolysis of tannins

Urease Estimation (assay) of urea

2. Whole Cell Systems :

L-Arginine deaminase Production of citrulline

Aspartase Production of L-aspartic acid

Fumarase Production of L-malic acid

Glucose isomerase Conversion of glucose to fructose

L-Histidine ammonialyase Production of urocanic acid

Penicillin amidase Production of 6-amino penicillinic acid
(6-APA) for semisynthetic pencillins

Yeast cells Production of fuel ethanol (from molasses),
and silent spirit from ‘malt wort’ in making
alcoholic beverages (e.g., Scotch Whiskies etc.) ;
removal of lactose from milk ; primary beer
fermentation.

Important Features : It must be grossly recognized and fully appreciated that in the perfect
development of an immobilized enzyme system only a fraction of the total cost involved is actually
implicated. In doing so, if one is able to maintain a justifiable and favourable cost : benefit ratio, one
may go ahead not only towards the development, but also the commercial exploitation of the said immo-
bilized enzyme system with full vigour and total confidence to accomplish 100% assured profit-
ability.

3. FACTORS AFFECTING ENZYME KINETICS

Enzyme kinetics specifically refers to the in-depth study of ‘enzymes in action’. The abnormally
high inherent rate of the induced enzyme-catalyzed reactions enormously obviates and facilitates this
study. It has been established beyond any reasonable doubt that the physical and chemical nature of the
carrier matrices employed, together with the conformational alterations in the enzyme structure after
adequate immobilization, ultimately gives rise to the conversion of the ensuing catalyst to heterogenous
nature having significant changes in its characteristic features. The various effects caused duly by the
altered reactivity essentially includes : activity, pH, stability, optimum temperature, kinetic constants,*
and substrate specificity.

* Kinetic constants : Usually come into being from a definite change in the activation energy.
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It has been duly observed that the rate of reaction catalyzed by an enzyme particularly enhances
‘linearity’ with the corresponding increase in the substrate concentration generally upto a certain point.
However, it soon approaches the maximum value, usually termed as Vmax ; and beyond which there is
absolutely no further enhancement in the rate of reaction as shown in Fig. 5.11. It is known as saturation.

Just contrary to this, is the rate of a nonenzymatically catalyzed reaction that enhances linearly
very much across the entire range of attainable substrate concentrations. Importantly, the prevailing
‘immobilization phenomenon’ does help in the actual conversion of the catalyst from homongeneous
(i.e., soluble enzyme) nature to the heterogeneous one, whereby the enzyme is intimately associated
either with a particular enveloping matrix or a supporting matrix. Nevertheless, in the course of
immobilization phenomenon, the activity of ensuing enzyme is virtually lost by virtue of two vital rea-
sons, namely : (a) various reactions involved in the process ; and (b) effective occlusion of active sites in
the enzyme support complex.

Examples :

(1) Hem-containing proteins : Haemoglobin and catalase : It has been observed that haemo-
globin gets bound to O2 ; and in doing so several O2-molecules may bind and release during
one minute, while at any material time only one O2 molecule becomes intimately associated
with one hem centre.

Catalase — an enzyme invariably exerts a cumulative effect. In this particular instance, not more
than one O2 molecule gets bound per hem ; and when it remains in the ‘bound form’ it has a tendency to
react progressively. Consequently, one may distinctly observe a very rapid evolution O2 (i.e., one million
molecules per enzyme molecule per minute).
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Fig. 5.11. Effect of Initial Substrate Concentration upon Initial Reaction Velocity of
Nonenzymatically [A] and Enzymatically [B] Catalyzed Reactions.

S = Substrate Concentration ; Vmax = Maximum Reaction Rate (Velocity) ;

Km = Michaelis – Menten Constant ; E = Enzyme ; P = Products ;

3.1. Enzyme Activity

Enzyme refers to an organic catalyst invariably produced by ‘living cells’ but capable of acting
either outside cells or even in vitro. Enzymes are ‘proteins’ that change the rate of chemical reactions
without needing an external energy source or being changed themselves ; an enzymes may catalyze a
reaction numerous times. Enzymes are highly reaction specific in that they act only on certain sub-
stances usually known as substrates. Nevertheless, the enzyme and its substrate or substrates invariably
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give rise to a temporary configuration, called an enzyme-substrate complex that essentially involves
both physical shape and chemical bonding. The enzyme usually promotes the formation of bonds be-
tween separate substrates, or induces the breaking of bonds in a single substrate to form the product or
products of reaction. The human body contains thousands of enzymes, each catalyzing one of the many
reactions that eventually occur as part of metabolism.

In a broader sense, enzymes do carry out a plethora of remarkable and much needed rearrangements
as well as chemical modifications both in vivo and in vitro. A few typical examples are given below to
justify its magnanimous utility in the living biological systems, namely :

Rennin
1. Casein →  Paracasein

[Milk Protein]

Dehydrogenase
2. Ethanol →  Acetaldehyde

[From Molasses]

+ O2 + H2O
3. Glucose →  Hydrogen Peroxide + Gluconic Acid

Oxidase

Catalase
4. Hydrogen Peroxide →  Oxygen + Water

Lactase
5. Lactose →  Glucose + Fructose

[Milk Sugar]

α-Amylase
6. Starch →  Glucose + Maltose

[Barley ; Maize]

β-Amylase
7. Starch →  Maltose + Dextrin

[Barley ; Maize]

Rennin Oxidase
8. Sucrose →  Glucose →  CO2 + H2O

[Starch]

+ O2 + H2O
9. Xanthine →  Uric Acid + H2O

Oxidase

Deaminases
10. Amino Acids →  Removal of — NH2 moieties

[Excess protein hydrolysates]

Lipase
11. Fatty Acids →  Fatty Acids

[Long-chain fatty acids] [Short-chain fatty acids]

The enzyme activity exclusively rests on the ‘concentration of reactant’ ; and, therefore, the
rate of enzyme activity gets enhanced progressively with the increase in the concentration. One may
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observe the enhancement in the reaction-rate to maintain a genuine linearity along with increase in
the substrate concentration ; however, the linearity subsequently levels off at high concentrations, and,
ultimately becomes independent of the prevailing concentration (see Fig. 5.11.B).

Explanation : The above hypothesis may be explained by putting forward the simple argument
explicitely that at high concentrations majority of the ensuing enzyme molecules do have their ‘active
sites occupied’. Thus, the overall net rate of enzyme activity solely depends on the rate at which the
bound reactants are converted into the respective products. Evidently, any extent of further increases in
the ‘substrate concentrations’ would exert practically little effect. In fact, the behavioural pattern of
enzyme activity in the above context is widely termed as Michaelis-Menten Mechanism.

3.2. Michaelis-Menten Constant [Km]

Michaelis-Menten hypothesis assumes categorically that an enzyme-catalyzed reaction should
normally take its course via several different stages, for instance :

Stage - 1 : Binding of enzyme (E) and substrate (S) would result into the formation of enzyme-
substrate complex.

Stage - 2 : Obvious catalysis takes place by virtue of the actual formation of transient enzyme-
substrate (ES) complex.

Stage - 3 : In a situation when the substrate concentration stands at a higher ebb, further incor-
poration of enzyme would increase the reaction-rate appreciably, till such time the prevailing substrate
concentration renders limiting :

Stage - 4 : Being the last stage the final conversion into product (P) predominently takes place
very much within the ES-complex (see stage-2) ; and subsequently the desired product gets released,
whereas the original free enzyme eventually gets regenerated.

Fig. 5.11(B) clearly shows a distinct direct proportionality existing between the reaction rate (V)
and substrate concentration (S) till such time the prevailing enzyme concentration becomes limiting.
Thus, at certain material time when the substrate concentration (S) affords almost half the maximal
enzyme-reaction rate, the specific value is termed as Michaelis-Menten Constant, and designated as
‘Km’. It is, however, pertinent to state here that the normal observed Km values for a large experimental
data remain constant, besides found to be absolutely independent with respect to the quantum of en-
zymes present. Nevertheless, the usual Km-values for a host of enzymes reported so far ranges between
10– 3 to 10– 7 molar Km.

Significance of Km Values : The various important significance of Km values are as follows :

(1) Indicative of substrate concentration (S),

(2) Affinity of enzyme with corresponding substrate,

(3) Indicative partially of enzyme-substrate concentration prevailing in the cellular compart-
ment i.e., the target where most of the reaction invariably takes palce.

(4) Km-values are found to be inversely proportional to the ensuing affinity of the enzyme for its
substrate i.e., higher Km-values give rise to lower stability of the enzyme substrate (ES)-
complex apparently.

3.2.1. Kinetics of ES-Complex Formation

Importantly, the kinetics of enzyme-substrate (ES) complex formation has been profusely dealt
with in literatures based on the laws of physical chemistry. In this context only a few fundamental
aspects shall be treated in the section that follows :
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From Fig. 5.11(B) one may have the following expression :

1 2

1

Fast
E + S ES E P+ +

−
 → +�������

�������

k Slow k

k ...(a)

where, E = Enzyme ; S = Substrate ; P = Product ; k+ 1 and k+ 2 = Velocity Constant of ‘fast’
and ‘slow’ reactions.

In Eqn. (a), the very first step of this reaction is reversible, while the second step is irreversible.
One may assume that only a single substrate is present, and also only a single product is formed ; and
thus, the enzymatic phenomenon goes ahead predominantly to accomplish completion, and the concen-
tration of the substrate renders the prevailing enzyme to saturation.

In case, Vf , designates the velocity for the formation of the ES-complex, we may have :

Vf = k+1 [S][E] – [ES] ...(b)

where, [E], [S] and [ES] represent the molar concentration of enzyme, substrate, and the ES-complex
respectively. Importantly, the velocity at any material time solely depends upon the concentration of
enzyme and substrate. In realtiy the concentration of the former (i.e., enzyme) is almost equivalent to
the original concentration minus the concentration of the complex i.e., {[E] – [ES]} ; whereas the latter
(i.e., substrate) is observed to be the same as that of the original concentration [S], because it is so
appreciably large that its corresponding fraction duly present in ES-complex is practically insignificant
and hence negligible.

Nevertheless, the velocity of disappearance designated by Vd of the resulting ES-complex
predominantly depends upon two vital factors, namely :

(i) its subsequent dissociation into E and S respectively (i.e., reverse reactive process), and

(ii) its inherent decomposition into enzyme E, and S as product P.

Therefore, we may have :

Vd = k– 1 [ES] + k+ 2 [ES] ...(c)

In the perfect steady state we have

Vf = Vd ...(d)

Substituting the values of Vf from Eqn. (b) and Vd from Eqn. (c) in Eqn. (d) we have :

k+ 1 [S] {[E] – [ES]} = k– 1 [ES] + k+ 2 [ES] = [ES] (k– 1 + k+ 2) ...(e)

Rearrangement of Eqn. (e) we may have :

[S]{[E] [ES]}

[ES]

−
 = 

1 2

1

k k

k
− +

+

+
 = Km ...(f)

This ‘Km’ is termed as Michaelis constant in honour of the name of the scientist who first and
foremost postulated the well accepted ‘theory of complex formation’. Evidently, the Michalis con-
stant serves as one of the most vital, glaring, and pivotal parameters ; and it invariably represents the
characteristic feature of an individual enzyme.

Thus, Eqn. (f) may be rewritten as :

[S] {[E} – [ES]} = Km × [ES]

or [S] [E] – [S] [ES] = Km × [ES]

or Km × [ES] + [S] [ES] = [S] [E]
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or [ES] {Km + [S]} = [S] [E]

or [ES] = 
m

[S][E]

K [S]+
...(g)

It has been duly proved and established that the experimentally determined velocity, V, is rightly
displayed by the actual decomposition of the prevailing ES-complex, and hence we have :

V = k+ 2 [ES] ...(h)

Putting the value of [ES] from Eqn. (g) we have :

V = 
2

m

[E] [S]

K [S]

k+

+
...(i)

Vmax i.e., the maximum velocity is accomplished when all the available enzyme gets bound to the
corresponding substrate (see Fig. 5.11.B), and under this parameters we have :

[E] = [ES]

Therefore, Vmax = k+ 2 [E] ...(j)

Substituting the values from Eqn. (j) in Eqn. (i) we have :

V = max

m

V [S]

K [ ]S+
...(k)

From Eqn. (k) it is abundantly obvious that both components viz., Vmax and Km are constants ;
and, therefore, the plot between V against [S] must be a rectangular hyperbola as illustrated Fig. 5.11.B
obtained experimentally.

3.2.2. Determination of Km

The precise and accurate determination of the Michaelis-Menten constant, Km, may be carried
out by the help of following two methods, namely :

(a) Lineweaver and Burk Method : The researchers suggested a method to obtain an expres-
sion by rearranging Eqn. (k) above :

m

max

K [S]1

V V [S]

+=

or
m

max max

K1 1 1

V V [S] V
= × +

The above is a ‘linear equation’ of the pattern y = ax + b. As it is known that both Km and Vmax

are constants ; therefore, the plot between 
1

V
 (along ordinate) and 

1

[S]
 (along abscissa) will give forth

a straight line as shown in Fig. 5.12. Importantly, its intercept on the Y-axis is 
max

1

V
, and that on the

X-axis (i.e., after extrapolation) is 
m

1

K

−
, having the slope m

max

K

V
.
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1/Vmax

– 1/Km
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O

Fig. 5.12. Determination of Km* by Liveweaver-Burk Method

(b)  Vmax Method : We may rewrite Eqn. (k) as below :

Km + [S] = maxV [S]

V

Now, when Vmax = 2V, we may have :

Km + [S] = 2 [S]

or Km = [S]

Therefore, one may explain the above expression by saying that the substrate concentration
corresponding to half the maximum velocity is equivalent to Km numerically, as could be seen in
Fig. 5.11(B).

3.2.3. Kinetic Characteristic Features

It is a well known fact, based upon the ‘transition state theory’, that whenever a chemical
interaction takes place specifically between two reactant molecules, their free energy level usually should
be distinctly elevated much above the threshold level so as to boost them up to an extremely unstable,
and high-energy state termed as the transition state. Furthermore, the ‘free energy’ essentially required
to raise a molecule from its initial ‘ground state’ to the attained unstable ‘transition state’ invariably

known as the activation energy, designated as G
+
+  as depicted in Fig. 5.13.

From Fig. 5.13 it is quite evident that the prevailing rate of a chemical reaction solely depends
upon the number of available reactant entities (molecules) that do possess enough energy to attain criti-
cally the ‘transition state’ pertaining particularly to the ‘slowest step’ in the entire reaction profile, and
is mostly known as the ‘rate determining step’. Importantly, one must take cognizance of the fact that
only one-half of all the available molecules ultimately approaching the transition state would react to
form the desired products ; whereas, the remaining half shall be returning safely to the low-energy
ground-state reactant molecules. Based on a generalized rule, only a rather scanty molecules would
gainfully possess enough energy to reach the so called transition state.

It is, however, pertinent to mention here that the inherent magnitude of G
+
+  denotes the major

factor limiting the rate of a chemical reaction i.e., higher the value of G
+
+  the lower would be the

* [Km = Michaelis-Menten Constant]
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prevailing rate of reaction. Interestingly, the — ‘enzymes predominantly minimize the value of ∆ G
+
+  for

a specific reaction, thereby overwhelmingly enhancing the ultimate rate of reactions’, (see Fig. 5.13).
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Fig. 5.13. Reaction Coordinate Diagrams of Non-Enzyme Catalyzed Reaction [A] and a Enzyme
Catalyzed Reaction [B].

[R = Reactants ; P = Products ; GS = Ground-state, TS = Transition State ; ∆G = Free energy of the reaction

; ∆ G
+
+  = Activation energy of the reaction ; ES = Enzyme-Substrate Complex]

Important Points : There are three important points that must be taken into consideration,
namely :

(1) Energy levels and the stabilities of the products and reactants in a chemical reaction, when
compared with those in the same reaction but catalyzed by an enzyme are more or less
identical.

(2) Rate of reverse reaction is increased by an almost same order of magnitude as that of the
forward reaction.

(4) Enzymes when compared to other innumerable catalysts, fails to alter the equilibrium ratio
of the reactants as well as the products.

3.2.4. Parameters Governing Enzymatic Reactions

There are several cardinal parameters which categorically govern the enzymatic reactions, such
as :

(i) Maximum reaction velocity, (Vmax)

(ii) pH Activity,

(iii) Optimum temperature, (Topt)

(iv) Stability,

(v) Dissociation constants for substrate (Ks) and product (Kp),

(vi) Turnover number or Rate constant (Kcat),

(vii) Michaelis constant, (Km)

(viii) Specifically constant, (Kcat/Km)
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(ix) Rate enhancement, (Kcat/Knon), and

(x) Catalytic proficiency [(Kcat/Km)/Knon].

The above parameters shall now be treated individually in the sections that follows :

3.2.4.1. Maximum Reaction Velocity (Vmax)

The maximum reaction velocity of an immobilized enzyme is found to be practically the same as
that obtained for the free enzyme. However, the precise effectiveness depends solely upon the ensuing
enzyme activity together with diffusion limitation in the course of immobilization.

Examples :

(1) Glucoamylase : It has been amply proved that the Vmax value for an immobilized
glucoamylase in the presence of maltose as substrate is 10 fold higher in comparison to the soluble-
enzyme (i.e., native enzyme).

(2) βββββ-D-Fructofuranocidase : The gel-entrapped βββββ-D-fructofuranocidase exhibits almost
10 times lower value of Vmax in comparison to the free-enzyme.

3.2.4.2. pH Activity

One may explicitely observe the variation in the pH profile of the immobilized enzymes which
prominently depends upon the prevailing charge either of the enzyme molecule or of the support. In the
specific instance related to the support binding method, when the matrix is adequately charged, the
kinetic behaviour of the immobilized enzyme would differ appreciably than that of the free enzyme.
However, the ensuing difference is largely attributed to the prevailing partition effects which may give
rise to concentration variants in the charged species viz., products, substrates, H+ ion, OH– ion etc.
Furthermore, the above characteristic features may be observed in the microenvironment of the prevail-
ing immobilized enzymes, besides in the bulk solution as well by virtue of the electrostatic interactions
bearing rather fixed charges on the support. The partition effect has an overall tendency with respect to
a corresponding shift in the pH optima, essentially exhibiting a definite displacement activity profile of
the immobilized enzyme towards alkaline or acidic pH values for the negatively or positively charged
matrices respectively.

Salient Features : The various salient features of pH activity profile are as follows :

(a) Degree of shift of the pH profile shall entirely depend on the partition coefficient for the
respective H+ ions of the ‘polymer matrix’ e.g., for polymer anion the value is > 1 ; and for
polymer cation it is < 1.

(b) Broader pH profile may be observed in the event when the enzymes are coupled covalently
to the respective support or entrapped in a gel securedly. However, enzyme entrapment spe-
cifically in neutral polymers fails to exhibit any shift at optimum pH.

(c) H+ ions exert a marked and pronounced effect upon the enzyme activity ; and this depends
upon exclusively whether the initial pH is above or lies below the pH optimum.

(d) Microenvironment pH would fall in a situation when the accumulation of H+ ions stands
above the pH optimum ; and this in turn shall enhance the ensuing rate of enzyme reaction.

(e) Substrate diffusion limitation may also induce a recognizable effect in the specific response
of an enzyme to change in pH.
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3.2.4.3. Optimum Temperature (Topt)

It has been duly established that enzymes do possess a temperature optimum, designated as
Topt ; and are found to be fairly active only in a narrow range of temperatures beyond that they are
invariably get denatured readily and inactivated ultimately. A large segment of the enzymes are viable
between 30 and 80°C.

Arrhenius Equation : Evidently, the enzyme activity as a function of temperature closely
obeys the Arrhenius Equation :

k = Ae 
H

RT

where, k = Rate of reaction, H = Energy of activation ;

T = Absolute temperature ; R = Gas constant ;

A = Arhenius constant ;

It has been proved beyond any reasonable doubt that the usual denaturation of enzyme may be
adequately protected by virtue of two physical phenomena, namely : (a) diffusional effects in case of
entrapment ; and (b) binding on porous supports. Obviously, the inherent optimum temperature of the
prevailing enzymes turn out to be higher than that of the native enzymes (soluble enzymes). Diffusional
effects, that predominantly afford protection to the enzyme against the heat denaturation finally give rise
to deactivation energies amalgamated with lower rate of activation. In reality, these critical mass
transfer effects enhance with the increase in ensuing temperature. In actual practice, the immobilized
enzymes accomplished via different means and ways prominently exhibits lower activation energies,
such as : (i) entrapment in gel ; (ii) entrapment in fibre-structure ; and (iii) support binding upon porous
matrix.

3.2.4.4. Stability

The actual ‘retention of enzyme activity’ for a relatively longer duration under the influence of
proper storage conditions is of paramount importance. Stability, is governed by several vital factors,
namley : (a) nature of the surface of ‘carrier’ to which it gets bound intimately ; (b) prevention of
conformational inactivation ; and (c) meticulous protection of active moieties on enzymes from the
correpsonding reactive groups in solutions increases the stability of immobilized enzymes.

Loss of Enzyme Activity : Enzyme activity may be impaired (lost) for several identified rea-
sons, for instance :

(1) Under usual operational parameters, the enzyme activity would suffer an appreciable loss on
account of two distinct counts viz., (i) enzyme denaturation ; and (ii) physical loss from
carrier.

(2) Loss incurred via matrix could result either due to carrier erosion or from gel-entrapment
matrix or from cleavage of existing bonds between enzyme and carrier.

(3) It is an universal truth that ‘covalent bonding’ certainly leads to fairly stable enzyme prepa-
rations ; however, in several identified situations e.g., physical absorption, feeble bonding,
and ionically bound enzymes — the activity is lost significantly into solutions depending
upon temperature, ionic strength, pH, and above all the prevailing physical operating
parameters.

(4) Type of ‘Bioreactor’ being employed also contributes a major determining factor for stability
of enzymes.
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Examples : Abrasion* or attrition** may tantamount to noticeable loss of activity for the
immobilized enzymes strategically positioned on the respective organic support.

(5) Microbial contamination would give rise to ‘loss in activity’ under usual standard experi-
mental parameters. In a specific instance when the immobilized enzymes are critically diffu-
sion limited, they will display a rather slower apparent loss of activity in comparison to a
situation when almost little mass-transfer resistance were present.

(6) pH exerts its influence of enzyme stability. The ‘partition effects’ may appreciably increase
the pH stability of an ensuing immobilized enzyme.

Examples : Stability gets increased :

(a) Towards ‘alkaline range’ — with immobilized enzymes on polyanionic supports, and

(b) Towards ‘acidic range’ — with immobilized enzymes on polycationic supports.

(7) Heat Stability : The plausible increment in ‘heat stability’ may be accomplished either by
entrapment techniques or covalent coupling ; whereas, ionic-linkage technique or physical
adsoprtion methods afford a distinct decline in the heat stability of enzymes.

(8) Storage stability : The storage stability of enzymes may be enhanced via covalent coupling
invariably at relatively low temperature i.e., 40°C.

3.2.4.5. Dissociation Constants of Substrate (Ks) and Product (Kp)

It is a measure of dissociation. The dissociation constant of substrat is designated as Ks, whereas
the dissociation constant of the product as Kp. The low values of Ks and Kp invariably give rise to
inhibition of enzyme activity.

3.2.4.6. Turnover Number or Rate Constant [Kcat]

The turnover number refers to the specific activity of the enzyme and is usually quantified by
Kcat. It may be obtained when Vmax is divided by the enzyme concentration [E]. This designates the
number of substrate molecules processed per enzyme molecule per second, and its value is generally
1000 but could be even much greater.

3.2.4.7. Michaelis Constant [Km]

Michaclis constant or Michaelis Menten constant represented as Km has already been discussed
under section 5.3.2.

3.2.4.8. Specificity Constant [Kcat/Km]

The specificity constant or catalytic efficiency of an enzyme is determined by the maximum
specificity constant (Kcat/Km). It precisely indicates the accurate rate of assoication of enzyme and
substrate, besides the specificity for competing substrates.

3.2.4.9. Rate Enhancement [Kcat/Knon]

It has been observed that one may compare the rate constant of an uncatalysed reaction (Knon)
with that of the corresponding catalysed reaction (Kcat), and subsequently calculate the increase in
reaction rate which an enzyme eventually yields. It is termed as the rate enhancement and designated as
[Kcat/Knon].

* Scrapping away.

** Wearing away.
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* Caused due to inborn errors of metabolism.

3.2.4.10. Catalytic Proficiency [(Kcat/Km)/Knon)]

The proficiency of the catalytic ability of an enzyme is known as the catalytic proficiency and
may be represented as [(Kcat/Km)/Knon].

4. PROFILE OF SOME IMPORTANT ENZYMES

Quite a few typical human ailments, specifically those intimately associated with hereditary ge-
netic disorders, there could be partial deficiency or even an absolute absence of one or more than one
enzymes present in the tissue organs. It has been amply observed that in certain extreme abnormal
conditions the unnatural and two much inherent activity of a particular enzyme in vivo could be ad-
equately managed and controlled at times by a ‘specific drug substance’ designed to control as well as
inhibit its overall catalytic activity.

Enzymes are also required for carrying out various synthesis reactions in the living body. Evi-
dently, the articulated synthesis of proteins, nucleic acids, phospholipids for cell membranes, hormones,
and glycogen all essentially need at least one if not many enzymes. For instance : DNA polymerase. is
extremely needed for carrrying out the phenomenon of DNA replication, that precedes mitosis. Even
blood clotting, the formation of angiotensins II to boost up blood pressure, and the transport of CO2 in
the blood also require specific enzymes.

Enzymes may be employed in the replacement therapy whereby either the ‘missing enzyme’* or
malfunctioning of certain impaired organs are corrected to prolong the life-expectency of patients. A
good number of hereditary diseases are caused due to deficiency of certain required enzymes that
ultimately gives rise to a host of undesired, abnormal, and useless accumulation of substances in
the body which otherwise would have undergone appropriate cleavage, such as ; Gaucher’s
disease i.e., a chronic congenital disorder of lipid metabolism caused by a deficiency of the enzyme
βββββ-glucocerebrosidase ; Tay-Sachs disease i.e., an inherited disease caused due to the lack of the
enzyme hexosaminidase A, which is important in sphinogolipid metabolism ; Fabry’s disease i.e., an
inherited metabolic disase in which there is a galactosidase deficiency, which leads to accumulation of
glycosphinogolipids throughout the body.

Adenosine deaminase deficiency invariably causes severe combined immunodeficiency (SCID)
which would categorically respond to the desired and much required enzyme replacement therapy, wherein
the said purified enzyme is first duly stabilized in polyethylene glycol (PEG), and then administered
parenterally.

Interestingly, oxidase-enzyme regenerating systems or even simple hydrolases may be ex-
ploited efficaciously for the enzyme replacement therapy. Example : in a typical instance of inherited
deficiency of the enzyme galactokinase, the required treatments may be instituted by administering
through injection the following two preparations sequentially :

 (i) coencapsulated galactokinase with ATP/ADP, and

(ii) pyruvatekinase as an ATP generating system.

Another glaring and befitting example is a drug known widely as tissue plasminogen activator
(TPA) that predominantly finds its usage to dissolve the blood clots (i.e., thrombolysis) which eventually
cause occlusion of the arteries in myocardial infarction. TPA usually dissolves blood clots by the con-
version of plasminogen into plasmin. However, TPA with great specificity and precision activaties
plasmin at the ensuing fibrin clot. Plasmin being an enzyme which exerts its activity by affording
cleavage of the protein fibrin that eventually constitutes a major component of blood clot.
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A number of vital and important enzymes below shall be discussed in an elaborated manner
individually :

(i) Hyaluronidase

(ii) Penicillinase

(iii) Streptokinase

(iv) Streptodornase

(v) Amylases

(vi) Proteases

4.1. Hyaluronidase

It is an enzyme found in the testes and semen. It depolymerizes hyaluronic acid, thereby enhanc-
ing the permeability of connective tissues by dissolving the substances that essentially hold body cells
together. It acts to disperse the cells of the corona radiata about the newly ovulated ovum, thus facilitat-
ing entry of the sperm.

The enzyme accelerates specifically the subcutaneous spread of the ensuing particulate matter.
Hyaluronidase finds its abundant utility as a dispersion agent along with the other injected drugs being
employed as a therapeutic measure. It is also used as a potential adjunct particularly in subcutaneous
urography for not only augmenting but also markedly improving the resorption of radiopaque agents.
Besides, it also helps in the enhancement of ‘adsorption of drugs’ particularly in transudates*, tissue
spaces,  and oedemas.

Hyaluronidase For Injection [Wydase(R)] : It is obtained as a sterile dry, soluble enzyme prod-
uct obtained from the mammalian (bovine) testes and capable of hydrolyzing mucopolysaccharides of
the hyaluronic acid type. It usually contains not more than 0.25 µg of tyrosine for each Hyaluronidase
Unit.

Therapeutic Applications : The various therapeutic applications are as follows :

(1) It serves as intercellular cement, that essentially binds together the paren-chymal cells. Prob-
ably the enzyme, hyaluronidase affords the hydrolysis of hyaluronic acid by splitting the
glucosaminidic bond between C-1 of the glucosamine moiety and C-4 of glucoronic acid.

(2) The most prominent clinical usage of hyaluronidase is to distinctly facilitate the administra-
tion of fluids by the aid of hypodermoelysis.

* The fluid that passes through a membrane, especially, that which passes through capillary walls.



336 PHARMACEUTICAL BIOTECHNOLOGY

Cautions :

(a) It must not be used in infected areas because of the danger of spreading the infection.

(b) Its usage with local anaesthetics is not recommended.

4.2. Penicillinase

Penicillinase is a bacterial enzyme that invariably inactivates most but not all penicillins. Impor-
tantly, this is regarded as an extracellular type enzyme produced adaptively by members of the coliform
group of bacteria, by most Bacillus species, and certain strains of Staphylococcus. The enzyme exclu-
sively carries out the hydrolysis of penicillin to penicilloic acid i.e., a dicarboxylic acid as depicted
below in Fig. 5.14.

Fig. 5.14. Hydrolysis of Penicillin to Penicilloic Acid by Penicillinase.

It has been duly observed that a rather large segment of penicillin-resistant pathogenic strains of
Staphlococcus aureus invariably comprise of this specific enzyme ; and perhaps it overwhelmingly
contributes a major factor of penicillin resistance during infection. Importantly, this enzyme causes an
extremely rapid degradation of penicillin particularly in penicillin fermentations in case a specific
contaminant which produces the enzyme incidentally gains an access to and be able to grow simultane-
ously in the fermentation broth.

Penicillinase obtained from B. subtilis* and B. cereus** represent the industrially produced
enzymes which exert action to some extent in the removal of penicillin via specific inactivation.

Penicillinase Inhibitors : It has been revealed that ‘antibiotics’ that are active against the micro-
bial cell wall synthesis are mostly less toxic to humans ; and, therefore, the penicillinase inhibitors are
being looked upon seriously as a possible alternative in penicillin therapy.

4.3. Streptokinase [Streptase(R) ; Kabikinase(R) ]

Streptokinase is a single-chain coenzyme obtained from cultures of the Group Cβ strain of
Streptococcus haemolyticus* that is capable of solely converting plasminogen to plasmin. It is used
extensively as a predominant fibrinolytic agent to help in a big way for the specific removal of fibrin
thrombi from arteries.

The Global utilization of Streptokinase and tPA** of Occluded Arteries (GUSTO) trial was
designed meticulously to investigate and establish the benefits of a ‘front loaded’ dose of alteplase
(a large initial bolus*** followed by an infusion of the total dose over a span of 90 minutes) when
compared with the usual conventional alteplase administration.

* Methods Enzymol. 19 : 807, 1950.

** Tissue-type plasminogen activator.

*** A rounded preparation of a medicament for oral ingestion.
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Besides, an intensive and extensive study was carried out with respect to the safety and imrovement
in mortality of combining alteplase and streptokinase with either agent alone. Interestingly, the out-
come of results from these extended investigations appear to exhibit an appreciably favourable mortality
rate in patients having been treated with alteplase comparison to the streptokinase treated subjects.*

A mixture of streptokinase and streptodornase, as produced by a hemolytic streptococcus grown
in a specific environment of aerated-submerged culture, is used meticulously to clean up the debris from
wounds and burns effectively.

Physical Properties : It is a hygroscopic white powder of friable solid. It is freely soluble in an
aqueous medium ; and quite unstable in concentrations of less than 10,000 IU . mL– 1.

Therapeutic Applications : The therapeutic applications of streptokinase are as stated below :

(1) It is recommended for the management and control of myocardial infarction (AMI) in adults
to bring about various therapeutic benefits, such as :

• specific lysis of intracoronary thrombi

• improvement in ventricular function

• remarkable reduction of mortality associated with AMI.

• reduction of infarct size and congestive heart failure associated with AMI when adminis-
tered by the IV route.

(2) It is also indicated for the adequate lysis of objectively diagnosed pulmonary emboli, involv-
ing obstruction of blood flow to a lobe or multiple segments, with or without unstable
haemodynamics.

(3) Besides, the ‘drug’ is abundantly recommended for the lysis of objectively diagnosed, acute,
and extensive thrombi of the deep veins, emboli, and arterial thrombi respectively.

(4) Individuals having quite recent streptococcal infections may possess an appreciable quan-
tum of circulating antisteptokinase antibodies ; and to counteract this situation a ‘loading
dose’ sufficient to neutralize the prevailing antibodies is required urgently.

Streptokinase IP : Streptokinase (SK) — IP refers to a preparation as per the Indian
Pharmacopoea, of a specific protein obtained from the culture filtrates of certain strains of Streptococcus
haemolyticus Group C. It possesses an inherent characteristic property of combining with human
plasminogen to form the corresponding tissue-type plasminogen activator (tPA). The resulting product
is duly purified to contain 4600 IU of SK activity corresponding to each µg of N before the addition of
any stabilizer or carrier. It invariably comprises of a buffer and may be stabilized conveniently by the
suitable incorporation of human albumin. It is categorized as a fibrinolytic enzyme, freely soluble in
water, and may be administered by IV infusion.

Label on the container must clearly state whether or not the preparation is intended for use in the
manufacture of injectable preparations.

Limit Tests : IP recommends limit tests for three substances namely : streptodornase, streptolysis,
and the  presence of bacterial endotoxins.

Biological Assay of Streptokinase : It essentially involves comparing its ability to activate
haemoplasmingen to form plasmin with that of this ‘standard preparation’ the plasmin generated is
obtained by measurement of the time taken to lyse a fibrin clot under the prevailing condition of assay.

* Product Information : Alteplase, Genetech Incorp., San Fransisco, 1999.
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Methodology : Three serial dilutions (each in quadruplicate) of the standard preparation are
duly prepared with the aid of citro-phosphate buffer (pH 7.2) containing 3% (w/v) of bovine serum
albumin and thrombin, such that the longest clot lysis time is less than 20 minutes. The test dilutions are
also made in the same manner. The tubes are placed carefully in a water bath at 37°C, and using an
automatic pipette, human euglobulin solution is meticulously introduced into the bottom of the tubes,
thus ensuring thorough mixing. The addition is repeated to all the tubes at 5 second intervals. The time
in seconds that elapses between the addition of euglobulins and lysis of the clot is measured in each one.
Now, using the logarithms of the lysis time the result of assay is calculated by making use of standard
statistical methods.

4.4. Streptodornase

Streptodornase refers to one of the enzymes produced by certain strains of haemolytic
streptococci. It is capable of liquefying fibrinous and purulent exudates. It is also employed sometimes
as a wound debridement i.e., removal of damaged tissue.

Streptodornase is actually obtained from Streptococcus haemolyticus that affords
depolymerization of polymerized deoxyribonucleo-proteins. It is used extensively in conjunction with
streptokinase as desloughing agent to cleanse ulcers and promote the healing process progessively.

4.5. Amylases

It refer to a class of enzymes that specifically split or hydrolyze starch. In general, the amylases
found in the animal kingdom are designated as ααααα-amylases ; and the one encountered in plant kingdom
are represented as βββββ-amylases.

It has been duly observed that a plethora of bacteria and fungi give rise to ααααα-amylases, althuogh
the enzymes from these two sources are not identical. The bacterial amylases are relatively heat-resistant
with an optimum temperature of ~ 55°C, which is a definite advantage over the corresponding fungal
amylases when starch hydrolysis is to be performed at a higher temperature.

Applications of Amylases : The various glaring applications of amylases are as enumerated
under :

(1) Production of ‘sweetners’ for the food industry e.g., glucose syrup ; high mannose sugar ;
high-fructose syrup etc.

(2) Dextrins : The short-chain polymers, dextrins, are produced by the hydrolysis of starch
with amylases, followed by the disaccharide maltose, and ultimately glucose (i.e., a
monosaccharide).

(3) Maltose Syrup [> 80% Maltose] : Maltose  with > 80 brix (solids), which is specifically
produced primarily in Japan, is of low viscosity, weakly hygroscopic, slightly sweet, and not
crystallizable ; however, possesses two remarkable characteristic features, namely : (a) shows
good heat stability ; and (b) fails to undergo browning reactions.

(4) Glucose Isomerase : It is used invariably to convert glucose into fructose (i.e., isomer of
glucose) because the former is not nearly as sweet as the latter. Therefore, most of the com-
mercial sweetners based upon fructose do possess certain viable economic and manufactur-
ing advantages over the conventional rather more widely used sweetner sucrose. The amylases
are used commercially for the preparation of sizing agents, removal of starch sizing from
woven cloth, starch sizing pastes for use in paper coatings, liquefaction of heavy starch
pastes that form during heating steps in the manufacture of corn syrup and chocholate syrup,
bread manufacturing, and removal of food spots in the dry-cleaning industry wherein the
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amylase functions in conjunction with the protease enzymes. It is, however, pertinent to
mention here that these ‘amylases’ may be exploited judiciously as a substitute for ‘malt’ for
carrying out hydrolysis of starch in the brewing industry (i.e., for the commercial produc-
tion of ‘Lager Beer’.

Based on the copious volume of informations with regard to the utilization of the ‘amylases’ in
a rather wider spectrum of genuine innovated products one may classify them into two well-known
categories, namely :

(a) α-Amylases, and

(b) β-Amylases.

The aforesaid two distinct categories of enzymes shall now be discussed individually in the sec-
tions that follows :

4.5.1. ααααα-Amylases [Diastase]

It is an amylolytic enzyme or a mixture of enzymes duly obtained from fungi, for instance :
Aspergillus oryzae or from a nonpathogenic variant of bacteria, such as : Bacillus subtilis ; and having
the unique and characteristic highly specific activity of converting starch into dextrin and maltose. It
may even contain certain suitable absolutely harmless diluents e.g., dibasic calcium phosphate [CaHPO4]
or lactose.

ααααα-Amylases, chemically known as [1, 4-α-glucanglucanohydrolases], are basically the
extracellular enzymes that specifically hydrolyze ααααα-1, 4-glycosidic bonds, In latest literatures these
enzymes are known as endoenzymes, responsible for affecting the cleavage of the substrate strategi-
cally positioned in the interior of the molecule. Interestingly, their action is least inhibited by the pres-
ence of ααααα-1, 6-glycosidic bonds, although such bonds do not undergo splitting at all.

ααααα-Amylases are usually classified based upon a plethora of cardinal characteristic features, such
as : saccharogenic effect and/or starch-liquefying activity, temperature range, optimum pH, and stability.
One may take cognizance of the fact that the saccharogenic amylases specifically give rise to the
production of ‘free-sugars’ ; whereas, the starch-liquefying amylases predominently initiate cleavage
of the ‘starch polymers’, but not necessarily yield ‘free-sugars’. In fact, there are many organisms which
categorically produce several ααααα-amylases.

ααααα-Amylases Producing Bacteria : A large number of bacteria are particularly responsible for
producing ααααα-amylases, such as :

Bacillus subtilis ; B. cereus ; B . amyloliquefaciens ; B. coagulans ; B. polymyxa ; B.
stearothermophilus ; B. caldolyticus ; B. licheniformis ; B. acidocaldarius ; B . subtills var.
amylosaccharaticus ; Lactobacillus ; Micrococcus ; Pseudomonas ; Arthrobacter ; Eschrechia ; Proteus ;
Thermomonospora ; and Serratia.

It has been revealed that there exists three very much look-alike (identical) strains producing
saccharogenic ααααα -amylases, namely : B. natto ; B. subtilis Marburg ; and B. subtils var.
amylosaccharaticus. However, the particular strain B. amyloliquefaciens differs from the other strains
by virtue of the fact that it exclusively yields a liquefying ααααα-amylase. Importantly, it has been well
established that the ‘substrate-concentration’ source as the determining factors with respect to the de-
gree to which the ‘enzymes’ would act in a liquefying or saccharogenic manner.

Besides, there are certain highly specific ααααα-amylase-producing fungi categorically belonging
to the genera Aspergillus, Candida, Cephalosporium, Neurospora, Penicillium, and Rhizopus.
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Nevertheless, the molecular weights of various ααααα-amylases do not necessarily differ widely as
stated below* :

S.No. Organism Molecular Weight × 103 Comments

1. Aspergillus oryzae 51—52 Narrow difference

2. Aspergillus niger 58—61

3. Bacillus acidocaldarius 68 —

4. Bacillus amyloliquefaciens 49 —

5. Bacillus subtilis 24—100 Wide difference

6. Thermomonospora curvata 62 —

Interestingly, all the ααααα-amylases do contain a large proportion of tyrosine and tryptophan in the
enzyme protein and most require calcium as a stabilizer.

One may observe critically that the most important and vital ααααα-amylases are obtained from Ba-
cillus amyloliquefaciens, Bacillus licheniformis, and Aspergillus oryzae. However, in actual practice the
application and utilities of Bacillus amylases are much more extensive in comparison to the correspond-
ing Aspergillus amylases. The extremely important and profusely applicable industrical usages of these
two aforesaid varieties of ααααα-amylases are duly summarized in Table : 5.1 below :

Table : 5.1. Extremely Important Industrial Applications of ααααα-Amylases

S.No. Name of Source Applications

Industry Bacillus Aspergillus

1. Alcohol [Ethanol] + + Liquefaction of starch before incorporation
of ‘malt’ for saccharification.

2. Baked Products + Increase in the production of fermentable
carbohydrates.

3. Brewing + Improved fermentability of grains, and
modification of beer characteristics.

+ Barley preparation, and liquefaction of
additives.

4. Feed Products + Improvement in utilization of enzymati-
cally treated barley in poultry and cattle
up-bringing.

5. Laundry and + Enhancement in ‘cleansing power’ for
detergent soiled clothings mixed with startch, and

additive in ‘dishwashing detergents’.

6. Milling + Supplementation of α-amylase deficient flour.
7. Paper + Liquefaction of starch without sugar pro-

duction for sizing of paper.

* Fogarty WM (ed.) 1983 : Microbial Enzymes and Biotechnology, Applied Science Publishers, London.
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8. Starch Products + Liquefaction of starch for production of
glucose, fructose, and maltose.

9. Sugar + Filterability improvement of cane sugar
juice via cleavage of starch in juice.

Production of Bacterial ααααα-Amylases : Essentially the production of bacterial ααααα-amylases
occurs solely due to the function of the normal cell machinery associated intimately with the protein
synthesis.

Experimental Evidence : The addition of ‘specific antibiotic substances’ can be used to prevent
and inhibit specifically the protein synthesis in B. subtilis in the course of the production of ααααα-amylases,
thereby the growth and production of α-amylase cease virtually as shown in Fig. 5.15.
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Fig. 5.15. Effects of Chloramphenicol and Puromycin on the Production of a-Amylase
in Bacillus subtilis.

[  = Antibiotic substances added e.g., Chloramphenicol 10 mcg . mL– 1, and Puromycin 100
mcg . mL– 1 ;  = Control]
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(Adapted from : Terui G, 1973, Kinetics of Hydrolase Production by Microorganisms, pp. 377-395.
In : Sterbacek Z(ed.), Microbial Engineering, Butterworths, London).

There are several evidences to ascertain the fact that production of ααααα-amylases is meticulously
modulated by a host of specific genes, that have been only partially characterized till date. Interestingly,
the single-step mutations invariably enhance productive yields by a factor ranging between 2 to 7, and
the mutants have been judiciously selected after five steps which give rise to 250 folds higher yields in
comparison to the corresponding wild strain.

The industrial production, α-amylases are subjected to either in fed-batch or in batch fermen-
tation procedures. One may, in fact, observe explicitely that the ensuing ‘enzyme-production rate’ is
exceedingly low particularly during exponential growth in several actual production strains ; however,
just prior to the growth rate gets decreased and spore formation commences, the amylase production
enhances progressively as depicted in Fig. 5.16.
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* The physical makeup and functional habits of a system.

Medium : The composition of the medium for the usual production of α-amylases in a 100 m3

fermentor using Bacillus subtilis as the organism comprises essentially of the following ingredients :

Ammonium nitrate (NH4NO3) : 0.56% ;

Calcium chloride (CaCl2 . 2H2O) : 0.01% ;

Peptone : 0.5% ;

Potassium acid phosphate (KH2PO4) : 0.13% ;

Magnesium sulphate (MgSO4 . 7H2O) : 0.01% ;

Sodium citrate : 0.28% ;

Starch : 5% ;

Yeast extract : 0.2% ;

pH : 6.8.

Salient Features : The various salient features are as follows :

(1) Maximal specific enzyme formation rate is accomplished with the test strain at a temperature
of 45°C after a duration of 18 hours.

(2) Maximal quantum of enzyme production, upto 3000 units. mL– 1, is invariably obtained at an
appreciably lower temperature ranging between 27—30°C.

(3) Latest newly developed processes make use of highly specific thermophilic strains (i.e., heat-
loving or heat-stable strains).

Example : Thermomonospora, meticulously isolated from compost, possesses an optimum
temperature of 53°C for the growth and amylase production.

Production of Fungal ααααα-Amylases : It has been established beyond any reasonable doubt that
the very production of fungal amylases is constitutive* ; however, as in the case of the other enzymes,
it may be repressed by regulators.

Medium : The production of fungal α-amylases employing Aspergillus oryzae the ‘medium’
having the following composition may be used :

Ferrous sulphate :  0.003% ;

Potassium chloride :  0.05% ;

Potassium basic phosphate [K2HPO4] :  0.1% ;

Magnesium sulphate [MgSO4] :  0.1% ;

Magnesium nitrate [Mg(NO3)2] :  0.08% ;

Magnesium phosphate [Mg(H2PO4)2] :  0.05% ;

Malt extract :  2.0% ;

Sodium nitrate :  1.2% ;

The optimum temperature of the medium usually possesses a narrow range varying between 28
to 30°C, and the duration of the entire fermentative process extends between 3 to 4 days.



344 PHARMACEUTICAL BIOTECHNOLOGY

4.5.2. βββββ-Amylases

The βββββ-amylases, or α-1, 4-glycanmaltohydrolases, invariably belong to plant origin ; however,
there are certain specific microorganisms known to produce this enzyme, namely : Bacillus polymyxa ;
Bacillus cereus ; Bacillus megaterium, Streptomyces sp. ; Pseudomonas sp. ; and Rhizopus japanicus.

Newly discovered ‘mutants’ usually give rise to 200 times more enzyme output when compared
with the wild type. It has been duly observed that the bacterial βββββ-amylases definitely possess much
greater heat resistance i.e., more than 70°C in comparison to the plant βββββ-amylases i.e., belonging to the
vegetative origin ; besides, the pH optimum is also on the higher side (~ pH 7.0). Importantly, Ca2+ ions
may not be required at all both for the activation and stabilization of the bacterial βββββ-amylases.

One may raise an ample futuristic hope and reliance that βββββ-amylases would be exclusively ex-
ploited for the paramount production of maltose syrup to meet the global requirement.

ααααα-Amylase Preparations : It is mostly used as a digestive enzyme with a dosage regimen from
200 to 500 mg per dose. The enzyme is found to be sparingly water soluble except when given in
conjunction with an insoluble diluent.

Label Claim : The label claim of α-amylase (or diastase) preparation should include the follow-
ing four specifications :

(a) Nature and source of enzyme e.g., fungal, bacterial,

(b) Name of the organism from which enzyme is derived,

(c) Amylase activity in terms of Units or Weight in g of starch digested by 1 g of enzyme, and

(d) Name of any added diluent.

Assay Method : A specific quantity of the enzyme is triturated with a phosphate buffer of pH 6.0
meant for the bacterial amylase or with an acetate buffer of pH 5.0 meant for the fungal amylase ; and
subsequently diluted with the same buffer to give the corresponding ‘test solution’. The sample solution is
filtered, if necessary. The filtered solution is carefully distributed into six stoppered test tubes containing
the requisite quantum of starch substrate solution duly maintained at 40°C ; the ‘test solution’ is now
added in graded quantities, mixed, and maintained at 40°C. After exactly 60 minutes, iodine solution is
incorporated and mixed thoroughly. The tube containing the lowest volume of test solution, which does
not show a bluish or violet tinge, is recorded. From this observation the number of grammes of dry
soluble maize or cornstarch digested by 1 g of the substance being examined is calculated. Ultimately,
this gives the number of units of amylase activity per gramme.

4.6. Proteases [Proteolytic Enzymes]

Proteases or proteolytic enzymes refer to a class of enzymes that exclusively break down or
hydrolyze, the peptide bonds [—CO—NH—] which join the array of amino acids in a protein. In this
manner, the protein is cleaved into its so called basic building blocks (i.e., amino acids).

Proteases are usually produced by a host of bacteria, for instance : species belonging to Bacillus ;
Pseudomonas ; Closstridium, Proteus, and Serrata ; and by a plethora of fungi, such as : Aspergillus
niger ; Aspergillus oryzae ; Aspergillus flavus ; and Penicillium roquefortii. It is, however, partinent to
state here that the enzymes intimately associated with the aforesaid microorganisms are, in fact, mix-
tures of proteinases and peptidases ; and the former usually get excreted right into the fermentation
medium during growth phenomenon, whereas the latter are invariably liberated exclusively during
autolysis of the cells.



ENZYME IMMOBILIZATION 345

As on date approximately 500 Metric Tonnes (MTs) of these enzymes (i.e., solely based upon the
pure protein) are consumed each year.

Commercial Applications of Proteases : The numerous legitimate aplications of the ‘proteases’
are as given under :

(1) Primarily extensively in the ‘detergent industry’.

(2) Emloyed extensively in the ‘daily industry’, .e.g., rennin.

(3) For ‘bating of hides’ in the ‘leather industry’, whereby the enzymes cause adequate altera-
tions in the hides to provide a finer grain and texture, greater pliability, besides an overall
improved general quality.

(4) Proteases also find their usage in the textile industry to afford proteinaceous sizing.

(5) In the ‘silk-industry’ proteases help in the liberation of the silk fibres from the naturally
occurring protenaceous material wherein they are actually imbedded.

(6) Proteases (e.g., papain) are also employed as a meat tenderizer.

(7) As an active and vital component in most spot-remover preparations for removing food-
spots in the dry-cleaning industry.

(8) Other areas in which proteases are employed include : food industry, brewing industry, film
industry, waste-disposal (processing) management, and manufacture of protein hydrolyzates.

(9) Pharmaceutical industry also do make use of proteases in the manufacture of certain highly
specific products for helping the suffering mankind.

In conclusion, one may add that the fungal proteases usually present a wider pH activity range
than do either bacterial proteases or animal proteases. Besides, to a certain degree this definitely gives
rise to a wider range of usages particularly meant for the fungal proteases.

Classification of Proteases : Based on a broad survey of literatures it is now possible to classify
the proteases into five distinct categories, namely :

(i) Alkaline proteases,

(ii) Neutral proteases,

(iii) Acid proteases,

(iv) Fungal proteases, and

(v) Bacterial proteases.

These five different types of proteases shall now be discussed individually in the sections that
follows :

4.6.1. Alkaline Proteases

A good number of organisms and fungi prominently excrete alkaline proteases. However, the
most predominant producers are as given below :

Organisms : Bacillus strains : e.g., B. amyloliqueficans ; B. firmus ; B. licheniformis ;

B. megaterium ; and B. pumilis ;

Streptomyces strains : e.g., S. fradiae ; S. griseus ; and S. rectus ;

Fungi : Aspergillus strains : e.g., A. fleavus ; A. niger ; A. oryzae ; and A. sojae ;
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* An amino acid (2-amino-3-hydroxy propionic acid) usually present in several proteins e.g., casein,
vitellin etc.

Examples : The various examples of alkaline proteases are :

(1) Bacillopeptidases : These refer to the enzymes used exclusively in detergents derived from
Bacillus strains.

(2) Subtilisin Carlsberg : It is obtained from B. licheniformis.

(3) Subtilisin BPN and Subtilisin Novo : They are obtained from B. amyloliquefaciens.

Interestingly, all the three aforesaid enzymes do contain Serine* strategically located at the active
site of the molecule. In addition to these observations they are not inhibited by EDTA (ethylene diamine
tetraacetic acid) an organic ligand, but are adequately inhibited by DFP (diisopropyl fluorophosphate).

Detergent Enzymes : In general, the proteases of this type essentially possess a number of vital
and important characteristic features for enabling their usage as detergent enzymes, such as :

reasonable stability at high temperature

fairly stable in the alkaline range i.e., between pH 9-11

adequate stability in association with chelating agents e.g., EDTA, and perborates.

It has been observed that their stability in the presence of surface-active agents is rather at a low
ebb ; hence, limits their shelf life significantly.

Salient Features of Alkaline Proteases : These are as follows :

(1) Enzyme concentrates are marked commercially in a micro-encapsulated form because the
dry enzyme powder may cause serious allergic reactions on exposure.

(2) Suitable encapsulated product may be prepared by melting a wet paste of enzyme at 50-70°C
along with a specific hydrophobic substance viz., polyethylene glycol (PEG) ; and then
converted into small tiny particles.

(3) These tailor-made solidified tiny spherical particles (globules) are not hazardous to health
even when incorporated directly into the detergent.

(4) Efforts are already on top-gear towards the development with regard to two extremely feasi-
ble and viable aspects, namely : (a) in granular product form ; and (b) in ‘immobilization of
enzymes’ in fibrous polymers.

4.6.2. Neutral Proteases

Evidently, both bacteria and fungi are responsible for the excretion of neutral proteases. Of
course, the various organisms that may produce these neutral proteases include are as follows : Bacillius
cereus ; B. megaterium ; B. subtilis ; Pseudomonas aeruginosa ; Streptomyces griseus ; Aspergillus
oryzae ; A. sojae, and Pericularia oryzae.

Salient Features of Neutral Proteases : The various salient features of neutral proteases are as
stated below :

(1) These are comparatively unstable and cations like : Ca2+, Na+ ; anions like : Cl–, should be
incorporated adequately so as to attain maximum stability.

(2) The pH range of activity, in terms of percentage, is significantly narrow ; besides, the neu-
tral proteases are not stable appreciably to elevated range of temperatures as may be ob-
served in Fig. 5.17.



ENZYME IMMOBILIZATION 347

* Rennin (or Chymosin) : An enzyme that curdles milk ; present in the gastric juice of young ruminants.

10 20 30 40 6050

20

40

60

80

100

70°C

50°C

37°C

60°C
A

C
T

IV
IT

Y
 [%

]

TEST PERIOD [MINUTE]

Fig. 5.17. Temperature Stability Profile of a Neutral Protease.

It is pertinent to mention at this point in time that the neutral proteases get rapidly inactivated in
the presence of the alkaline proteases (see section 5.4.6.1). Keeping in view these critical limitations,
they do possess extremely restricted industrial application(s). However, these are employed exten-
sively in the food industry for the manufacture of bread rolls and cream-crackers ; besides, in the
leather industry.

4.6.3. Acid Proteases

The acid proteases essentially include rennin*-like proteases obtained from fungi which are
mostly employed in the commercial production of ‘cheese’. Besides, there are several other acid proteases,
that are similar to the mammalian pepsin. Generally, these enzymes do exhibit a pH optimum ranging
between 2 to 4.

Acid proteases are used in a variety of manner in pharmaceutical and food industries as given
below :

• In pharmaceutical preparations

• In digestion of ‘soy protelin’ for soy-sauce production

• Cleavage of wheat gluten in the baking industry.

4.6.4. Fungal Proteases

A number of fungi give rise to the production of fungal proteases in an appreciable good yield.
Thus, the large scale production of fungal protease has legitimately made use of a large cross section of
fungal species ; such as : Mucor delemar ; Aspergillus flavus ; Aspergillus oryzae ; Aspergillus wentii ;
Amylomyces rouxii.

The most preferred media for the copious growth of fungus is the wheat bran ; of course, certain
other media are also exploited under specific fermentative parameters very much akin to those em-
ployed for amylase production. It has been duly observed that the varioys fungal proteolytic enzymes
(proteases) are overwhelmingly present in the medium particularly at the sporulation stage. Subse-
quently, the proteases are meticulously recovered by adopting almost identical methods to those used for
the mold amylases.

In fact, submerged fermentation procedures for the production of fungal proteases have been
investigated duly at length, and there exists sufficient evidences to prove that such fermentations could
turn out to be commercially viable and feasible in the near future.
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4.6.5. Bacterial Proteases

Bacillus subtilis is the strain of choice for the bacterial protease production. However, the
fermentative parameters remain virtually the same employed for amylase production by this organism. It
has already been established that the B. subtilis strains particularly selected for high protease activity,
and not for amylase activity. To accomplish this objective a high carbohydrate content medium is criti-
cally employed to stimulate the ensuing phenomenon of protease activity and depress simultaneously
the amylase production. Nevertheless, the final product does contain amylase activity to a certain extent.
The entire fermentative procedure is performed at 37°C for a duration of 3 to 5 days in specially de-
signed pans containing a shallow layer of fermentation medium. The procedure adopted for harvesting
is quite similar to that used for bacterial amylase, except that usual concentration of the prevailing broth
is done at a temperature below 40° C under vacuum in order to protect the enzyme from undergoing
denaturation.

Development of New Proteolytic Enzymes : In the recent past a tremendous thrust and impetus
has been inducted to the critical and highly specific utility of enzymes to get rid of vascular thrombi to
an appreciable extent is gaining world-wide importance and recognition. Nevertheless, the pancreatic
proteolytic enzymes (or pancreatic proteases) essentially serve as a ‘vital adjunct’ to the treatment
and management of cystic fibrosis. In the same vein, obviously the elucidation phenomenon of the
pathways whereby enzymes explicitely exert anti-inflammatory activity profile would not only further
enhance a greater in-depth understanding of the inflammatory mechanism, but also might lead to more
efficacious enzyme preparations as well as dosage forms.

In the light of the aforesaid statement of facts the on-going development of newer breed of
proteases (proteolytic enzymes) by the fermentative process immensely increases the scope and possi-
bility of achieving these objectives squarely. However, there is another potentially exciting area is the
apparent potentiation of ‘drug penetration’ vis-a-vis observed ‘clinical response’ when administered
concomitantly with proteolyic enzymes. In case, this altogether new hypothesis or phenomenon is duly
proved, confirmed, and established, it may ultimately pave the way to a rather more effective and vigor-
ous ‘therapy of antibiotics’ by virtue of the fact that an increased penetration of the drug of tissues of
difficult access, or the greater pharmacological response at relatively lower dosage of drugs that are
toxic in nature, with a resultant positive reduction in side-effects.

Besides, there is another equally vital area in the pretreatment of proteins exclusively for dietary
and therapeutic purposes.

Examples : There are some typical examples to substantiate the above findings and observation,
namely :

• Peptones for injection
• Digestion of lean beef with pepsin and pancreatin proteases for incorporation into dietary

supplements
• Trypsin treated dermal collagen grafts after proper cross-linking with glutaraldehyde were

not rejected.*

Assay for Protease Activity : A solution of purified casein in water is prepared with the help of
NaOH solution, adjusted the pH of 8.7, and diluted to a specified volume. A solution of the preparation
under test is duly prepared in water by trituration and dilution. To the casein solution (previously warmed
to 55°C) the unfiltered test solution is added, heated rapidly to 55°C, and maintained at this temperature
for 20 minutes, and finally cooled to room temperature. To another casein solution unfiltered test

* Interestingly, in animal experiments these ‘grafts’ had become recellularized and revascularized with little
evidence of collagenolysis or cellular rejection. The possible significance of this discovery in replacement
materials for human tissue is quite considerable.
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solution, previously boiled and cooled, was added, heated to 55°C, cooled subsequently and incubated
as above. To each solution then phenolphthalein and formaldehyde solutions were added duly, and
titrated with standard alkali to pH 8.7. The difference between the aforesaid two titrations must not be
less than 4.5 mL.

Thrombolytic Agents : The ‘fibrinolytic system’* essentially comprises a group of proteins that
interact complexly to afford the lysis of thrombi, besides to keep the fibrinolytic factors in check as far
as possible. Plasminogen plays a major key role in the virtual activation of fibrinolysis. Indeed it is a
proenzyme which is being converted to the active enzyme, plasmin, with the help of the following two
important factors, namely :

(a) Intrinsic Factors : i.e., interactions among circulating intrinsic factors, such as : prekallikrein,
kininogens, Factor XII, XIIIa, and

(b) Extrinsic Factor : e.g., Vitamin B12.

There are some auxilliary factors also, such as : plasminogen proactivator, and the endothelial
tissue which releases plasminogen activator, more precisely as tissue plasminogen activator-designated
as tPA. The fibranolytic activity is kept in adequate control and check by such inhibitors as : C1-inactivator,
α2-macroglobulin, and α2-antiplasmin. Importantly, once formed, plasmin cleaves fibrin into its corre-
sponding split products.

It has been amply demonstrated and proved that both recombinant forms of tPA, namely :
Streptokinase (SK), and Urokinase (UK) have significantly exhibited enormously lesser tendencies to
produce haemorrhage as they exclusively get bound selectively to fibrin and not to the prevailing circu-
lating clotting factors. In this manner, they are quite a bit selective for the intended target i.e., a previ-
ously formed clot. Further evidences reveal that these are not absolutely free of the ensuing ‘bleeding
risk’ ; however, as they invariably attack the many available microclots which are constantly being
formed at the very sites of endothelial breaks, and hence clinical optinion is certainly divided over
whether there prevails an appreciable advantage over SK and UK in this particular aspect. In true sense,
target selectively affords a definite breeding problem, wherein the prevailing clots have a tendency to
form around the IV catheters being employed for infusion, hence heparin is also usually infused to
avoid this effect. Besides, their existing short-lives actually favour rethrombosis unless heparin is
coadministered. In fact, anistreplase and the other recombinant tPA products are appreciably much
more expensive in comparison to SK or UK.

In the above context it is important to study a few typical examples of latest thrombolytic agents,
namely : alteplase, anistreplase, and reteplase. These enzymes shall now be treated individually in the
sections that follows :

A. Alteplase (RECOMBINANT) [Activase(R)]

It is a purified glycoprotein of a single, continuous chain containing 527 amino acids, with three
carbohydrate side-chains. The biological potency is duly estimated by the help of an in vitro clot-lysis
assay expressed in International Units [IU] as tested against a WHO standard.

Preparation : It is prepared by employing the complimentary DNA (cDNA) for natural human
tissue-type plasminogen activator obtained from a human melanoma cell line. Alteplase gets secreted

* A complicated system of biochemical reactions for lysis of clots in the vascular system.
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into the culture medium by an established cell line (Chinese hamester ovary cells) into which the DNA
for alteplase has been meticulously inserted genetically. Ultimately, it is duly harvested, purified by
chromatography, and lypholized. It is obtained finally as a white to off-white powder.

Therapeutic Applications : The therapeutic applications of alteplase are as given below :

(1) It is indicated for thrombolysis in patients with acute myocardial infarction (MI), to improve
upon the ventricular function, minimize the incidence of congestive heart failure, and reduce
the rate of mortality.

(2) It is also recommended in patients having acute massive pulmonary embolism, once the
diagnosis has been adequately established by standard objective means and ways e.g., pul-
monary angiography or lung scanning.

(3) In 1998, activase(R) was duly approved by US-FDA for the management and control of
acute ischemic stroke in adults, for improving neurological recovery, and minimising the
incidence of disability.

B. Anistreplase [Eminase(R)] :

Preparation : Eminase(R) may be prepared by carrying out p-anisoylation of primary human
lys-plasminogen SK complex (1 : 1) from Group C βββββ-haemolytic streptococci. It is obtained as a
white to off-white powder.

Therapeutic Applications : The various therapeutic applications of anistreplase are as stated
under :

(1) It is usually indicated for thrombolysis in patients exhibiting symptoms consistent with
myocardial infarction (MI).

(2) Randomized, controlled studies comparing it with either placebo or heparin-treated patients
adequately demonstrated that Eminase(R) remarkably lowered the rate of mortality.

C. Reteplase [Retavase(R)] ; 173-527-Plasminogen Activator (human tissue type) :

Preparation : Reteplase is produced by recombinant DNA technology in Esherichia coli, and
the protein is isolated as inactive inclusion bodies. It is converted into its respective active form by an in
vitro folding process, and purified subsequently by chromatography. Potency is expressed in Units (U)
employing a reference standard which is specific for reteplase and is not comparable with units used for
other thrombolytic agents.

Fig. 5.18 illustrates the diagrammatic representation of reteplase.
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* Tebbe U et al. Am. Heart. J. 138, 39, 1999.
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Fig. 5.18. Diagrammatic Representation of Reteplase.

[Adopted From : Remington ; The Science and Practice of Pharmacy, Vol. II. 20th, edn, 2004]

Therapeutic Applications : The various therapeutic applications of reteplase are enumerated
below :

(1) It is indicated mostly for the management and control of acute myocardial infarction (MI)
specifically in adults for the improvement of ventricular function, reduction in the incidence
of congestive heart failure, and above all considerable reduction of the rate of mortality
intimately associated with myocardial infarction.

(2) The genetically engineered deletion variant of human tissue plasminogen activator (tPA) is
also recommended in pulmonary embolism*.

5. IMMOBILIZATION OF BACTERIA AND PLANT CELLS

It has already been described earlier that immobilization particularly refers to — ‘the imprison-
ment of a biocatalyst in a distinct phase which necessarily permits only exchange, but is clearly sepa-
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* Munch-Petersen A, (ed.) : Metabolism of Nucleotides, Nucleosides, and Nucleobasein Microorganisms,
Academic Press, London : 95-148, 1983.

** Munch-Petersen A (ed.) Ibid, 203-258, 1983.

*** Munch-Petersen A et al. Eur J Biochem, 27 : 208-215, 1972.

rated from the bulk phase wherein the substrate, effector, and inhibitor molecules are adequately dis-
persed and monitored.’

5.1. Immobilization of Bacteria

The immobilization of bacteria (organism) may be explained by the help of fermentation of
E. coli. for the production of cytidine deaminase.

It is well known that cytidine deaminase is extensively distributed among microoraganisms,
where its physiological role is confined to scavenge specifically exogenous and endogenous cytidine*.
However, in the particular instance of enteric bacteria, for instance : E. coli. and Salmonella typhimurium,
the enzyme is appreciably inducible to high levels, thereby permitting these organisms to grow rapidly
with cytodine as an exclusive source of nitrogen**. Therefore, it is worthwhile and also logical to look
into E. coli as a source of large quantities of enzyme for actual usage in the production of ‘Lamivudine’
[Epivir(R) ; Zeffix(R)], an antiviral drug.

It has been demonstrated that cytidine deaminase production by two variants of E. coli strains
JM 103 and B, with and without cytidine are as follows ;

S.No. Strain of Scale (–) Cytidine (+) Cytidine
(E. Coli)

1 JM103 50 mL 0.02 0.21

2 B 50 mL 0.01 0.13

(– ) = Without ; (+) = With ;

Based on the above findings one would expect the actual production to be approximately 10 folds
as great in the presence of cytidine. In order to obviate the need to add cytidine to the fermentation broth,
a constitutive mutant was virtually sought. Munch-Petersen et al.*** (1972) suggested that in E. coli
both cytidine deaminase and uridine phosphorylase are coordinately expressed under the direct con-
trol of the CytR repressor. It has been observed that the expression of both genes is duly induced by
cytidine, but not by uridine. As a result, the specific mutants which may grow progressively upon
uridine are likely to have a defective CytR gene ; and, therefore, will express both enzymes constitutively.
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* Mahmoudian M et al. Enzyme Microb Technol., 15 : 749-755, 1993.

** A toxin produced by some strains of Aspergillus flavus and A. parasiticus that causes cancer in laboratory
animals. It may present in unprocessed peanuts and other seeds contaminated with Aspergillus molds.

*** An antibiotic chemical substance not produced by the body, and thus foreign to it.

**** Fertilizers derived from purely organic sources.

Nevertheless, the enzyme production by the constitutive mutant was just sufficient to support
biotransformation process at a resonable substantial scale ; however, for production scale, one may
even require a still better source and type of enzyme. Such a challenging and herculein task was duly
accomplished by cloning the cytidine deaminase gene (cdd)  onto a multicopy plasmid under the
control of the λPL promotor*. Subsequently, the ensuing plasmid pPLcdd E was strategically introduced
into E. coli TG1 (Amersham) by transformation, thereby attributing resistance to tetracycline. Thus, the
recombinant strain [E. coli TG1 {p PLcdd E}, 3804 E] afforded ultimately an extremely high level of
cytidine deaminase production. Importantly, the specific activity was found to be raised comfortably
upto 80 times than that accomplished with the constitutive mutant.

5.2. Immobilization of Plant Cells

Immobilization of plant cells has recently been developed as an alternative (substitute) method-
ology to the age-old suspension cultures for the exclusive production of secondary metabolites. i.e.,
such metabolites which are known to be very necessary to plant life, many of them providing a defence
mechanism against bacterial, viral, and fungal attack analogous to the immune system of animals.

Immobilized Plant Cells for Agriculture : In the recent past the enormous application of ‘mi-
crobial inoculants’ have gained a tremendous momentum in the ever expanding domain of agriculture
that could be anchored to the following four solid supporting facts, namely :

(a) Apparent noticeable increment in symbiotic or associative nitrogen fixation,

(b) Biological control and management of soil-borne plant pathogens,

(c) Spectacular reduction in aflatoxin** contents, and

(d) Biodegradation of xenobiotic*** compounds.

It is, however, pertinent to emphasize at this juncture that in these bioactive processes, the critical
survival of microbes under biotic as well as abiotic prevalent stresses emanated in the soil poses a
major limitation. It has also been amply advocated that immobilization of microbial cells via various
modes e.g., entrapment, encapsulation etc., in these specific instances has been proved to cater for
adequate protection against these prevailing stresses.

Examples : The two typical examples are as given below :

(a) Microbial cells entrapped in alginate : These cells did survive against the environmental
hazards of the soil ; whereas, the actual survival of ‘free cells’ (i.e., the untrapped ones) was
minimised astronomically under the prevailing drying/welting cycles in soil parameters, and

(b) Algal Biofertilizers**** : In this particular instance, the algal biofertilizers the phenomenon
of immobilization not only displayed a positive edge in efficacy but also afforded a definite
advantage.

Tissue Culture : Tissue culture refers to the growth of tissue in vitro on artificial media exclu-
sively for experimental research. It is indeed a stark reality that tissue culture has immensely facilitated
the techniques of microbial genetics as applicable specifically to the higher plant cells. One may strate-
gically induce genetic variability in a relatively large homogeneous population of plant cells by ad-
equate exposure to either chemical or physical mutagens. Thus, it is now quite possible to prepare



354 PHARMACEUTICAL BIOTECHNOLOGY

various suspensions of appropriate cell cultures of higher plants, and maintain them more or less exactly
in the same state for as long as one may desire. As a result, each single cell may prove to be as good as
a potential bacterial cell for affording induction and followed by isolation of mutants and variants.

Nevertheless, the importance of cell culture depends upon the meticulous development of meth-
odologies for enabling the isolation of a broad spectrum of cultured cell strains having apparent charac-
teristic features that are entirely different from those of cells in the original cultures. Therefore, in order
to isolate such obvious variant cell strains, established techniques in microbial studies may have to be
enforced judiciously in cultured plant cell systems.

Application of Mutagens to Plant Cells : It is regarded to be an especially important methodol-
ogy to enhance the ensuing frequency of variant strains in population of cells so that they may be easily
identified and conveniently selected. The vigorous and constant search for ‘chemicals’ that are virtually
effective upon a broad spectrum of plant cell is invariably considered to be an important aspect of plant
somatic cell mutant isolation.

In order to ascertain whetehr or not a particular substance is mutagenic exclusively depends upon
the expression of an easily observed characteristic feature, such as : resistance to a specific nucleic acid
precursor analogue termed as 6-azauracil, present profusely different in parent cells and the subse-
quent variants derived from them after due treatment with the agent. Interestingly, the parent cells
growing in culture are highly sensitive to this compound, whereas the variants which are apparently
resistance to it, may be observed explicitely ; and this difference forms the fundamental basis of its
‘assay’.

It has been established beyond any reasonable doubt that the ensuing ‘difference’ is caused due
to a highly deficient enzyme present in the variant cells, which is known as uracilphosphoribosyl
transferase, and this actually affords a ‘cidal action’ upon the cells. There are, in fact, two predominant
strains of cells duly obtained from two altogether different species of plants, namely :

(a) Haploid* Datura innoxia, and

(b) Diploid** Happolopappus gracilis

that are found to be exerting resistance to this particular analogue have been meticulously isolated***
and exhibited to lack the aforesaid enzyme i.e., uracilphosphoribosyltransferase.

Salient Features of Mutagens to Plant Cells : Following are some of the salient features of
mutagens to plant cells :

(1) Higher plants e.g., Nicotiana tabacum, and ferns e.g., Todea barbara ; Osmunda
cinnamomea helped in a big way for carrying out such studies.

(2) Several varieties of auxotrophic*** mutants that essentially requires amino acids and vita-
mins have been skilfully raised in Todea barbara.

(3) Mutants that absolutely requiring amino acids, purines, and vitamins have been isolated
with utmost success in Nicotiana tabacum.

* Possessing half the normal number of chromosomes found in somatic or body cells.

** Having two sets of chromosomes ; said of somatic cells, which contain twice the number of chromosomes
present in the egg or sperm.

*** Requiring a growth factor that is quite different from that required by the parent organism.
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(4) Mutants that offer resistance to Streptomycin — an antibiotic ; 8-Azaguanine and 5-Bromo-
2′′′′′-deoxyuridine — base analogues have been isolated in higher plants as well.

(5) Auxotrophic and resistance mutants are of utmost importance in carrying out the analyses
of genetic linkage, complementation, and recombination.

(6) Inhibitors* do play a major and pivotal role in the decephering of various metabolic path-
ways in vivo. Thus, by using different metabolic inhibitors one may conveniently affect
virtually complete blockade of the cellular metabolism at a specific site ; and, therefore, by
critically examining the fall out of such blockages it becomes a lot easier to know exactly the
nature of the pathway and also the factors responsible for controlling the entire process.

(7) Inhibitors also help to control several cardinal functionalities, for instance ; a specific step
in DNA and RNA, protein anabolism (syntheses), and metabolic process of an organism.

(8) Mutants also throw sufficient in-depth knowledge with regard to appropriate selection of
products emanated due to ‘fusion’ occurring between cells of variant genetic backgrounds
(or antecedents).

(9) Mutants solve a host of fundamental biological intricated problems to a great extent.

(10) Mutants recovered carefully from cultured plant cells are really of tremendous
biotechnological importance, and may serve as the basis of unfolding a good number of
complex agricultural, industrial and nutritional problems speedily and logically.

Example : The wildfire disease in Tobacco is caused due to Pseudomonas tabaci. In fact, the
tobacco cells that are specifically resistant to wildfire toxin have been recovered amongst a mutagenized
haploid cell population. Therefore, disease resistant tobacco plants may be accomplished in two ways,
namely :

(i) Direct selection for resistance to a pathogen in the culture itself, and

(ii) Appropriate selection of toxin resistance as a generalized means for producing particularly
the disease resistant varieties.

* Substances that interfere with a biological process thereby restraining the natural activity of a particular
function or metabolic activity of an organism.
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PROBABLE QUESTIONS

1. (a) What do you mean by ‘Enzyme Immobilization’ ? Explain.

Discuss briefly the salient features and carrier matrices with reference to the immobi-
lization of enzymes.

(b) Give a brief description of the four types of methods of immobilization of enzymes.
2. How would you explain the mechanism of ‘Covalent Bonding’ in the enzyme immobiliza-

tion ? Discuss the advantages of Covalent Bonding with reference to the support with
functional groups, namely :

(a) OH— Group ; and (b) —COOH— Group. Give examples in support of your answer.

3. (a) Describe an elaborated approach of either ‘Entrapment’ or ‘Encapsulation’ invari-
ably encountered in enzyme immobilization.

(b) Enumerate the various ‘Advantages’ and ‘Disadvantages’ of enzyme immobilization.

4. Give a brief account on the following aspects of enzyme immobilization :

(a) Enzyme Activity

(b) Michaelis — Menten constant [Km]

(c) Determination of Km.

5. Discuss Kinetics of ES-complex formation in a comprehensive manner.

6. Manner the various cardinal parameters that essentially govern the Enzymatic Reactions.
Discuss the following aspects in details :

(a)  pH Activity ; (b) Stability ; and (c) Optimum Temperature.

7. Enumerate the exhaustive profile of any two important enzymes :

(a) Hyaluronidase (b) Pencillinase

(c) Streptokinase (d) Strepodornase.
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8. What are ‘Amylases’ ? Discuss the following aspects explicitely :

(i) Applications of Amylases.

(ii) Production of Bacterial α-Amylases.

(iii) Production of Fungal α-Amylases.

9. How would you classify the ‘Proteases’ ? Give a detailed account of any three important
categories.

10. Write short notes on any four of the following topics :
(a) Immobilization of Bacteria

(b) Immobilization of Plant Cells

(c) Applications of Mutagens to Plant Cells

(d) Salient features of Mutagens to Plant Cells

(e) Alteplase (Recombinant)

(f) Development of New Proteolytic Enzymes.



1. INTRODUCTION

The ever expanding advances in the domain of ‘biosciences’, related to both applied and funda-
mental ; besides, the astronomical development of highly specialized disciplines, namely : Biochemis-
try, Bioengineering, Genetics, Microbiology, Immunology, Molecular Biology and the like that have
virtually converged the man’s thinking towards one single objective aimed at utmost harvesting of eco-
nomic benefits together with improved quality of life and environment. Based upon the most glaring and
diversified applications of the aforesaid avenues and advances in the scope and knowledge of various
disciplines helped in giving birth to a new terminology altogether known as ‘Biotechnology’, that es-
sentially forms a bridge amongst biological sciences, physical sciences, and technological achievements.

In fact, this newer terminology came into being in mid 1970s, thereby superceding the earlier
not-so-clear and ambiguous nomenclature ‘bioengineering’. Later on, this very term has been duly seg-
regated into two different phrases as detailed below :

Biomedical Engineering : i.e., the design and actual production of such products as : heart values,
body scanners, pacemakers, artificial hips, artificial knee-joints etc.

Biochemical Engineering : i.e., such chemical engineering phenomena that are based on organ-
isms, biological substances, viz., design of ‘bioreactors’, control
product recovery, and purification.

The latest definition of ‘biotechnology’ is as given below : ‘the specific applications of scientific
and engineering principles to the processing of materials by biological agents to provide goods and
services’.

Importantly, such agents invariably include a broad spectrum of biological substances, for
instance : enzymes, whole cells, and multicellular organisms. Precisely in mid 1983, the word
‘biotechnology’ almost attained the status of a ‘buzzword’ ; and since then earned the reputation of a
‘high technology’ symbol and ‘god father’ image by institutions engaged in imparting tertiary education
viz., universities, IITs, etc. ; besides, the corridors of the reputed corporate sectors. Undoubtedly, the
impact was indeed so heavy and severe that the Government of India immediately decided to establish a
separate department under the banner ‘Department of Biotechnology’ (DBT). The main objective of
this newly created department i.e., DBT was to promote not only the educational institutions but also to
boost up the adequate, meaningful, productive, result-oriented research programmes in the private
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industrial sectors as well. In a silent tone, it was a step well taken towards the legitimate and strategic
advancements in the fields of biotechnology to catch up the progress and accomplishments already
made in the Western World.

It is, however, pertinent to mention here that an extremely important aspect of biotechnology i.e.,
‘genetic engineering’ is virtually becoming a topic of surmountable general interest and dire need by
virtue of its long-term scope and possibilities in carrying out the legitimate alterations and improving the
genetic heritage of agricultural plants, farm animals, and even human beings. However, the enormous
inherent potential puts forward a number of vital and important ethical, moral and ecological valid
questions that remain to be answered logically, apart from posing a formidable scientific challenge.

Nevertheless, the limit, horizon, and boundary of ‘biotechnology’ is much wider in comparison
to ‘genetic engineering’ ; and precisely the main emphasis in genetic engineering is exclusively and
strategically concerned with the articulated manipulation of bacteria and yeasts rather higher organisms.
Biotechnology may, with certain wisdom, knowledge, and skilful manipulative procedures be treated and
regarded as a highly specialized ‘single emerging area’, albiet one having reasonably acceptable grey
edges.

Biotechnologists in today’s scenario deserve and command a much coveted and ever increasing
recognition in a wide range of manufacturing and service industries thereby exploiting their acquired
and specialised knowledge and expertise in various established biotechnological methodologies that
apparently reduce costs effectively when compared to the age-old traditional procedures.

2. ADVANCES IN BIOTECHNOLOGY

In the light of the aforesaid ‘advents in biotechnology’ a wide-spectrum of grey and prospective
areas have emerged in the recent past that have inculcated a much deserved built-in confidence. A few
vital and important examples are stated under :

(i) Alcohol production,

(ii) Algal biotechnology (Food),

(iii) Biological fuel generation,

(iv) Bioengineered plant materials,

(v) Bioextractive metallurgy,

(vi) Biopharmaceuticals (Pharmacobiotechnology based drugs)

(vii) Cheese production,

(viii) Indonesian Temph,

(ix) Immunotoxins,

(x) Japanese Enzymes

(ix) Vegetative products, and

(x) Newer approach to sewage treatment.

The aforesaid aspects shall now be treated briefly in the sections that follows :

2.1. Alcohol Production

In general, the requirements for a glaring cost-effective fermentation of organic feedstocks for
the fermentative production of ‘alcohol’ from plant carbohydrates are as enumerated under :
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Reasonably lower transportation costs of raw materials.

Low costs involved for conversion of polymers viz., wood, cellulose, hemicellulose, starch
etc. into their corresponding mono- and disaccharides.

Application of ‘mixed cultures’ so as to catabolize specially altogether different types of
substrates and to convert them into the desired metabolite.

Usage of highly characteristic thermophilic strains to minimize and save costs for cooling,
to bring about excessive conversion rates, and also to lower drastically contamination risks.

High energy consumption and demand for aeration, anaerobic methods are invariably pre-
ferred.

Amenable to a feasible continuous process.

Low recovery and concentration costs.

It is however, pertinent to state at this juncture that ‘ethanol’ for utilization as a chemical feedstock
was solely generated via fermentation in the early era of industrial microbiology. Interestingly, with the
passage of time for many years it has been duly produced via chemical means instead, primarily through
the catalytic hydration of ethylene (CH2 = CH2). Again in the recent past adequate and legitimate atten-
tion has turned towards the copious production of ethanol urgently required both for fuel and chemical
utilities by the phenomenon of fermentation exclusively.

Examples : In 1986, three major countries in the world produced the following quantum of
‘industrial ethanol’ :

USA  : 2.5 × 109 L

Germany  : 1 × 108 L

Brazil  : 1.1 × 1010 L

Agriculturally rich and intesive areas in Brazil, United States, and South Africa are under vigorous
and intensive investigations with respect to the viable production of ethanol from various carbohydrates
e.g., starch and sucrose. The cardinal objective of such research oriented activities is to maximise
exploitation of ‘ethanol’ as a substitute for automobile fuel (i.e., mixed usually with ‘gasoline’). Of
course in certain countries the ‘ethanol’ obtained from fermentative procedures is used exclusively to
produce petrochemicals and ethylene.

Efficiency of energy conversion by fermentation to ‘ethanol’ varies appreciably depending solely
upon the type of ‘raw material source’ used.

Examples : Under optimal parameters the efficiency of energy yield* is as stated under :

Carbohydrate Source Efficiency of Energy Yield (%)

Cassava 50

Corn 25

Potatoes 59

Sugar beet 86

Sugat Cane 66

* Ratio of energy demand to energy produced.
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Biosynthesis of Ethanol : Bacteria and yeast possessing enormous potential have been em-
ployed for commercial production of ethanol, such as : the most abundantly used —

Organism (Bacteria) : Zymomonas mobilis, and

Yeast : Kluyveromyces fragilis ; Saccharomyces cerevisiae

It has been amply demonstrated that under aerobic fermentative parameters and also in the
presence of reasonable high glucose concentrations, the yeast Saccharomyces cerevisiae no doubt
grows very well but fails to yield any ethanol at all. Nevertheless, under strict anaerobic conditions the
following steps occur sequentially as shown in Fig. 6.1 below :

GLUCOSE

PYRUVATE

Glycolysis

ACETALDEHYDE CO2
+

ETHANOL

Pyruvate Decarboxylase

[Mg  ; Thiamine pyrophosphate]
2+

GLYCOLYTIC
PATHWAY

REDUCTION Alcohol Dehydrogenase
[NADH ]2

Fig. 6.1. Biosynthesis of Ethanol.

Explanations : The various steps involved in the biosynthesis of ethanol may be explained as
under :

Step 1 : Growth of said yeast cells slows down.

Step 2 : Pyruvate from ‘glycolytic pathway’ gets split under the influence of enzyme ‘pyruvate
decarboxylase’ into corresponding acetaldehyde and carbon dioxide.

Step 3 : Ultimately ethanol is produced from acetaldehyde by reduction with alcohol
dehydrogenase (NADH2).

Ethanol Tolerant Mutants : It has been duly established that by using pure sugar solutions
one may accomplish ethanol concentration upto a maximum level of 10% only ; whereas, the skilful
application of specifically designed ethanol-tolerant mutants one may even produce 12-13% ethanol,
which are currently being scaled-up to full fledged production. Importantly, in recent years the widely
acclaimed bacterium Zymomonas mobilis has, in fact, proved to be of tremendous potential advantages,
namely :

(i) Osmotic tolerance to higher sugar concentrations (upto 400 g.L– 1).

(ii) Relatively enhanced ethanol tolerance (upto 130 g.L– 1).

(iii) Increased specific growth rate in comparison to yeast (growth rate being, µ of 0.27 com-
pared to 0.13 for yeast i.e., almost twice in laboratory culture studies).
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(iv) Anaerobic carbohydrate metabolism is invariably performed via the Entner-Doudoroff path-
way, wherein only one mole of ATP is produced per mole of glucose consumed, thereby
minimising the quantum of glucose remarkably which gets converted to biomass rather than
ethanol ultimately.

2.2. Algal Biotechnology (Food)

It has been established beyond any reasonable doubt that algal mass cultures do symbolize an
overwhelmingly successful food production programme thereby forging together agriculture and in-
dustrial fermentation meticulously. Since the past half-a-century a plethora of entreprenuers across the
globe have ventured successfully in the development of several conventional heterotrophic fermentation
processes for algal products, such as : vitamin C (ascorbic acid) and steroids. In addition to these won-
derful progress made, efforts were geared towards unicellular green algae Chlorella that has been ad-
equately exploited as an important health food.

As on date a good number of plants for Chlorella and Spurulina (i.e., blue-green algae) are being
operated commercially for their production in Israil, Japan, Mexico, Taiwan, Thailand, and USA. The
overall production of algal health food ranges between 2500-3500 MT per annum.* In actual practice,
there algae are carefully grown in artificial ponds or in fermentors, spray dried, and finally sold as
powder or capsules.**

Table 6.1 summarizes a host of highly selected algal products being used currently and commer-
cially in various food industries all over the world as a nutritional supplement.

Table 6.1. Important Algal Products Useful in Food Industry

S.No. Algal Genus Emanated Products Applications

1 Blue greens and others Pharmaceuticals Anticancer antibiotics

2 Chlorella and Spirulina Health foods Supplementary food

3 Chrysophytes Birala feeds Seed raising aquaculture

4 Chlamydomonas Soil innoculum Condition

5 Chlorella and blue greens Amino acids Proline, arginine, aspartic acid

6 Diatoms Xanthophylls —

7 Dunaliella β-Carotene Food supplement and food colour

8 Green algae Vitamin C and E Vitamin supplement

9 Greens and Diatoms Vegetable and Marine Foods, feeds and supplement

oils

10 Red algae*** and blue-greens**** Phycobiliproteins Food colouring, Research

* On a dry weight basis.

** Hard-gelatin capsules.

*** Contains additional pigments called ‘phycobilins’ which are red in colour.

**** Cyanobacteria is the latest terminology for ‘blue-green algae’.
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It has been revealed that the algal productivities in outdoor cultures evidently changes with suitable
and favourable environmental climates. Thus, one may accomplish peak production ranging between
35-40 g– 2 per day, and hence over a 300-day growing season per annum, an average overall productivity
of 25 g– 2 per day (or equivalent to 75 MT ha– 1per annum) is feasible. This essentially requires the
effective utilization of productive algal species as well as preferred favourable conditions.

Nevertheless, one may have to observe the following parameters rigidly for all outdoor algal
cultures for biotechnological production of food products, namely :

(a) Applicability of highly selective experimental/plant parameters that critically favour domi-
nance of one species,

(b) Cultivation of algae which spontaneously crop up and dominate in ponds, and

(c) Usage of well-defined and elaborated methodologies adopted for the prevention of ensuing
contamination.

2.3. Biological Fuel Generation

It has been a great achievement for India to retain the world’s third largest producer of ethanol
via fermentative procedures next to USA and Brazil. India validly runs more than 125 distilleries across
the country with an installed capacity of approximately 750 million litres per annum. However, the
average yield of ethanol per MT of molasses ranges between 225-235 L depending on the content of
residual cane sugar present in molasses. The major portion of ethanol is used up in various industrial
applications, a reasonable proportion in making alcoholic beverages, and a certain quantum is utilized in
the production of so called ‘power gasoline’ as an automobile fuel energy. Industrial usage of ethanol
encompasses a variety of products, such as : PVC, polyethylene (PE), synthetic rubber, solvents, phar-
maceuticals, preservatives, and organic chemicals.

In a host of ‘developing countries’ e.g., Indian sub-continent, South-East Asia, African conti-
nent etc., the most judicious and practicable utility as ‘diesel fuel’ is gaining wide recognition and
tremendous popularity over the usual petroleum variants. Therefore, most approximately in these speci-
fied countries, the strategic conversion of ‘biomass’ into ethanol (C2H5OH) and methane (CH4) prob-
ably do not muster enough primary interest rather than to device and develop newer methods for the
production of possible diesel fuel substitutes via intensive research and dogged determination, for
instance : alkanes, butanol and vegetable oils. Besides, one may also exploit certain available biomass
sources solely for ‘diesel fuel generation’, such as : woody biomass yielding turpentine, extraction of
oilseeds producing fuels, selected aquatic biomass (viz., water hyacinth), and specific oil producing
microorganisms (viz., Botryococcus). In fact, some of the vegetable oils do have the potential for being
utilized as perspective (substitute) fuel in ‘tractors’ that run on diesel only. Thus, the dual advantage of
fast-growing, high yielding vegetable oils for use both as a ‘food’ and a ‘diesel fuel’ may turn out to be
a certainly more attractive, feasible, and viable option that needs to be implemented rapidly.

Fig. 6.2 illustrates the various aspects of ‘biomass fermentative procedures’ thereby yielding
much desired and valuable by products, namely : fuel oil, CO2, and sugarcane bagasse.
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Growing Fuel : Biomass  refers to solar energy stored in organic matter. The natural growth of
plants and trees in the universe makes use of the phenomenon of photosynthesis thereby help in the
conversion of energy from the sun in the form of CO2 into carbohydrates e.g., cellulose, starches, and
sugars. In fact, the carbohydrates represent the organic chemical entities which exclusively make up the
‘biomass’. Eventually, when plants meet their fatal end, the very phenomenon of ‘decay’ invariably
gives rise to the ‘energy’ stored in carbohydrates and discharges CO2 back into the atmosphere. Hence,
biomass designates a ‘renewable source of energy’ by virtue of the fact that the growth of newer plants
and trees replenishes the prevalent supply of carbohydrates.

Several millions of years, natural processes occurring in the earth meticulously transformed organic
matter into present day’s reserve of fossil fuels, otherwise termed as non-renewable sources of energy,
which essentially comprise of natural gas, crude oil, and coal deposits ; and these three components are
being consumed regularly as on date across the globe with a ray of apprehension that they may not get
exhausted one day leaving the world’s consumers in peril and distress.

Interestingly, the actual usage of ‘biomass’ for energy exploitation fails to enhance CO2 emis-
sions overwhelmingly ; and, therefore, does not contribute significantly towards the possible risk of
‘global climatic alteration’. Contrarily, the legitimate consumption of biomass in this universe by
mankind to generate energy is invariably regarded as a measure to dispose of nature’s waste materials,
perhaps as a scavenger, which may otherwise would create serious environmental risks.

In the very beginning of this new millenium (i.e., 2001) United States only utilized biomass
sources upto 3% of all energy consumed ; supplied more than 50% of all renewable energy utilized ;
represented  nearly 10% of all electric generating capacity from renewable sources. However, in a glo-
bal scenario biomass catered for more than six folds the combined energy provided by geothermal,
solar, and wind energy sources. In true sense, globally biomass rightly and urgently meets almost 14%
of the world’s energy requirements efficaciously in the service of the mankind.

It is, however, pertinent to state here that the ‘biomass energy’ presently refers to making exclu-
sively ‘fuel’, for instance : renewable diesel from plants, and ethanol ; but may also encompass inciner-
ating plant materials and waste products viz., skilfully tapping natural gas from garbage dumps, rice
husk, and sawdust. Some newer emerging techniques include :

•  Gasifying plant material to make fuel for electric plants

•  Energy crops and fast growping trees for use in converted coal-power plants.

•  Utilization of bacteria and algae for extracting hydrogen from waste disposal matter.

2.4. Bioengineered Plant Materials

Bioengineered plant materials are also sometimes referred to as ‘pharmaceutical crops’. Law
enforcing authorities shoulder the responsibility for providing adequate regulatory pharmaceuticals irre-
spective of the fact whether they are manufactured, as usual, in a traditional manufacturing plant or they
are produced on a large-scale as regular crops in the field. Nevertheless, for crops in the field, however,
there are several additional vital issues that may be addressed to duly, such as :

(a) issues involving the ‘parts of the plant’ which do not contain the pharmaceutical entity, and

(b) residual crop left over after a pharmaceutical entity is extracted completely.

Importantly, in September 2002, a high-powered study group meticulously compiled and pub-
lished a Draft Guidance for industry on the use of bioengineered plant materials to enable the rightful
production of biological products including a variety of items, such as : newer medical devices*, veteri-
nary biologies, and newer animal drugs (or veterinary medicines). Thus, the aforesaid ‘draft guidance’
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* A stone that splits easily.

** A mineral sulphide of copper and iron.

overwhelmingly and categorically outlines the extremely important scientific valid questions and vital
informations that must be addressed by those who are intimately associated with bioengineered plant
materials to produce medical as well as veterinary products.

2.5. Bioextractive Metallurgy

The enormous thrust in current microbiological processes have significantly exploited, engaged,
and adapted by the mineral industry are not only reasonably simple as well as practicable with regard to
the specific engineering design, but also their actual effectiveness pertaining to their sensitivity to sea-
sonal variations and sudden abrupt changes in the overall ‘chemistry of the entire system’.

Salient Features : The various salient features in bioextractive metallurgy are as follows :

(1) Latest developments in the field of research focused towards the uptake of metals by three
specific organisms, namely ; S. cerevisiae, R. arrhizus, and P. aeruginosa render it possible,
probable, and feasible that these microorganisms may be employed in particular precise
processes for the recovery of metals from waste-water streams.

(2) It has been duly established that the prevalent accumulation of metals by the host of microor-
ganisms, irrespective of the method used, is certainly non-specific in nature.

(3) Interestingly, the particular organisms essentially possessing cellular components are found
to be extremely metal specific.

(4) Metallothionein — a protein rich in S-containing amino acids, considered to be one of the
best-recognized metalbinding agents, provides a rich sulphhydryl (— SH) chelation site (i.e.,
acts as the binding site).

Example : Synechococcus — i.e., a marine cyanobacterium having a comparatively, small
quantum of specific ‘cadmium binding metallothionein’, has the capability of binding an
average of 1.28 atoms of Ca2+ per molecule of protein.

(5) The most recent progress and accomplishment in the genetic manipulation of microorganisms
in the domain of industrial purposes is geared up towards the ‘leaching processes in metal
bearing ores’, and also the ‘leaching involved in metal-contaminated waste waters’.

Futuristic Programming : There are seven cardinal futuristic programming aspects in the
bioextractive metallurgy, namely :

(a) Microbial genesis of methane (CH4) from organic residues in natural environments or sul-
phur (S) from sulphates,

(b) Volatalization or immobilization of polluting toxic elements, for instance : arsenic (As) ;
mercury (Hg),

(c) Microbial disulphurization of coal,

(d) Microbial removal of methane from coal mines,

(e) Utilization of aliphatic-hydrocarbon consuming bacteria in detecting petroleum deposits
(i.e., exploration of natural petroleum deposits) ; besides various microbial processes for
obtaining ‘petroleum products’ from tar sands and oil shale*,

(f) Microbial processing and removal of pyrites** (as impurities) from pottery clay, and
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(g) Immobilization of manganese (Mn), and recovery of Mn and radium (Ra) from the tailings
via the application of microorganisms employing bioaccumulation or accretion or
bioconversion.

2.6. Biopharmaceuticals (Pharmacobiotechnology Based Drugs)

Biopharmaceuticals may be defined as — ‘complex macromolecules derived from recombinant
DNA technology, cell fusion or such processes that essentially involve genetic manipulation.

Examples : Biopharmaceuticals include : recombinant proteins, therapeutic monoclonal anti-
bodies (MABs) and nucleic acid-based therapeutics (viz., DNA-based medicines), genetically engi-
neered vaccines, and gene therapy vectors.

In 1982, the first and foremost drug ever produced via genetic engineering was the wonder drug
known as ‘human insulin’. Almost within a span of two decades (by mid-2000), eighty four
biopharmaceuticals were duly approved for marketing by US-FDA, of which around forty were intro-
duced between mid-1997 and mid-2000. In USA, the worldwide sales of these specialized drugs shot
upto USD 15 billion by the end of 1998. Interestingly, USA distinctly represented almost 46% of the
market in comparison to mere 36% for the usual conventional drugs by virtue of the following cardinal
factors, such as :

earlier regulatory approval (US-FDA)
easier market acceptance
much greater pricing flexibility than other countries on the globe.

No doubt, the biopharmaceuticals do represent rather small 5% of the world’s prescription drug
sales, they normally account for six of the world’s top 50 best selling drugs. It is quite important to have
a clear and distinct concept in mind between the following two important aspects, namely :

(a) biotechnology — as a new process technology, and
(b) biotechnology — as a ‘drug discovery’ research tool.

Obviously, the first makes use of ‘genetic engineering’ almost exclusively in the specialized and
critical manufacture of only large molecular weight drugs e.g., insulin, vaccine etc., which are rather
difficult and impracticable to be produced either by synthesis or by extraction.

Evidently, the second aspect involves the meticulous search for newer therapeutic targets, with
a large emphasis on the focus upon certain specific small molecular weight drugs which could easily
and conveniently interact against those targets by the help of biotechnology based research tools,
such as :

•  cloned receptors as screens, and
•  gene knock-out technologies

in the most specialized formation of transgenic organisms to determine protein function.
It is indeed pertinent to mention at this point in time that the pharmaceutical industry across the

globe shall definitely hold and maintain its ever dominant status with regard to the discovery of ‘small
molecules’ via the meticulous application of biotechnology in drug discovery ; whereas, the conceptu-
alized ideas, development, and ultimate manufacture of highly specific protein-based drugs certainly
need an altogether completely different degree of core competencies.

Biopharmaceuticals i.e., biotechnology based drugs may be broadly categorised into two heads,
namely :

(a) Approved medicines, and

(b) Medicines under development.
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The two different categories of biotechnology medicines shall be exemplified in the sections that
follows* :

Approved Medicines : A few typical examples of ‘approved medicines’ by several drug au-
thorities are enumerated below :

S.No. Name of Product Company Indication (s)

1 Activase(R) Genentech Acute myocardinal infarction ;

(Alteplase) (S. San Francisco CA) Pulmonary embolism ;

2 Epogen(R) Amgen Anemias of chronic renal disease ;

(Epoctin alfa) (Thousand Oaks, CA) AIDS ; Cancer chemotherapy ;

3 Humulin(R) Eli-Lilly Diabetes ;

(Human Insulin) (Indianapolis, IN)

4 Leukine(R) Immunex Myeloid recognition after bone marrow

(Sargramostim) (Seattle, WA) plantation ;

5 Recombivax HB(R) Merck Hepatitis B prevention ;

(Hepatitis B vaccine) (Rahway, NJ)

Medicines Under Development : Certain specific examples of such ‘medicines under devel-
opment’ are as stated under :

S.No. Name of Product Company Indication (s)

1 Recombinant human platelet derived Chiron Wound healing ;

growth factor — BB (PDGF) (Emeryville, CA)

2 Immuneron Biogen Multiple sclerosis ;

(Interferon gamma) (Cambridge MA)

3 Cento RX Centocor Anti-platelet prevention

(Mab) (Malvern, PA) of blood clots ;

4 Myoscint Centocor Cardiac imaging agents ;

(Mifarmonab) (Malvern, PA)

5 Vax-Syn(R) HIV-1 Micro Gene Sys AIDS ;

(gp 160) (Menden, CT)

2.7. Cheese Production

Milk is regarded perhaps one of the first and foremost agricultural products which gets rapidly
infected by the organism Lactobacillus and sour it by converting the milk-sugar lactose into the corre-
sponding lactic acid. Cheese is, therefore, one of the first fermented food products. Since, then with
the advent of tremendous innovative ideas and concepts with respect to the development of this sponta-
neous process received a substantial thrust to make cheese and allied products across the globe. In this

* Kar, A, : Pharmacognosy and Pharmacobiotechnology, New Age International, New Delhi, 2003.
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context, the Netherlands, Denmark, Germany, and France were recognized in the world towards the
development as well as production of a variety of processed cheese. Thus, cheese making is a milestone
in the history of food processing and technology.

Technically, cheese refers to the dairy product, duly obtained from microorganisms, is produced
from the Casein (i.e., milk protein) of the milk. Initially, the protein gets curdled by the acid produced by
the presence of streptococci in the milk. However, the process of curdling is adequately accelerated by
the incorporation of rennin i.e., an enzyme specifically derived from the inner stomach living of the
calf. The acidic curd is separated from the liquid whey, which is employed to make ‘whey powder’, and
the curd is treated further to obtain a large variety of processed cheese.

2.8. Indonesian Temph

The ‘Indonesian Temph’ is widely used vegetarian dish, quite rich in Vitamin B12 ; and is
usually prepared from soyabeans that are duly soaked and fermented. In general, the fungal fermenta-
tion with Rhizopus sp. is invariably preceded by a typical bacterial acid fermentation when soyabean is
soaked. The fermentative process gets completed when the beans are virtually transformed into a ‘com-
pact cake’ by the mold myecelium. The resulting cake is sliced, and subsequently deep-fried in vegeta-
ble fat or simply cut into various pieces and used in soups as a replacement/substitute of meat. In actual
practice, however, the fresh Indonesian Temph having an extremely pleasant dough-like flavour, may
be dipped in shrimp, fish or soy sauces both before and after deep frying.

The usual commercial Indonesian Temph is, in fact, a very rich source of vitamin B12, produced
specifically by an unidentified bacterium that eventually grows upon the soyabeans along with the mold
simultaneously. Importantly, the synthesis of vitamin B12 fails to commense if the temph is produced by
carrying out the innoculation with pure mold. Interestingly, the well-known Indonesian Temph* rep-
resents a very fine vegetarian blend of both protein and vitamin B12.

2.9. Immunotoxins

Immunotoxins refer to such toxin agents that may be attached to antibody molecules and, be-
cause of this enhanced toxicity, used to combat tumour cells. In fact, this technique has been adequately
employed for the elimination of malignant tumours present in the bone marrow.

In other words, immunotoxins may be prepared by attaching toxins** to the monoclonal anti-
bodies (MABs) strategically. A good number of immunotoxins have been duly made by attaching
meticulously MABs to :

Bacterial Toxins : e.g., Diphtherial Toxin (DT) ; Pseudomonal exotoxin (PE40) ;

Plant Toxins : e.g., Ricin A ; Saporin ;

Initial investigative immunotoxin clinical trials have adequately revealed that certain degree of
early promise with regard to the shrinking of a few cancerous (i.e., malignant) tumours e.g., lymphomas.
However, certain more intensive and extensive studies need to be performed before this altogether newer
type of cancer treatment could be employed more widely and meaningfully.

It has been duly established that toxins may affect both normal cells and cancerous cells equally.
Perhaps one may put forward a logical explanation that the particular MABs normally employed to take
up the appropriate toxins to the targetted malignant cells may ultimately get attached to the respective

* In Indonesia, soyabeans are usually fermented in small packets made from wilted banana leaves, and the
mold inoculum duly obtained from the previous batch of ‘uncooled temph’.

** Poisonous substances obtained from plants or bacteria.
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antigens on certain ‘normal cells’ as well. Immunologists are seriously engaged to identify some anti-
gens that do occur predominantly and exclusively on these malignant cells. As on date, a few such
antigens have already been reported.

It is, however, pertinent to mention here that the inherent large size of most immunotoxins virtu-
ally limits the extent to which they may actually penetrate right into some tissues. Keeping in view this
remarkable revelation scientists have intensified their efforts in making the very size of the immunotoxins
rather smaller and lighter (in weight) as well by utilizing carefully certain segments of the MABs. This
line of action would certainly permit the ‘drug substances’ to have an easy access to penetrate into the
interior of cancerous tumours.

Interestingly, the ‘clinical trials’ of some immunotoxins are already in progress actively for cur-
ing such dreadful human ailments viz., brain tumours, lymphomas, and certain types of leukemias.

Example : Gemtuzumab Ozogamicin [Synonyms : Mylotarg : CMA-676 ; CDP-771 ;] : It is
an immunoconjugate of N-acetyl-r-calicheamicin, q.v., with the humanized mouse monoclonal IgG4k
antibody, hP 67.6, directed against the human CD33 antigen located on the surface of normal and leukemic
mycloid cells, but not on normal hematopoietic stem cells. It is actually designed to deliver antibody-
targetted chemotherapy for the treatment of acute myclocytic leukemia (AML).

2.10. Japanese Enzymes

It is since quite well-known that the Japanese have, for ages, been making use of several enzymes
via solid-state cultures of a good number of microbes upon a variety of known cereals, for instance :
barley, wheat, soyabeans and rice. However, this highly localized and specialized process in Japan is
widely known as Koji Method, which made use of a variety of species belonging to Aspergillus,
Monascus, and Rhizopus. Interestingly, the Koji Method is employed primarily as a prevalent source of
enzymes in the manufacture of shoyu, miso, and sake (a wine produced from rice).

Methodology : The Koji Method essentially involves the following steps in a sequential manner :

(1) The subtrate (i.e., cereal) is soaked in water, drained, and heat-sterilized followed by imme-
diate cooling.

(2) The soaked and sterilized cereal is incubated along with the suitable mold.

(3) The resulting substrate is then placed in trays or in large shallow tanks in a room main-
tained at an appropriate temperature or alternatively in an ordinary room with natural tem-
perature variance.

(4) The mold is permitted to grow adequately within a span of 3-4 days with frequent turning of
the material either by hand or by mechanical means.

(5) In the course of the above ‘ripening process’ the substrate is adequately utilized as a source
of a host of enzymes. Most commonly the resulting substrate is inoculated simultaneously
with more than one strain of mold.

Industrial Applications : The wonderful Koji Technique is nothing but a reflection of the
so called ancient biotechnological innovative process for the exclusive enzyme production,
which has since been scaled up to the industrial level :

Examples :

(a) Microbial Rennet : To manufacture microbial rennet which is used to prepare ‘curd’ in
the cheese industry (see section 6.2.7).
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(b) Feed Preparation : It has also been used successfully to produce ‘feed’ made from
liquid animal waste mixed suitably with corn (maize).

2.11. Vegetative Products

There are several vegetative products made from commonly/indiginously harvested cereals, such
as : cassava, millet, rice etc., which are specific to a particular country and used as their staple food.

Examples : The various typical examples are as given below :

(a) African Porridges : In several segments of the African continent one comes across natu-
rally fermented porridges which essestially forms their ‘staple food’. The West African
‘GARI’ (used in Nigeria, Ghana etc.) is invariably prepared from an acid-fermented cassava
porridge. In the course of fermentation, usually carried out at 35°C), any cyanide-contain-
ing carbohydrates present are duly hydrolyzed thereby removing the cyanide almost com-
pletely as hydrocyanic acid (HCN). In this manner the cassava is rendered acidic in nature
and the characteristic flavour of gari is given out. The entire fermentative procedure takes
almost 3 to 4 days, and caused due to the organism Corynebacterium manihot that eventu-
ally hydrolyzes the ensuing starch exothermally and gives rise to lactic acid and formic acid.
Subsequently, a yeast like fungus Geotricum candidum gets developed when the product
turns acidic which ultimately oxidizes the acid, and gives rise to the characterisitc gari fla-
vour and aroma. In usual practice, the fluid content is squeezed out from the ferment, and the
starchy residue is carefully dried in a shallow pan over fire with constant stirring to obtain
finally a gelatinized granular powder ; alternatively, the wet starchy residue is consumed
directly as ‘fufu’. African also make use of maize and sorghum profusely for fermentation so
to obtain these acidic porridges as their staple food. Nevertheless, such low-cost technolo-
gies have been used since time immemorial in different zones in Africa, depending solely
upon their cultural preference and linking.

(b) Injeera : Ethiopia and Iretria (East Africa) makes use of millet more or less in the same
manner as stated in

(1) above, except that the wet fermented dough is shaped in the form of ‘chapati’ (a flat-
thin bread) and baked in coal-fired/electric round ovens. Fresh injeera may be used for 3
to 4 days. It is one of the most liked staple food amongst the Ethiopians and the Iretrians
alike.

(c) Indian Idli : Idli is a very common, age-old, fermented South Indian dish prepared from rice
and a small amount of dehulled black grams (Moong dal) or even sometimes lentils. Idli is
now being eaten all over India, just like Pizza in the West. It is slightly acidic steamed puffed
soft bread which is quite rich in protein and easy to digest.

In usual procedure, both cereals (rice) and pulses* (black gram, or lentil) are soaked over night
separately in the ratio of 3 : 1. The soaked rice and pulse are ground separately either by specially
designed hand-operated grinding pestle and mortor made of stone or electrically operated grinding devices.
Generally, rice is ground coarsely, and pulse ground finely. The ground products are mixed adequately
into a big vessel, salt added as per taste, and then incubated overnight. During this process the batter
becomes acidic and it is leavened by CO2, primarily generated by Leuconostoc mesenteroides. How-
ever, the presence of streptococcus faecalis does help in attributing the desired strength of acidity that
gives Idli the real texture, flavour, taste, and around.

* The black gram or lentils may be replaced by ‘Urd’ dal ; whereas, high salt content has excellent preserva-
tive action.
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* BOD : Biological oxygen demand.

** COD : Chemical oxygen demand.

The leavened and acidified batter is now cooked in a specially designed metal cups under steam
when it gets puffed up and eventually becomes soft and spongy in texture.

2.12. Newer Approaches to Sewage Treatment

In actual practice, the urbanized countries in the world discharge an enormous volume of indus-
trial and domestic sewage which need to treated biologically so that the treated sewage could be used for
irrigation purposes usefully and effectively or may be discharged to certain extent into a running stream
of water (river, rivulet etc.).

The latest methods available for the adequate sewage treament are of three major types, namely :

(a) Classical aerobic activated sludge process either with surface aeration or with oxygen intro-
duced by forced compressed air,

(b) Aerobic treatment process, and

(c) Anaerobic digestion process.

All the above three methodologies shall only be discussed briefly in the sections that follows :

2.12.1. Classical  Aerobic Activated Sludge Process

Fig. 6.3 vividly illustrates the classical aerobic activated sludge process with surface aeration or
one may even introduce forced compressed air to cause the desired aeration. The main purpose of
injecting air in the on-going aerobic process is to minimize drastically the BOD* and COD** of the
untreated sewage material to make it fit for disposal either for irrigation utilities or gradual disposal in a
current of fresh running water. The sedimentation basin as shown in Fig. 6.3 are two in number, the first
— is called the primary sedimentation basin ; whereas the second — is termed as the secondary sedi-
mentation basin. The sludge obtained from the second sedimentation basin is recycled into the raw
sewage as well as the aeration basin to augment the activation of the sludge to lower the COD and BOD
of the sewage material being introduced initially.

Aeration basin
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sewage

Primary
sedimentation

basin

Air Secondary
sedimentation

basin

Exit

Sludge recycle

(S)

Aeration Sewage

ExitS = Sedimentation basin

(a) : Aeration Basin

(b) : Oxidation Ditch

Fig. 6.3. Classical Aerobic Activated Sludge Process.
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Disadvantages : The various disadvantages of the aerobic systems are as follows :

(1) Being an open construction the effective process control is restricted enormously,

(2) No measure to control the growth of uncontrolled population of organisms, and

(3) Gives rise to severe environmental pollution caused due to odour emission, and fog
formation.

Fig. 6.4 depicts explicitely the process which evidently uses the anaerobic digestion. In this
particular instance, the biological process either commences occasionally directly up the raw sewage or
rather more frequently upon the solid material (i.e., sludge) usually recovered from sedimentation from
the ‘aerobic sedimentation process’ described earlier (see Fig. 6.3).

Gas removal

R
ec
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le

Fig. 6.4. Diagramatic Sketch of a Sludge Digester.

It is a stark reality that usual developments that took place in ‘sewage treatment’ operations
during the past century or so have been accomplished primarily and predominantly in an absolute em-
pirical manner. Since the advanced aerobic and anaerobic sewage treatment processes are being studied
on a more scientific footing, it is felt overwhelmingly that optimization shall certainly lead to the ultimate
maximized success in the positive improvement in these newer processes. In fact, the earlier elaborative
investigations were solely and primarily emphasized with regard to an in-depth understanding of the C-
metabolism ; however, the futuristic approach shall be focused and anticipated exclusively at a rather
more divergent field including S, N and phosphate metabolism, because ultimately the complete elimi-
nation of these elements from ‘treated sewage’ shall be the ‘prime statutory demand and require-
ment’ as well. Besides, strategic and critical accumulations of heavy metals (e.g., Pb2+, Hg2+, Ag+, Bi2+,
Cu2+, As3+, Sb3+, Sn4+) in the stabilized sludge are being increasingly recognized as a matter of serious
concern. Perhaps ‘bioextractive metallurgy’ (see section 6.2.5) may even prove to be an effective meas-
ure in this process also.

Bulking : Another vital, critical, and important problem is the prevailing phenomenon of bulking
in sludge, that essentially prevents and checks the ensuing settling process particularly taking place in
the ‘clarification basins’. It has been duly observed and revealed that bulking is prevalently caused
due to the development of filamentous microorganisms which fail to settle down adequately and
completely.
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Bulking may be controlled effectively in certain specific instances by adopting the following
means and ways :

(a) Introduction of ‘floatation processes’ — in domestic sewage treatment and disposal
operation this technical solution is proved to be quite expensive and hence not viable
economically, and

(b) Introduction of a ‘microbiological solution’ — may prove to be an ultimate satisfactory
answer in the delivery of a clear effluent from the final settling basins.

Special Point : In the past several decades it has been observed that there has been a drastic and
remarkable decrease in the content of ‘organic material’ present in industrial effluents. Indeed this
spectacular and wonderful accomplishment was duly possible due to the concerted efforts of extensive
application of research and development amalgamated with an appreciable volume of expenditures with
regard to newer treatment installations.
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PROBABLE QUESTIONS

1. ‘Biotechnologists’ in today’s scenario deserve and command a much coveted and ever in-
creasing recognition in a wide range of manufacturing and service industries’. — Justify the
statement logistically.

2. Discuss in details how the advances in ‘Biotechnology’ has given an appreciable impetus to
the ‘Alcohol Production’.

3. Elaborate adequately the ‘Algal Biotechnology’ in the successful and progressive food pro-
duction programme.
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4. Give a comprehensive account on the latest trends associated with ‘Biological Fuel Gen-
eration’.

5. Write an exhaustive account on the following aspects :

(a) Bioextractive metallurgy

(b) Bioengineered plant materials.

6. What are the futuristic prospectives of ‘Biopharmaceuticals’ ? Explain.

7. Write short notes on the following topics :

(a) Cheese production

(b) Indonesian Temph

(c) Japanese Enzymes

8. Describe the ‘Classical Acrobic Activated Sludge Process’ with the help of neat diagramtic
sketches and adequate explanations.



1. INTRODUCTION

Biosensors or Enzyme Electrodes invariably refer to such devices that sense and analyze
biological information(s), namely ; blood pressure (BP), temperature, heart rate, sophisticated determi-
nation of chemical and enzymes in body fluids.* The device may be used either in the laboratory or
placed strategically within the body.

The quantum jump in various highly specialized field of medicine, agriculture, industry, environ-
mental control and monitoring, and latest trends in biotechnological advancements in research has abso-
lutely necessiated the on-going routine analyses by the aid of specific physico-chemical computer-based
analytical instruments that are exclusively conducted for the precise estimation and simultaneous moni-
toring the levels of certain analytes.** Importantly, the conventional physical methodologies usually
engaged for such ‘routine analysis’ do not involve the usage of either any living organisms or mol-
ecules belonging to the biological origin. Therefore, to circumvent such an uncommon situation re-
searchers have meticulously utilized either living cells or biological molecules to develop feasible,
reliable, practicable, repeatable, reproducible, precise, and above all highly sensitive devices which are
known as ‘biosensors’.

Biosensors distinctly and predominantly regarded and proved to be much more superior and
sensitive in comparison to various known physico-chemical analytical instruments strictly based upon
the following statement of facts, such as :

(1) Biosensors do have the specific immobilized biological material in close contact of an ap-
propriate transducer in order that the biochemical signal is rapidly converted into an electri-
cal signal,

(2) Immobilization of biomolecules allows reutilization of such molecules, that are rather ex-
pensive, and ultimately permits simplification of the entire assembly of apparatus,

(3) Biological-sensing element is strategically positioned in a small specified zone and is also
extremely sensitive which categorically facilitates the analysis of substances in rather small
amounts feasible, and

7CHAPTER
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* Body fluid – includes fluid in the tracheobronchial tree, the GI-tract, the bladder, cerebrospinal fluid, and
the aqueous humor of the eye.

** Compounds or molecules whose presence and concentration need to be determined and monitored periodi-
cally.
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* A protein isolated from raw egg white. It is thought to be an inhibitor of biotin, thereby causing a deficiency
in biotin.

** The biotin-oligonucleotide conjugate is complementary to one part of target strand whereas the enzyme-
oligonucleotide conjugate 15 complementary to another part.

(4) Biosensors are designed and developed on specific need base analogy, hence they could be
hgihly specific or broad spectrum.

Generalized Biosensor : One may also expatiate biosensor as a suitable probe, device, or
electrode that upon making contact with an appropriate sample, adequately converts the presence of the
desired analyte into a suitable corresponding measurable electrical signal. In actual practice, however,
the precise concentration in the sample is duly interpreted in terms of the electrical signal via an
appropriate combination of :

•  biological recognition system

•  electrochemical transducer, and

•  computer aided facilities.

Fig. 7.1 gives the diagramatic sketch of a generalized biosensor.

Microbial cell represented and exploited as one of the typical alternative biological recognition
systems ; besides, other known systems invariably make use of enzymes, immune protein, organelles,
and tissue section. Nevertheless, the microbial cell essentially possesses a dual characteristic feature,
namely : (a) undergoes immobilization ; and (b) biochemical signal gets converted to a corresponding
measurable electrical signal.

PHYSICAL
AND

CHEMICAL
CHANGES

MOLECULAR
RECOGNITION

RECEPTOR TRANSDUCER

ELECTRICAL SIGNAL

SIGNAL
TRANSDUCTION

Fig. 7.1. Diagramatic Sketch of a Generalized Biosensor.

[Adopted From : Aizawa M., Immunosensors, Phil. Trans. R. Soc., B. 316 : 121-134, 1987]

Electrochemical Sensors : Electrochemical sensors have been prepared by following these
steps in a sequential manner :

(1) Immobilization of biological reagents upon the metallic surfaces.

(2) Avidin* binds biotin as well as biotinylated reagents that may be employed for analytical
purposes.

(3) A target strand of the specific viral DNA has been detected and identified successfully by
making use of this altogether new approach essentially utilizing a particular avidin-coated
quartz crystal microbalance.

(4) In the particular event when two vital components viz., a biotin-oligonucleotide conjugate
and an enzyme-oligonucleotide conjugate are carefully incubated with a specific sample
under investigation, it gives rise to the formation of a biotin-DNA enzyme hybrid in the
presence of the target strand.**
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(5) Avidin-coated surface is subsequently exposed to the respective sample. Thorough washings
remove any possible ‘unbound substance’, and then the substrate is incorporated carefully.

(6) The resulting ‘product of enzymatic reaction’ happen to be an insoluble substance that even-
tually gets deposited.

(7) Consequently, the ultimate critical increase in mass specifically alters the prevailing
microbalance frequency directly in proportion to the concentration of the viral DNA.

Applications of Biosensors :*  The various vital and important applications of biosensors may
be enumerated as under :

(1) In the particular field of medical dignosis enzymes are being employed prominently.

(2) Various monitoring programmes in an industrial set-up is accomplished by the help of en-
zymes meticulously so as to obtain the optimum yield of the desired product(s).

(3) Based on the highly specific nature of reactions, broad range of reactions which may be
catalyzed effectively biosensors play a vital role in clinical analysis. Precisely, in the domain
of clinical analysis enzymes are utilized specifically as reagents in the measurement of par-
ticular metabolites ; and importantly these are invariably determined in situ in body fluids
and tissues respectively, which may serve as a definite guideline or indicator of prevailing
pathogenic parameters or metabolic disturbances.

(4) Biosensors help in a big way for monitoring of various pollutants in water.

(5) Biosensors afford the remote sensing of admixtures of mine gases in adverse environments.

(6) In fermentation industries e.g., alcohol from molasses, the monitoring of final desired prod-
ucts and cell cultures are duly ascertained by biosensors.

(7) Biosensors also help in monitoring of toxic gases e.g., in chemical industries, in war etc.

(8) Biosensors do help in the assay of the concentration of ions.

(9) Respiratory gases e.g., medical oxygen etc., may be monitored by biosensors.

(10) The latest innovation in biosensor technology is the spectacular discovery of a device that
would be able to determine precisely the freshness of meat and fish products, and hence
their quality. It may be actually performed by inserting the biosensors directly into the food
whereby they react in the presence of some highly specific chemical entities that usually
develop during the process of putrefaction (i.e., decomposition) or spoilage of meat products.

Underlying Principle of Biosensors : A biosensor essentially comprise of the following two
major parts, namely :

(a) Biological component — i.e., for sensing the presence as well as concentration of an analyte,
and

(b) Transducer device — i.e., an asembly that works on the principle as described in Fig. 7.1.

Fig. 7.2 illustrates the schematic outline of a biosensor exhibiting the various integral compo-
nents associated with it.

Methodology : The various operational steps in the working of a biosensor (Fig. 7.2) are as
detailed below :

(1) The sample containing the analyte is first passed through a membrane so as to eliminate
carefully most of the interfering molecules.

* Biosensors : Today’s, Technology, Tomorrow’s Products, Technical Insight Inc. Ft. Lee, New Jersey,
USA.
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(2) The purified sample is then made to interact with the biological sensor to yield the desired
product, that may be represented as an appropriate chemical entity or heat or electric current
or charge.

(3) The ‘product’ subsequently passes through another membrane and ultimately gains an ac-
cess to the transducer, that eventually converts the biochemical signal into the correspond-
ing electrical signal which may be adequately amplified and read finally either on a digital
panel or recorded on a suitable recording device.

(4) Steps (1) through (3) distinctly affords the measurement of the concentration of a substrate
in situ (i.e., without any processing whatsoever), and thereby avoiding any consumption (wast-
age) of the sample under assay.

Interferent not
allowed to pass

through membrane

Substrate
(Analyte)

Outer Protective
Membrane

Analyte
Interacts

Product
(passes through

Inner Membrane)

Transducer

Amplifier

Signal

Data Processing

Digital Readout

Recorder

Enzyme Antibody Cell Inner Membrane Micro-electronics

BIOLOGICAL COMPONENT PHYSICAL COMPONENT

SENSING PART

Fig. 7.2. Schematic Diagramatic Sketch of a Biosensor Depicting its Various Vital Components.

2. TYPES OF ELECTRODES USED IN BIOSENSORS

Biosensors invariably employ two distinct types of electrodes, such as :

(a) Electrochemical eletrodes, and

(b) Microbial electrodes.

These two specialized variants of electrodes shall now be treated individually in the sections that
follows :

2.1. Electrochemical Electrodes [Enzymes Electrodes]

Electrochemical electrodes (or Enzyme eletrodes) are a new type of detector or biosensor that
have been exclusively designed for the potentiometric or amperometric assay of substrates, for in-
stance : alcohol, amino acids, glucose, and lactic acid.

Fig. 7.3 illustrates the specific design of the electrochemical electrode which is essentially
composed of a given electrochemical sensor in close contact with a thin-permeable enzyme mem-
brane that is capable of interacting specifically with the given substrates. Interestingly, the embedded
enzymes strategically located in the membrane produce H+ ions, oxygen (O2), NH4

+ ions, carbon diox-
ide (CO2) or ever other small molecules depending solely on the enzymatic reactions taking place, that
are rapidly detected by the particular sensor meticulously. Besides, the magnitude of the response gives
the precise estimations of the prevailing concentration of the substrate.
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Nevertheless, the biological component present in a biosensor may invariably be an enzyme or
a multi-enzyme system, that could also be an antibody or organelle or microbial cell or even whole
slices of tissue.
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Enzyme

Substrate (Analyte)

Fig. 7.3. Diagramatic Representation of a Simple Biosensor Combining an Electrochemical
Electrode and an Enzyme Immobilized onto a Semipermeable Membrane.

[Adopted From : Wymer, NCBE Newsletter, 1990]

2.2. Microbial Electrodes

Microbial electrodes (biosensors) have been designed meticulously for the estimation of glu-
cose, lactic acid, acetic acid, and assimilable carbohydrates (sugars). A microbial sensor (electrode)
essentially comprise of a microorganism immobilized membrane (or bacterial collagen membrane) and
a pair of electrodes (viz., Lead-anode ; and Platinum-Cathode). In fact, several types of sophisticated
microbial electrodes have been duly developed, tested, and applied skilfully to the precise measure-
ments of biological substances (Fig. 7.4).

Principle : The unerlying principle of a microbial electrode (or sensor) is entirely based upon
the fact whether the change in respiration or the quantum of produced metabolites do exert any affect on
the ensuing assimilation of substrates by the prevailing microorganisms. Besides, the meaningful applica-
tion of auxotrophic mutants* may also selectively help in the assay of a wide spectrum of substances.

* Mutants requiring a growth factor which is altogether different from that required by the parent organism.
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Examples : Design of vitamin B12 sensor by making use of immobilized Escherichia coli-215.
The E. coli-215 strain specifically needs vitamin B12 for its usual normal growth. Linear relationship
between these two factors i.e., vitamin B12 and normal growth, was duly obtained between the
range 5 × 109 to 25 × 109 ng . mL– 1. It has been observed that there existed a small decrease to the extent
of only 8% after a duration of 25 days.

Microbial Electrodes Using Thermophilic Organisms : In the recent past microbial elec-
trodes (sensors) based on the usage of specific thermophilic organisms have been duly developed.
Probably the usage of thermophic organisms may minimize the scope of contamination of other micro-
organisms by using high temperatures to obtain long term stability.

Examples : BOD and CO2 Biosensors : These biosensors are meticulously prepared by making
use of specific thermophilic organisms isolated from hot-springs. However, one may obtain a good
linear relationship as indicated below :

BOD-Biosensor : BOD-Biosensor response and BOD-value ranged between 1-10 mg . L– 1

BOD at 50°C. Sensor signal was found to be fairly stable and reproducible
upto 40 days at a stretch.

CO2-Biosensor : Linear relationship was duly obtained in NaHCO3 concentration varying be-
tween 1 to 8 mg . L– 1 at 50°C, which lasted upto 10 min. However, the linear
relationship prevailed in the CO2-conc. range varying between 3 to 8%.

Advantages : The microbial electrodes (or biosensors) have the following cardinal advantages :

(a) May be implanted in the human body, and also found to be absolutely suitable and feasible to
in vivo measurements,

(b) Can be skilfully integrated onto ‘one chip’ only, and are observed to be useful for the precise
measurements of a host of substrates preferably in a small quantum of sample solution al-
most simultaneously, and

(c) With the advent of ‘semiconductor fabrication technology’ in microbial biosensors, it is
now quite convenient and possible to develop disposable transducers for the biosensors
via mass production.
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Fig. 7.4. Diagramatic Sketch of a Microbial Electrode.
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3. BIOSENSOR VARIANTS

In the last two decades there have been a phenomenal advancement in the specific domain of
‘biosensor technology’, thereby giving rise to the remarkable introduction of an array of biosensors to
carry out the assay of biological product(s) in situ, namely :

(i) Alcohol biosensor,
(ii) Amorphous silicone biosensor,

(iii) Glucose and carbon dioxide biosensor,
(iv) Hypoxanthine biosensor,
(v) Inosine biosensor,

(vi) Image biosensor,

(vii) Integrated multi-biosensor,
(viii) Urea biosensor

(ix) Thermistor containing biosensor,
(x) Bioaffinity Sensor, and

(xi) Opto-electronic biosensor.
These aforesaid biosensor variants shall now be treated separately as under :

3.1. Alcohol Biosensor

An elaborative research with respect to an alcohol-sensitive micro-biosensor employing an
ion-sensitive field effect transistor (ISFET) in conjunction with the enzyme system prevailing in the
cell-membrane has been duly reported. In this particular instance the cell-membrane of acetic-acid pro-
ducing organism essentially possesses a complex-enzyme system that takes care of the oxidation of
ethanol to acetic acid via acetaldehyde.
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Fig. 7.5. Diagramatic Representation of an Alcohol-Biosensor System.
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The alcohol biosensor system comprises of a membrane-bound alcohol dehydrogenase (ADH)
enzyme, aldehyde dehydrogenase (ALDH enzyme), and an efficient electron-transfer system positioned
strategically in the assembly. Thus, the designed complex enzyme system may be utilized judiciously for
suitable application using an ISFET.

3.2. Amorphous Silicon Biosensor

It has been amply demonstrated that an innovative ISFET design and assembly may be produced
efficiently by making use of an amorphous silicon wafer (i.e., a very thin slice) for the respective substrate.
Interestingly, a plethora of such latest devices meticulously designed from amorphous silicon have at-
tained virtually a world-wide recognition by virtue of their enormous utilities potential. In actual prac-
tice, a host of substrates e.g., plastic, glass may be employed effectively for supporting the amorphous
silicon. Likewise, transistors may also be designed and fabricated using a variety of different devices,
such as : needle of a hypodermic syringe as depicted in Fig. 7.6.
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Fig. 7.6. Structural Design of an Amorphous Silicon ISFET.

3.3. Glucose and Carbon Dioxide (CO2) Biosensor

It has been reported that glucose biosensor may be fabricated by immobilizing gold (Au) on the
sensitive portion of the mico-oxygen-electrode by carefully cross-linking with bovine-serum albumin
(BSA), and gibberellic acid (GA). Now, the enzyme immobilized membrane is articulately produced by
carefully introducing the aforesaid sensitive portion of the micro-oxygen electrode into the mixture
containing 2 mg of Au, 20 µl of 10% BSA solution, and 10 µl of 25% GA solution. The glucose
biosensor gives a positive response as soon as the glucose solution is injected into the buffer solution,
and attains a steady status within a span of 5 to 10 minutes. The aforesaid biosensor practically afforded
an absolute linear response for the corresponding glucose concentrations ranging between 0.2 and 2 mM,
that is fairly comparable to the usual and conventional glucose sensors.

Suzuki et al.* devised an unique microbial CO2-sensor by making use of the above mentioned
micro-oxygen electrode. Interestingly, an autotropic bacterium** known as S17 that could grow exclu-
sively in the presence of ‘carbonates’ as a C-source is employed. Subsequently, the bacterial whole
cells are immobilized upon a micro-oxygen electrode meticulously. Thus, the sensitive area of the oxy-

* Suzuki S, and I Karube ; Bioelectrochemical Sensors Based on Immobilized enzymes, Whole cells and
Proteins., Appl. Biochem. Bioengineering, 3 : 145-174, 1981.

** Available at the Fermentation Research Institute, Japan.
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gen electrode is carefully immersed in a 0.2% (w/v) sodium alginate solution in an aqueous medium and
containing S17 whole cells, removed thereafter, and immersed almost instantly into a 5% CaCl2 solution
to give rise to the formation of organism immobilized calcium alginate gel. The formation of photo-
resist duly commences by the gas-permeable membrane over the bacteria immobilized gel. The photo-
resist is exposed to UV radiation just for a few minutes which has a response time between 2-3 minutes.
In fact, CO2 was provided by the acidification of sodium bicarbonate (NHCO3), and its due concentra-
tion may be governed by CO2-concentration. However, the linear relationship could be accomplished
during the phase of reduction in current, and NHCO3 concentration ranging between 0.5 to 3.5 mM ; but
above 3.5 mM no appreciable enhancement in response could be seen.

Fig. 7.7 depicts the diagramatic sketch of a micro-oxygen electrode, wherein the detail descrip-
tions of the gold (Au)-electrode, gas-permeable membrane, and the agarose gel in 0.1 M KCl have been
shown explicitely.
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Gold electrode SiO2

b b′
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Fig. 7.7. Diagramatic Sketch of a Micro-Oxygen Electrode.

3.4. Hypoxanthine Biosensor

Furuya et al.* (1968) reported the fermentation of inosinic acid (5′–IMP)** by using the strain
KY13012,*** whereby the production of hypoxanthine continued during the initial 2 to 3 days. Subse-
quently, hypoxanthine gets decreased as IMP accumulation commenses. Importantly, with Mn2+ as a
limiting factor, abnormal cells having distinctly lowered permeability are generated. They excrete

* Furuya A et al. : Apple. Microbial., 16 : 981-987, 1968.

** 5′-IMP = Inosine–5′–monophosphate.

*** KY13012 = Brevibacterium ammoniagenes.
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* An identifying characteristic or trait that permits apparently similar materials or disease conditions to be
differentiated.

** Most qualified physicians anchor their exact diagnosis based upon an elaborative clinical test(s) performed
on the patient.

*** A sophisticate technique for analyzing individual cells passing through a detector system. The cells may be
tagged with a MAB carrying a fluorescent label. They pass through the detector at about 10,000 cells per
second. It has several clinical and research applications, including : analysis of cell size, structure, and
viability ; examination of DNA and RNA in the cells ; and chromosome analysis.

hypoxanthine which gets phosphorylated to 5′–IMP extracellularly. Besides, 5′–IMP is also synthesized
de novo in the subsequent fermentation phase and is ultimately excreted directly into the culture medium.
Thus, the liberated hypoxanthine is measured on the basis of the reaction invariably catalyzed by xanthine
oxidase (XO). The change in pH caused due to the formation of uric acid is normally detected by
employing a Si-ion-sensitive field effect transistor (Si-ISFET).

3.5. Inosine Biosensor

Newertheless, the inosine biosensor is duly fabricated almost is the same pattern as that of
hypoxanthine biosensor but instead making use of nucleoside phosphorylase and xanthine oxidase
meticulously co-immobilized upon Si-ISFET at the same time. After a lapse of 90 seconds from the
injection of inosine solution, the overall voltage slowly enhances and reaches an almost steady condi-
tion within nearly 7 minutes. Thus, the xanthine generated by the decomposition of inosine catalyzed by
the enzyme nucleoside phosphorylase is then oxidized to the corresponding uric acid by the aid of
xanthine oxidase (XO). The oxidation of hypoxanthine to uric acid by the help of xanthine oxidase (XO)
is eventually initiated almost immediately after injection. Importantly, the response to inosine bears a
definite time lag of 90 seconds after injection. Obviously, the ensuing phenomenon is solely attributed to
the prevailing three step reaction. However, exclusively based upon this time lag the inosine sensor may
help in the precise determination of inosine as well as hypoxanthine almost simultaneously.

3.6. Image Biosensor

It has been proved beyond any reasonable doubt that a plethora of ‘clinical analyses’ are entirely
based upon the assay of specific soluble marker* substances duly present in the body fluids, for instance :
blood, urine, cerebrospinal fluid etc. However, the direct analyses in situ in cell or tissue level is
extremely important in the domain of clinical diagnosis.** In the particular instance of neoplasms (i.e.,
cancerous tumours) the proper and accurate detection by means of highly sensitive and rapid identifica-
tion techniques for such malignant cells are very much needed. It is, however pertinent to state here that
the most proper and adequate cell diagnosis is invariably performed exclusively by the ‘visual inspec-
tion’ of duly trained, qualified, and experienced personnels or by the help of ‘flow-cytometery’.***

Quite recently, image analyzing systems has attracted an enormous interest as well as an
overwhelming attention in cell diagnosis. It is essentially composed of an image sensor together with
a befitting microcomputer system. However, the image sensors may be classified into two categories,
namely :

(a) XY Address Method : Wherein the emanated ‘optical signals’ of each individual address
are promptly recorded by switching on the corresponding circuit, and

(b) Charge Transfer Method : It was first and foremost demonstrated by making use of a
specific ‘bucket-bridge device’ (BBD) ; and now it has been duly replaced by another
much more sophisticated and advanced ‘charge-coupled device’ (CCD).
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Nevertheless, the majority of image sensors being used across the globe are adequately equipped
with CCD-Type Sensor.

Fig. 7.8 depicts the schematic diagram of an imaging sensor system in which CCD-type video
camera has been utilized.

CCD video
camera

Controller Image memory Personal computer

Printer

Floppy disk
drive

Color
monitor

Video
monitor

Microscope

Fig. 7.8. Schematic Diagram of an Imaging Sensor System.

The CCD is nothing but an ‘integrated semiconductor chip’ which essentially consists of a
series of photodiode array tubes and charge transfer circuits. Precisely, the ensuing eletrical charges
being accumulated at each phototube are transferred systematically to the output terminal by carefully
controlling the electric potential in the chip. However, the output pulse height invariably correlates with
the desired brightness aptly observed at the corresponding photodiode. Therefore, ultimately a visual
image focused on the CCD may be adequately subject to conversion into a succession of analogue pulses.

Because, the battery of photodiodes are virtually spaced and arranged with a separation of 10 µm
approximately, one would expect the same extent of image resolution. There are, of course, a plethora of
distinct advantages to the unique and wonderful solid state CCD image sensor in comparison to a
conventional vidicon device.

Advantages of CCD-Type Sensor : The various glaring advantages of CCD-Type Sensor are as
follows :

•  Compactness in dimension (size)

•  High degree of sensitivity

•  Lesser extent of distortion

•  Afterimage problem eliminated completely

•  Consumption of reasonably low power

•  Extended and long operational life span.

3.7. Integrated Multi-Biosensor

In fact, there are almost twenty vital and prominent constituent elements that are predominantly
required to be analyzed simutaneously. In order to accomplish such an extremely important task for the
precise detection as well as quantification of various substances present invariably in minute quantities
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and that too in small sample solution simultaneously, it is not only an absolute necessity but also equally
vital to develop an integrated multi-biosensor. In the recent past, a number of well conceptualized and
designed integrated multi-biosensors surfaced that categorically employed ISFET* and microelectrodes
meticulously. These unique combination of multi-biosensors based upon the variants of ISFETs and
electrodes were very painstakingly coated with specific enzyme immobilized membranes. It is, how-
ever, pertinent to state at this point in time that to develop a particular enzyme immobilized membrane
fabrication technique should adhere to the following requirements very strictly :

(a) Enzyme immobilized membrane must be deposited precisely upon the small functional
electrodes or the gate region,

(b) Deposited enzyme immobilized membrane must ever peel off from the highly sensitive
surface zone while in actual operation,

(c) Enzyme membrane variants may be designed and prepared meticulously without any mixing
whatsoever, and

(d) Fabrication technologies are prominently applicable to a ‘wafer’, which is fairly compara-
ble with IC** process.

3.8. Urea Biosensor

The urea biosensor invariably comprise of an urease immobilized membrane in addition to a
pH electrode. It is a well established fact that urease catalyzed reaction essentially gives rise to pH
alterations ; and, therefore, enables the utilization of ISFET as a transducer. However, one may conven-
iently fabricate a precise micro urease biosensor as per the details provided as under :

(1) An ISFET is carefully placed inside a vacuum chamber (or enclosure), and the organic
compound 3-APTES (i.e., 3-amino-propyltriethoxysilane) is duly vapourized at 80°C, 0.5 Torr for
30 minutes, immediately followed by glutaraldehyde (GA) interaction very much under identical
experimental parameters.

The resulting chemically modified ISFET was duly covered with cellulose acetate membrane
very cautiously containing 1, 8-amino-4-aminomethyl octane along with glutaraldehyde. Consequently,
the ISFET was carefully immersed into the urease solution. Thus, the urea biosensor provides the
desired linear relationship prevailing between the two vital components, namely : (a) initial rate of the

* Iron-sensitive field effect transistor.

** Integrated circuits.
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* Grownow M, WH Mullen, IJ Russel, and DJ Anderson, In : Molecular Biology and Biotechnology, : JM
Walker and EB Gingold (eds.), Royal Soc. Chem., London, pp : 323-347, 1988.

** Kumar A, and VA Kumar, : Everyman’s Sci., 27 : 137-140, 1992.

output gate voltage ; and (b) log of urea concentration. However, the value of log urease concentration
varies between 16.7 to 167 mM, which may be used upto 20 days but with marginal degradation of the
prevailing enzyme activity.

3.9. Thermistor Containing Biosensor

Thermistor refers to an apparatus for quickly determining very small changes in temperature.
Materials that alter their resistance to the flow of electricity as the temperature changes are invariably
used in these devices. In fact, even a small temperature change ranging between 0.1 to 0.001°C may be
recorded precisely in the normal course of biochemical reactions. Gronow et al.* (1988) reported the
meticulous development of thermistors for immobilizing enzymes, such as : cholesterol oxidase, glu-
cose oxidase, invertase, tyrosinase, and the like. It is pertinent to take cognizance of the glaring fact
that the thermistors are invariably and gainfully used for the explicite studies with regard to antigen-
antibody reactions with utmost sensitivity i.e., upto 10– 13 mol. dm– 3 in the specific instance of Enzyme
Linked Immuno Absorbant Assay (ELISA).

3.10. Bioaffinity Sensor

The bioaffinity sensors are quite a recent development. They particularly help a lot in the
measurement of the concentration of the ensuing determinants i.e., resulting substrates (analytes)
exclusively based upon equilibrium binding, thereby depicting an extraordinary high degree of selectiv-
ity. Kumar and Kumar** (1992) amply proved and demonstrated that the ‘bioaffinity sensors’ are of
highly diverse characteristic features due to the usage of a variety of extremely specific substances, such
as : radiolabeled, enzyme-labeled, and fluorescence labeled. The principle of ‘bioaffinity sensor’ is
depicted vividly in Fig. 7.9.

Transducer
Determinant Analogue

Labelled Receptor

Determinant

Fig. 7.9. Principle of Bioaffinity Sensor.

Interestingly, in the bioaffinity sensor a receptor is strategically radiolabelled and subsequently
allowed to get bound to an appropriate determinant analogue immobilized duly onto the surface of a
transducer. It has been noticed that as soon as the prevailing concentrations of a determinant are ad-
equately enhanced, the ensuing ‘labeled receptor’ yields an intimately bound complex with the respec-
tive determinant.
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3.11. Opto-Electronic Biosensor

The opto-electronic biosensors usually make use of either enzymes or antibodies that are stra-
tegically immobilized on the surface of a membrane. Gronow et al.* (1988) suggested a means to meas-
ure colour whereby the opto-electronic biosensor is adequately immobilized onto a membrane having
the enzyme and a specific dye. It is an established fact that a substrate (i.e., an analyte) gets catalyzed
duly to give rise to a definite product thereby causing a change in the pH of the medium. Importantly,
this brings about a change in the particular dye-membrane-complex. Ultimately these apparent altera-
tions in colour are precisely measured by the help of a light-emitting diode and a photodiode.

4. BIOCHIPS (OR THE BIOLOGICAL COMPUTER)

Biochip is the wonderful outcome of modern-day-research with a befitting amalgamation of
microchips and biotechnology. With its unique invention as well as discovery there lies an enormous
scope in the most innovative idea for the development of biological computers in the near future.

Nevertheless, until the evolution of the ‘wonder silicon microchips’, the actual setting up and
installation of computers in research laboratories was not only expensive but also space consuming. Nowa-
days, one may even have either a laptop or a desktop computer.

Principle : The most vital and important characteristic features of macromolecules (e.g., proteins)
is their inherent ability of taking shape automatically into a predetermined 3D-structure. Therefore, this
particular property of proteins largely helps in the intricate process of biochip designing by virtue of the
fact that the circuits may be conveniently crammed within the 3D-protein structure. Besides, the design-
ing of biochips may be accomplished by using a semiconducting organic molecule strategically inserted
inside a protein frame-work ; whereby the newly formed entire unit is meticulously attached upon a
protein support as shown in Fig. 7.10.

Protein support

Protein frame

Semiconducting molecule

Fig. 7.10. Diagramatic Sketch of a Biochip.

It has been duly observed that in the particular instance of biochips the electrical signals (or
impulses) may pass via the ensuing semiconducting organic molecule exactly in the same manner as in
the case of silicon microchip. Thus, the biochip has several glaring advantages over the silicon microchip
as enumerated under :

(a) In the case of ‘biochip’ the total width of electrical circuits must not be more than that of one
protein molecule, which is in fact smaller in comparison to possibly the smallest ‘silicon
microchip’,

* See section 3.9 foot note.
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* A generally accepted terminology for cardiac pacemaker i.e., anything that influences the rate and rhythm
of occurrence of certain activity of heart.

(b) Problems encountered on account of ‘electron tunelling’ would be to a certain degree less
predominant in a ‘biochip model’ than a ‘silicon-microchip model’, and

(c) Protein molecule invariably exhibits much less electrical resistance ; and, therefore, com-
paratively less amount of heat shall be generated in the course of generation of electrical
signals. As a result, one may be able to squeeze in a lot more circuits together which other-
wise is not possible with silicon microchips.

Applications of Biochips : The various prominent applications of the biochips are as described
under :

(1) In general, the biochips may practically respond to natural nerve impulses eventually, thereby
appearing as if it looks more natural when implanted judiciously into the artificial limbs.

(2) It may also render a great help indeed to the blind or deaf persons. It may be designed so
meticulously that it would not only sense light and sound but also convert them to the corre-
sponding electrical signals. Consequently, these emanated signals after reaching brain cells
would distinctly stimulate light and sound more effectively and efficiently.

(3) Biochips may also be used possibly as a heart-heat modulator. Perhaps it might ease out
and thus solve the problems of actual users of rather expensive ‘pace-makers’.*

(4) Biochips may be suitably designed to serve the urgent basic needs of military personnels
accordingly. Thus, these and render them virtually immune to the not-so-healthy and disas-
trous after-effects of the prevailing electromagnetic waves emanated enormously on ac-
count of the nuclear explosion.
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PROBABLE QUESTIONS

1. (a) Give substantiative evidences to prove that the ‘Biosensors’ are more superior and sen-
sitive to the conventional physico-chemical analytical instruments.

(b) Explain the following :

(i) Generalized Biosensor

(ii) Electrochemical Sensors

(iii) Applications of Biosensors

(iv) Principle of Biosensors.

2. Describe explicitely, with a diagramatic sketch, the following two electrodes used in
Biosensors, namely :

(a) Enzyme Electrodes, and

(b) Microbial Electrodes.

3. Specific domain of Biosensor Technology produced an array of ‘Biosensors’ being utilized
in the assay of biological products. Give the name of six such biosensor variants with a
brief mention about their utilities.

4. Discuss in details the Glucose and Carbon Dioxide (CO2) Biosensor.

5. With the help of a schematic diagram of an Imaging Sensor System describe an Image
Biosensor.

6. How would you explain the functioning of the following two products :

(a) Integrated Multi-Biosensor

(b) Bioaffinity Sensor.

6. What do you understand by the terminology Biochips ? Explain a Biochip detailing its
principle, advantages, and applications.



1. INTRODUCTION

The most latest conceptualized development and tremendous galloping advancement in the do-
main of ‘biotechnology’ are bioinformatics and data mining which are collectively also termed as ‘in
silico biology’. In true sense and perception these actually designate two altogether new emerging areas
of research that specifically and essentially involve computer-aided management of data which is being
generated, stored, and utilized exclusively for innumerable applications related to ‘biotechnology’.

It is, however, pertinent to mention at this point in time that currently ‘bioinformatics and data
mining’ are invariably regarded as two absolutely ‘independent areas’, but there prevails an enormous
scope, possibility, and probability that these two aforesaid areas will soon get merged and will ultimately
and eventually turn out to be more or less indistinguishable. The present global trend is to exploit
overwhelmingly these two areas of research under the able guidance, wisdom, and command by acad-
emicians, biotechnology-based organizations, and above all the international and national consortia to
utilize the copious volumes of highly valuable and informative data, that are being fast accumulated
(stored) in massive databases in the best possible useful manner.

Examples : There are glaring examples to expatiate the above statements of facts, namely :

(1) Voluminous data accumulated on ‘molecular markers’ and ‘molecular maps’ of the genomes
of a large number of animals and plants were generated exhaustively during the period 1980
to 2000, and

(2) Proposed ‘drafts’ of the much talked about ‘human genome sequences’ were released in
February – 2001 after getting a joint endorsement from the well-known Human Genome
Project, and a famous genomics related organization called ‘Celera genomics’.

(3) The New Millenium witnessed the complete sequencing of the genomes of four eukaryotes,
namely :

•  Saccharomyces cerevisiae — a budding yeast,

•  Coenorhabditis elegans — a nematode,

•  Drosophila melanogaster — a fruitfly, and

•  Arabidopsis thaliana — a higher plant.

(4) Early – 2002 gracefully observed the report with regard to the genome of the fission-yeast
Schizosaccharomyces pombe.

8CHAPTER
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(5) In April – 2002, the ‘Draft Proposals’ of rice genome sequences have been duly submitted
by three agencies almost separately : viz., Monsanto (USA) ; Syngenta (USA) ; an individual
group in China.

Special Notes :

(a) Availability of these sequences have been made via the ‘databases’, and are being uti-
lized fully for assigning meaning to each of these sequences, and

(b) Copious volumes of data with respect to proteins, their amino acid sequences, and 3D-
structures may now be produced at a much faster accelerated place, which are further
exploited towards the discovery of genes, and also for assigning specific roles and func-
tions to these prevailing genes.

Keeping in view the impeccable emergence of ‘bioinformatics technology’ exclusively based
upon a host of most modern ‘computational tools’ overwhelmingly provided by the epoch making
revolution in information technology (IT), for instance : statistical software, graphics simulation modes,
and database management, in order to rationally organize and critically analyze informations emanated
by the not-so-mysterious biological systems with particular reference to biotechnology, informations
about cells, and above all the prevailing biological molecules. Another extremely vital and important
outcome of the prevailing ‘innovative information revolution’ is the INTERNET via which the scien-
tists and researchers across the globe broadcast this information profusely and predominantly.

It has been established beyond any reasonable doubt that the intensive as well as extensive ability
to collect, store, analyze, utilize, and adequately distribute biological information(s) solely derived from
DNA-protein-sequencing-mode analyses throws an ample in-depth fundamental knowledge to modern
biotechnology. To accomplish this ultimate goal and objective the world has basically adopted an almost
unanimous decision to ease out the critical funding strategies by combining together the renowned
biotechnological organizations (companies) and famous academic institutions to help each other.

Interestingly, the real long-term aesthetic values of bioinformatics and the inherent strengths of
data mining capabilities does not rest so much upon the ‘developing tools and means’, but resides
exclusively in the proper exploitation of the accumulated enormous knowledge of information(s) into a
broad range of spectacular products, such as : therapeutics, animal and plant ‘bioreactors’ in the
shape of genetically modified organisms (GMOs), newly discovered genes, and the like.

Nevertheless, the various technologies cited above ranging from monoclonal antibody technology
(MAB-technology) to deoxyribonucleic acid chips (DNA-chips) have indeed catered for not only a
massive quantum of extremely valuable informations, but also a large excess of spectacular product
variants. In fact, the fundamental methodology essentially required for the adequate fool-proof organi-
zation and analyses of critical raw data with definitely go a long way to enable one to muster sufficient
knowledge, better understanding, and accomplish a wide range of spectacular product variants. In nut-
shell, bioinformatics technology provides adequately vital tools and useful methods for organizing
consistently a plethora of such activities as : accessing, processing, and integrating tonnes of valuable
data from various sources.

In addition to this unique and remarkable uniformity, in absolute conjunction with the universal
language of life at the very fundamental molecular level legitimately, gainfully, and broadly enables
international collaboration amongst the scientist fraternity conducting research in plants, animals, or
even microorganisms anywhere on this planet. Therefore, bioinformatics technology may increasingly
help the scientists working in this particular domain to map genomes, identify genes, establish definite
protein structure, simulate critical protein interactions, discover altogether newer therapeutic entities,
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design medicines, aimed at the targets, and to have an access strategically towards the ultimate effects
of virtual mutations on gene function.

In the light of the dire necessities and emerging needs for the application of computers in
biosciences, a new journal was aptly introduced in 1984, entitled as :

Computer Applications in Biosciences (CABIOS) by the Oxford University Press, London,
which was eventually renamed as Bioinformatics. In the recent past, the terminology ‘in silico biology’
designated as a relatively new area of biology that is solely confined to the various solutions based upon
the usage of ‘computers in biology’.

Perhaps the 21st century may have the most opportune moment to see the extremely vigorous
tidal wave of progress in the era of data accumulation that could be exploited judiciously as given below :

 updated sequence information about genes and proteins,

 functional annotations of genomic sequences,

 population variations,

 disease correlations, and

 other information pertaining to biotechnology.

Since one and a half decade, precisely 1990, the various milestones vividly depicting the major
events that occurred in the field of ‘bioinformatics’ are as stated under :

S.No. Year Major Events in Bioinformatics

1 1990 BLAST : Fast sequence similarity searching

2 1991 EST : Expressed sequence tag (sequencing)

3 1993 Sanger Centre, Hinxton (UK)

4 1994 EBI : European Bioinformatics Institute, Hinxton, U.K.

5 1995 First bacterial genome completely sequenced

6 1996 First yeast genome completely sequenced

7 1997 PSI-BLAST*

8 1998 Worm (multicellular) genome (C. elegans) completely sequenced.

9 1999 Fruitfly (D. melanogaster) genome completely sequenced

10 2000 Thale cress (A. thaliana) genome sequenced

11 2001 Draft genome sequences of human (H. sapiens)

12 2002 Draft genome sequences of rice (Oryza sativa)

* BLAST : Basic local alignment sequence tool.

2. SEQUENTIAL GROWTH IN BIOINFORMATICS

Bioinformatics stretched its wings over the endless boundaries of spectacular success, world-
wide recognition, and remote communication at every nook and corner in this world. There are certain
historical landmarks in the sequential growth in the development of bioinformatics that need to be
mentioned in this particular context ; and, therefore, these are as enumerated under :

1. Staden Package. It solely involved the DNA sequencing and analysis.
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2. PROPHET. It was primarily developed in USA as national computing resource for ‘Life
Science Research’ specially tailor-made to fulfil the dire and urgent requirements of basic
data analysis and their consequent effective management. In actual practice, PROPHET es-
sentially involved a host of such activities as : precise analyses of raw data, production of
graphics, simulation models, and detailed investigation with regard to molecular structure of
macromolecules embracing nucleic acids (viz., DNA, RNA) and an array of proteins.

3. BIONET [Abbreviation of : Biology Network]. Amos Bairoch (1980s) founded in Europe
a user-friendly club christened as BIONET, for those who were intimately associated with
the study of ‘life-sciences’ using microcomputers to enable them share their acquired knowl-
edge, wisdom, and experiences for the use of ‘computers’, and exchange software pack-
ages amongst themselves to enlighten and broaden the horizons of ever-increasing in-puts in
Bioinformatics.

4. NAPDB [Nucleic Acid Protein Data Bank]. NAPDB package was duly released in 1984
with a big bang. It was accompanied by two EMBL’s* nucleotide sequence databases at the
time of its distribution, and a protein databank of 1200 sequences.

5. COMPSEQ. Amos Bairoch in mid 1984 altered the name of NAPDB to COMPSEQ after
disposing of the ‘exclusive rights’ another established organization known GENOFIT. In
mid 1985, COMPSEQ first released a PC-compatible version with thirty three programmes.
In 1986, the popularity of COMPSEQ even spread outside Europe.

6. PC-GENE. A California-based software company known as Intelli-Genetics bought over
the ‘exclusive rights’ of COMPSEQ from GENOFIT in late 1980s. PC-GENE is appropri-
ately provided with an unique protein and nucleic acid sequence analysis package that could
be utilized in two different ways, namely :

(a) Translation of a given ‘gene sequence’ into an amino acid sequence of a protein even
including its secondary emanating structures, if any, and

(b) Critical comparison of a given ‘gene sequence’ with the sequences already available in
the database.

PC-GENE continued to acclaim its wide popularity and befitting acceptance in the number
of programmes offered and number of its genuine users simultaneously. Eventually, it came
up with a good number of successive releases, for instance :

•  Major new version with several new functions in 1989 having an altogehter seventy-six
programmes, and

•  Last 6.85 version released in 1995 essentially possessed eighty-two programmes.

7. PROSITE. Amos Bairoch, in mid-1980s, succeeded in the development of a so-called ‘dic-
tionary of sites and patterns in proteins’, which was exclusively aimed at creating a database
of protein sequences and structural correlations.

8. SEQUANELREF. It was evolved as a combination of PROSITE with another software,
SEQUANELREF, that could help in carrying out the analysis and adequate comparison of
sequences which were already available in PROSITE.

9. SWISS-PORT. It came into being in 1986 as a ‘protein databank’, that is found to be still
well known and popular amongst its users for providing an extremely important and vital
source for protein sequence and structure.

* EMBL = Europe Molecular Biology Laboratory.
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10. SWISS-2D-PAGE. Early 1990s witnessed the epoch making discovery and emergence of
proteomics databases, SWISS-2D-PAGE that essentially carried the valuable data strategi-
cally positioned on two dimensional polyacrylamide gel-electrophoresis (2D-PAGE) maps
of proteins from a wide spectrum of tissues belonging to a number of organisms.

11. Networking Tools and Web Services. From 1991 to 1995 one has observed the meaningful
development in the direction of networking tools e.g., WAIS and Gopher ; and Web Serv-
ices e.g., ExPASY that particularly eased out the channel of remote communication.

It is, however, pertinent to mention at this juncture that with effect from 1995 onwards the highly
specialized latest dimensions to biotechnology emerged as a full bloom altogether new discipline invari-
ably termed as ‘bioinformatics’. Thus, many tertiary institutions of higher learning in India and abroad
promulgated well defined academic curriculum to impart independent and advanced courses in the field
of ‘bioinformatics’.

3. WEB SERVICES

Bioinformatics tools which are being used at present in the elaborated investigations and studies
related to ‘biotechnology’ and ‘molecular biology’ are nothing but the innovated and modified ver-
sions of the tools that were duly developed and employed at the earlier stages several years ago (which
have now been rendered as more or less obsolete). It is worthwhile to state here that a good number of
these tools are available ‘free of cost’ and may be downloaded from the corresponding plethora of web-
sites or web-services. Besides, there are several other cardinal and useful other bioinformatics tools
that are required to be licensed on requisite payments as they belong to certain individual companies or
establishments. Table 8.1 records certain important web sites (services) invariably employed in the field
of ‘bioinformatics’.

Table : 8.1. Certain Important Web Sites Invariably Employed for Bioinformatics.

S.No. Subject Source(s) Internet Link [WEB-SITES]

1 Nucleic acid sequence Gen Bank http:// www. ncbi. nih. gov :

80/enterz/query/fcgi ? bd = Nucleotide.

2 Genome sequence SRS at EMBL/FBI http://srs. cbiac.uk.

Entrez Genome

TIGR database http://www.ncbi. nlm. gov : 80/entrez/

query.fcgi ? bd = Genome.

3 Protein sequence Gen Bank http://www.tigr.org/tbl/
Swiss-Port at http://www.ncbi.nlm.nin. gov : 80/entrez/
ExPASY query. fcgi ? bd = Protein

PIR http://www. expasy.ch/spro/
4 Protein structure Protein Date Bank http://www. ndrf.georgetown. edu
5 Post translational RESID http://www.rcsb.org/pdb/

modifications
6 Biochemical and ENZYME http://www. ndrf. georgetown.edu/

biophysical information pirwww/search/textresid.html
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BIND http://www. expasy. ch/enzyme
7 Biochemical Pathways Path DB http://www.ncbl.nlm.nih. gov :

80/entrez/ query.fcgi ? db = structure.

KEGG http://www./ncgr.org/software/pathdb

WIT http:/www.genome.ad.jp/kegg/

8 Microarray Gene Expression http://www.wit.mcs.anl. gov./WIT2

Links

9 Other Interesting Sites European Bioinfor- http.//www.industry.epi.ac.uk./valan/

matics Microarray

Institute http.//www.ebi.ac.uk.

DNA Database http.//www.nig.oc.jp./home.html

of Japan

[Adopted From : Biotechnology and Genomics, Gupta PK, 2004]

Figure : 8.1 illustrates explicitely the major freely available databases and data mining tools
that are frequently used across the globe profusely and abundantly.
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Fig. 8.1. Major Freely Available Databases and Data Mining Tools.
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4. ALIGNMENT TOOLS

There are, in fact, two types of alignment tools that are used extensively in the exploitation and
utilization of databases, namely :

(a) Local sequence alignment tools, and

(b) Multiple sequence alignment tools

These two types of alignment tools shall now be discussed individually in the sections that fol-
lows :

4.1. Local Sequence Alignment Tools

The local sequence alignment tools specifically permit and help one to identify the exact loca-
tion of query sequence* (or input sequence) amongst the available sequences in the database. Hence,
it really aids in finding out the ‘identity’ of a query sequence. Besides, it also helps in the discovery of :
(a) structural genes ; and (b) regulatory sequences ; even though the query sequence con-
tributes merely a segment of the parent gene or of a polypeptide duly encoded by this particular gene.

Advantages. The various glaring advantages of the local sequence alignment tools are as fol-
lows :

1. Conserved repetitive sequences, such as : short-sequence repeats (SSRs) or retrotransposons
may be searched conveniently in the databases.

2. Help in carrying out intensive and extensive basic studies e.g., ‘taxonomy and evolution’ to
enormous usages in ‘crop breeding’ and ‘human health care’.

A few typical as well as specific examples of the ‘local sequence alignment tools’ are as given
below :

(a) The FASTA Family. FASTA is nothing but a package invariably employed for local se-
quence alignment that particularly predates BLAST (i.e., basic local alignment sequence tools). It es-
sentially comprises of search programmes which are found to be analogous to the main BLAST-modes.
In fact, the FASTA programmes mentioned here may be compiled with great convenience on Linux
system, but also can operate on Windows ; and, therefore, may be freely downloaded from the respective
web site :

ftp://ftp.virginia.edu/pub/fasta. However, FASTA 3.3 package includes all these programmes.

Applications. The various application of FASTA are as given below :

(1) FASTA is presently being employed more commonly as an appropriate format, for data ex-
ploration and transaction, rather than a sequence alignment tool i.e., as a software.

Examples :

(1) [fastaa] and [ssearch]. Each of these programmes compares favourably a protein sequence
Vs a protein database or a DNA sequence Vs a DNA database meticulously.

FASTA Algorithm. In fact, fastaa makes use of the FASTA algorithm ; and ssearch uses
Smith-Waterman algorithm.**

* The specific sequence that is actually fed to the computer, and about which information is sought
e.g., DNA, protein.

** This package programme is still being used profusely at the University of Virginia, and its services are duly
available at EBI homepage in the paternity of WR Pearson.
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* It was employed to identify clusters of genes residing large duplicated segments of Arabidopsis genome.

(2) [fastx/fasty]. It aids in the translation of a DNA sequence into amino acid sequence of a
protein and compares favourably such a protein against a protein database, thus permitting
search of unknown nucleic acid sequence against a protein database.

(3) [tfastx/tfasty]. It is regarded to be just the reverse of [fastx/fasty] i.e., (2) above, since it
categorically compares a protein sequence againsat a DNA sequence translated duly in 3
forward and 3 reverse frames.

(b) Pat Match. Pat Match enables its users to perform the precise analysis of a given sequence
against either all or a few selected ‘sequence datasets’ invariably available in the ensuing databases. It
may be accomplished conveniently via the Web Sites.

However, the datasets that are commonly in use for this purpose essentially include the follow-
ing ranges of applications, namely :

(1) Protein sequences and their respective structures.
(2) Genomic DNA sequences.
(3) Bacterial artificial chromosomes (BACs).
(4) EST sequences.

In fact, Pat Match, was initially developed in 1999 as an Arabidopsis database, which enables its
users to find motifs by entering a ‘regular expression pattern’ or simply a ‘string of less than 20 characters’.

(c) BLAST [Basic Local Alignment Sequence Tool]. In true sense, BLAST is invariably en-
countered in two versions, namely : (a) earlier versions ; and (b) later versions. Now, these two identi-
fied versions of BLAST shall be treated individually in the sections that follows :

(1) BLAST-Earlier Versions. The most dynamic, reliable, and popular tool for searching and
subsequently identifying ‘sequence databases’ is accomplished by a package termed as
BLAST. The earlier versions are solely based on an algorithm, which is strategically located
at the core of a plethora of ‘on-line sequence search servers’. It acts judiciously by carrying
out pair-wise comparisons of such sequences with specific emphasis upon seeking reasons
of ‘local similarity’, in lieu of the global alignment having almost all sequencies. Impor-
tantly, BLAST categorically permits pair wise : DNA-protein, DNA-DNA, protein-DNA,
and protein-protein alignments employing the corresponding databases. In actual practice,
however, BLAST users may engage and submit upto almost 20,000 nucleotides in multi-
FASTA format, and the prevailing programme carries out the desired search in the database
for identical sequences. One may gainfully make utilization of the following ‘earlier ver-
sions of BLAST’ efficaciously :

(i) BLAST p. It compares favourably an amino acid query sequence against a protein
sequence database,

(ii) BLAST n. It amply compares a nucleotide query sequence against a nucleotide se-
quence database,

(iii) BLAST x. It effectively compares a nucleotide query sequence translated in all read-
ing frames against an ensuing protein sequence database,

(iv) t BLAST n. It compares efficaciously a protein query sequence against a nucleotide
database that has been duly translated in all reading frames,

(v) t BLAST x. It compares gainfully the six frame translations of a nucleotide query
sequence against the corresponding six frame translations of a nucleotide sequence
database,*
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(vi) BLAST z. It compares adequately long stretches of nucleotides usually more than 2 kb
(i.e., kilo base pairs),

(vii) BLAST bgp. It categorically permits the usage of two almost new BLAST modes viz.,
(a) PHI BLAST—that specifically makes use of protein motifs e.g., found in PROSITE
plus other motif databases predominantly, so as to enhance the possibility of locating
‘biologically significant matches’ ; and (b) PSI BLAST—that utilizers particularly
an interactive alignment technique to detect and identify weak pattern matches, and

(viii) bl2 seq. It clearly permits a distinct comparison of two known sequences specifically
making use of BLAST p and BLAST n programmes (viz., ‘i’ and ‘ii’ above)

(2) BLAST — Later Versions. A constant vigorous and concerted effort is on towards the
development of newer and latest versions of BLAST to meet a variety of definitive aims and
objectives in order to enhance progressively the ‘penetration strength’ of the prevailing pro-
gramme.

Precisely, the later versions of BLAST were duly introduced in the year 2001-2002 having cer-
tain new sequence alignment tools which are extremely beneficial for extracting useful and newer
information(s) derived specifically from the query (input) sequence adequately.

The various tools being introduced under the BLAST-later versions are described briefly as
under :

(i) Vee Screen. It evidently provides an output, that lists all segments pertaining to the query
which intimately match any of the sequence present in the Univec database including those
of plasmids, phage, cosmids, BACs, PACs, and YACs.

(ii) IgBLAST. It predominantly facilitates the analysis of immunoglobulin sequences in Gen
Bank. It essentially records the three basic germlines, such as : (a) V-genes ; (b) two D-
genes ; and (c) two J-genes, that distinctly exhibit the nearest possible match to the prevail-
ing query sequence,

(iii) Mega BLAST. It is indeed a ‘multiple alignment tool’ with the aid of which a set of ESTs
is conveniently compared with a set of genes along with quite identical EST sequences that
are invariably grouped together in the form of ‘clusters’ for further investigations associated
with EST mapping,

(iv) SNP BLAST. It essentially provides an output that enlists all available high confidence
SNPs available in the SNP database (db SNP) in the sequences that usually correspond to
the query sequence, and

(v) Power BLAST. It represents an altogether new network blast application for the automatic
analysis of ‘genomic sequences’. It essentially combines blast searching with probably addi-
tional screening phenomenon for ‘low complexity regions’ and ‘repeats’. Importantly, Power
BLAST gives rise to one to several alignment outputs displaying alignment of the query
sequence along with all matching sequences, quite contrary to the earlier versions that might
yield just only one-to-one alignment output.

(d) Par Align [http://dna.uio.no/search/]. The year 2001 witnessed the introduction of Par
Align programme which is characterized by initial exploitation of ‘parallelism’ to perform a very rapid
computation of the exact optimal ungapped alignment of all diagonals existing in the alignment matrix.
As a result, Par Align is proved to be more effective than the programmes of the so called BLAST family
with respect to speed. Besides, a good number of facilities that are adequately available in BLAST are
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* Concerning the development of a race or phylum.

indeed not available in Par Align by virtue of the fact that parallelism essentially gives rise to division
of a ‘major tasks’ into relatively ‘small tasks’ which are critically carried out in parallel to enhance the
speed overwhelmingly.

(e) Protein Engine and Transeq [http//www.ebi.ac.uk/]. Protein Engine and Transeq i.e., the
two programmes are readily available as vital and important tools on EBI (European Bioinformatics
Institute) homepage. Infact, these two programmes are first and foremost employed for translating the
DNA sequences into the corresponding language of proteins. Consequently, the protein sequences thus
obtained may be used for carrying out further sequence similarity searches ; besides, the detailed inves-
tigation of 3D-structures duly encoded by the query DNA sequence. Interestingly, t BLAST x may also
permit the usage of a DNA query sequence for looking at the very corresponding protein segments
encoded by it. It has been duly observed that t BLAST x fails to utilize the entire amino acid sequence
encoded by the query sequence.

(f) INTERPRO. The INTERPRO helps to analyse the protein sequences that have been ob-
tained directly either from proteins or from those duly predicted on the basis of genomic sequences from
several organisms.

Example. Predicted gene products were duly analyzed from the genomes of four organisms,
namely : nematode (C. elegans), yeast, Arabidopsis, and fruitfly to actually determine the valid and
important differences present in conserved protein domains.

4.2. Multiple Sequence Alignment Tools

The main objective of the multiple sequence alignment tools is to ascertain via a planned inves-
tigation to study groups of related genes or proteins to infer and establish ‘evolutionary broad relation-
ships’ prevailing between genes. In addition it also helps to discover patterns that are usually shared
amongst various groups or functionally and structurally related sequences.

A few important multiple sequence alignment tools are employed in the study of genes are dis-
cussed as under :

(a) CLUSTALW [http://www.ebi.ac.uk]. CLUSTALW refers to a programme specially de-
signed for accomplishing progressive multiple sequence alignment. The underlying principle usually
employed in this programme is that of a phylogenetic* analysis, and essentially involves the various
steps as detailed under :

1. First of all a ‘pair-wise distance matrix’ with respect to all the requisite sequences need to be
aligned is generated and a specific ‘guide tree’ is made creatively by making use of the
neighbour-joining algorithms,

2. Consequently, each and every most intimately related pairs of sequences attached to the
ultimate branches of the specific ‘guide tree’ are adequately aligned to each other,

3. The relatively less related sequences are subsequently alignment to obtain a definite profile ;
and finally all such ‘profiles’ are duly aligned to each other until a complete dendogram is
achieved.

Summararily, the CLUSTALW programme is very much identical to such other programmes as :
NSYS, UPGMA, that essentially make use of molecular marker or morphological data for the ulti-
mate creation of distance matrix and the dendogram, except that it particularly uses either DNA or :
protein sequences.
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It has already been established beyond any reasonable doubt that CLUSTALW may also be
exploited for pairwise global protein or nucleic acid sequence alignments existing amongst ORFs with
a significant BLAST alighment (E < 10– 10). It would meticulously provide a significant degree of
divergence particularly for each of the large number of pairwise comparisons that may be properly
utilized for an elaborated and exhaustive comparative genomics research.

(b) PHYLIP. PHYLIP comprises of thirty most crucial programmes which implement different
phylogenetic analysis algorithms, and hence recognized as an indispensable package.

Highlights of PHYLIP. are as follows ;

(i) Each programme almost runs individualy.

(ii) Large segment of programmes invariably look for an input file [called ‘infile’], and write an
output file [known as ‘out-file’] ; instead of entering parameters e.g., E-value, number of
returnes required etc., as required with BLAST.

The sequence of DNA and protein analysis are frequently and abundantly carried out by the help
of PHYLIP programmes as detailed below :

(i) PROTPARS — concludes phylogenesis* from protein sequence inputs,
(ii) PROTDIST — helps in the computation of an evolutionary distance matrix from protein

sequence input,
(iii) DNAPARS — infers phylogenesis from DNA sequence input,

(iv) NEIGHBOR — concludes phylogenesis from distance matrix data employing either pair-
wise clustering or the NEIGHBOR joining algorithms, and

(v) DRAWGRAM — draws a rooted phytogenetic tree based upon output from one of the
phylogeny inference programme.

(c) Bio Numeric Version 2.0. Importantly, the Bio Numeric Version 2.0 refers to an unique
software package available off-line to have the download facilities against payment. In order to perform
an elaborated study with regard to a genetic similarity or diversity,, one may handle the available experi-
mental data in two ways, namely :

(i) In the form of Gel or Capillary Electrophoresis patterns, High Performance Liquid Chroma-
tography (HPLC) profiles, and autoradiograms, and

(ii) In the form of ensuing nucleotide sequences of DNA/RNA, and amino acid sequences of
proteins respectively.

Mechanism : The Bio Numeric Version 2.0 first and foremost constructs a similarity matrix by
making use of any one of the available algorithms. The resulting similarity matrix is used for construct-
ing a dendogram by the aid of one of the most suitable available techniques, for instance : UPGMA,
Single Linkage, Neighbour-joining, Ward, and Complete Linkage.

5. DATA MINING

Data mining may be defined as — ‘the non-trivial retrieval of implicit, previously unknown and
potentially useful information from various sources of data’. Importantly, data mining exclusively com-
plements and overwhelmingly expands bioinformatics**, so that both the former and the later are appar-

* The evolutionary development of a group, race, or species.

** Bioinformatics is predominantly more focused on sequence based retrieval of particular patterns or motifs,
and above all on specific pattern matching.
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ently distinct in nature, but there is every possibility, change, and ample scope that eventually they may
ultimately merge together. Though at present they do have their own distinct identity, but sooner or later
eventually data mining and bioinformatics will turn out to be absolutely undistinguishable.

It may be observed explicitely that data mining is solely practised in the field of ‘biotechnology’
intimately involving various branches of ‘life sciences’ viz., biology, microbiology, agriculture, and
above all the health care system. Besides, data mining may also be extended legitimately and exploited
in other areas not related to life-sciences, such as : banking, database providers, engineering, financial
institutions, government agenicies, manufacturing, marketing, telecommunications, travel industry, and
service industries. In fact, the copious and massive informations generated from the above sources could
be utilized to its maximum extent by means of a good number of highly specialized softwares already in
actual use across the globe.

The ever fast developing ‘Biopharmaceutical Industry’ in the world is profusely using enor-
mous quantum of databases that are virtually flooded with a plethora of vital informations, retrieved
from a variety of data mining methodologies, such as :

1. Annotated databases of the disease profiles

2. Molecular pathways involved in dreadful human diseases

3. Quantitative structure activity relationships (QSARs)

4. Precise chemical structures of combinatorial libraries of compounds

5. Results of mandatory ‘clinical trials’ of new molecules

(Data mining is employed to help the ‘pharmaceutical industry’ in general and
‘biopharmaceutical industry’ in particular to exploit and utilize this valuable information
gainfully and fruitfully).

5.1. Applications of Data Mining

With the advent of tremendous volume of highly informative, valuable, useful data generated
and stored so efficienctly there exists a ‘big challenge’ to the biopharmaceutical industry with respect
to the critical and precise decision towards the development of absolutely viable ‘targets and lead
compounds’. Thus, data mining goes a long way to simplify and focus on these complex sets of data in
an absolutely efficient and intuitive manner. In fact, there are quite an appreciable number of ‘organizations’
that cater for ‘data mining services’ for  a variety of specialized applications. Importantly, there are six
predominant and well-known approaches with regard to the ‘data-mining’ applications, namely :

(a) Influence-based mining. i.e., intensive search for cause and effect relationships between
data sets and pharmacogenomics,

(b) Affinity-based mining. i.e., data mining system distinctly identifies data points thereby
making the approach more meaningful and useful, which is rather important to distinguish
‘accidental/incidental’ motifs vis-a-vis those of definite biological significance,

(c) Time-delay data mining. i.e., to identify patterns which are specifically combined or re-
jected as the data set gets voluminous in future,

(d) Trends-based data mining. i.e., alterations are investigated minutely which essentially take
place in specific data sets over a certain period (time) ; and examining the trends instituted,

(e) Comparative data mining. i.e., various data collected at different sites vis-a-vis different
time periods are compared to detect and identify the extent of ensuing dissimilarities, and

(f) Predictive data mining. i.e., it largely complements and expands traditional bioinformatics.
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6. SELECTED ORGANIZATION vis-a-vis INTEREST IN BIOINFORMATICS

Table : 8.2 records the names of various pharmaceutical and biotechnology based organizations,
country of origin, software/database provided, facilities supplied, and web sites attached as under :

Table : 8.2 Selected Organizations vis-a-vis Interest in Bioinformatics

S.No. Organization Country Software/ Facilities Supplied Web Site
of Origin Data Base

1 Base 4 Bioin- Canada Pharmatrix Specific requirements of www.base 4.com
formatics pharma and biotech industries

2. Bio Systema- UK Bionumeric Analysis of data from gels, www/biosystema-
tica nucleic acid sequences and tica.com

phenotypes.
3. Cellomics USA A Database Optimization of drug discovery www.cellomics.

com
4. Double Twist USA An Integra- Retrieve and interpret data www.double

ted portal for genomic discovery. twist.com
5. cBioinforma- USA Several Biomolecular and genetic www.cbioinfor-

tics Softwares analysis matics.com
6. Genaissance USA DecoGen Access to databases for quer- www.genaissance.

Pharmaceu- Browser ying, viewing reports and com
ticals performing analysis

7. Genetics USA Wisconsin Sequence comparison, frag- www.gcg.com
computer GP package ment assembly, gene finding,

pattern recognition, DNA/
RNA analysis, protein analysis

8. Genomica USA Innov. Quot- Analysis and searching for www.genomica.
ient Discov. homologies among known com
Manager genes and proteins.

9. Genset USA BioIntelli- DNA sequence data in com- www.genxy.com
gence pany’s Netgene and Signal

Tag databases.
10. Hyseq USA HyGnostocs Sequencing and analyses of www.hyseq.com

genes relevant to diseases.

[Adopted From : Biotechnology and Genomics, Gupta PK, 2004]

7. WONDERS OF BIOINFORMATICS AND DATA MINING

Since the emergence of bioinformatics and data mining a good deal of extremely useful infor-
mations have been duly generated from the analysis of copious volumes of experimental data. Hence, a
total and absolute dependence upon the stored experimental data may at times prove to be a serious
limitation of the two specialized branches of bioinformatics and data mining. It has also been ad-
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equately reported that both of these emerging oceans of knowledge and wisdom could even create
‘wonders’ on being exploited independently devoid of any laboratery experiments. And this altogether
newer emerging field of specialization is invariably termed as ‘in silico biology’.

Examples. Various diversified latest applications have been suggested, tried, and tested in an
elaborated manner viz., eletronic PCR, electronic-restricted digestion, electronic southern hybridiza-
tion, and in silico FISH.

Interestingly, in an overwhelmingly large instances, one may arrive at real wonders in outcome
when these two aforesaid tools are successfully and gainfully used for analysing the data invariably
generated from experimental work namely : genomics, metabolomics, proteomics, and transcriptomics
— based research projects.

In reality, there are several on-going projects of great value, importance, and utility, such as :
human genome project, whole genome sequencing project, which otherwise might not have even
seen the light of the sunshine without the judicious and prompt handling of the sequencing data by the
wonders of the prevailing tools of bioinformatics.

It is, however, pertinent to state here that the most useful informations generated, collected, and
stored via the excellent wings of bioinformatics and skills of data mining tools employing the relevant
databases may be expanded, exploited, and even extended towards the wonderful designing of more
advanced well-meaning experiments.

Examples. Emergence of molecular markers e.g., STS, SSR, SNP and ESTP based on
bioinformatics ; and subsequently used for genotyping a broad-spectrum of experimental designs. It
has proved to be an effective means of bioinformatic tools for biotechnology, thereby minimising the
routine bench-work to an appreciable extent.

8. BIOINFORMATICS INFORMATION CENTRES IN INDIA

Keeping in view the astronomical advancements in the emerging domain of bioinformatics there
are nine well planned Distributed Information Centre (DICs) have been duly established together
with fourteen User Centres. The names, exact locations of the city, of the nine DICs are as given under :

S.No. Name of Institutions City

1. Indian Institute of Science (IISc) Bangalore

2. Madurai Kamraj University Madurai

3. Bose Institute Calcutta

4. Jawahar Lal Nehru University New Delhi

5. Poona University Pune

6. Centre for Cellular and Molecular Biology (CCMB) Hyderabad

7. National Institute of Immunology (NII) New Delhi

8. Institute of Microbiological Technology (IMT) Chandigarh

9. Indian Agricultural Research Institute (IARI) New Delhi

It is worthwhile to mention here that the above mentioned DICs are directly linked with one
another, and also with the Central Information Network at the Department of Biotechnology (DBT),
New Delhi that has an access to the various International Databases in Biotechnology.
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PROBABLE QUESTIONS

1. Give a comprehensive account of certain important applications of ‘Bioinformatics and
Data Mining’ related to Biotechnology.

2. What do you understand by the terminology ‘Bioinformatics’ ? Discuss the sequential growth
in Bioinformatics since its inception in 1980 till date.

3. What is the significance of ‘Web Services’ ? Substantiate certain vital ‘Web Sites’ that are
invariably used for Bioinformatics.

4. Explain the following two types of ‘Alignment Tools’ that are used extensively in the ex-
ploitation and utilization of Databases :

(a) Local Sequence Alignment Tools, and (b) Multiple Sequence Alignment Tools.

5. Elaborate on the following aspects exhaustively :

(a) Wonders of Bioinformatics and Data Mining.

(b) Importance of Data Mining in ‘Life Sciences’ and ‘Biopharmaceutical Industry’.



1. INTRODUCTION

The rapid and geometrical progress accomplished duly in the last two decades have virtually
necessitated the dire need and absolute requirement for the introduction of certain basic ideologies and
also the prevention for the massive misuse of biotechnological outputs across the globe so as to avoid a
precarious and threatening situation. Besides, these may also give rise to a lot of intentional mischief
caused by such ‘transnational companies’ actively engaged in the ruthless margin and persuit of pretty
lukrative profits. Thus, one of these prime and major concerns is the extremely rapid ‘pace of genetic
erosion’. Perhaps, it may ultimately lead to an ugly and grave situation whereby the ‘basic genetic
material’ would be available to only a few multinational companies in their respective so called gene
banks. Therefore, earnest concerted efforts across the globe, particularly the third-world countries ; must
be geared into quick preventive and remedial action(s) by articulately preserving and saving the ‘genetic
diversity‘ in its own environment rather than the usual gene bank or germplasm bank by aggressively
mobilizing the much needed involvement of people.

It is worthwhile to mention at this point in time that the inhabitations of this beautiful world are
swiftly proceeding from the prevailing ‘green revolution’ to ‘gene revolution’. Hence, it has legiti-
mately and gainfully gave birth to a host of newer transgenic plants and animals, seeds, embryos, and
sperms that are well preserved for timely-storage and future-usage. The particular day is not too far
when the farmers may have to solely rely and depend upon the ‘genetically engineered seeds’. However,
there is still ample doubts and apprehensions whether such seeds would be 100% compatible for the
prevailing sustainable agricultural practice ‘absolutely free’ of any possible inherited chemical poison
towards the safety of mankind.

Genetically Modified Organisms (GMOs) must not only be researched meticulously but also
be intimately monitored so as to ensure that the hazardous effects to their users, if any, besides adverse
effect(s) on the environment will not take place even to a remote extent. In addition, adequate, sincere,
and earnest concerted efforts either by the respective arms of the governments or duly recognized non-
government organizations (NGOs) must be undertaken that thorough absolutely urgent and necessary
consideration(s) are attached to the various social and ethical aspects of such broad-based investiga-
tions. In conclusion, people must be made fully aware of the real and actual impacts of GMOs, and the
genetically engineered products without mincing words.

9CHAPTER

REGULATORY ISSUES IN
BIOTECHNOLOGY
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Examples : Certain efforts have already been caried out in a few countries in the world as given
below :

(1) Germany. The German Green Party has already called for a 5-year moratorium on the
respective commercial release of GMOs.

(2) India. Gene compliance has been initiated as a ‘public complaint’ against the very ideologi-
cal concept for the ‘patenting of life-forms’, and the ‘misuse of biotechnology’.

(3) Great Britain. In UK, the UK-genetics forum is bitterly complaining for a partially irre-
sponsible applications of biotechnology.

(4) USA. A plethora of ‘agencies’ are vehemently opposing the intentional and deliberate re-
lease of GMOs.

1.1. Biosafety

Biosafety may be defined as — ‘the policies and proceduers invariably adopted to ensure the
enviromentally safe applications of biotechnology’.

Biosafety Levels (BSL) usually refers to a classification system used to indicate the safety precau-
tions required for those investigating microorganisms, especially viruses known to be dangerous or lethal
to those exposed to them. In fact, there are four BSLs with BSL-4 requiring the highest level of security.

By virtue of the ever-growing concerns rapidly arising from the host of genetically modified
organisms (GMOs) across the entire world the various international organization viz., UNIDO/WHO/
FAO/UNEP has legitimately constituted an Informal Working Group on Biosafety. Later on, in the year
1991, this specific working group duly prepared the ‘Voluntary Code of Conduct for the Release of
Organisms into the Environment’. Soon-after the International Centre for Genetic Engineering and
Biotechnology (ICGEB) was duly constituted, stablished, and recognised across the globe. ICGEB
indeed played an extremely responsible and overwhelmingly important role with regard to the issue
concerned with biosafety as well as the environmentally sustainable application(s) of biotechnology.
Besides, ICGEB duly organizes ‘animal workshops’ on biosafety together with the vital risk assess-
ment for the legitimate release of GMOs. Evidently, it collaborates to the maximum extent with the
management of UNIDO’s Biosafety Information Network and Advisory Services (BINAS), with a
prime objective in monitoring the global development in the regulatory issues concerned exclusively in
biotechnology.

With effect from September-1998, ICGEB has successfully provided an excellent world-wide facility
via an on-line bibliographic data-base on biosafety, and risk assessment for the environmental release
of GMOs. Interestingly, this particular ‘database’, which is easily accessible via the website of ICGEB
also caters for numerous valuable information(s) on biosafety to its Member States. In fact, the Member
States also enjoy via ICGEB a plethora of genuine help and support in developing their own individual
national biosafety framework. However, since February-1999, ICGEB has promulgated and adopted
the much desired and widely acclaimed ‘legal binding biosafety protocols’ by its signatory countries.*

Keeping in mind the above fast-track development in the ever-increasing domain of
‘biotechnology’ a good number of countries are at present actively engaged in the spectacular develop-
ment of a national framework to modulate research and development taking place in the field of

* ICGEB-Actively Report-1998.

** Persley GJ, LV Giddings, and C Juma : ‘Biosafety : the safe application of biotechnology in
agriculture and the environment. International service for National Agricultural Research. The
Hague-1992.
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‘biotechnology’. Persley et al. (1992)** has explicitely described the various necessary steps abso-
lutely urgent and necessary to establish rightfully a ‘national biosafety system’ that essentially builds
upon the prevailing regulatory experience, namely :

•  Plant Quarantine Acts,
•  Environmental Protection Acts, and

•  Worker Health and Safety Regulations.
India has the privilege of setting up its own ‘comprehensive national biosafety systems’, and

the Philippines also established one. In order to have their optimum utilization and productive output
these systems are essentially attached to a network of an Institutional Biosafety Committee, meticu-
lously coordinated by a live wire of an apex national biosafety committee.

In the present prevalent scenario India has duly instituted the Recombinant DNA Advisory
Committee located in the Department of Biotechnology (DBT) under the Government of India. The
aforesaid ‘Advisory Committee’ has duly prepared a set of Recombinant DNA Safety Guidelines that
embraces broadly all areas of research and commercial scale operations involving genetically engi-
neered organisms. Importantly, the highly important and specific guidelines for the institutional mecha-
nism for implementing them essentially comprise of the following cardinal aspects :

(a) Recombinant DNA Advisory Committee, under the authority of DBT, to formulate and up-
date the ‘biosafety guidelines’,

(b) Institutional Biosafety Committes, located at all centres, must be grossly engaged in exclu-
sive genetic engineering research and production activities,

(c) Review committee on Genetic Manipulation under DBT, to guide and advise the institu-
tional biosafety committees,

(d) Genetic Engineering Approval Committee functioning under the Department of Environ-
ment to review and approve activities essentially making use of the large-scale genetically
engineered organisms as well as their resulting product(s) in research and development (R & D),
industrial production, environment release, and field applications.

Biotechnology do possess the great potential to handle and solve at least a few of the several
vital emerging conflicts prevailing between the fundamental human requirements and the environmen-
tal concern significantly and efficaciously. Nevertheless, without the adequate support and due attention
to the ‘biosafety’ aspects closely, it may obviously give rise to newer problems enormously. As on date,
only a very few developing countries in the universe have formulated definitive regulatory mechanism(s)
so as to avoid this potential conflict effectively.

Feeding an Ever-Increasing World Population. Present day scenario vehemently demands
that every bit of land available must be brought under regular cultivation so as to accomplish the major
global herculian task of feeding an ever-increasing world population. Consequently, the environment
is being subjected to an intense galloping and increasing impact of innumerable approved herbicides
and pesticides mechanized aerial/manual sprays, fertilizer leaching, and above all the natural soil ero-
sion phenomenon. Importantly, with the passage of time it would certainly and seriously compromise
with the prevailing sustainability of the overall agricultural production across the globe. The advent of
‘modern biotechnology’ predominantly makes use of the various developed scientific tools of molecu-
lar biology to produce highly specialized crop plants with precise combinations of the ‘genetic traits’.
The ultimate objective and fond hope rests on the fact that ‘future crops’ having essential pesticide-
resistant characteristic features shall emerge that can minimise the reliance on the organic chemical
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* A perfect example of a quality.

entities to a great extent. There are, in fact, two vital aspects, namely :
(a) Nitrogen-fixing enhancements — to moderate the fertilizer usage, and

(b) Increased crop productivity — to obviate the urgent immediate requirement for clearance
and cultivation of more land.

Keeping in view the enormous advantageous potential of ‘biotechnology’, one must address to
the following two aspects vividly :

(i) Environmental cost involved, and
(ii) Assurance that commercial usage of technologically advanced end-products may not even-

tually boil down to any sort of compromising with the environment.
Quintessence* of Biosafety. A plethora of ‘bioscientists’ do strongly opine that genetically

modified crop plants may be cultivated with the least possible scope of any adverse consequences to
the existing global environment. However, there are certain valid aspects to ponder, such as :

•  Comprehensive knowledge of biological complexity neither possible nor available
•  Unpredictable fate of organism being incorporated into the environment
•  Extremely important and wise to evaluate possible consequences well in anticipation.
Therefore, the above glaring facts duly represent the quintessence of biosafety. It may be ad-

equately defined as — ‘the governmental policies and procedures adopted to ensure completely the
environmentally safe applications of biotechnology’. Thus, when it becomes a part and parcel of the
‘governmental review programmes’, it is always pertinent to ascertain the extent of risk involved of
the emerging new products before these are actually subjected to ‘test in the field’.

Nevertheless, modern agricultural biotechnology needs to be implemented cautiously and care-
fully via well-defined appropriate regulatory mechanisms so as to reasonably resolve such usual
encountered ideologies and conflicts as :

•  Need for food Vs desire to conserve the environment.

•  Promise of biotechnology vis-a-vis uncertainty of adverse effects on environment.

1.2. Topic of Concern [Website of ICGEB]

Topic of concern may be broadly classified into five major categories that are prominently re-
lated to the environmental release of the genetically modified organisms (GMOs) as stated under :
1.2.1. Risks for Human Health :

 Toxicity Vs food quality/safety
 Allergies
 Pathogen’s drug resistance i.e., antibiotic resistance

1.2.2. Risks for Environment :

 Persistence of gene/transgene/transgene products
 Resistance of target organisms or susceptibility of non-target organisms.
 Increased usage of chemicals in agriculture
 Transgene instability

 Unpredictable gene expression
1.2.3. Risks for Agriculture :

 Weeds or superweeds
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 Change in nutritional value
 Reduction of cultivars and loss of biodiversity

1.2.4. Risks for Interaction with Non-target Organisms :

 Genetic pollution via pollen or seed dispersal
 Horizontal gene transfer
 DNA uptake i.e., transfer of foreign gene to microorganisms

 Generation of new line viruses by recombination DNA technology
1.2.5. General Concerns :

 Higher cost of agricultural production
 Loss of familiarity

 Ethical issues.

1.3. Biosafety Guidelines and Regulations

It is, however, pertinent to state here that several countries have adequately formulated the spe-
cific Biosafety Guidelines for rDNA manipulations with the following aims and objectives, namely :

(a) To reduce the usual probability of infrequent release of GMOs, and
(b) To prevent and check the intentional release of such GMOs into the prevailing environment.
The meticulous promulgation of ‘the Recombinant DNA Safety Guidelines’ by the Depart-

ment of Biotechnology (DBT), in India, have duly entrusted the authority to exercise powers conferred
via the Environmental Protection ACT 1986, for several important functional activities, such as :
manufacture, usage, import, export, and storage of hazardous microorganisms/genetically engineered
organisms, and cells.

Importantly, all these guidelines are duly being implemented via the following three articulated
mechanisms, for instance :

(i) Institutional Biosafety Committees (IBSCs) — to monitor the on-going research activity
at institutional level,

(ii) Genetic Engineering Approval Committee (GEAC)* — to permit the large scale applica-
tion of GMOs at the commercial level, and open the field trials of transgenic substances viz.,
agricultural crops, industrial products, health-care products, etc.,** and

(iii) Review Committee on Genetic Manipulation (RCGM) — to allow the risky activities in
the research laboratories under the direct supervision of DBT.

1.4. Operation/Function of Biosafety Guidelines and Regulations

It is worthwhile to mention here that virtually all the ‘academtic institutions’ and ‘industrial
organizations’ actively involved in genetic engineering activities should have essentially the properly
constituted Institutional Biosafety Committees (IBSCs). Besides, with the adequate prior approval and
granted permission of RCGM such ‘research activities’ may be performed in India by making use of
transgenic materials. A few such typical examples are stated as under :

(i) A company imported the ‘transgenic mustard seeds’ having the expression of Barstar and
Barnase genes from Belgium to study and evaluate the exact performance of the said char-
acteristic seeds upon the Indian Soils and its environment,

* Under the Ministry of Environment and Forest.

** DBT-Annual Report, 1995’-96.
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(ii) Another company imported seeds of ‘transgenic cotton’ essentially containing the Bt gene
to carry out specific trails in ‘glass-house’ by adopting the procedure of back-coating with
Indian cotton-lines, and also to evaluate resistance of the transgenic plant materials to
bollworms in India,

(iii) A pharmaceutical organization duly carried out intensive and extensive experimental trials
for the production of Recombinant Hepatitis B Vaccines, and Human ααααα-Interferon by
employing yeast and E. coli respectively, and

(iv) A company imported the recombinant strains of yeast expressing Hepatitis B surface antigen
protein. The company was duly granted approval and permission to perform elaborative
experiments for pilot-scale production of ‘Recombinant Hepatitis B Vaccines’ at IMTECH
(Chandigarh).

1.5. Development of Herbicide Resistant Crops

Biosafety legitimately shares the ultimate responsibility and takes cognizance of both the poten-
tial for the plethora of undesirable consequences emanating from new technological advancements as
well as the absolute requirement for appropriate measures to significantly minimize these consequences.

Example : Genetic engineering of crops is invariably claimed to have defended a host of the
world’s genuine problems specially to meet the ‘hunger’. Therefore, specific emphasis with respect to
the present day agricultural research is mainly focused towards the develpment of herbidicide resist-
ant crops.

Consequently, the crux of the problem suggests explicitely that the actual and genuine benefici-
aries of the above cited new technology may not be identical as those forced to assume the ensuing risks
involved. The promulgation of an internationally binding safety protocol has been initiated and insti-
tuted to avoid such glaring imbalances ; besides, to contain adequately the outcome of ecological risks
as well as socio-economic impacts of genetically engineered organisms together with their probable
risks to human-health.

Valid cardinal and vital reasons for essentially including the genetically modified organisms
(GMOs) under the regulation of a biosafety protocol are as enumerated under* :

(1) The potential for transgenic crops to become weeds and unwanted plants, to become chan-
nels via which new genes move to wild plants, and to facilitate the creation of new viruses
that may cause newer plant diseases.

(2) The potential of genetic engineering to contribute to the erosion of agricultural biodiversity
by either of the two ways, namely :
(a) creation of crops that essentially compete with wild plants and other traditional varieties, and
(b) transfer of new crop’s genes into the more primitive varieties.

(3) The potential of genetic engineering to upset (imbalance) the prevailing ‘ecosystems’ in
manners that may not be properly understood or adequately remediated.

(4) The potential for adverse social and economic impacts in developing countries from the products
emanated from genetic engineering. Production of such substitutes for export crops has already
led to tremendous loss of livelihoods and export earnings in certain countries in the world.

(5) In some countries there is no facility and provision to ensure the safety of genetically modi-
fied organisms (GMOs), to monitor and regulate their entry at the border, and to take appro-
priate remedial measures in the event of certain untoward mishap(s).

* Global Pesticide Campaigener, 1 : 1 : March-1996.
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* A theory that actions are determined by external forces only.
** Bt = Bacillus thuringiensis.

(6) The existence of a transboundary ecological dimension to genetically engineered organ-
isms. Even when there is no human intent to export, living organisms may spontaneously
mutate, multiply, and migrate.

(7) Genetic engineering is based on the ‘idea’ that characteristic features of organisms are deter-
mine uniquely by stable genes, such that the transfer of genes automatically gives rise to the
transfer of the ‘desired characteristics’. Importantly, this genetic determinism* fails to take
into consideration the complex interactions amongst the genes that are duly involved in the
overall development of all characteristics of an organism ; and, therefore, frequently masks
the genuine inability to predict the ensuing consequences of transferring a gene from one
type of organism to another.

A good number of International Organizations viz., EC, FAO, UNEP, and UNIDO are not only
interested but also genuinely keen to look into biosafety aspects, such as :

• Biosafety and its impact on the use of ‘biotechnology’ in the developing countries so as to
assess the various needs in order to ensure that the agricultural and environmental applica-
tions of biotechnology move forward devoid of any undue risks or excessive costs.

• Real public concerns arising obviously from certain newer biotechnological product(s) causes
lots of apprehensions that need to be resolved and confidence gained, in case biotechnology
is to make its greatest impact and maximum contribution to the much needed welfare of
society.

• A few developing countries have evolved and formulated their own stringent ‘national
biosafety systems’ thereby incorporating definite well-defined guidelines for :

(a) experimental modus operandi, and

(b) small-scale release of genetically modified organisms (GMOs).

However, the ‘National Guidelines’ operative in India, are mainly based upon the United States-
National Institute of Health (NIH) guidelines.

It is indeed pertinent to mention here that an evidently much greater and extended focus upon the
benefits and risks involved in the specific release of an ‘alien organism’, in comparison to the process
engaged for its production. It has been duly observed that there are certain critical and absolutely vital
biological considerations with regard to the ‘intended releases’ for which adequate strategies require to
be devised exclusively to ensure the stability of its legitimate and safe introduction.

Example : The potential for the usual overexposure of the novel Bt* genes for affording ‘insect
resistance’ ultimately leading to the rapid development of resistance.

2. INTELLECTUAL PROPERTY RIGHT (IPR) AND PROTECTION (IPP)

Intellectual property right (IPR) usually refers to that segment of ‘law’ that specifically is
related to patents, copy-rights, trademarks, trade secrets, and above all the plant variety protec-
tion. Therefore, in order to boost up, encourage, and stimulate local innovative ideas and research
activities, private and public sector collaborative strategies (viz., private organization and academic
institutions), to attract lucrative investment(s) from foreign countries it has become almost an absolute
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* Van Wijk J., and G Junne : Intellectual property protection of advanced technology. Changes in the global
technology system : Implications and options for developing countries. Report prepared for the United Na-
tions University Institute for New Technologies (INTECH), Masstricht, the Netherlands : United Nations
University Institute for New Technologies (1992).

** To ascertain and ensure that national industry has an access to New Technology.

necessity to plan out clear national policies, articulated regulations, and superb understanding of IPR,
which are as vital and important as the ‘biosafety regulations’. As to date there exist hardly any ‘inter-
nationally accepted guidelines for the total management and control of IPR’ ; and, hence the proper
and judicious utility of IPR has turned out to be a much debatable and controversial issue across the globe.

Consequently, the industrialized countries in the world are invariably demanding a much stronger,
valid, and legitimate protection keeping in view the various provisions of IPR that usually change appre-
ciably amongst them. It has been duly observed that particularly the ‘developing countries’ do possess a
strong anxiety of fear and apprehension that usually the ‘strict IPR protection’ may, in fact, give rise to
serious hinderance rather than promoting innovation within the country due to the glaring fact that a
major segment of such IPRs are normally tilted and granted to the so-called foreign partners/institutions.
Van Wijk and Junne* (1992) rightly pointed out several ‘short-protection terms’ as applicable to the
developing nations with regard to the IPR regulations, such as :

• strong compulsory licensing provisions,**

• exclude many products from protection,

• national IPR policies invariably forbid the patenting of products viz., pharmaceuticals, mi-
croorganisms, and animal and plant species, and

• IPR protection for processes which evidently produce ‘novel products’ is normally granted
permission.

Importantly, one may observe that the ‘IPR related laws’ were duly formulated from time to
time both at national and international levels. However, USA has been inclined towards the promulga-
tion and adoption of a strong and uniform ‘IPR related laws’ across the entire globe.

Highlights of IPR-Related Laws. The various highlights of the ‘IPR-related laws’ are as enu-
merated under :

(i) Development of specific crop varieties is the others intellectual property right (IPR).

(ii) IPR is duly protected by ‘plant breeders rights’ (PBRs).

(iii) PBRs are only available in ‘developed countries’ and not in India (a developing country like
many others).

(iv) Principle of PBRs recognizes and advocates the ‘gospel truth’ the ‘ultimate pact’ that farm-
ers and rural communities have actually contributed enormously to the creation, conserva-
tion, exchange, and knowledge of genetic/species utilization of genetic diversity.

(v) Both IPR and IPP adequately granted by the Government to the respective plant breeders to
exclude others from producing, reproducing, or commercializing materials of a particular
plant specimen for a duration ranging between 15-20 years. However, this ‘specific plant
variety’ must enjoy the status of being new and never found before.

In conclusion, one may remark that ‘biotechnology’ has indeed played a pivotal and significant
role in the adequate execution of well-defined, highly specific, and value-added sophisticated process-
ing, designing, and production of valuable commercial products that may be used in a larger cross
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section of the society and the country as well viz., agriculture environment, industry, pharmaceuticals,
medical, and health care system(s) etc. Nevertheless, the involvement of the so called ‘technology
transfer in biotechnology’ is so minimal ; and, therefore, requires nothing but a simple and minimum
amount of technical and legal capability that is invariably found to be lacking amongst the ‘developing
countries’ currently. Hence, there is an urgent need to expand the trained personnels in biotechnology is
such developing countries.* It is earnestly hoped and believed that in the immediate future the gene-
rich vis-a-vis technologically poor developing countries should make a concerted effort to join hands
together, and reach to a memorandum of understanding (MoU) to exchange vital help in different mutal
programmes in the years yet to come.

2.1. Types of IPR-Protection

In general, the intellectual property right (IPR) protection may be accomplished duly by dif-
ferent means and ways, namely : patents, copyrights, trade secrets, and trade marks.

All these above mentioned aspects shall now be treated individually in the sections that follows :

2.1.1. Patents

Patent may be defined as — ‘a special right to the inventor that has been granted by the respec-
tive Government through legislation for trading new articles’.

Nevertheless, a patent is regarded as a personal property that may be legitimately either ‘lisenced’
or ‘sold’ by the individual person or organization very much like any other property.

Examples :

(1) USA. The maximum limit of ‘patent’ extends upto 17 years.

(2) EU. Certain European countries the ‘patent’ is granted solely to the inventors so that they
may adequately develop newer articles beneficial to the society to which they belong or
represent.

(3) India. Indian Patent Act (1970) permits the ‘process patents’ and not the ‘product pat-
ents’, which extended upto 5 years from the date of grant and 7 years from the date of filing
the patent application.

Importantly, with effect from 1st January-2005, the uniform internationally accepted Patent Laws’
have been promulgated with broadly and universally accepted guidelines.

Interestingly, a patent essentially consists of three essential segments, namely :

(a) Grant. The grant is invariably filled and completed at the patent office, and this is not pub-
lished. It is more or less a signed document that represents actually the agreement which
solely grants patent right to the inventor.

(b) Specifications. The specifications as well as claims are published as a single document
which is made public at a minimum charge from the respective patent office.

(c) Claims. This particular segment exclusively defines the ‘scope of the invention’ to be pro-
tected by the patent which may not be utilized in practice by others at all.

Examples : The most important aspect that needs the utmost understanding and discussion is the
simultaneous operations of Federal/and State Patent Laws, which may be expatiated from the follow-
ing examples, such as :

* India — has already initiated and taken a long leap forward towards training of biotechnology specialized
courses in various academic institutions.
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(a) US-FDA — has regulatory purview pertaining to the patented pharmaceuticals before
allowing them for actual use.

(b) Environment Protection Agency in US — discharging their responsibilities under the ju-
risdiction of Federal Insecticide, Fungicide, and Rodenticide Act only allows the release
of genetically engineered microbial pesticides.

(c) Department of Biotechnology (DBT) in India – has duly formulated ‘the recombinant
DNA safety guidelines’ so as to exercise powers conferred via the Environmental Protec-
tion Act (1986).

(d) Genetic Engineering Approval Committee (GEAC) — under the Ministry of Environment
and Forest has the powers to permit the commercial usage of GEMs at large-scale level ;
besides, open field trials of ‘transgenic materials’.

2.1.2. Copyrights

In actual practice, the ‘copyright protection’ is nothing but a kind of expression of ideas.

Example : Copyrights of Books : In fact, the author(s), editors, publishers or both publisher and
author/editor do have the provision of copyrights. Under this protection the materials (i.e., contents) of
the book cannot be either reproduced or reprinted without the prior written permission from the legal
copyright holders. It is, however, pertinent to state at this point in time that evidently patents and trade
secrets exclusively provide protection to the fundamental know-how, whereas copyrights essentially
protect the expressed materials viz., materials in printed, taped forms or video recorded. Interestingly, the
biotechnological derived materials subject to copyright duly encompass such products as : photo-mi-
crographs, database of DNA sequences, and any published forms.

2.1.3. Trade Secretes (Know-how)

Trade secrets invariably refers to the ‘private proprietary information’ which solely benefits the
‘owners’. However, it may be of any kind e.g., process technique, product yield etc.

Example : Coca Cola Beverage. The coca cola company had adequately maintained and cov-
ered its ‘best kept trade secrets’ of its original formula, form more than 100 yeras and more than 135
countries in the world, under this specific provision of the law. In US, the limit of ‘trade secrets’
extends upto 2 years, while the same holds good in India upto 5 years. In the event when the ‘trade
secrets’ become known (or public) on or before the stipulated granted period, the ‘intellectual’ is duly
paid compensation, and the unauthorised users (defaulters) are punished by the law enforcing authori-
ties adequately.

Importantly, the ‘trade secrets’ in the field of ‘biotechnology’ may essentially comprise of sev-
eral parameters, such as : hybridization conditions, cell-lines, processing, designing, consumer’s
list, and the like.

2.1.4. Trade Marks

The trade mark is an identification symbol that is exclusively employed in the course of trade to
not only enable the ‘actual consumer’ to distinguish but also to identify precisely the genuinity of
trader’s products from identical goods/products of the other traders. The consumer invariably takes the
advantage of these trade marks to choose exactly whose goods they intend to buy. In case, the traders
are quite reasonably satisfied with the purchase of a particular item (and its ‘brand’), they may simply
place a repeat order by making use of the trade mark.
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Examples : There are indeed several examples which may be cited as given below :

KODAK : for photography goods ;

IBM : for computers ;

ROLEX : for wrist-watches ;

REBOK : for shoes ;

ADIDAS : for sports shoes ;

RAYMONDS : for suiting materials ;

GALLENKAMP : for laboratory equipments ;

ZODIAC : for readymade clothes ;

SAMSONITE : for suitcases, and sky-bags ;

It is worthwhile to mention here that according to OECD* (1989) there are five cardinal advan-
tages of patents and other forms of IPR, namely :

(1) Encouraging and safeguarding the interest of intellectual and artistic creations,

(2) Disseminating newer ideas, concepts, and technologies both rapidly and widely,

(3) Promoting the investment,

(4) Providing the genuine consumers with the result of creation and invention, and

(5) Providing enhanced opportunities for the distribution of the above effects across the coun-
tries in a manner proportionate to national levels of economic and industrial development.

2.2. Status and Implication of IPR

The present day status and implications of IPR may be elaborated and expatiated under the
following six points, namely :

(i) Intellectual property protection (IPP) systems are not just arbitrarily fixed but they do
evolve with the passage of time. As on date, the patent system in several countries essentially
comprise of parts/segments of plants, whole plants, and plant varieties.

(ii) Based upon the negotiations in the World Intellectual Property Organization (WIPO), bilat-
eral consultations, and in General Agreement of Tariffs and Trade (GATT) the industrialised
countries invariably strive for worldwide adaptation of IPP to the newer emerging technolo-
gies. Thus, USA, Japan, and EU usually pressurize the developing countries (e.g., India) to
expunge (remove) completely the provisions in their patent laws which specifically exclude
from patent protection such critical matter as ‘living material’.

Besides, the prevailing plant breeder’s right (PBR) might serve as a viable alternative for
patent protection for plant varieties to certain developing countries in the world ; however,
GATT does not take into consideration this alternative aspect at all.

(iii) The major function of IPP in biotechnology is to promote profusely biotechnological inno-
vation, application, and development. In case, the developing countries are left with no other
choice than to enforce establishment of IPP for biotechnological inventions or for plant
varieties, then the function of IPP shall be confined primarily to the promotion of the

* OECD : Organization for Economic Cooperation and Development, Document No : 237, 94,
Paris, 1989.
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biotechnological innovation in the industrialized countries. In other words, IPP with respect
to plant material as adopted by developing countries may certainly promote innovation in
agricultural research in these countries, only in a situation when the introduction of IPP is
directly and intimately related to their stage of development.

Nevertheless, there may arise three distinct situations with regard to the status and implica-
tions of IPR which shall be discussed briefly in the sections that follows :

Situation-I. i.e., where intellectual property protection would not be appropriate :

In case, practically little breeding or biotechnological research activity, occur, it is absolute
little interest for any country to go in for either plant breeder’s right (PBR) or patent protec-
tion in these fields.

Importantly, for plant brieeding systems, critically characterized by an absolute open ex-
change of finished varieties, unimproved base materials, and breeding lines, there is no ne-
cessity to go in for the adoption of ‘intellectual property protection (IPP)’ specifically for
the plant material. It also holds good in the instance where local propogation of varieties is
invariably encouraged as is the case in majority of developing nations.

Nevertheless, in the event when the component of the ‘domestic IPP’ for the plant material
is absent, a nation is quite free from any restriction whatsoever to import technical know-
how and varieties, to make use of the acquired knowledge abundantly, and also to propogate
it freely and commercialize the ‘end material’ within the borders of that nation.

Situation-II. i.e., where plant breeder’s right (PBR) may seem to be appropriate :

In this particular instance, the prevalent ‘breeding activity’ has undergone a development
much beyond its preliminary stages ; and. therefore, the implementation of a legal system
pertaining to intellectual property protection (IPP) particularly for the plant material as a
viable avenue of stimulating and encouraging private investment would remarkably promote
local private plant breeding activities in favour of the development of market oriented agri-
culture research. The much acclaimed principle of the ‘breeders exemption’ ultimately
guarantees the ‘free and fair’ utilization of genetical material (without any compulsion) of
the so called protected variety towards the gainful creation and legitimate commercialization
of new varieties. Of course, the ‘farmers privilege’ certainly provides the farmers certain
degree of freedom in order to save ample quantum of seeed essentially needed for the next
crop production.

There is absolutely little doubt that the free importation of ‘foreign improved varieties’ would
definitely go a long way in involving as a necessary consequence for bringing in severe cut-
throat competition for those specific varieties bred by domestic breeders. Alternatively, it
may give rise to a positive impact upon the well established market oriented agriculture since
farmers most probably may not depend exclusively either on public or on local private breeding
activities to obtain the improved varieties.

Nevertheless, the plant breeder’s right (PBR) system may prove to be effective only when
the following conditionalities are fulfilled, such as :

•  Farmers should be able to purchase modern varieties of seeds,

•  Independent ‘quality control’ and ‘testing facilities’ must be available,

•  Various approved channels to spread the information should always be available freely, and
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•  Users and holders of proprietary rights should be in a position to rely on an approved and
recognized legal and technological infrastructure to protect their legitimate interests.

Situation-III. i.e., where granting of patent protection might be appropriate :

Importantly, the ‘patent protection’ could be accomplished expeditiously only via an ex-
tremely superb and high level of research and development activities in ‘biotechnology’.
However, the domestic entreprenuers (companies) may largely benefit from the patent abil-
ity of their biotechnological inventions, whereas patent protection certainly encourages
foreign organizations to enable their knowledge and wisdom duly available in the entire
world.

It may be worthwhile to state here that the legitimate right of the foreign companies to a
reasonable remuneration for an inventor may not be a subject of a probable controversial
debate ; however, the granting of utility patents of plants involves and attracts sufficient risk
that may have an access to a common pool of plant genetic resources, essential for ‘plant
breeding’ may become restricted ultimately. As a result, the ultimate patent protection of
plant material would cause a tremendous hinderance in the overall agricultural development
across the globe.

(iv) Two vital and important aspects, namely : plant breeder’s right (PBR) on plant varieties, and
patent protection for the numerous biotechnological inventions should necessarily provide
the ‘public research institutes’ with substantial additional funding and also adequately pro-
tect their work against free commercialization. It is, however, emphasized amply that the
‘ultimate quest’ for the strategic legal protection may not entail any delay whatsoever in
providing improved plant material or technology needs for the futuristic growth. In the same
vein, the availability across the national boundaries of inventions or innovations or varieties
derived primarily from the on-going programmes of the prevailing international agricultural
research centres (IARCs) must not be subjected to any sort of restrictions or limitations.

Importantly, whenever public institutes do lodge an application for IPP of their research
product, it must be regarded that any step taken forward in the commercialization of the
ensuing subsidized public research would lead to encounter possible opposition on the pri-
vate sector related to their unfair trade practices.

(v) Intellectual property protection (IPP) for plant material specially in industrialized countries
may adversely affect the agricultural export from developing countries.

It has been duly observed that the extension of the underlying scope of plant breeder’s right
(PBR) protection as explicitely applicable to almost all material of the protected specimen,
besides any prolongation of the period of protection, may have an altogether adverse conse-
quences to the farmers belonging to the developing nations because of the complete block-
ade of the export material of a specific variety gaining entry to a developed nation where this
variety is entirely protected. Furthermore, the authorized certificate holders may prohibit this
export operation :

(a) unless the farmers employed purchased seed, and

(b) unless the farmers pay hefty royalties for their multiplication of seeds legally.

(vi) In a broader perspective the industrialized (i.e., developed) countries avoid exerting undue
pressure upon the developing nations to protect and preserve the intellectual property em-
bodied in plant material thereby ignoring, as far as possible, the consequences for the ensu-
ing vast and noteworthy agricultural development taking place in these nations. In nut-shell,
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* As the very idea of producing recombinant tPA was regarded to be quite evident and simple as
well. Besides, the techniques employed to isolate the gene were standard textbook, methodologies ;
and, hence the court ruled out the involvement of any new invention made.

the intellectual property protection (IPP) meant for plant material exclusively deserves to be
adopted if it strategically promotes the much desired national agricultural development. In
conclusion, one may add that the various rules and regulations, including the plant breed-
er’s right (PBR) as well as the patent legislation, should be judged from that perspective
solely.

2.3. Protection of Biotechnological Inventions

The ‘use claim’ represents a type of ‘patent claim’ which has turned out to be a much-talked
about conspicuous feature of the European Patents where the invention is an altogether ‘new use’ for
an already known product. Thus, the prevailing European patent system enjoys this particular kind of
a claim that has unnecessarily given rise to certain newer and controversial concepts and ideas for an
universally accepted ‘patent law’.

Examples : (a) Medicament. First, medical usage for a known substance may be duly protected
by a ‘product for use ......’ claim, whereas, a second medical indication (usage) essentially necessitates
the need for a special form of actual ‘use’ claim.

(b) Microbiological Field. The specific discovery of a hitherto not-reported property (i.e., char-
acteristic feature) may, in certain particular circumstances, be adequately covered by an appropriate
‘use’ claim, irrespective of the fact that the actual ‘mode of usage’ is not new.

A few glaring examples are enumerated as under :

Product Manufacturer (Country) Remarks

Hepatitis C Virus Chiron (USA) In Great Britain the Patents Court have duly
Hepatitis B Virus Biogen (Switzerland) decided the fate of these two products

recently.

Tissue Plasminogen Gentech (USA) In Great Britain the Patents Court rejected
Activator (tPA) the patent on recombinant tissue plasminogen

activator (tPA) for want of inventiveness.*
HcV-Vaccine Chiron (USA) Unfortunately, the claim of this vaccine was

held invalid due to the lack of sufficient
disclosure how to prepare such a vaccine.

Interestingly, the various countries who are the bonafide signatories to the convention, PBRs are
invariably guided and governed by an international convention known as the International convention
of the Union for the Protection of New Varieties of Plants (UPOV). However, in 1991, UPOV has been
thoroughly revised in order to strengthen the prevailing scope of the rights as well as to overcome the
defects of the earlier versions of the present treaty. The cardinal and prime aim of the entire terms of
reference contained in the latest version of UPOV categorically highlights two most important aspects,
namely :

(a) Peaceful co-existence of PBRs for plant varieties, and

(b) Peaceful co-existence of patent rights for transgenic plants.
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PROBABLE QUESTIONS

1. ‘Massive misuse of biotechnological outputs across the world—has necessitated, the intro-
duction of stringent Regulatory Issues in Biotechnology’. Justify the statement with ad-
equate logical explanation with logical examples.

2. Write an essay on Biosafety.

3. Discuss the following two aspects with due explanations :

(a) Biosafety guidelines and regulations

(b) Operation/Function of biosafety guidelines and regulations.

4. Elaborate on the ‘Development of Herbicide Resistant Crops’. Give appropriate examples
to support your answer.

5. Give a detailed account on the following two :

(i) Intellectual property right (IPR) (ii) Intellectual property protection (IPP).

6. What is the present day status and implications of the Intellectual Property Right (IPR) ?

7. Why is it necessary to promulgate ‘laws’ for the protection of ‘Biotechnological Inven-
tions’ ? Explain.



1. INTRODUCTION

The potential for the better and deep understanding of ‘biotechnology’ is such that the more one
believes in and practices whole-heartedly this wonderful ever-emerging domain of science and technol-
ogy, the more one actually accomplishes and delivers.

In the recent past, the manner, the speed, the momentum gained by the astronomical expansion
and growth of this particular technology related to biosciences across the globe it has become absolutely
necessary to introduce, implement, and promulgate certain ‘biotechnological precautions’. Neverthe-
less, these specific biotechnological precautions may be categorized under the following heads, namely :

(i) Biological precautions,

(ii) Chemical precautions, and
(iii) Personal precautions.
The above mentioned three types of biotechnological precautions shall now be treated indi-

vidually in the sections that follows :

1.1. Biological Precautions

The various biological precautions may be summarized as given below :
(1) The following are the suggested host bacteria, vectors for DNA, and DNA inserts :

Host Bacteria : Escherichia coli, K-12 strains (MM294), HB101, JM series.
Vectors for DNA : pAMP, pKAN, pUC, pBR322, and M13.

DNA Inserts : Bacteriophage Lambda, T4, and E. coli sequences.
(2) Sterilization. The sterilization of bottles, laboratory glass-wares e.g., tubes, conical flasks,

petri-dishes, pipettes etc., and solutions should be duly carreid out in autoclaves at 15 psi for
a duration of 15 minutes at 121°C.
Caution : Do not sterilize either DNA or bacterial cultures by autoclaving or direct
heating.

(3) Decontamination : In order to maintain perfect sterility on the laboratory bench work areas
they should be properly wiped down using a 10% Bleach Solution (viz., chlorinated lime or
calcium hypchlorite), both before and after working with DNA or microbes. For obtaining
best results one must always make use of freshly prepared Bleach Solution every day. Im-
portantly, the work surface areas should be invariably decontaminated at least once per day
and also after every accidential/non-intentional spills while working in the laboratory.

10CHAPTER
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(4) Disposal of Organisms : The disposal of organisms (bacteria) may be accomplished by
adopting any one of the following three procedures :

(a) Place them in a ‘biohazard bag’, and autoclave it at 15 psi for 30 minutes at 121°C, and

(b) Soak them in a 10% ‘bleach solution’ for at least 60 minutes.

(5) Disposal of Solid and Liquid Wastes : All accumulated solid and liquid wastes are first
collected, autoclaved at 15 psi and 121°C for 30 minutes or by soaking in a bleach solution
(10%) for 60 minutes before disposal.

Important : While autoclaving materials for disposal care must be taken to loosen all
bottle caps and also to open the mouth of bags so as to enable to steam to escape easily
and conveniently.

(6) Storage of DNA and Microorganisms : Dedicated refrigerators exclusively meant for the
adequate storage of DNA and microorganisms must be provided ; and these materials should
not be stored with food or beverages.

(7) Storage of DNA. DNA should be kept frozen in a specially designed non-frost-free freezer.
Special care must be taken that DNA not be allowed to undergo ‘defrost’ between uses in the
laboratory due to the fact it may lead to cleavage of long molecules.

(8) Storage of Microorganisms : Microorganisms may be stored as slants or stabs at room
temperature, whereas the sealed plates can be stored conveniently in a refrigerator. New
cultures of bacteria must be propagated at least once in a mouth of maintain adequate ‘live-
cells’.

(9) Management of Spills on Bench Top : In the event when either bacteria or DNA are
spilled on a bench top while working always wear surgical sterile gloves and absorb the spill
with either paper towels or bench-protector paper. It is an usual practice to manage and
contain the spills by working from the otuer periphery of the spill, apply disinfectant or 10%
bleaching solution, and wipe toward the center of the spill. However, step (5) stated above
should be followed while carrying out the usual disposal of the paper towels/bench-protector
paper duly.

1.2. Chemical Precautions

There are several vital and important chemical precautions which should be followed strictly
and rigidly as far as possible as stated under :

(1) It is invariably recommended that DNA isolation procedures should be chosen in such a
manner so as to avoid the possible usage of either phenol or chloroform ; because, the former
usually burns the skin on contact while the latter is toxic in nature.

(2) Homidium Bromide [Ethidium Bromide] : Due to the possible carcinogenic and mutagenic
effects of homidium bromide, the National Association of Biology Teachers (NABT) rec-
ommends that pre-college level teachers should make use of either methylene blue or stain
gels. Since, methylene blue is inherently a mild toxic chemical entity one must put on sterile
surgical gloves at all times when staining gels are used.

Caution : Students must not make use of either Homidium Bromide or handle gels
stained with homidium bromide.
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(3) Methylene Blue : It can be employed maximum upto four times before discarding the same.

(4) General Precautions : Certain ‘general precautions’ may have to be followed while work-
ing in a laboratory, such as : to minimise formation of aerosols ; to avoid forcing the last drop
of fluid from the tip of a pipette ; to avoid skin contact with ethanol and isopropanol.

1.3. Personal Precautions

There are a good number of personal precautiosn that one may have to adhere to strictly as
detailed under :

(1) Naked Flame and Inflammable Solvents : An individual has to observe special care and
precaution while working near an open flame (or naked flame). To accomplish this all highly
inflammable liquids/solvents must be kept or stored far away from the naked flame(s). The
alcohol bottles/containers should be stoppered or covered duly when they are not in use.
Synthetic dress materials, hats, dangling earnings, long hair styles etc., should be avoided in
the laboratory.

(2) Minor cuts in fingers, hands must be adequately protected by wearing sterile latex surgical
gloves.

(3) Protection of Eyes : Each and every student must put on the ‘safety laboratory goggles’*.
(4) Apron or Laboratory coats. It is a safety as well as a professional practice to wear apron or

laboratory coat, preferably white and made from cotton only, so as to prevent possible con-
tamination or soiling of clothes from chemicals etc.

(5) Nose and Mouth Mask : Always make use of preferably sterile disposable ‘nose and mouth
masks’ besides wearing gloves when one gets engaged in the handling of ingredients re-
quired for culture media or weighing and preparations of antibiotic solutions.
Caution. In the preparation of solution sodium lauryl sulphate (or sodium dodecyl
sulphate, SDS) for carrying out the isolation of bacteria, always use a dust mask since
SDS is an irritant.

CH3(CH2)10CH2OSO3Na

Sodium dodecyl Sulphate

* The specially designed goggles should bear the logo z87 which evidently shows that the said
goggles have been duly certified and approved.
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2. BIOSAFETY

In the recent past the mankind has encountered several most severe and quite dangerous chal-
lenges pertaining to a plethora of problems associated with the biosafety i.e., safety in biotechnology.

The absolute and dire necessity of biosafety has emerged by virtue of the spectacular and gallop-
ing advancements in the field of biotechnological advancements, as may be observed from the following
successful accomplishments, namely :

(1) Development of genetic engineering biotechnology :

Examples : Creation of first successful man-made human chromosomes in the body of a
mouse, cloning mammal (sheep), various genetic-engineering based drugs (e.g., streptokinase,
human insulin etc.), and animals having better characteristic features.

Ultimately, all these wonderful achievements would certainly promote in the near future a
good number of spectacular avenues in the domain of ‘industrial biotechnology’.

(2) Transgenic Organisms : The marker transgenic or genetically modified organisms* is un-
dergoing a very rapid development across the globe. Certain countries in the world already
have the privilege to make use of these organisms profusely in various divergent fields, such
as : medicine, production of food and beverages, and agricultural products.

Examples : (a) Introduction of transgenic plants (1996-1997) : Various transgenic plants,
viz., herbicide, pest, and virus-resistant varieties of potatoes, tomatoes, soyabean, maize,
rapeseed, cotton, sugarbeet and the like were duly introduced actually right into the agricul-
tural fields.

Interestingly, the total land area covered in USA in the year 1997 stood at 8 million hectares,
which extended upto 24 million hectares in 1999 i.e., almost a 3 fold increase in just 2 years span.

Note of Caution : In the face of an enormous apparent economic benefits derived evidently
from the direct usage of such organisms, scientists/researchers do believed it absolutely
necessary and important to seek broad based public attention and equally critical cogni-
zance to the underlying importance with regard to certain dire preventive measures and
total elimination of possible impacts of their introduction, and above all their harmful/
adverse effect to public health and environment.

In conclusion, one may add that ‘uncontrolled release of transgenic organisms into the envi-
ronment may ultimately lead to serious ‘ecological imbalance’, and thereby give a ‘red
alert’ to the biological diversity.

(b) Outlining the potential risks involved : The various array of potential risks involved
essentially include the following cardinal aspects, namely :

• Transfer of tailor-made (i.e., specifially designed genetic structures into the genotypes of
the existing organisms.

• Origination of rather more viable dreadful organisms that may be capable of ousting
other organisms of their respective ecological niches**.

• Unavoidable emergence of biologically active compounds and proteins that are obvi-
ously harmful for humans and animals.

* Plants, animals, microorganisms, and fungi having altogether altered characteristic features.

** Antibiotic-resistant pathogenic microorganisms, herbicide-resistant weeds etc.
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Importantly, as to date the leading countries of the world have gone much ahead with respect to
the critical development of systematic and methodical ‘advanced systems’ for carrying out
scientific research into biosafety. However, the analyzing aspects and prspects of the
biotechnological development are duly balanced in the right perspective by the concerned
national legislative bodies covering usage of biotechnology and its products. Nevertheless,
various international organizations, namely : UNIDO, the European community, do contrib-
ute their earnest and meaningful timely efforts for the immediate strategic introduction/im-
plementation of such highly sophisticated systems to the countries of the Eastern Europe
including Ukraine.

3. PATHOGENIC MICROORGANISMS AND FUNGI

A plethora of microorganisms and fungi do cause diseases in human beings. Therefore, it would
be duly justified if both of these causative organisms are treated individually as given below :

3.1. Pathogenic Microorganisms

It has been duly proved and established that if a microorganism exerts an obvious adverse effect
upon another organisms i.e., causing a specific diseases in humans, most probably by gaining an entry
inside and then damaging its cells or affecting it with a chemical substance produced by it, it is invari-
ably termed as pathogens. In otherwords, such organisms can also be referred to as the causative organ-
ism of that particular disease e.g., Salmonella typhi causes typhoid in the humans ; Giardia lamblia—
causes water borne diseases.

Diarrhoea may be caused by a wide range of bacteria, viruses, and parasites that invariably
invade the gastrointestinal tract (GIT).

Examples : Certain common pathogenic organisms are :

Escherichia coli ; Salmonella sp. ; Rocavirus ; Giardia sp. ; and Cryptosporidium.

3.2. Pathogenic Fungi

It is known universally that fungi essentially comprise of moulds, yeasts, and higher fungi. It
has been observed that almost all fungi are eukaryotic in nature, and do possess sterols but not the least
peptidoglycan in their cell membrane. These belong to the class of chemoheteromorphs*, and a
majority of them are aerobic in nature. Besides, quite a few fungi are also saprophytes** and found in
soil and water, and eventually acquire their food and nutrition via absorption. These fungi produce
characteristically both sexual and asexual spores. More than one hundred thousand species of fungi
have been duly isolated, identified, and hence recognized across the globe ; of which nearly 100 cause
infections to the humans.

Moulds are also collectively referred to as a ‘mycelium’ which essentially composed of a number
of microscopic branching hyphae.

Yeasts represent invariably the unicellular organisms that are found to be either spherical or
ovoid in shape and appearance. Yeasts do undergo replication by the phenomenon of budding rather
than binary fission. The exact mechanism of budding in yeasts may be explained whereby the cyto-
plasm and dividing nucleus from the parent cell is initially a continum with the bud or the daughter yeast,

* Derivating from the normal type by chemical means.

** An organism living on decaying or dead organic matter. Most of the higher fungi are saprophytes.



428 PHARMACEUTICAL BIOTECHNOLOGY

before a new cell wall gets deposited so as to make a distinct separation of the ensuing two cells. However,
in certain specific instances these ‘buds’ do not undergo detachment completely, and thereby may give
rise to the formation of short-chain of cells usually known as ‘pseudohypha’. Mostly, yeasts are single
cells and invariably generate rather smooth bacteria-like colonies when grown on the laboratory agar
media ; but unlike bacteria they do possess an altogether distinct nucleus, and, therefore, these are essen-
tially eukaryotes.

Example : Saccharomyces cerevisiae is a typical example of yeast which solely gives rise to the
production of ethanol under anaerobic fermentative conditions.

Various Diseases Caused due to Pathogenic Fungi : In fact, there are several fungal infec-
tions or mycoses that are exclusively categorized under different heads based upon the degree of tissue
involvement and mode of entry right into the respective host.

Examples : Following are certain typical examples of fungal infections that are usually observed
in the humans, namely :

(a) Superficial—i.e., found to be solely localized to the skin, nails, and the hair.

(b) Subcutaneous—i.e., infections are exclusively confined to the dermis, subcutaneous tissue,
and the adjacent areas.

(c) Systemic—i.e., deep rooted infections confined to the various internal organs in the humans.

(d) Opportunistic—i.e., infections that are caused exclusively in the immunocompromised
subjects.

There are two main types of fungi which are prone to cause dreadful diseases in the human
beings, namely :

(i) Pathogenic Fungi, and

(ii) Opportunistic Fungi.

These two types of fungi shall be discussed briefly in the sections that follows :

Pathogenic Fungi : The primary pathogenic fungi cause inections that usually take place in
previsouly healthy humans, and eventually come into being via the ensuing respiratory route.

Examples : Histoplasmosis, blastomycosis, coccidio-mycosis, and paracoceidiodomycosis.

Histoplasma capsulatum is the causative fungi for histoplasmosis. The organism happens to be
dimorphic* in nature, and is more or less endemic in several parts of the globe. It is invariably found in
the soil and its growth could be enhanced considerably due to the very presence of the excreta of birds
and bats.

Lungs represent the main site of infection ; however dissemination right into various other inter-
nal organs, such as : liver, heart, CN-system can also occur abundantly.

Opportunistic Fungi : These fungi specifically, attack the immunocompromised subject usu-
ally having a history of serious immune or metabolic defect or have undergone a recent surgery.

Examples :

(a) Aspergillosis. i.e., the different diseases caused by the mould Aspergillus sp., and exerts its
action due to the formation of a large number of spores.

Aspergillus fumigatus invariably effect the lungs, sunuses, inner ear, and rarely the eyes.

* A mould that may convert to a yeast form.
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(b) Candiosis. i.e., mostly occur in immunocompromised patients. viz., those undergoing the
chemotherapeutic treatment.

Candida albicans mostly proliferates and disseminates throughout the entire body.

(c) Cryptococcosis. i.e., largly a systemic infection caused by the yeast Cryptococcus
neoformans. The most common manifestation caused by this organism is a subacute or
chronic type of meningitis emenating from the inhalation of the organism.

RECOMMENDED READINGS
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PROBABLE QUESTIONS

1. Describe the three important types of Biological Precautions given below :

(a) Biological precautions

(b) Chemical precautions

(c) Personal precautions.

Support your answer profusely with typical examples wherever necessary.

2. Give a comprehsensive account on ‘Biosafety’. What are the ‘dire preventive and total
elimination’ measures one would follow with respect to the introduction of ‘Transgenic
Plants’.

3. Discuss the ‘pathogenic microorganisms and fungi’ with respect to the safety in
biotechnology giving suitable examples to substantiate your answer.
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1. Aberrant. A growth that invariably deviates either from the normal or usual type ; as excep-
tional growths (aberrations) which take place in some tissue cultures.

2. Accession. Seed or plant sample, strain or population held in either a ‘genebank’ or a ‘breed-
ing programme’ for proper usage and conservation.

3. Activator. A substance or physical agent that stimulates the transcription of a specific gene or
operon.

4. Acetyl CoA. A condensation product of coenzyme A and acetic acid (attributing acetyl moiety)
; an intermediate in the transfer of 2-carbon fragments in the process of their gaining entry to
tricarboxylic acid (TCA) cycle.

5. Active site. The region of a protein that gets bound to substrate molecules and facilitates a
particular ‘chemical conversion’. The fundamental underlying theory of enzyme activity as-
sumes formation of an enzyme-substrate complex via binding at the active site.

6. Active immunity. Immunity acquired as a result of the individual’s own reactions to the corre-
sponding pathogenic microorganisms or their respective antigens, attributable to the presence
of antibody in response to an antigenic stimulus.

7. Acquired immunity. The ability of an individual to produce specific antibodies in response to
antigens to which body has been previously exposed based on the development of a memory
response.

8. Acquired Immune Deficiency Syndrome (AIDS). An infectious disease caused by HIV-
retrovirus, characterised by the loss of normal functions, followed by various infections.

9. Adaptive enzymes. An enzyme that is duly formed in response to an outside stimulus during
adaptation. This terminology has been duly replaced by ‘inducible enzymes’.

10. Aerate. To mix or supply with air or gas. The particular process is known as ‘aeration’.

11. Aerobic or Aerobiotic. It specifically refers to an organism which either lives in or a phenom-
enon taking place in the persence of molecular oxygen (i.e., O2-gas).

12. Adjuvants. Substances that enhance immunological response to vaccine and may be incorpo-
rated to vaccines to slow down absorption and increase effectiveness : substances that enhance
the action of an antigen or a drug.

13. Affinity. It refers to the precise strength of binding of each separate antibody combining site
with its corresponding antigenic determinant.

14. Agglutination. Clumping or aggregation of cells due to the reaction of surface bound antigens
with homologous antibodies.

15. Allergen. An atigen that induces an allergic response.

16. Allosteric. Refers to a binding site in a protein usually an enzyme. The catalytic function of an
enzyme can be duly modified by the introduction of small molecules, not only confined to the
‘active site’, but also at a ‘spatially distinct (allosteric) site’ having an altogether different
specificity. An allosteric effector is a molecule bound at such a site that enhances or lowers the
activity of the enzyme.

430



GLOSSARY 431

17. Allosteric Enzymes. Enzymes with a binding and catalytic site for the substrate and a different
site where a modulator (i.e., allosteric factor) usually acts.

18. Agrobacterium tumefacnies. The bacterium which is responsible for causing crown-gall dis-
ease in plants, besides inducing tumour to form. The Ti plasmid of A. tumefaciens is known to
initiate and cause the disease ; and a part of it is invariably utilized as vector in the ensuing
genetic modification of higher plant cells.

19. Alkaline Phosphatase. An enzyme that catalyzes hydrolyses of monophosphate ester moiety
from specific compounds, such as : 3′- and 5′- terminal ends of nucleic acids (DNA and RNA),
and nucleotides.

20. Ammonification. The release of ammonia (NH3) gas from the nitrogenous organic matter by
microbial action.

21. Anaphylactic shock. Physiological shock resulting from an anaphylactic hypersensitivity re-
action, invariably followed by death in extremely severe instances e.g., penicillin-anaphylactic
shock.

22. Anaphylactic Hypersensitivity. An observed exaggerated immune response either to foreign
protein or other substances involving degranulation of mast-cells and subsequent release of
histamine.

23. Anchorage Dependent Cell. A  cell which will exclusively grow and multiply when in close
contact with a suitable solid support i.e., several animal cell-lines.

24. Anti-idiotype Antibody. An antibody having the properties of an antigen.

25. Antibody. A glycoprotein molecule produced in the body in response to the introduction of an
antigen or hapten that can react with the antigen. It is also termed as immunoglobulin, that is
essentially a part of the serum fraction of the blood formed in response to the antigenic stimulus,
and which eventually reacts with antigens with utmost specificity.

26. Antibody-Mediated Immunity. Immunity caused by the activation of the B-lymphocyte popu-
lation thereby giving rise to the production of several categories of antibodies.

27. Antibody-Dependent Cytotoxic Hypersensitivity. It is a Type II hypersensitivity in which an
antigen present on the surface of a cell combines with an antibody, resulting in the death of that
cell by stimulating phagocytic attack or initiating the complement pathway.

28. Antiserum. A serum that specifically contains a mixture of antibodies raised against a particu-
lar antigen is referred to as antiserum to that antigen.

29. Antitoxin. An antibody to a toxin capable of reacting with that ‘poison’ and also neutralizing
the toxin produced.

30. Autoimmunity. Immunity or hypersensitivity to certain constituent in one’s own body i.e., im-
mune-reaction with self-antigens.

31. Antifoam. A compound added to bioreactors so as to reduce the production of foam viz.,
surfaceactive agents.

32. Antioxidant. A substance which is sometimes added to the solutions to either prevent or inhibit
oxidative process.

33. Aseptic Technique. Procedures emplopyed to prevent the introduction of bacteria, fungi, viruses,
mycoplasma or other organisms into cell tissue and organ cultures.
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34. Aspirate. To draw something in or out, up or through using suction or a vacuum (i.e., negative
pressure) ; as aspiration (vacuum) may be employed in the ‘disinfection process’ to draw
disinfectant right into the surface layers of plant tissue.

35. Assay. The ‘substance’ to be analyzed quantitatively or the process of examining or testing it
either by chemical means or by other suitable means.

36. Attenuation. A process of minimizing the virulence of a pathogen.

37. Attenuated Vaccine. A vaccine produced by using an attenuated strain or virus or bacterium.

38. Axenic Culture. A culture without foreign or undesired life forms. An axenic culture may also
include the purposeful co-cultivation of different types of cells, tissues or organisms.

39. Auxotroph. Mutant that differs from the wild type in requiring a nutritional supplement for
specific growth viz., as in a deficient mutant.

40. Avidity. Total binding between a heterogeneous antiserum and a multi-valent antigen, regard-
less of how many different specific antibodies each with a precise affinity, contribute to the total
binding. This particular measurement is known as the avidity of the antiserum.

41. B-Lymphocyte. White blood cells (WBC) that are capable of producing specific
immunoglobulins. In fact, their surfaces do carry specific immunoglobulin antigen-binding
receptor sites.

42. Bacteria. Single celled, ubiquitous prokaryotic organism.

43. Bacteriophage. A virus infecting bacterium that replicates with the cells of bacteria.

44. Base Pairing. The particular H-bonding taking place between purines and pyrimidines in dou-
ble-stranded nucleic acids (i.e., DNA and RNA).

45. Batch Culture. A cell suspension grown in a liquid medium of a known volume. Organisms in
this system invariably exhibit a ‘sigmoid’ type growth curve. The inocula of successive sub-
cultures are of similar size, and the cultures usually contain almost an equivalent quantum of
‘cell-mass’ at the end of each passage. Cultures frequently exhibit five distinct phases per
passage, namely : (i) lag phase ; (ii) exponential growth phase ; (iii) linear-growth phase ;
(iv) deceleration phase ; and (v) stationary phase.

46. Bacteriostat. A chemical entity or other substance that does not kill but prevents the possible
bacterial growth and multiplication is termed as bacteriostatic.

47. Bactericide. An agent or a substance that usually kills bacteria (rather rapidly) ; and this
activity is known as ‘bactericidal activity’.

48. Bioassay. A biological assay carried out on the ‘living cells’ or on a ‘living organism’.

49. Biochip. A hi-tech device that essentially combines a small scale ‘biosensor’ with an inte-
grated circuit.

50. Bioconversion. The actual transformation of matter from one form to another by living organ-
isms or enzymes.

51. Biodegradation. A recognized and accepted phenomenon whereby a material is broken down
into its smaller chemical fragments by the action of living organisms e.g., biodegradable poly-
mers, biodegradable packing components etc.

52. Biomass. The cell mass produced during fermentation or the total weight of living matter in a
population.
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53. Biopolymer. An altogether different type of large molecules duly formed by organisms i.e.,
nucleic acids, proteins, lipids, and polysaccharides.

54. Bioreactor. A vessel, preferably made up of SS, employed to perform a biological reaction i.e.,
a reactor used for the culture of aerobic cells, or to the columns or packed beds of immobilized
cells or enzymes.

55. Biosensor. A highly specific and sophisticated device that usually makes use of an agent either
having a biological origin or a biological principle, for the assay of a chemical compound viz.,
tissues, immunosystems, isolated enzymes, organelles, and whole cells as catalysts. The ‘catalyst’ is
immobilized and used in conjunction with a physico-chemical device.

56. Biosynthesis. Refers to ‘biological synthesis’ i.e., the building or forming of biological compounds
in a living organism.

57. Biotechnology. The meticulous application of organisms, biological systems, or biological
phenomena specifically either to manufacturing units or to service industries. However, this
very definition has been logistically extended to include any process or device wherein organ-
isms, tissue cells, organelles, isolated enzymes, design and usage of ‘bioreactors’, fermentors,
downstream processing, and above all the analytical and control equipment associated with
biological manufacturing process.

58. Biotype. A certain group of organisms having the same genetic characteristic features.

59. Biotin [Vitamin H ; Co-carboxylase ; C10H16O3N2S ; MW 244.31] :

It is a component of vitamin B complex. It serves as a prosthetic moiety for carboxylase-
enzymes. Usually present in all living cells bound to proteins or polypeptides, and is of utmost
importance in carbohydrate, protein, and fat metabolism. It is essentially component of most
plant tissue culture media.

60. Buffer. An admixture of various chemical substances (mostly inorganic) in an aqueous me-
dium, or system that prevents/resists change in pH (despite addition of small quantum of acid or
base) and withstand shock ; as buffered media can appreciably resist pH drift. The extent to
which pH change can be resisted logically represents as a measure of the solution’s buffering
capacity.

61. Budding. A form of asexual reproduction wherein a daughter cell develops from a small out-
growth or protrusion of the mother (parent) cell.

62. Callus (plural-calluses or calli). An actively growing undifferentiated (parenchymous) tissue
formed in higher plants in response to wounded surface or certain infections. It usually repre-
sents a disorganized tumour-like masses of plant cells which are formed in a culture medium. It
proliferates in an irregular tissue mass which varies extensively in several aspects e.g., appear-
ance, texture, rate of growth. Callogenesis — refers to the phenomenon of callus formation i.e.,
a function of the tissue type (species and explant) as well as the composition of the medium.

63. Capsid. A protein coat of a virus enclosing the naked nucleic acid (i.e., DNA and RNA).

64. Capsomere. The individual protein subunits which essentially form the capsid of a virus.

65. Carcinogen. An agent capable of initiating development of malignant (cancerous) tumours.

66. Carrageenan. Sulphated cell-walled polysaccharide found in certain red algae. Contains re-
peating sulphated disaccharides of galactose and anhydrogalactose.

67. Carrier. A matrix strategically placed within a bioreactor or cell-culture system to serve as a
support upon which the active biomass or cells grow and get immobilized ultimately.
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68. Carbon Source. A source for non-metallic element carbon (C) e.g., as organic substances,
sugars, corn-steep liquor, maltose, glucose, glucose-syrup, whey powder, molasses (containing
8–10% residual sucrose) etc., that are usually taken up and metabolized by organisms in culture
media or by plant-tissue cultures.

69. Casein Hydrolysate (Edamin). A milk protein (casein) digestive product very much com-
posed of amino acids (casamino acids) and other substances. The resulting complex (i.e., uni-
dentified product) is sometimes used as an additive (0.02 – 2.10%) in nutrient solutions em-
ployed in various culture media and plant tissue culture as a non-specific source of organic
nitrogen.

70. Cell Count. The number of cells per unit suspension volume or cellus weight. Tissue is treated
with chromic acid (5-8%) or pectinase (0.25%) for upto 15 minutes normally followed by me-
chanical dispersion, and subsequently the cell numbers are determined with the help of a
haemocytometer.

71. Cell Disrupter. A procedure employed to liberate the contents of cells.

72. Cell Hybridisation. The formation of synkaryons viable cell hybrids produced through cell
fusion. These hybrids may be identifide by their enhanced chromosome number in compari-
son to the parent cells and the possession of typical characters found in one or of the parent
cells.

73. Cell Line. A cell line is permanently established culture which will proliferate indefinitely
giving suitable fresh medium and space. The developmental history or descent through cell
division is from a single original cell. Any deviation in the culture technique may favour one
cell line over another.

74. Cell-Mediated Hypersensitivity. Delayed hypersensitivity reaction involving T lymphocytes,
and taking place almost 24-72 hours after due exposure to the antigen.

75. Cell-Mediated Immunity. A highly specific acquired immunity involving T cells, primarily
responsible for resistance to infectious diseases caused by certain bacteria and viruses that
reproduce within the host cells.

76. Cell Number. The absolute number or approximation of the number of cells per unit area of a
culture or medium volume.

77. Cell Selection. Selection within a group of genetically different cells, and usually involves
competition between cells often under certain stress. The selection criteria may involve three
main variants, namely : (a) cell viability ; (b) biochemical activity ; (c) another basis for choice.
Normally, the selected cells or cell lines are carefully relocated to either fresh medium for
continued selection process or duly exposed to an enhanced level of the stress agent. However,
the ultimate aim is usually to regenerate plants from those select cells with a possibility that the
plants may exhibit the specific traits selected for at the cellular level.

78. Cell Suspension. Cells and small aggregates of cells suspended in a liquid medium e.g., cell
suspension cultures. Callus or explants derived from cell suspensions are transferred to liquid
medium, and the cultures are subsequently agitated to a mechanical shaker. Importantly, the
ensuing single cells as well as small cell clusters are employed for a number of purposes in
plant tissue culture viz., single-cell cloning.

79. Cell Bank. A facility for preserving and keeping cells frozen at extremely low temperatures.
These cells are used for investigating hereditary diseases, human aging, and cancer. Collection
of banked cells are kept by the National Institute of Health (the Human Genetic Mutant Cell



GLOSSARY 435

Repository and the Aging Cell Repository) and at the Cornell Institute for Medical Research.

80. Cell Counter (Electronic). An electronic instrument employed to count blood cells, employ-
ing either an electrical resistance or an optical grating technique e.g., flow-cytometry.

81. Cell Cycle. The series of events that take place during the growth and development of a cell
e.g., meiosis and mitosis.

82. Cell Growth Cycle. The order of physical and biochemical events which take place during the
growth of cells. In tissue-culture studies the cycle changes are divided into specific periods or
phases, namely : (i) DNA synthesis (or S period) ; (ii) G2 period (or gap) ; (c) M or mitotic
period ; and (d) G1 period.

83. Cell-kill. In antineoplastic therapy, the number of malignant tumour cells destroyed by a treat-
ment.

84. Cell Kinetics. The study of cells and their subsequent growth and division. Study of these
factors has enormously led to much better understanding of cancer cells and has been found to
be useful in developing newer chemotherapeutic methods.

85. Cell Mass. In embryology, the mass of cells that develops into an organ or structure.

86. Cell Organelle. Any of the structures in the cytoplasm of a cell viz., mitochondria, endoplasmic
reticulum, Golgi complex, ribosomes, lysosomes, and centriole.

87. Cell Sorting. A technique used to separate cells with a surface antigen from those without it.

88. Classical Competent Pathway. Series of reactions initiated by the formation of a complex
between an antigen and an antibody which ultimately lead to the lysis of microbial cells or the
enhanced ability of phagocytic blood cells to eliminate such cells.

89. Chimera (Chimaera). A plant or tissue composed of more than one kind of genetic tissue.

90. Chimeric Gene. An artificial gene produced by combining the DNA sequences from several
different sources.

91. Chromatid. Single chromosome containing only one DNA complex.

92. Chromatins. The DNA-protein complex that constitutes a chromosome.

93. Chromosome. The deoxyribonucleic acid (DNA) bearing structure that carries the inheritable
characteristics of an organism.

94. Chelate. A chemical compound (liquid) with which metal atoms may be combined in such a
manner so as to prevent them (bivalent, trivalent metal ions) from precipitating out of solution,
and thus rendering them unavailable to plants, such as : ethylenediamine tetraacetic acid (EDTA),
its disodium salt (Na2-EDTA), which undergoes complexation to Fe2+ (ferrous ion)/Fe3+ (ferric
ion) present in nutrient solutions employed for plant tissue culture. The phenomenon is usually
termed as chelation.

95. Chemotherapeutant. A chemical frequently employed to pretreat diseased source plants prior
to excision or incorporation into the media to support certain specific therapeutic objective, for
instance malachite green, virazole (ribavirin) are employed to eliminate completely the virus
present in the meristem-tip culture. The phenomenon is known as chemotherapy.

96. Clone. A group of genetically identical cells or organisms descended asexually from a common
ancestor. All cells in the clone have the same genetic material and are exact copies of the original.

97. Clonal Selection Theory. The theory accounts for exclusive antibody formation during foetal
development wherein complete set of lymphocytes are developed. Each lymphocyte consisting
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of the genetic information for initiating an immune response to a single specific antigen for
which it possesses essentially only one type of receptor. Interestingly, the B cells that react with
self-antigens during this specific period get destroyed eventually.

98. Complement. Group of proteins usually present in the plasma and tissue fluids that precipitate
in antigen-antibody reactions leading to cell lysis.

99. Complement Fixation. The specific binding of complement of an antigen-antibody complex
so that the complement is unavailable for subsequent reactions.

100. Complement Fixation Test (CFT). It measures the degree of complement fixation for the
diagnostic purposes solely.

101. Complementary Base Pair. In DNA two strands are complementary e.g., G and C pairs via.
3 H-bonds ; A and T pairs via. 2 H-bonds ; in RNA, only A and U pairs are paired.

102. Complementary Sequences. Two sequences of nucleotides which have the capacity of base
pairing throughout their entire length.

103. Complementary Strands. Two single strands of DNA in which the ensuing nucleotide se-
quence is such that they will get bound by virtue of the base pairing throughout their length.

104. Complex Substance. A complicated and undefined substance ; as in the instance of certain
additive(s) to nutrient solutions used in plant-tissue culture, such as : protein hydrolysate, malt
extract, yeast extract, endosperm obtained from corn or coconut, orange juice, tomato juice,
and the like.

105. Complex-Mediated Hypersensitivity. Type-3 hypersensitivity, a reaction that invariably takes
place in the event when an excess of antigens are produced in the course of a normal inflamma-
tory response and antibody-antigen complement complexes are deposited in the tissues.

106. Continuous Culture. A cell suspension culture provided with a continuous influx of fresh
medium, maintained at constant volume by the efflux of spent medium (i.e., closed continu-
ous) or with the efflux of cells and spent medium (i.e., open continuous).

107. Controlled Environment. A particular room, enclosure, chamber, or situation wherein the
environmental parameters viz., light, temperature, relative humidity (RH), sterility, and the par-
tial pressure of the gas are adequately controlled and maintained.

108. Corn Steep Liquor. A liquor produced in the initial or early stages of wet-milling of corn
(maize).

109. Cosmid. A synthetic self-replicating particle constructed from a plasmid incorporating DNA
coding for the sequence of the respective cos site.

110. Critical Concentration. The precise chemical concentration above or below which neither the
desired development process nor the expected reaction process would proceed satisfactorily.

111. Crossing Over. The process whereby a definite cleavage takes place in each of the two adja-
cent DNA strands so that there exists an exchange of homologous regions of DNA precisely.

112. Crude Extract. A preparation made from biological material(s) wherein the cells have been
duly disrupted and the cellular debris removed by either precipitation or centrifugation.

113. Cryoprotectant. An agent able to prevent freezing and thawing damage to cells as they are
frozen or defrosted. They usually possess low toxicity and high water solubility. These are of
two types, namely : (a) permeating type e.g., glycerine, dimethylsulphoxide (DMSO) ; and
(b) non-permeating type e.g., dextran, sugars, ethylene glycol, polyvinylpyrrolidone (PVP),
hydroxymethyl starch.
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114. Culture Medium. A specifically prepared nutrient solution (substrate) which may be chemi-
cally defined for growing plant tissues, and microorganisms in vitro.

115. Cybrid. A plant or cell cytoplasmic hybrid (i.e., heteroplast) having essentially the nucleus of
one and cytoplasmic organelles of another, or of both cells or plants.

116. Cytolysis. Cell dissolution or disintegration.

117. Cytotoxic. A chemical or other agent which is toxic to cells.

118. Cytotoxic T Cells. A class of T lymphocytes that are able to kill cells as part of the cell-
mediated immune response.

119. De Novo. (Latin : anew, from the very beginning). Arising sometimes spontaneously from
either unknown or very simple precursors.

120. Delayed Hypersensitivity T Cell. A class of T-Cells.

121. Deacceleration Phase. The declining growth rate phase following the linear phase and
preceeding the stationary phase in most batch-supension cultures.

122. Decontaminate. To free from contamination or surface sterilization.

123. Deficiency. In genetics, a chromosome aberration which comes into being from the actual loss
of a gene or series of genes by deletion.

124. Deficiency Disease. A disease resulting from a diet that invariably lacks essential nutrients
e.g., rickettsia — from vitamin D deficiency, vision impairment — from vitamin A deficiency ;
improper blood-coagulation — from vitamin K deficiency etc.

125. Defined Culture Medium. A culture medium wherein all the components are quantified and
known.

126. Delition. The lost portion either of a chromosome or of a nucleotide sequence in nucleic acids
e.g., DNA, RNA.

127. Differentiation. The resumption of meristematic activity mostly by mature cells via a reversal
of the process of cell or tissue differentiation.

128. Dehumidifier. A equipment or device or apparatus that aids in the removal of moisture from
the air.

129. Deionized Water. Water obtained after due passage via. an ion exchange device to get rid of
either soluble inorganic salt (minerals) or certain organic salts. The phenomenon is termed as
deionization.

130. Derepression. The mechanism by which repression is invariably eliviated. Whenever a re-
pressing metabolite is removed it usually results into an enhanced level of protein or enzyme.

131. Diffusional Limitation. The phenomenon by which the rate of diffusion of substrate into and
product out of an enzyme, cell, tissue or above all the aggregate of immobilized cells becomes
limiting.

132. Diffusion. The movement of molecules across a concentration gradient specifically from the
area of higher concentration to the area of lower concentration.

133. Direct Embryogenesis. Embryoid formation directly upon the outer surface of either somatic
or zyogtic embroys, or on seeding plant tissues in culture medium without essentially heating
an intervening callus phase.

134. Direct Organogenesis. Organ formation directly upon the surface of comparatively bigger
intact explants mostly without an intervening callus phase.
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135. Dismutages. An enzyme of great value specifically in organ transplantation, and also in the
treatment of ‘heat attack’ where tissues have been adequately deprived of blood for a short
duration. Nevertheless, it prevents reperfusion* injury by permitting the oxygen deprived
tissues so as to enable their due recovery to the normal state in a more defined, elaborated, and
orderly manner.

136. Dilution Rate. Refers to the continuous fermentation whereby a measure of the rate at which
the prevailing medium is duly replaced with the fresh medium appropriately. The dilution rate
is reciprocal of the hydraulic retention time.

137. Diploid Cell. Cell having its chromosome in homologous pairs, and thus having two distinct
copies of each autosomal** genetic locus.

138. Double Diffusion Test. Immuno diffusion test wherein antigen and antibody predominantly
diffuse towards each other from separate wells cut into agar gel.

139. Dys-functional Immunity. An immune response which causes essentially an allergic reaction
or the apparent lack of immunse response resulting in failure to protect the body against a host
of infections or toxic agents.

140. DNA Ligases. Enzymes that specifically bind together the ensuing DNA fragements.

141. Dual Culture. A specialized culture system which invariably includes plant tissue and one
organism (e.g., nematode species) or microorganism (e.g., fungus). In actual practice, dual
cultures are mostly employed to investigate and study the host-parasite interactions or the gen-
eration of axenic cultures for a variety of purposes. Normally the microorganisms selected is an
obligate parasite.

142. Enzyme. Any one of a number of specialized proteins produced in the living cells which par-
ticularly speed-up, augment, and catalyze the ‘rate of specific chemical reactions’ even at an
extremely low concentrations (e.g., organic catalyst), but is not consumed in the reaction.

143. Enzyme Induction. Regulation in the biosynthesis of specific enzymes (largely accelerated
under certain conditions) depending exclusively upon the nature of the nutrients.

144. Enzyme Inhibition. The rate of an enzyme-catalyzed reaction may sometimes be controlled in
a specific manner by inhibitors as well as inactivators. Substances like acids, alkalis, deter-
gents, urea, proteases etc., serve as enzyme inhibitors and distinctly lower enzyme-catalyzed
reaction ; however, enzyme inhibition could be either reversible or irreversible. Importantly, the
enzyme activation contrarily gives rise to an enhanced rate of an enzyme-catalyzed reaction.
Therefore, both inhibition and activation of enzymes by key metabolites predominantly pro-
vides the usual means of metabolite control.

145. Enzyme Activity. An expression of the ability of a given enzyme preparation to catalyze a
specific reaction effectively.

146. Enzyme Immobilization. It is invariably described as the process whereby an enzyme is con-
verted from a homogeneous catalyst into a heterogeneous catalyst. It is separated into an alto-
gether distinct and characteristic phase i.e., normally water-insoluble and quite often of high
molecular weight, that is found to be absolutely separate from the bulk substrate-containing
phase. Enzyme immobilization is physically confined and even localized in a particular defined
region.

* The reinstitution of blood flow to a previously ischemic area ; in cardiology — the return of blood supply to
a portion of the heart muscle that had become ischmeic owing to myocardial infarction. This is done by the
use of thrombolytic agents e.g., streptokinase, or tissue plasminogen activator (TPA).
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147. Enzyme-Linked Immunosorbent Assay (ELISA). The excellent technique is invariably em-
ployed for detecting and quantifying specific serum antibodies as well as antigens exclusively
based upon tagging the antigen-antibody complex with a specific substrate that may be
enzymatically converted to readily quantifiable product by a specific enzyme.

148. Enzyme Immunoassay (EIA). An assay involving the substitution of an enzyme for a
radiolabeled product.

149. Enzymeimmunodiffusion Test. A specific test wherein an antigen itself is an enzyme and the
antigen-antibody complex exhibits ditinct enzyme activity. Thus, this test is very useful in
detecting invisible or non-stainable antigen-antibody aggregates.

150. Epigenetic Gene Control. It may be regarded as an unique newer concept. It essentially de-
scribes that the control of gene expression in higher eukaryotic organisms is related to the
methylation of cytosine residues in gene coding sequence.

151. Eukaryotes. Cellular organisms having a membrane-bound nucleus within which genome of
the cell is stored as chromosomes composed to DNA i.e., algae, fungi, protozoa, plants and
animals.

152. Enhancer Element. Refers to the short regions of DNA that possess the effect of enhancing
the levels of transcription, but unlike promoters, they invariably affect genes from the chro-
mosomal loci at a relatively longer distance.

153. Environmental Chamber (Incubator). It is a controlled environment cabinet wherein tem-
perature, light quality, intensity, duration, relative humidity and controlled air flow.

154. Erythroprotein. Refers to the glucoprotein usually produced in the kidney, and that regulates
the production of RBC present in the bone marrow.

155. Epitopes. Specific antibody binding sites on the surface of antigen, also antigenic determi-
nants.

156. Exoenzymes. Enzymes that mostly occur either attached to the outer surface or, in the periplasmic
space or, released into the medium surrounding a cell.

157. Exponential Phase. Refers to the specific phase in culture wherein the cells usually undergo
the maximum rate of cell division.

158. Etiology. The elaborated study of the particular causation of a ‘disease’.

159. Fab (Antigen Binding Frament). Represents either of the two identical fragments generated
in the event when an immunoglobin (Ig) is cleaved by papain ; and the antigen-binding-portion
of an antibody, including the hypervariable region.

160. Fc (Crystallisable Fragment). The remainder of the molecule when an immunoglobulin (Ig)
undergoes cleavage and the Fab fragment gets separated. The crystallisable portion of an Ig-
molecule made up of the constant region, and the end of an Ig that in turn binds with the
complement.

161. F-factor. Refers to the plasmid that confers the ability to conjugate upon the bacterial cells,
and carries the transfer genes.

162. Fab Batch System. An anaerobic bioreactor operated in a batch mode to which substrate either
in solid or in concentrated liquid form is incorporated several times in the course of the run.

163. Facultative Anaerobe. Usually refers to an organism, or a bacterium, or a fungus that may
adapt its metabolism to survive and grow in the presence or the absence of oxygen.
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164. Feed-Back Inhibition. A control mechanism wherein the activity of an enzyme intimately
linked to an early stage of a multistep biosynthetic pathway is inhibited by a particular metabolite
caused by a reaction further along the sequence. The mechanism of control may be accom-
plished due to the specific binding of the product at an allosteric site on the enzyme.

165. Feed-Back Regulation. The particular control mechanism that essentially makes use of the
sequences engaged in a process so as to regulate the rate at which the process usually takes
place. For instance : when the product of a reaction gives rise to its inhibition, the reaction
would naturally slow down the rate of reaction thereby executing a so-called negative feed back
i.e., a phenomenon most commonly observed in a plethora of metabolic pathways.

166. Feed-Back Repression. A mechanism whereby the biosynthesis of an enzyme gets inhibited
when an end product of its pathway is either accumulated or added.

167. Feed Stock. Refers to the substrate or raw material being consumed as a source of nitrogen or
carbon in a bioreactor.

168. Fermentation. The apparent breakdown of complex organic substances particularly by mi-
croorganisms i.e., bacteria, yeast-giving rise to incomplete oxidised products. There are cer-
tain instances whereby the phenomenon of fermentation may occur in the absence of O2 whereby
the various adenosine triphosphate (ATP) is generated during the various biosynthetic pathways.
Thus, the organic compounds may act as source of electrons, donors, and also as receptors.

169. Fermentor (Bioreactor) Conrol. Modern fermentation processes may be well equipped with a
large variety of automatic control devices and/or monitoring facilities based on microprocessors,
such as : (a) control temperature, pressure and pH by a closed loop feed back ; (b) management
and control of foaming by on/off addition of an appropriate antifoaming agent ; (c) automatic
sequencing to ensure correct adherence to protocols for sterilization, cleaning, filling, and har-
vest operation ; (d) effective control of dissolved O2 concentration ; and (e) automatic feeding
of nutrients in response to dissolved O2-concentration or biomass level, or to feed nutrients
automatically as per pressure schedule.

170. Fertility Factor. An episome capable of transferring a copy of itself from its respective host
bacterial cell no essentially harbouring upon the F-factor (or F– cell) during conjugation.

171. Fibroblast. Resident cell of connective tissue, mesodermally derived, which profusely secretes
fibrillar procollagen*, fibronectin**, and collagenase***.

172. Fibroblastic Interferon (βββββ-Interferon). An antiviral protein usually produced by fibroplasts
in the mammalian connective tissue.

173. Fibronectin. The glyceroprotein of high molecular weight that invariably occurs as an insolu-
ble fibrillar form in the extra-cellular matrix of animal tissue, and as a soluble form in the
plasma.

174. Filter Sterilize. The process of sterilization carried out by passing a solution via a porous
material capable of separating out either the suspending microorganisms or their respective
spores e.g., filter sterilization of the heat-labile components of nutrient media.

* Precursor of collagen.

** Any of a group of proteins present in blood plasma and extracellular matrix.

*** An enzyme that induces changes in collagen to cause its degradation.
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175. Fixative. A compound which precisely fixes or sets or stabilizes other compounds or structures
securely so as to retain their structural integrity. The phenomenon of fixation makes use of
chemical agents to prepare tissues or cells for microscopy rather permanently.

176. Floccule. The coalescence (aggregation) of microorganisms or colloidal particles floating in or
on a liquid. Flocculation may be seen in certain contaminated liquid media showing up as a
cloud.

177. Fouling. The deposition of the material both in the ‘wrong place’ and at the ‘wrong time’. In
bioreactors and cooling systems the fouling of heat-exchanger surfaces by wrong biomass,
protein, polysaccharides or other similar materials invariably occurs.

178. Frame Shift Mutation. Deletion or insertion of a number of bases not divisible by three in an
open reading frame of a DNA-sequence.

179. Freeze Drying (Lypholization). The process of drying in a frozen state under vaccum e.g.,
tissues are freeze-dried to obtain a dry weight or to preserve them for analysis. Lypholization
of a specimen is often carried out with liquid N2, and subsequently causing sublimation of
water from the specimen under vacuum. Thus, the proteins are maintained in a reasonably
native form, and can easily be dehydrated viz., snake venom, sperm, biological fluids etc.

180. Fusogen. A fusion-inducing agent employed for protoplast agglutination in carrying out the
somatic hybridization studies e.g., polyethylene glycol (PEG).

181. Fusion. The combination of two distinct cells or macromolecules into a single integrated unit
(or entity).

182. Folic Acid (Vitamin M) [C19H19N7O6 ; 441.40]. A member of the vitamin B group, and is
found in green leaves which also exhibit certain extent of coenzyme activities. It is occasionally
included as an ingredient for the plant tissue culture media.

183. Gelation. A gelatinous and proteinaceous material produced by boiling bones (animal carcas)
with water, which partially hydrolyzes the collagen of animal connective tissues. It is employed
skill fully to get or solidify nutrient solutions required for plant-tissue culture.

184. Gelrite. Refers to the brand name of a synthetic refined polysaccharide (Pseudomonas-de-
rived) invariably employed either as a gelling agent or as an agar substitute.

185. Generation Time. The time between successive generations of cells or organisms within a
population.

186. Gene. A sequence of nucleotide that specifies a particular polypeptide chain or RNA-sequence.

187. Gene Amplification. Selective replication of DNA-sequence within a cell, producing a multi-
ple extra copies of that sequence.

188. Gene Cloning. The insertion of a DNA-sequence into a vector that may eventually be propa-
gated in a host organism thereby producing a huge number of copies of the sequence.

189. Gene Expression. The effective utilization of information in a gene via transcription and trans-
lation ultimately giving rise to the generation of a ‘protein’ ; and, therefore, the appearance of
the phenotype determined by that gene.

190. Gene Isolation. The meticulous removal of genetic information, in the form of a DNA-se-
quence, from a selected organism in order to study its structure or insert it into a vector in the
course of ‘gene manipulation’.

191. Genetic Engineering (Recombinant DNA Technology). It refers to the specific technology
involving man-made changes in the genetic constitution of cells (apart from some selective breeding).
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Genetic engineering invariably uses a vector (e.g., Ti plasmid of Agrobacterium tumefaciens)
for transferring useful genetic information usually from a donor organism into a cell or organ-
ism which does not possess it.

192. Genetic Selection. Refers to selection of genes, clones etc., by man either within populations
or between populations or species. The useful purpose is to cause a change in the various
specific phenotypic character. Genetic selection normally results in differential success rates of
the various genotypes thereby reflecting several variables including selection pressure along
with the genetic variability in populations.

193. Genetic Transformation. The precise transfer of extracellular DNA (genetic information) among
and between species viz. usage of viral or bacterial vectors.

194. Genetic Variation. The actual differences in individuals derived from the same genotype in
distinction to differences caused by the environment. Genetic variance designates the very
proportion of phenotypic variance caused by differneces in the genetic make-up of an indi-
vidual.

195. Genotoxic. Carcinogenic and toxic to the chromosomes.

196. Germplasm. Refers to the reproductive body tissues distinct from somatic i.e., non-productive,
tissues. The basis of heredity of an organism i.e., the ‘genetic material’ is usually passed on
through the previous generation(s).

197. Gibberellic Acid [Gibberellin ; GA3 ; C19H22O6 ; MW 346.37]. It represents one of the
gibberellins, a group of plant-growth hormones essentially promoting cell division, elonga-
tion, and germination. It is isolated from the fungal pathogen Giberella fujikuroi, and is exten-
sively used in plant-tissue culture.

198. Glycosylation. Transfer of glucose residue invariably from nucleotide sugar derivative.

199. Glycolysis. The conversion of monosaccharide to pyruvate via the glycolytic pathway [i.e.,
Embden-Meyerhoff Pathway (EMP-Cycle) in carbohydrate metabolism] in the cytosol.

200. Glyoxylate Cycle. Metabolic pathway present in bacteria and in the glyoxysome 4-C decarboxylic
acid.

201. HEPA Filter [High Efficiency Particulate Air Filter]. A filter capable of screening out par-
ticles larger than 0.3 m. They are frequently employed in Laminar Air Flow Cabinets (Hoods)
as well as sterile zones for carrying out transfers/operations in highly asceptic conditions.

202. Hairpin Loop. A region of double helix formed by base pairing very much within a single
strand of DNA or RNA that has precisely folded back on itself.

203. Hapten. A substance that elicits antibody formation only when combined with other molecules
or particles which may specifically react with performed antibodies.

204. Haploid. A single set of homologous chromosomes that have half of the normal diploid number
of chromosome.

205. HAT Medium. A highly selective growth medium for animal tissue cells that essentially com-
prise of hypoxanthine, aminopterin (a folate antagonist), and thymidine. It is exclusively used
for the selection of hybrid somatic cell lines, such as : production of monoclonal antibodies.

206. Haemeagglutination. The agglutination or clumping of blood cells e.g., erythrocytes.

207. Haemeagglutination Inhibition. Refers to the inhibition of haemeagglutination (i.e., antibody
mediated clumpting of RBC), invariably by means of specific immunoglobulins or enzymes,
employed to establish/determine whether a patient has been exposed to a specific virus.
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208. Hepatitis B Viron [Dane Particle]. It has 42 nm diameter having an outer wall enclosing inner
27 m core particle comprising of the circular DNA. Aggregates of the envelope proteins are
usually found in plasma and are referred to as hepatitis B surface antigen (HBsAg).

209. Heterokaryon. A cell containing genetically different nuclear. Found naturally in several fun-
gal species, and can be produced by cell-fusion technique experimentally.

210. Histones. Proteins found in the nuclei of most-eukaryotic cells where they are eventually
complexed to DNA in chromatin and chromosomes.

211. Histocompatibility Antigens. Genetically determined antigens located on the lipoprotein mem-
branes of the nucleated cells of most tissues that cause an immune response when grafted on to
a genetically different individual and thus determine the capability of tissues in transplantation.

212. Hypertrophy. Refers to an abnormal increase in cell size thereby leading to irregular growth or
swelling. It is invariably regarded as a disease or other stress-induced response.

213. Hypersensitivity. An exaggerated immunological response upon exposure to a particular anti-
gen.

214. Hypervariable Region. A region of immunoglobulin (Ig) which essentially accounts for the
specificity of antigen-antibody reactions, e.g., specified terminal regions of the Fab fragments.

215. Hybridoma. A cell hybrid wherein a tumour cell forms one of the original source cells.

216. In situ : In the original, natural or intact position viz., location of the explant on the mother plant
prior to excision.

217. In vitro : [Latin = in glass]. Experimentation on organisms or portions thereof in a test tube or
any other glassware, viz., growing under artificial conditions as in a tissue culture.

218. In vivo [Lain = in life]. Experimentation on organisms under absolute natural parameters very
much within intact living organisms, viz., laboratory animals, volantary humans etc.

219. Incubator. A sophisticated apparatus providing absolute identically controlled environmental
conditions (e.g., light, temperature, humidity, photoperiod) most suitable for the growth of mi-
croorganisms, yeasts, plant cells or plant cultures (incubation), viz., BOD-Incubator.

220. Indirect Embryogenesis. Refers to the formation upon the callus tissues meticulously derived
from somatic or zygotic embroys, seeding plants or other tissues in culture.

221. Indirect Organogenesis. The organ formation upon callus tissue derived from explants.

222. Induction Media. Refers to the media which may afford variation or mutation in the tissues
exposed to it.

223. Idiotopes. The specific short segments of amino acids that are present either in the variable
region (i.e., region not actually involved in antigen binding) or in the combining-site itself, may
act like antigenic determinants, and possess the ability to combine with self-antibodies or the
receptors on certain lymphocytes. These self-determinants are known as idiotopes.

224. Idiotype. Immunoglobulin (Ig) molecules having distinct variable regions determining the pre-
cise specificity of the ensuing antigen-antibody reactions.

225. Immobilization. A physical or chemical phenomenon used to fix microorganisms, enzymes,
and cultures of animal and plant cells, or organelles derived from these sources either upon a
solid support or have them trapped in a solid matrix.

226. Immunodiagnostic. An analytical test method exclusively based upon the highly specific inter-
action between the antibody and an antigen. The interaction is linked to a method of quantify-
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ing the result. A large segment of immunodiagnostics are entirely based upon several
radioimmunoassays (RIAs). The remaining methods invariably include immunodiffusion,
immuno-electrophoresis, and afinity labelling.

227. Immune Modulator. A compound that specifically interferes with the production of an anti-
body in response to an antigen. These are used invariably to minimise the possibility of a host
rejecting a heterograft.

228. Immunodeficiency. The lack of an adequate immune response by virtue of either inadequate
B cell or T cell recognition or response to a foreign antigen e.g., a lack of antibody production.

229. Immunoadsorption. Refers to a particular technique whereby an antigen is normally bound
covalently on a matrix to generate an immunoadsorbent.

230. Immunoelectrophoresis. A two-stage procedure employed for the accurate and precise analy-
ses of material containing essentially admixutres of distinguishable proteins viz., separation
of serum proteins by using electrophoretic separation followed by immunological detection.

231. Immunofluorescence. Refers to a specialized analytical technique usually employed to detect
a particular antigen or antibody by the help of homologous antigens or antibodies that have
been adequately conjugated with fluorescent dyes.

232. Immunogen. An antigen which is essentially immunogenic in character.

233. Immunogenicity. The categorical ability of a substance to elicit and exhibit an immune re-
sponse.

234. Immunoglobulins (Ig). Represents a class of proteins viz., α-, β-, γ-globulins usually found in
the plasma and other body fluids, including all known antibodies. Examples : (a) antibody
fraction of the serum ; and (b) five distinct categories of antibodies e.g., IgA, IgD, IgE, IgG and
Ig M.

235. Immunosuppressant. A drug that depresses immune response.

236. Indirect Immunofluorescence. A particular ‘test’ performed to examine and identify bacteria,
for instance : addition of dead cells of Treponema pallidum to the patient’s blood serum (pro-
tein) together with a fluorescent anti-immunoglobulin ; in case, the bacteria gets stained then
the test stands as positive, and the test is indirect as the fluorescent antibody happens to react
with human Ig G only after the Ig G has undergone reaction with the dead bacterial cells.

237. Infestation. Refers to the alarming invasion and occupation by a substantial quantum of in-
sects, mites or potential disease agents, such as : infestation of mites in BOD-incubators. Thus,
an infesting organism may cause contamination of tissue cultures.

238. Infrared Gas Analyzer (IRGA). An instrument for measuring the proportion of a specific gas
in a mixture, for instance : variations in the CO2–concentration may be monitored to evaluate a
natural plant’s either respiratory-activity profile or photosynthetic performance.

239. Innoculum. Refers to the material incorporated (inoculated) either into or onto a host or
culture medium.

240. Introns. The observed sequences in DNAs that are eventually transcribed into the correspond-
ing mRNAs and undergo cleavage subsequently ; and, therefore, do not give rise to the perma-
nent constituents of the ensuing mRNAs.

241. Interferons (IFN). Specifically refer to the glycoproteins that possess unique antiviral char-
acteristic feature viz., interferons–produced by eukaryotic cells in response to the viral infection.
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242. Insulin. A polypeptide hormone usually found in both vertebrates and invertebrates secreted
by B-lymphocytes (cells) of the endocrine pancreas in response to high blood sugar levels, it
gives rise to the causation of hypoglycaemia.

243. Interleukins (ILS). A particular variety of substances (entities) that are produced by leucocytes.
Their activity usually get triggered off specifically during inflammatory responses. Interleukins
(ILS) represent the larger class of lymphokines.

244. Ionizing Radiation. Refers to such radiations as : γγγγγ-radiation and X-ray radiation that spe-
cifically gives rise to toxic free radicals which mostly attribute chemical reactions critically
disruptive to the biochemical organization of microorganisms.

245. Isotypes. Antibodies differing in heavy chain constant regions intimately associated with dif-
ferent class and subclasses of immunoglobulins (Ig).

246. Jumping Gene. A populist terminology for ‘transposon’ i.e., a genetic unit such as DNA
sequence that is transferred from one cell’s genetic material to another.

247. Jiffy Pots. A brand name for peat pots that are sometimes employed for in vitro transplantation.

248. Karyotype. A complete set of chromosomes of a cell or organism.

249. Karyotyping. The meticulous identification and classification of organisms, cells or tissues
invariably based on their actual chromosome content.

250. Kilobase (Kb). A sequence of 1000 bases or base-pairs of DNA, other nucleic acids or
nucleotides.

251. Kinin. The original class name for substances promoting cell-division to which the prefix cyto
has been added duly (e.g., cytokinins) to distingnish them clearly from kinins found in animal
systems.

252. Krebs Cycle. The citric-acid cycle or carboxylic-acid cycle occurring in ‘carbohydrate me-
tabolism’.

253. Kinases. Enzymes which specifically catalyze the transfer of the α-phosphate of a nucleotide
5′-triphosphate to the 5′-OH terminus of a DNA or RNA molecule.

254. Killer T Cells. A class of T lymphocytes (cells) that actually participate in killer activity during
cell-mediated immune (CMI) response.

255. Lag Phase. Mostly used to describe initial phase of the growth of most batch propogated cell
suspension culture wherein the inoculated cells in fresh medium get adapted to the altogether
new-environment and get ready to undergo division.

256. Ligase. An enzyme which specifically catalyzes the condensation phenomenon of two mol-
ecules coupled to the breakdown of a pyridine triphosphate.

257. Ligation. The process of having direct linkage of the nucleic acid fragments.

258. Layering. In vitro layering essentially involves the horizontal placement on agar of cultured
shoots (with or without) leaves or nodal segments to promote auxillary bud proliferation.

259. Lecithin. A naturally occurring, choline-containing phospholipid present in animal and plant
tissues. Chemically, lecithins are very much akin to fat, but they are found to be rich in phos-
phorus and nitrogen e.g., yellow yok of an egg ; soyalecithin. These are mostly used in food
products as an ‘emulsifier’.

260. Limiting Factor. An environmental variable whose absolute level at a given time limits the
growth or other activity of an organism.
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261. Linear Phase. The constant increase in ‘cell numbers’ following the exponential growth phase.

262. Linkers. These are short DNA double strands (i.e., decameric oligonucleotides), which con-
tain sites for the action of one or more restriction enzymes.

263. Liposome. A spontaneously formed layered lipid vesicle in an aqueous medium used as a DNA
vector in cell hybridization research activities.

264. Lyase. An enzyme that catalyzes the addition of groups to double bonds or the formation of
double bond-lyases as one of the major moieties.

265. Lyphilize or Freeze Dry. To freeze rapidly then dehydrate under high vaccum ; and the process
is termed as ‘lyphilization’.

266. Lysis. Cell rupture or destruction via enzymatic action.

267. Lymphocyte. White cells of the blood, mediator of specific immunity, derived from the stem
cells of the lymphoid series. Two main categories are : T- and B-lymphocytes have been duly
recognized ; the former subdivided into subsets (viz., helpers, suppressors, and cytotoxic T-
cells), responsible both for CMI as well as for regulation of the activation of B-cells, whereas
the latter solely responsible for antibody production.

268. Lysosomes. Organelles essentially containing hydrolytic enzymes involved in autolytic and
digestive processes.

269. Lysogeny. The ability of certain specific ‘phages’ to survive in a bacterium as a result of the
integration of their respective DNA into the corresponding host chromosome.

270. Lymphokines. A group of biologically active extracellular proteins duly generated by acti-
vated T lymphocytes involved in CMI ; the chemical mediators of cellular immunity.

271. Macrolides. A group of antibiotics having macrolytic structures e.g., erythromycin,
clarithromycin.

272. Macerase. A brand name for Pectinase, which is used mostly in the isolation of intact cells and
protoplasts of higher plants.

273. Macerate. To disintegrate or separate tissues via cutting, soaking, enzymatic or other action,
resulting in cell dissociation.

274. Macromolecules. Biological terminology refering to proteins, nucleic acids, and carbohydrates.

275. Maternal Inheritance. Inheritance controlled by extra chromosomal (cytoplasmic) hereditary
determinants.

276. Maintenance Energy. Energy needed by an organism or a cell culture to survive in a viable
condition.

277. MDA. Microdroplet array technique.

278. Malignant. A primary tumour essentially having the inherited potential to invade locally and
also to cause metastasis, i.e., movement of bacteria or body cells (esp. cancer cells) from one
part of the body to another.

279. Marker. An ‘allele’, i.e., one of the two or more different genes containing specific inheritable
characteristics that occupy corresponding positions (loci) on paired chromosomes, whose ac-
tual inheritance is under observation in a cross.

280. Matrix. Ground substance wherein ‘things’ are duly embedded. A common usage is for a loose
meshwork within which the cells are usually embedded.
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281. Maximum Oxygen Transfer Rate. It refers to a measure of the fastest posssible rate of uptake
of oxygen (O2) by a growing culture expressed in terms of the volumetric mass transfer coeffi-
cient times the oxygen solubility.

282. Maximum Specific Growth Rate (mmax). The theoretical maximum rate of growth of a cul-
ture under optimal conditions of nutrient supply.

283. Meristem. A localized region of continuing mitotic cell divisions (meristametic cells) obtained
due to protoplasmic synthesis and tissue initiation. Interestingly, from these undifferentiable
tissue new cells arise which eventually differentiates into the specialized tissues.

284. Metabolite. A substance that acts as a substrate for or is produced by a metabolic process or
enzyme reaction.

285. Macrophages : (or Mononuclear Phagocytes). These refer to large, active phagocytic cells
found in spleen, liver, lymph nodes, and blood. They represent important factors in non-specific
immunity.

286. Major Histocompatibility Complex (MHC). The genetic region in human beings and mice
that controls invariably not only tissue compatibility but also the development and activation of
part of the prevailing immune system.

287. Mast Cells. Cells that contain granules of heparin, histamine, and serotonic especially in con-
nective tissues involved in hypersensitivity reactions.

288. Memory Cells. Clones of lymphocytes having receptors of high affinity for a particular antigenic
molecule ; cells that are sensitised duly during the secondary response.

289. Microdroplet Array [or Multiple Drop Array (MDA) or Hanging Droplet Technique
(HDT)]. Introduced by Potrykus et al. (1979), this technique is commonly employed to evalu-
ated sufficient numbers of ‘media modifications’, employing small amounts of medium into
which are placed small numbers of cells. Droplets of liquid culture (i.e., medium and sus-
pended cells or protoplasts) are arranged carefully on the lid of a petri-dish, inverted over the
bottom half of the dish containing a solution with a lower osmotic pressure, and the dish is now
sealed. The cells or protoplasts form a monolayer at the droplet meniscus and can easily be
examined.

290. Michaelis Constant (Km). A kinetic parameter used to characterise an enzyme defined as the
concentration of a substrate that allows half-maximal rate of reaction.

291. Micropropogation. Refers to propogation in culture by axillary or adventitious means. It is a
general terminology used for vegetative (i.e., asexual) in vitro propogation.

292. Micro injection. The specific insertion of a substance into a cell through a microelectrode. To
extrude the substances via the very five electrode tips, either using hydrostatic pressure or
electric current.

293. Minimum Innoculation Size. The smallest innoculum that may be used successfully for sub-
culture.

294. Monoclonal. Derived exclusively from a single cell ; pertaining to a single clone.

295. Monoclonal Antibodies (MABs). Produced from hybrid cells using hybridoma technology. In
other words, an antibody produced from hybrid cells employing hybridoma technology.

296. Mutagen. A chemical or physical treatment or agent capable of producing genetic mutation. It
may cause insertion, deletion, or alteration of a base or part of the nucleic acid chain (DNA).



448 PHARMACEUTICAL BIOTECHNOLOGY

297. Mycelia. The interwoven mass of discrete fungal hyphase.

298. Mutability. The propensity of an individual’s genes or genotype to undergo heritable mutation.

299. Nick. A point specific in a double-stranded DNA molecule where there is no phosphodiester
bond existing between the adjacent nucleotides of one strand.

300. Nick Closing Enzyme. A form of DNA polymerase which is capable of restoring base se-
quences. A nick is strategically introduced adjacent to an incorrect base-pair. The base is subse-
quently removed and the correct base in inserted.

301. Natural Complex. A complicated, non-synthetic, and invariably unidentified addendum in
plant tissue culture media, viz., orange or tomato juice or coconut milk.

302. Neoplasm. Localized cell-multiplication or tumour, a collection of cells that have undergone
genetic transformation. These cells usually differ in structure and function from the original cell
type.

303. NIF-Genes. The complex of genes in nitrogen fixing bacteria, which code for the proteins
required for the nitrogen fixation, specifically the enzyme nitrogenase.

304. Nucleases. Enzymes that catalyze hydrolysis of the phosphodiester bonds of polynucleotides.

305. Nitrocellulose Paper. Paper having a high non-specific absorbing power for biological macro-
molecule.

306. Nonsense Codon (or Nonsense Triplet). The three codons, UAA (ochre), UAG (amber), and
UGA(opal), which do not code for an amino acid but serve as signals for the termination of
protein synthesis.

307. N-Terminal. The end of a protein or polypeptide chain that contains a free amino group
(–NH2) ; therefore, the abbreviation N.

308. Nuclease SI. A very specific nuclease which essentially degrades single-stranded nucleic ac-
ids or splits short single-stranded stretches in a DNA sequence, but fails to attack any double-
stranded structure. It is used invariably in gene manipulation for converting sticky ends of
duplex DNA to form blunt ends or to trim off single-stranded ends of nucleic acids after due
conversion of single-stranded cDNA to the double-stranded form.

309. Nucleic Acids. Refer to linear polymer of nucleotides, usually linked together by 3′ , 5′-
phospodiester bonds. In deoxyribonucleic acid (DNA), the sugar moiety is deoxyribose, and
the corresponding bases of the nucleotides are invariably : adenine, cytosine, guanine, and
thymine. The ribonucleic acid (RNA) has ribose as the sugar, and uracil replaces thymine
amongst the four bases stated earlier.

310. Nucleoprotein. A conjugated protein closely associated with nucleic acid.

311. Nucleotide Transferase. These enzymes do catalyze attachment of the mononucleotide
triphosphate to the 3′-OH function of the initiator polymer, with the release of pyrophosphate.

312. Open Continuous Culture. A cell suspension culture with a continuous influx of fresh me-
dium, maintained at constant volume by the efflux of cells and spent medium.

313. Operator. The specific regulatory section present in a nucleic acid having binding capacity for
a repressor protein that categorically blocks the synthesis of mRNAs.

314. Organ Culture. The growth in an aseptic culture of plant organs e.g., roots or shoots, starting
with organ segments and maintaining the characteristic features of the specific organ(s).
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315. Organized Growth. The in vitro development of organized explants viz., shoot tips or meristem
tips or floral buds or organ segments or their de novo formation from unorganized tissues.

316. Organogenesis. The initiation (de novo) and growth of organs (invariably roots and shoots)
form cells or tissues ; as in organ culture. Organs may be formed upon the very surface of the
explants (direct organogenesis) or upon an intervening callus phase (indirect organogenesis).

317. Organoid. A anamolous (i.e., unusual) organ-like structural growth formed in culture e.g., as
could be seen on leaves, roots, or callus.

318. Ortet. The original ‘mother plant’ or ‘donor plant’ from which vegetatively propogated plants
are derived meticulously.

319. Operon. A cluster or group of structural gene whose coordinated expression is duly controlled
by a regulator gene.

320. Osmolarity. The overall molar concentration of the solutes affecting the osmotic potential of a
solution or nutrient medium.

321. Oxidative Phosphorylation. A metabolic sequence of reactions taking place within a mem-
brane wherein an electron is transferred from a reduced coenzyme by a series of electron carri-
ers thereby strategically establishing an electrochemical gradient across the membrane that
virtually drives the formation of ATP from ADP and nitrogen phosphate by chemiosmosis.

322. Opsonins. Refer to intrinsic blood factors that help in establishing a link between particles to
be ingested and the macrophage.

323. Opsonisation. The process whereby a cell becomes more susceptible to phagocytosis and lytic
digestion when a surface antigen gets combined with an antibody or other serum component.

324. Oxygenase. An enzyme enabling either a system or an organism to utilize atmospheric oxygen.

325. Peptide. A compound or a ‘chemical entity’ existing of two or more amino acids covalently

linked by a ‘peptide bond’ . Peptides that are formed with three or more amino

acids are usually termed as ‘polypeptides’.

326. Paratope. An important site in the antibody molecule which essentially combines with the
antigen.

327. Parahormone. A substance with hormone-like properties which is not a secretory product e.g.,
ethylene, CO2.

328. Parasexual Hybridization. Refers to genetic recombination by means other than via fertiliza-
tion of germ cells (parasexual) leading to the formation of individuals or hybrid cells ; as could
be seen in hybrid cells or plants derived from somatic cell fusion.

329. Particle Radiation. Refers to α-particles (+ vely charged) and β-particles (– vely charged),
electrons, protons, and neutrons. These particles are usually employed to produce mutant cells
or organisms in plant tissue culture.

330. Parts Per Million (ppm). This terminology has largely been replaced by equivalent terms,
such as : for solids : mg.L– 1 ; and fro liquids and gases : µL.L– 1.

331. Packed Cell Volume (PCV). Refers to a ‘quantitative method’ of estimating cell growth. It is
based on the total cell volume in an aliquot of cell culture. The aliquot is duly centrifuged for 5 min.
at 2000 rpm after which the packed cell volume (PCV) is expressed as a percentage (%) of the
aliquot volume.
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332. Plasmid. A small round molecule of double stranded DNA occurring naturally in bacteria and
yeast. They replicate independently as the host cell proliferates. They invariably carry vital
genes, non-essential information, for instance : resistance to biological, chemical, and environ-
mental factors or even sex factors (or F-Factor).

333. Phenocopy. A non-hereditary phenotypic change which is induced environmentally during a
limited specific developmental phase of an organism, that usually mimics the effect of a known
‘genetic mutation’.

334. Photoenterograph. A photosynthetic organism that essentially requires an organic hydrogen
source. The very phenomenon is termed as ‘photoheterotrophy’.

335. Photometer. An instrument for measuring the luminous intensity of light sources.

336. Photosynthetically Active Radiation (PAR). The photon flux expressed as moles or
microeinsteins per meter squared per second [mol. m– 2 or Em2 S– 1] or as watts per meter
squared [Wm– 2] over a wavelength ranging between 400-700 nm. i.e., precisely the actual
portion of the light spectrum that gets primarily absorbed by plants and employed in photosyn-
thesis.

337. Phytokinin. Refers to an absolute terminology meant for cytokinin.

338. Phytotron. A controlled chamber or enclosure or environment building for an elaborative in-
vestigation with regard to plant growth under defined parameters.

339. Plasmotype. A cell type displaying features that are precisely expressions of cytoplasmic na-
ture, rather than nuclear inheritance.

340. Pleotropy. Essentially refers to the condition wherein several characteristic features are ad-
equately effected by a single gene.

341. Polygenes. Systems of genes associated with the quantitative character variation wherein each
gene individually effects the phenotype in a minor manner.

342. Polymerases. These are certain particular enzymes that usually catalyze addition of nucleoside
triphosphates to 3′-OH terminals of single strands of preexisting polynucleotides (i.e., prim-
ers) with the release of pyrophosphate (PP).

343. Polysomes. Complexes of ribosomes bound together by a single mRNA molecule, also re-
ferred to as ‘polyribosomes’.

344. Population Density. Cell number per unit medium area or medium volume.

345. Polymorph. A leukocyte with granules present in the cytoplasm ; also referred to as
polymorphonuclear (PMN) leukocyte.

346. Probe DNA. A radioactively labelled (usually 32P) DNA molecule used to detect complemen-
tary sequence nucleic acid molecules by molecular hybridization. Autoradiography is invari-
ably employed so as to localize the probe DNA sequence thereby revealing the actual ensuing
complementary hybridization sequence.

347. Processing of Primary RNA. Through a complex and ordinary series of steps primary, or the
initial RNA transcript is adequately modified to become the final form which is functional in
the cell. These variant steps involved essentially include : RNA-splicing, transplicing, RNA-
editing, and C to U conversion, wherein the cytosine bases are strategically altered to the corre-
sponding uridine bases.

348. Promotor. The regulatory segment present in a nucleic acid having the overall capacity for
binding RNA-polymerase.
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349. Precipitin Test (or Microprecipitin Test). A ‘serological assay’ wherein visible particulate
matters (i.e., precipitates) are duly formed by the interaction of soluble antigen and antibody.
The precipitin test detects and identifies ‘antigens’.

350. Prefilter. A coarse filter (i.e., Furnace Filter) e.g., those used in a laminar air-flow cabinet to
screen large particles before air is forced via a much finer filter (i.e., HEPA-Filter).

351. Pure Culture (or Axenic Culture). A culture that contains cells of one type only ; the progeny
of a single cell.

352. Protein Digest. The enzyme hydrolysis of proteins to give rise to their building block compo-
nents, amino acids and short-chain peptides (i.e., chains comprising of two to several amino
acids normally without enzymatic function).

353. Protoclone. Distinct phenotypic regenerates from a plant protoplast. A clone initiated from a
protoplast or protoplast-fusion product.

354. Protocol. A sequence of events, activities, techniques or procedures linked to accomplish a
definite purpose and objective (goal) ; as a schedule or protoplast-fusion product.

355. Protoplast Fusion. The coalescence of plasmalemma and cytoplasm of two or more protoplasts
in contact with one another. Initial adhesion is indeed a random process but coalesence may be
promoted via various means (e.g., induced fusion). Nevertheless, when adhesion takes place
between adjacent protoplasts during enzymatic wall-degradation or between freshly isolated
protoplasts in the absence of a fusion agent, it is known as ‘spontaneous fusion’.

356. Pure Line. All cell or individual members that are essentially homozygous for one or more
characters or genes and will yield more cells or organisms with the character(s) under consid-
eration.

357. Primary Immune Response. The first ever immune response to a particular antigen that has a
characteristically long lag period and a low litre of antibody production.

358. Quiscent. Quiet, at rest, not necessarily dormant and having the potential for the resumed activ-
ity ; may also apply to cells unlikely to divide the non-meristematic cells.

359. Radiation. Rays of heat, light or particles represented in the wave form.

360. Ramet. An individual of a clone. It may also refer to the vegetatively propogated offspring of
an ortet.

361. Radioimmunoassay (RIA). A highly sensitive serological technique invariably employed to
assay specific antigens or antibodies, using a specific radioactive label.

362. Radial Immunodiffusion. Radial diffusion is solely based upon the principle that a quantita-
tive relationship prevails between the amount of nitrogen placed in a well where the antibody is
already incorporated in the gel, and a ring of precipitation results : generally employed in the
assay of serum proteins.

363. Recombinant. Any organism whose genotype has come into being (arisen) as a consequence
of recombination ; besides, any nucleic acid that has arisen as a result of recombination.

364. Recombinant DNA. The hybrid DNA generated specifically by joining pieces of DNA from
various sources, invariably designated as rDNA ; and the phenomenon is termed as ‘recombinant
DNA technology’ (or Genetic Engineering).

365. Recon or Reconstructed Cell. A viable cell hybrid, cybrid or a transformed cell accomplished
as a result of ‘genetic engineering’.
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366. Reculture. The aseptic transfer of a pure culture to another fresh sterilized nutrient medium :
also referred to as a ‘subculture’.

367. Regime or Regimen. Refers to a systematic treatment.

368. Redifferentiation. Cell or tissue reversal in differentiation from one specific type to another
type of cell or tissue.

369. Rejuvenation. Refers to the treatment which leads to culture invogoration (viz., subculture) or
revival (viz., dormancy termination).

370. Regulatory Genes. Genes that serve as a regulatory function ; genes that do not code for
specific peptides but instead regulate the expression of structural genes.

371. Replica Plating. A technique whereby various types of mutants may be isolated from a popu-
lation of bacteria grown under nonselective conditions, based upon plating cells from each
colony onto multiple plates and thereby noting the exact positions of inoculation.

372. Replication. Multiplication of microorganisms, duplication of nucleic acid from a template.

373. Repression. Altered gene expression causing the failure of a particular protein synthesis (anabo-
lism).

374. Resistance Transfer Factor. A plasmid, present in certain types of organism, for instance :
E. coli, which may impart specific resistance to antibiotics in animals that are eventually
exposed to them.

375. Restriction Endonucleases. Enzymes that specifically cleave DNA at a definite information
bearing sequences of nucleotides, and thereby allow an insertion of foreign sequences.

376. Restriction Sites. Specific sites representing categorically the loci at which the ‘foreign DNA’
gets integrated.

377. Reverse Transcriptase. It catalyzes transcript of RNA nucleotide sequence to complementary
DNA (cDNA).

378. Rhizogenesis. Refers to the formation of roots and their growth as one may come across in root
development de novo from callus.

379. Ribosomal RNA (rRNA). RNA of various sizes that make up part of the ribosomes, constitut-
ing upto 90% of the total RNA of a cell ; single-strand RNA having essentially helical regions
duly formed by base-pairing between complementary regions within the strand.

380. Rotator. A wheel-like device for slowly (ca. 1 rpm) rotating and gently agitating cultures usu-
ally in a vertical plane.

381. Rotary Shaker . A platform shaker having a ‘circular motion’ employed particularly for shak-
ing culture flasks at variable speeds.

382. S-Phase. The cell cycle phase during which RNA synthesis takes place.

383. Schiff’s Reagent. An admixture of pararosaniline hydrochloride (i.e., an aniline dye) and
sodium bisulphite [NaHSO3] invariably employed in staining chromosomes and other nuclear
substances present for detection and identification respectively.

384. Selection Culture. Makes use of difference(s) in the environmental parameters or more com-
monly in culture medium composition so that preferred variant cells or cell-lines are predomi-
nantly favoured over other variants or the wild-type.
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385. Selection Pressure. It is a measure of the effectiveness of natural or experimental selection in
altering the genetic composition of a population.

386. Selection Unit. Single cells or small clusters, units of optimum size for isolating and regenerat-
ing variants or mutants ; the minimum number of cells effective in the screening process.

387. Selectable Markers. Refer to nucleic acid sequences that are phenotypically easy to recognize
i.e., antibiotic resistance genes of E. coli. plasmids, auxotrophic markers etc.

388. Semicontinuous Culture. The maintenance of cells in a culture vessel in an actively dividing
state by draining periodically the medium and replenishing by adding fresh medium.

389. Serial Float Culture. Sunderland’s technique of floating anthers (i.e, part of a flower’s sta-
men containing pollen) on liquid medium and subculturing them to a new medium at an interval
of several days, whereby anther dehiscence, pollen release, and development take place-ulti-
mately enhancing the anther productivity.

390. Shake Culture. An agitated suspension culture, usually an Erlenmeyer flask containing the
culture is attached to a horizontal or platform shaker or agitated with a magnetic stirrer to
provide adequate aeration for cells in the liquid medium.

391. Secondary Immune Response. The response of an individual to the second or subsequent
contact with a specific antigen, characterized by a short lag-period, and the production of a high
antibody titre.

392. Somaclone. A plant regenerated from a tissue culture originating from somatic tissue.

393. Somatic Cell Variant (or Embryoid). An organized embryonic structure morphologically similar
to a zygotic embryo but initiated from somatic (non-zygotic) cells. Ultimately, these develop into
plantlets in vitro via developmental processes which are very much akin to zygotic embryos.

394. Somatic Hyrbid. Refers to a cell or plant-product of somatic cell fusion ; caused as a result of
cell or protoplast fusion and implying genomic integration. The phenomenon is termed as so-
matic hybridization.

395. Somatic Organogenesis. The production of roots, shoots or other organs upon the somatic
tissues of explants (direct organogenesis) or by induction on callus generated by explants
(indirect organogenesis).

396. Spent Medium. Medium discarded when a culture is subcultured. The implication is that the
medium has been duly depleted of nutrients, dehydrated or accumulated toxic metabolic prod-
ucts.

397. Spontaneous Fusion. Uninduced protoplast fusion that may occur between freshly isolated
protoplasts or following adhesion of adjacent cells during enzymatic cell wall degradation.

398. Spontaneous Variation. Refers to the variation in plant populations derived from respective
tissue cultures not previously exposed to mutagens but taking place as a consequence of the
culture parameters.

399. Stationary Culture. A non-agitated culture i.e., an ‘antonym’ of shake-culture.

400. Stages of Culture (I-IV). Refer to : Stage-I : Aseptic explanation or establishment of the
explant in culture ; State-II : Multiplication of the propogates ; State-III : Rooting of the
propogates and preparation for transplant to soil ; State-IV : Establishment of State II or III
propogates in vitro in soil.
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401. Structural Gene. A gene whose product is an enzyme, structural protein, tRNA, or rRNA as
opposed to regulator gene whose product prominantly regulates the transcription of structural
gene.

402. Stock Solution. A solution invariably concentrated (10 to 100 times the final medium concen-
tration) of select medium constituents that may be mixed together for attaining perfect compat-
ibility and to avoid precipitation ; and usually prepared before hand to save time during prepa-
ration of medium. In usual practice, the stock solutions are either frozen (in deep-freezer) or
stored in the refrigerator to avoid deterioration in strength and quality. Portions of stock solu-
tions are used conveniently as and when required for preparation of media.

403. Subculture (Passage). A culture derived from another culture or the aseptic division and trans-
fer of a culture or a portion of that culture (inoculation) to a fresh nutrient medium. Invariably,
sub-culturing is carried out at a predetermined time intervals, the length of duration is known as
the subculture interval or passage time.

404. Subline. A cell line regenerated from a unique cell line of a hybrid callus colony.

405. Suspension Culture. Cells and group of cells (aggregates) that are adequately dispersed in an
aerated, usually agitated, liquid culture medium.

406. Supraoptimum. An amount greater than required as an inhibitory concentration of an
exogeneous growth factor.

407. Surface Sterilization. The removal of plant surface micro-flora prior to aseptic excision of
explants. Surface sterilization is accomplished by immersing of tissue in one of several sterilants
e.g., calcium hypochlorite, sodium hypochlorite, hydrogen peroxide, mercuric chloride, silver
nitrate, bromine water for an emperically determined period of time.

408. Synchronized Cells. Synchronized mitosis in a group of cells in culture by natural or artificial
means.

409. Synchronus Culture. A microbial or plant-cell culture treated in such a manner so as to have
most cells or individuals in the same stage of development or mitosis. It may be accomplished
in several ways including : via temperature variation and nutrient limitation.

410. Ti Plasmid. A portion of the genome of the bacterium Agrobacterium tumefaciens i.e., the
agent directly involved in crown gall disease. This specific plasmid happens to be an useful
(experimental) vector for the transfer of genetic information into the plant cells.

411. Tissue Explant. An excised section of plant tissue usually employed to initiate a culture.

412. T-Cells. T lymphocytes that are differentiated in the thymus and are virtually important in cell-
mediated immuno (CMI) ; besides, in the regulation of antibody-mediated immunity (AMI).

413. Totipotency. The potential or inherent capacity of a plant cell or tissue to develop into an entire
plant when stimulated appropriately. It critically implies that all the information necessary for
growth and reproduction of the organism is very much contained in the cell.

414. Transcription. Refers to conversion of a DNA (gene) information sequence into a mRNA
sequence.

415. Transduction. Introduction of foreign genetic material into a cell by the help of virus or, in the
particular instance of bacteria by means of phages.

416. Transformation. Uptake of free nucleic acids or plasmids into a cell.

417. Translation. Refers to the synthesis of a protein upon mRNA.
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418. Toxic. Poisonous in nature ; as are certain chemical substances (toxicants) or any specific
substance present in excess which tends to be detrimental to the normal plant function or growth.

419. T Suppressor Cells. A class of T cells that usually suppress the activates of B cells in the
antibody mediated immunity.

420. Triplet Code. Refers to the ‘genetic code’ i.e., three sequential nucleotides in mRNA are
required to code for a specific amino acid.

421. Tumour Inducing Principle (TIP). The plasmid carried by Agrobacterium tumefaciens the
crown gall organism. Through incorporation into the host genome the host tissue is duly trans-
formed into the tumour tissue.

422. Turbidostat. An open continuous culture system wherein the inflow of fresh medium is con-
trolled by the turbidity of the culture, a function of the amount of cell growth. Thus, balancing
the fresh medium inflow which being a regulated outflow of cells and spent medium thereby
restoring the original turbidity level.

423. Ultrasonic Cleaner. A device to include high frequency vibration of materials, removing ad-
hering substances from surfaces  by mechanical action. This specific device is useful for clean-
ing glassware and for also disinfecting plant materials.

424. Unorganized Growth. In vitro formation of tissues with a few differentiated cell types and
lacking recognizable structure.

425. Unwinding Enzymes. Refer to such enzymes that specifically catalyze separation of comple-
mentary strands of DNA.

426. Vaccine. Any antigenic preparation administered to stimulate the recepients immune defence
mechanisms with respect to a given pathogen or toxic agent.

427. Vector. Plasmid or virus after ligation with a foreign DNA is employed to introduce new infor-
mation into the cell.

428. Vegetative Cells. Refers to such cells that are intimately engaged in nutrition and growth ; they
do not act as specialized reproductive or dormant forms.

429. Virus Elimination. Chemotherapy, thermotherapy and meristem or meristem tip culture, used
alone or in combination have been used successfully for the elimination of systemic viruses
from plants.

430. Virus-Free (or Virus Tested). A plant that appears healthy and repeatedly gives negative tests
for the presence of one or more identifiable viruses. Such a plant may subsequently employed
as a stack or donor plant (explant source) solely for propogation purposes, which may be duly
certified as virus tested (or certified virus tested).

431. Wild Types. The genotype or phenotype of an organism predominating in the control (standard
or wild) population, in its natural environment.

432. Water of Hydration. The quantum of water chemically bound to a substance. The amount
could be variable and should be taken into account when solutions of salts are prepared ; as in
the instance of medium preparation.

433. Yeast Extract. An unidentified complex Vitamin B complex used as an addendum to certain
plant tissue-culture media.

434. Yield. Refers usually to the ‘productivity assessment’.
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Degree of UV radiation  216
Delayed hypersensitivity reactions  13
Delayed hypersensitivity T cells  13
Delayed type hypersensitivity  2, 23, 66, 75
Deletion mutations  125
Denaturation  225



INDEX 463

Dendogram  402, 403
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Desamido insulin  166
Design of fermentation processes  221
Designing  417
Desired gene  134
Desktop  390
Desktop computer  390
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Diphtheria toxoid (DT)  86
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Heat-treated vaccine  82
Hela type cells  227
Helium pressurized device  128
Helium shock waves  129
Helminths  15, 178
Helper T-cells  21
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Hormone-induced superovulation  136
Hormones  226
Host Bacteria  423
Human α-interferon  413
Human albumin  337
Human clone  157
Human cloning  157
Human genome project 393,  406
Human genome sequences  393
Human health care  399
Human insulin  162, 368
Human insulin (crb)  167
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Method of choice  128
Methylene blue  424, 425
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Microcarriers  129
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Millet  372
Mineral oil  4
Mineralocorticoids  296
Minimum inhibition concentration (MIC)  182
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Mixed vaccine  82
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Non synchronized tobacco protoplasts  126
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Pancreatic peptides  166
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Patents  414, 416, 417
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