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Foreword
Modern health care encompasses scientific efforts
which help in prevention, early detection and cure of
diseases. With advances made in the multidisciplinary
field of biotechnology, new health care products are
available which include preventive, diagnostic, therapeutic and prophylactic agents. Definitive diagnosis of
diseases coupled with development of new drugs and
vaccines has been the key to curing and preventing
many hitherto inconquerable diseases. No doubt
biotechnology has provided many scientific tools for
generating a low cost, affordable, efficient health care
regime. The next millenium will usher in an era of
molecular medicine.
The National Institute of Science Communication
(NISCOM) is bringing out popular science books under a new series entitled 'Foundations of Biotechnology' as a part of the project on 'Dissemination of
Biotechnological Information' sponsored by the Department of Biotechnology (DBT), Govt. of India.
This venture is yet another step taken by the Institute to make both students and laymen understand the
science underlying the wonders achieved by applying
hi-tech methods. Attractively illustrated and written in
extremely simple and lucid style, these books would
certainly help in percolating the awareness of biotechnology down to the school level. By introducing the
vast subject of biotechnology especially to children of
classes VII to X, it is hoped that many would be initiated

to take up this subject for an advanced study as it is the
time for them to decide upon their career options.
Keeping up with its major mandate of disseminating
scientific information to large masses, NISCOM has
undertaken this very important venture of popularizing
the basic concepts essential to the understanding of
sophisticated biotechniques. I firmly believe that these
books would enhance the reader's curiousity to know
more about this interesting multidisciplinary subject.
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Preface
Biotechnology ranks among three great technological revolutions of this century which include quantum
mechanics and electronics. Modern biotechnology is a
new and developing field of science although classical
biotechnological applications for the preparation of
food and beverages were known in ancient times. Current biotechnology is a multidisciplinary subject involving interactions with diverse branches of science which
include biochemistry, microbiology, molecular biology, organic chemistry and engineering. New knowledge developed in individual disciplines is expanding
the scope of applications of biotechnology. The range
of biotechnology products covers food, chemicals, agriculture and health care. The achievements are spectacular and future is exciting.
This book describes some important contributions
of biotechnology mainly to health care, the area of
utmost importance to tis. Every attempt is made to
make the book understandable without being technical
to the undergraduate students. The objective is to highlight the impact and scope ofbiotechnology on our wellbeing.

Acknowledgements
I thank Mr. S.K. Nag, Investigator, DBT Project and
Head, Popular Science Division of NISCO M for inviting
me to write this book.
I am grateful to Dr. S.R. Naik, General Manager
R&D at HAL, Dr. C. SivaRaman, FNA, Dr. Ajit D. Joshi,
Gynaecologist and Prof. S.R. Tophkhane, Faculty
Member of the Institute of Management Education,
Pune for reading the manuscript and offering valuable
comments.
I sincerely thank Mr. M.C. Abraham, Managing
Director, Hindustan Antibiotics Limited, Pimpri, Pune
for his encouragement.
I thank Miss. Aruna Deshpande for the sketches and
the creative artists at NISCOM for the illustrations to
make the subject more understandable.
I am also thankful to all my colleagues at HAL and
to the staff at NISCO11 who have helped in compiling
this book.

Future
Extensions
Regulatory
aspects
echnology
techniques
~hnology
products

Contents
71
What is health care?

... 33
61
...
58

What is Renltlt eare?

man tried to answer. He sought seriously for an

Canelixirwe oflivelifeforever?
wasensure
the question
which This
would
eternal ancient
youth.

The attempts made to search for such substances are
evident from the notings ofAmrta (product of transmutation of water) in Hindu religion. Even the fairy tales
and Persian stories of magic include the attempts to
overcome death. When man was convinced that death
is inevitable, the next logical question which popped-up
was: how to live healthier and longer? Present pharmaceutical and health care industries are the outcome of
attempts to answer this question. Though there is no
definite answer to this question, man has come up with
more and better answers over the ages. Efforts have
been mainly in two directions; combating illness and
delaying the ageing process. Health care encompasses
all activities relating to prevention, detection and cure
of diseases. Investigations have lead to understanding
the cause and the nature of many diseases and the
development of preventive measures and of cure. Several diseases can now be prevented or cured. Diseases
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like cancer and AIDS (acquired immuno deficiency
syndrome) pose challenges yet to be countered.
It may be surprising to know that there are about
30,000 known diseases out of which only 5000 can be
cured; 10,000 can be controlled and 15,000 cannot be
cured nor controlled. The various diseases can be
grouped into three categories; infective, physiological
or metabolic and genetic or hereditary.
Infective diseases are caused by pathogenic microorganisms. These are minute living entities, mostly
unicellular and visible under microscope, which are
present everYWhere around us; in water, soil and aIr.
Based on the shape, cell structure, physiology and
other biochemical characteristics, microorganisms are
classified into five types; bacteria, fungi, protozoa, algae
and viruses. Infections due to protozoa, bacteria, viruses and fungi are widely prevalent. Bacterial diseases
constitutes 85 to 90%of infective diseases; tuberc.ulosis,
urinary tract infection, pneumonia, throat infection, typhoid, cholera, gastroenteritis are some examples. Viral, fungal and parasitic diseases constitute about 6 to
7%, 1 to 2% and 2 to 10%of infective diseases, respectively. Amoebiasis and malaria are examples ofparasitic
diseases caused by protozoa. Infective hepatitis Gaundice), measles, chicken pox, common cold and AIDS
are viral diseases. Fungal infections include both superficial and systemic skin diseases. The exception to
microorganism as causative agents of disease is that of
an infective protein, an abberant 'prion', which causes
fatal diseases like Kuru in Cannibalistic tribals, scrapie
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in sheep and Mad Cow disease in cattle. Stanley B.
Prusiner won the 1997 Nobel Prize in medicine for this
discovery.
In our body, different organs perform distinct functions and the manner in which they perform their functions and maintain metabolic activity is termed as
physiology. Each and every cell in an organ continuously performs some function via chemical reactions.
Any malfunction of an organ results in a disorder. Such
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disorders are called physiological or metabolic diseases. For example, anemia is a disorder due to either
lower absorption of iron in the intestine or lower iron
content of the food resulting in decrease in hemoglobin
content in the blood. Diabetes is another physiological
disease in which sugar level in the blood increases due
to lower secretion of insulin by the pancreas.
A third group of diseases is of genetic origin. They
are transmitted from one generation to the next. These
diseases are a result of defects in genes. Hemophilia,
thalassaemia, cystic fibrosis, Gaucher's disease and
lactose intolerance are some examples.
The importance of health care is highlighted 'in a
famous Urdu saying, Sar salamat to pagadi hazar which
means that if our head is intact only then exists a choice
of many hats to wear. In technical terms, we can reap
the benefits of technological progress only if our health
is sound.
We have seen our grandma giving advice on treating
some common diseases such as warm milk with turmeric is good for cough; tea with ginger is good for cold
and so on. Such remedies have been inherited and find
roots in Ayurveda. Historians claim that in Stone Age,
the remedy for illness was based on instinct and intuition followed by magic remedies (sort of psychological
treatment). All types of medical treatments that are
presently practiced can be grouped into four groups;
Ayurvedic, Unani, European system (Allopathy) and
Homeopathy. Among these, Ayurveda which is based
on utilization of plants and minerals as sources of medi-
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cines is the oldest and is being practiced since time
immemorial. There are ample evidences to state that
the Ayurvedic science of medicine was well developed
in India during 6000-4000B.C., the Vedic period. Some
of today's specilizations did exist during this time like
Swalya Vaidyas (surgeon), Bhishaks (physician) and
Bhishagatharbas

(physicians with spiritual power,

psycologist). The writings of Charaka and Sushruta,
the pioneers of medical science in India are landmarks.
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Unani system is the system of Greek medicine
which was developed during Arab civilization and is in
existence for the past 1200 years. The Unani system of
medicine is based on the Pythagorean theory of the four
proximate qualities; hot, cold, wet and dry of the elements (Arkan) and the Hippocratic humoral theory
which proposes the presence of four humours; blood,
phlegm, yellow bile and black bile in the body.
The European system or Allopathy is about 300
years old. This is the most popular and widely practiced
system today for treating an illness. The approach involves the use of compounds (drugs) which produce
certain effects that are different from the effects due to
diseases. But the effects of drug ultimately either cure
the disease or reduce the sufferings.
Homeopathy, founded by Dr Hahnemann, is the
latest system of treating a disease. It is in practice only
for the past 150-200years. Homeopathy system, unlike
Allopathy, believes in the phenomenon of similarity
(simile phenomenon) that is, "like is cured by like". The
choice of a drug is based on the symptoms experienced
by the patient. The drug that causes similar symptoms
(symptom similae) in healthy person are given as a
remedy for that disease.
Irresp~ctive of the type of medical system practiced,
biotechnology has a role to play in alleviating human
suffering caused due to an illness.
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nology is a rapidly developing branch of science involving interactions between scientists from different
disciplines working together as a team for achieving a
common goal. This exercise has resulted in many novel
inventions.
Biotechnology has been defined as the application
of scientific and engineering principles to the processing of materials by biological agents to provide goods
and services. As a consequence of its multi-disciplinary
components, biotechnology involves diverse technIques.
The living forms on the earth are grouped under
three kingdoms; microbial, plant and animal. Microorganisms are the earliest forms of life that evolved on
earth about 2000 million years ago. Each microbial cell
has the ability to survive and reproduce. The higher
forms of life are more complex and have groups of
similar cells performing specific functions. The
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pathway from uptake of nutrients by cells, converting
them into energy and finally the performance ofvarious
functions is called metabolism. Metabolism is a complex phenomenon wherein several complex chemical
reactions are performed in an organized manner in
different cells. The catalytic force behind these chemical reactions is provided by enzymes. A living cell
contains several enzymes. Some compounds are
formed during metabolic activities in a cell. Such products are called metabolic products or metabolites. The
cells, the enzymes and the metabolic products from
members of all three kingdoms of life forms have contributed in providing us health care products. Biotechnology has facilitated to obtain these products on a
large scale and at a lower cost.
Fermentation
It is a process that utilizes microorganisms for obtaining a desired product. Fermentation processes are
practiced widely because of the ability of select microorganisms to give consistently high yield of the desired
product in a reasonable period of time from cheap raw
materials. Secondly, microorganisms can be grown on
a large scale. Fermentation process also helps to manufacture unique products which are difficult to obtain by
other methods.
Fermentation is a long process. It starts from the
stock culture of a microorganism which is transferred
to a conical flask containing a sterile growth medium.
The microbial culture from the :flaskis then transferred
to a seed fermenter containing sterilized seed medium

Biotech in Health Care
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where vegetative growth is obtained. The seed is then
transferred to a fermenter containing sterilized production medium. All transfers are done under aseptic conditions. Sterility of all the vessels is strictly maintained.
The composition of seed and production media, age of
transfer and fermentation parameters such as pH, temperature, dissolved oxygen level, vessel pressure, and
agitation are maintained. However, this may vary from
culture to culture and also from one product to another.
The mode of operation of a ferment~r, design of a
fermenter, age of harvest and nutrient addition strategies are determined by the physiology of the culture
and the product of interest. Products are isolated either
from the broth or from the cells.
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Fermentation processes are used in a wide range of
industries. In the pharmaceutical sector, antibiotics
contribute the maximum share of total value of fermented products. In fact, advancements in fermentation technology have come about mainly as a result of
success in production of antibiotics. In addition, a vast
number of health care products are produced by fermentation which include insecticides, anti-parasitic
agents, enzymes, alkaloids, insect toxin~, protein
drugs, vaccines and so on. The size of production varies
from a few kilograms of protein drugs to several tonnes
of antibiotics. So does the price from about 12 US
Dollars for about 0.6 kg of penicillin to 1000 US Dollars
per kg of insulin. In terms of weight (qnd not dosage)
the cost of products like hepatitis B vaccine is even
higher.

Animal Cell Culture
The concept of culturing animal cells in vitro began
in the 1880s. The first commercial production using
animal cell culture was of Salk polio vaccine in 1949.
Viral vaccines still dominate the list of products obtained by using animal cell culture.
In the in vitro cell culturing, the prime objective is
to propagate the cells at a faster rate for achieving
higher products concentration. The protocol comprises
maintenance of a master cell line, preparation of seed
culture of cells, formulation of media, cultivation of cells
and isolation of products. In the body of animals, the
cells receive the nutrients via an organized route
through digestion, absorption and circulation. While
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culturing the cells in vitro, the nutrients are provided
by the medium in the fermenter. The medium includes
constituents like sugars, amino acids, proteins, mineral
salts, vitamins and certain growth promoting factors.
The cells are first propagated to prepare a seed which
is then transferred to a vessel where they are cultured
on a large scale in the presence of nutrients. The environmental and cultural conditions like pH, temperature, aeration and agitation are controlled during the
cultivation to suit the growth of desired cells. Different
types of vessels are recommended for the cultivation of
animal cells. These include Roux bottles in which the
cells grow as a layer on the surface of media, Roller
bottles where the bottle containing medium and seed
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cells is rotated at a very slow speed so that the cells are
grown within the liquid medium inside the bottle; as a
suspension in an agitated tank (fermenter); a column
reactor where the medium is recirculated through the
column and the cells grow on the surface of an inert
material in the column. The type of vessel used for the
cultivation of cells depends on the properties and characteristics of cells. Sterility is a prime factor during cell
culture. Growth of unwanted microorganisms or cells
is prevented by maintaining sterility. Growth of contaminants consume the nutrients and produce undesired products. The medium is sterilized prior to use
and the transfer of seed is performed under aseptic
conditions. At the time of harvest, cells are separated
and the product is isolated either from the cell mass or
from the culture filtrate. The product of animal cell
culture include vaccines, monoclonal antibodies, hormones, protein drugs among others.
Plant Cell Culture
Large scale culturing of plant cells under controlled
and specific conditions for obtaining the desired product is termed as plant cell culture. Although plants have
been sources of medicines from ancient times, the use
of plant cell cultures has received attention only in last
50 years or so. This was mainly because many of the
drugs of plant origin are normally complex molecules
and difficult to synthesize. However, those which are
simple molecules are synthesized chemically. Chemical methods are preferred, when applicable, since it
takes a long time for cultivation of plants and harvesting
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of plant tissues. Plant cell culture has an advantage over
plantation as cells are not vulnerable to the environmental factors like climatic variations and pests infestation. Further, the production can be taken up any time
when required and the quality of the product is consistent.
Plant cells require simpler media for growth compared to animal cells. The reactor designs also differ
since the plant cells have different characteristics. They
are dense and large in size approximately 100 millionth
of a meter in diameter. Plant cells also have slower
growth rate, higher tendency towards clump formation
and lower metabolic activity. The older cells often contain toxic metabolites. The cell wall has high tensile
strength but low shear resistance. Plant cells are usually cultured as suspensions in specially designed fermenters.
Plant cell culture should not be confused with plant
tissue culture. In plant tissue culture, differentiated
tissues can be grown or the plant cells are first isolated,
grown as a homogeneous undifferentiated cell mass
called callus. The nutritional and environmental conditions are so adjusted that callus starts to differentiate
forming root, shoot and the entire plantIet. In plant cell
culture, the cells are grown on a large scale and the
propagated callus cells have homogeneous morphology (structure). Some of the health care products derived from plant cell culture are: alkaloids, antileukemic agents, anti-tumor agents and anti-viral
agents.
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Genetic Engineering
The term genetic engineering is coined from two
words; 'gene' and 'engineering'. Let us first understand
what a gene is? The chromosomes contain genes
wherein the genetic information is stored. Genes are
made up of deoxyribonucleic acid (DNA) molecules.
Four different nucleotides (building blocks of DNA)
are arranged in a specific sequence. A nucleotide is
composed of a base, sugar and phosphate molecules.
Four different bases namely, adenine, thymine, cytosine and guanine (abbreviated to A, T, C and G, respectively) are present, hence four nucleotides. In a double
stranded DNA molecule the separate strands come
together through hydrogen bonding between the bases
to form helical structure in which A always pairs with T
and C with G. The complementary structure of double
stranded DNA is responsible for the faithful replication
of the genetic material. The total DNA content of a cell
is known as genome. The content of genes are very
high than what one would expect and differs from one
biological species to another. In human genome there
are about 3 billion nucleotides responsible for about
100,000 different genes. The genome in a cell contains
hundreds or thousands of genes that code for various
proteins required for different cellular functions. Genes
function via proteins. The coded information on DNA
is first transcribed and converted into a strand of a
nucleic acid called messenger ribonucleic acid
(mRNA). The mRNA controls the structure and synthesis of proteins. Three nucleotides on mRNA codes for
one particular amino acid to be incorporated in a pro-
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tein. This triplet is called the codon. The genetic codons
on mRNA are arranged in a sequence that corresponds
to the sequence of amino acid in the protein to be
encoded. Of course, there are 'on' and 'off' codons that
signal start and end of protein synthesis. The building
blocks of proteins comprise basically only 20 amino
acids.
In nature, genes are transferred from parent cell to
daughter cell during normal reproduction/ multiplication. It is now possible to isolate, splice and reconstitute
DNA molecules and transfer the fragments from one
cell to another cell even of an entirely different kingdom. For instance, genes from animal cells can be
transferred into microbial cells. This process of splicing, reconstructing and expression of a foreign gene in
a recipient cell, related or unrelated, is termed as genetic engineering. This technique has opened up possibilities of obtaining novel genetic combinations that
are not found in nature.
Genetic engineering is an extremely precise technique. In broad outline, the first step is to isolate and
locate the region of DNA of the donor cell which is
responsible for the synthesis of the desired protein.
The fragment of DNA containing the gene of interest is
obtained with the help of restriction enzymes which cut
DNA at specific sites. For the transfer of this DNA
fragment to a host cell, one needs a vehicle called
vector. The vector is treated with some specific restriction enzymes to form a slot for accommodating the
DNA fragment from the donor cell. The vector having
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the slot and the foreign DNA fragment are mixed together in presence of specific joining enzymes under
stringent conditions to get the vector containing the
foreign DNA. It is then transferred into the host cell.
Commonly used vectors are plasmids which are circular, double stranded DNA molecules present in many
bacterial cells and are capable of replicating independent of host DNA. The transformed host cell thus
has hew DNA with corresponding new characteristics.
The expression of foreign DNA in the host cell leads to
synthesis of the protein encoded by the foreign gene.
This protocol is also termed as recombinant DNA
(rDNA) technology or gene cloning. The host cell carrying a foreign gene is the cloned cell. Once a particular
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gene is cloned, it is possible to manipulate it to
increase the level of its
expression to as high
as 100 fold or more.
Gene cloning was
first reported in the
year 1973. In last 25
years this field has
found use in almost all
industries.
In the
health care industry
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namely, understanding
the human physiology,
diagnosis of diseases,
production of drugs
and vaccines.
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genes from one microorganism to another
and from animal cells
to microorganisms permits the production of
drugs of animal tissue
origin by fermentation
using the transformed
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microorganism. Insulin is produced by the pancreas,
an animal organ. Traditionally, insulin was prepared by
extraction of porcine or bovine pancreas. Transferring
the human gene responsible for synthesis of insulin in
microorganisms has now enabled its production by
fermentation. Streptokinase, the enzyme used for dissolution of blood clots is secreted by the bacterium
Streptococcus. The cloning of the gene for streptokinase
into yeast greatly enhanced its yield. These are just two
examples. The list is very long, e.g. human growth
hormone, factor VIII, interferons, interleukins, tissue
plasminogen activators, hepatitis B vaccine etc.
The amino acid make up (sequence) of a protein can
be changed at any specified position (site directed
mutagenesis). Synthetic oligonucleotides are used in
this procedure where the triplet codon for the target
amino acid is replaced by that of the required substituent. Such a change gives protein with known altered
structure. Certain specific changes in the protein molecules increase their therapeutic efficacy. Developing
such engineered proteins or creating synthetic mimics
of natural proteins is a recent application of genetic
engineering methodology.
Besides microorganisms, a foreign gene can even
be inserted in plants and animals.
An animal that has a foreign gene inserted into its
DNA is known as a transgenic animal. Such an exercise
leads to generate animals having unique characteristics. Transgenic farm animals with higher milk
production, growth rate and resistance to diseases are
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developed. Farm animals like cattle, goat, sheep produce milk in large quantities. If a gene for pharmaceutical product is inserted in the farm animals at a position
adjacent to the genes responsible for synthesis of milk
proteins, then the pharmaceutical product will be coproduced in the milk which can be purified later from
the milk. Pharmaceutical products obtained by using
transgenic farm animals include human lactoferrin, human tissue plasminogen activator, human anti-haemophilic factor IX and human haemoglobin.
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Transgenic laboratory animals like mice are useful
tools for biomedical research. Many human diseases
are a result of either under or over expression of certain
genes. To study such a disease, transgenic mouse that
synthesises abnormal amount of the protein causing
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the disease is developed. Thus, the transgenic mouse
will have symptoms of the disease similar to that found
in humans. Once a line of mice is developed, the efficacy of the drugs can be tested in these animal models.
Diseases like breast cancer, rheumatoid arthritis are
being investigated using transgenic animals as models.
Like transgenic animals, several transgenic plants
have also been developed. The list of transgenic plants
include prime crops like corn, soyabean, rice, potato;
tomato, melons and cucumbers. Transgenic plants with
bacterial genes that produce proteins toxic to insects
but not to humans require little or no synthetic insecticide for protection against insect infestation. This helps
to reduce the levels of toxic insecticide residues in plant
products as well as severity of environmental pollution.
Monoclonal Antibodies
Antibodies are a group of proteins released in the
blood in response to invading substances like bacteria,
viruses or foreign proteins and macromolecules. Antibodies take part in the defence mechanisms in combating disease causing microorganisms. The agents which
induce antibody formation are called antigens. The
binding of antigen and antibody leads to the destruction
of antigen. The immune system of man produces antibodies to a vast range of antigens. At any given time a
number of antibodies are present in the animal's blood.
Production of antibodies is stimulated by injecting the
antigen. By doing so the population of antibodies
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specific to the injected antigen is enhanced in the blood
after a lag period. The antibodies, generated by such
procedures are polyclonal antibodies ('poly' meaning
luany) which differ in their amino acid composition and
recognize different structural regions of the antigen
molecules. It was observed that some mouse myeloma
(cancer) cells produce structurally unique and single
type of antibody although the antigen target could not
be protected. Such antibodies are monoclonal antibodies. In 1975 G. Kohler and C. Milstein finaly su(:ceeded
in preparing monoclonal antibodies towards specific
antigens for which they received the Nobel Prize for
Medicine in 1984. The production of monoclonal antibodies towards a target antigen is now an established
procedure.
The antigen is first injected into a mouse for onset
of antibodies production. The spleen cells which produce antibodies are isolated from the mouse and fused
with mouse myeloma cells. These fused or hybrid cells,
called hybridoma, possess parental properties of antibody secretion and malignancy. The individual hybrid
cells are cultured to form clones and are screened for
the ability to produce specific antibodies towards the
injected antigen. The colonies of the hybrid cells that
produce specific antibodies are isolated and injected
into the peritonial cavity of a mouse. Since the fused
cells are cancerous, they develop a tumour (resulting
from hybrid cells). These tumour cells secrete the
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antibodies which get accumulated in the abdominal
cavity of the mouse. The monoclonal antibodies are
then isolated from the fluid. This protocol enables one
to obtain large quantities of specific antibodies.
Development of monoclonal antibodies has revolutionized the role of imrrmnology in medical field. The
specific and reproducible nature of monoclonal antibodies has enabled their use in diagnosis and therapy
of various diseases besides its use in research. Detection of pregnancy, gonorrhoea, herpes virus, HIV antibodies and some forms of cancer are some diagnostic
applications employing monoclonal antibodies. Monoclonal antibodies are used in cancer therapy for monitoring of progress and targeting the drugs. The US
Food and Drug Administration (FDA) has approved
more than 150 monoclonal antibodies for diagnostic
use.
Combination of genetic engineering and monoclonal antibodies in therapy is an emerging area. Antibodies towards specific, altered protein molecules can
be prepared. This approach would widen their application in diagnosis and prevention of diseases.
Biocatalysis
Living cells contain many enzymes which catalyze
various metabolic reactions inside the cell. Cells are
thus reservoirs of enzymes. Some enzymes are secreted out of the cells into the medium. Unlike manmade catalysts, biocatalyst exhibit stereo-specificity
and function under mild environmental conditions.
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With advances in enzyme technology, biocatalysts are
preferred as industrial catalysts.
Biocatalysts are not consumed in the reaction and
can be reused if isolated in active form. The reuse of a
biocatalyst reduces its cost. However, the recovery of
soluble enzymes after the completion of a reaction is
uneconomical even if possible. While some enzymes,
particularly those secreted by microorganisms into the
medium, like those used for converting starch to glu-
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cose are often cheap enough not to be recovered after
a single use. In contrast, enzymes present inside the
cells are difficult to isolate and separate from many
proteins present in the cells. Production cost becomes
prohibitive if the biocatalyst is not recovered and
reused several times. This is achieved by fIxing or
attaching to a solid support (beaded or fibrous) so that
the biocatalyst can be recovered by simple fIltration.
Binding of the enzyme to a support can be achieved by
several procedures including adsorption on activated
support, binding on a resin carrying charged groups or
by chemical attachment. Care has to be taken that the
enzyme or cells exhibit the desired catalytic activity
after such modifIcation. This method is called enzyme
immo bilization.
Whole microbial cells containing an enzyme activity
can be used in some instances without isolating the
enzymes provided interfering enzyme activities are
either not present or are inactivated.
Typically, the immobilized biocatalyst is taken in a
tank and stirred with a solution containing the reactants
under defIned conditions till the reaction is complete.
The product is isolated from the reaction mixture
after separation of the biocatalyst. Alternatively, the
biocatalyst is packed in a column (packed bed reactor)
and the solution containing the reactants is pumped
through the bed of biocatalyst during which the reaction takes place. The design of column, choice of solid
support for immobilization, operational parameters,
biocatalyst replacement strategies etc. are governed by
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characteristics of the biocatalyst, reactants and product. It has been possible to use some enzymes continuously for six months to one year.
Downstream Processing
Fermentation, animal cell culture, plant cell culture,
biotransformation and immobilized enzymatic processes are the methodologies for preparation of a substance. But unless and until the substance is isolated in
a marketable form, the efforts are not complete. The
procedure of recovering the products is called downstream processing. The protocol for isolation of a substance depends on the physico-chemical and biological
properties of the compound and its end use. Many of
the biological products are labile and isolation has to be
performed under restricted ranges of pH, temperature,
salt concentration etc. This is to preserve the biological
activity of the product. For some protein drugs the
processing needs to be done under stringent environmental control to avoid contamination. When the product is present in the cells it is termed as intracellular
product and when it is secreted outside the cells the
product is extracellular.
Invariably the first step in downstream processing is
separation of cells or the biocatalyst. For intracellular
products, the cells are broken to release the product in
the extracting solution. The product is purified, crystalized if required, dried, formulated and packed. Purification steps are often the most tedious among all the
operations and may in turn involve many steps. After
drying, the product is formulated in suitable dosage
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form or in marketable form like dry powder, syrup,
tablet, capsules or injectables. Some of the biological
products are formulated directly after purification.
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Immunoassays
The method for identification and quantitation of
physiological, biological or chemical substances using
antigen-antibody reactions are termed as immunoassays. Antigen-antibody interactions are part of the discipline 'immunology' and assays mean a method for
quantitation; hence the term immunoassays. It has become a handy tool for diagnosis and monitoring the
progress of diseases. Presently more than 25% of in
vitro clinical diagnostic market is captured by immunoassays based kits or protocols.
In1munoassays are based on antigen-antibody reactions. Antigen(Ag) binds to antibody(Ab) to form a
antigen-antibody (Ag-Ab) complex.
This reaction is dependent on the concentrations of
both antigen and antibody, temperature, pH, time and
other environmental conditions. The Ag-Ab complex
formation is a specific reaction as an antibody binds
only to a particular type of an antigen. Thus, immunological methods can detect the presence of either
antigen or antibody. Determination of either antigen or
antibody as such is a tedious task and needs sophisticated equipment. If an easily detectable marker reagent
is chemically attached to either antigen or antibody,
then its presence can be detected easily. When radioactive compounds are used as marker, the assays are
known as radioimmunoassays. In the last two decades
or so, enzymes have replaced hazardous radioactive
substances in some detection methods. Certain enzymes catalyse chemical reactions that can be detected
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by simple colour change. When enzymes are used as a
marker, the method is termed enzyme linked immunosorbent assay (ELISA). Alkaline phosphatase and
peroxidase are widely used enzymes in ELISA. Immunoassays are performed either in micro titre plate (plate
with many small wells) or by using strips made up of
suitable rnaterials like polycarbonate.
Drug Delivery System
For treatment of disease, the drug should reach the
site of infection. Drug delivery system makes the drug
availability at the target site. The bottom line in drug
delivery is to make the drug available in active form.
This is because a drug is a chemical entity and can be
destroyed or chen1ically altered by the cells or other
tissues before it can reach the intended location. In
some cases, even if the drug reaches the target site it
is not taken in by the tissue because of complexity in its
chemical structure. Under such circumstances, a mediator molecule is required for smooth uptake of the
drug. Syrup, tablets, capsules, injections, ear drops and
creams for topical application are traditional approaches with which we are familiar and work for most
of the drug preparations. In past 50 years or so some
newer biological agents have been explored as carriers
of certain drugs. The carrier molecules can be antibodies, liposornes (macromolecules composed of lipids),
naturally occurring polymeric gels and synthetic gels.
The carrier has dual function to playas it protects the
drug from destruction and also has an ability to bind to
the target tissue where the drug is required. The drug
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is then released from the carrier at a precise location.
This also minimizes adverse effects of toxic drugs by
restricting the drug to the target site without exposure
to other body tissues.

II iotedlJt()/()U!I Pr()ducts

lution of this century first being quantum me-
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greatest technical
revochanics and issecond
computers.
Progress in all branches and at all levels of science has
enabled to bring the biotechnology at forefront. The
multi-disciplinary nature of biotechnology requires inputs from many branches of science. Inputs of engineering science are involved in improving process
efficiencies through design of fermenters and bioreactors, computerization and automation. Separation science has contributed in recovery of complex biological
products. Biotechnology products find applications in
fields as diverse as agriculture, health care, veterinary,
speciality chemicals and food and feeds. Biotechnology
health care products include preventive, diagnostic,
therapeutic and prophylactic agents.

Preventive Products
"Prevention is better than cure", very true. In fact,
prevention is not only better than cure but often also
much cheaper.
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Disinfectants
Disinfectants are used to kill disease causing microorganisms. However, in practice disinfectants need not
kill all microorganisms but reduce their number to an
acceptable level. Disinfectants cover many compounds
used for various purposes. The health care disinfectants include the compounds that are used in house
(detergents, soaps), hospitals, hotels, industries and
other public places. Most ofthe disinfectants are chemical compounds that are not biotechnology products.
Though the contribution of biotechnology in this area
is relatively low, it cannot be neglected. For example,
alcohol (ethanol) finds application as a disinfectant in
hospitals for skin disinfection prior to injection, vein
puncture, surgery etc. Alcohol is a fermentation product. Alkaline protease and lipase are incorporated in
detergents. Alkaline protease hydrolyses protein molecules whereas lipase hydrolyses lipids. These enzymes
are very useful tools in removing proteinous and greasy
stains, respectively. It is important to know that detergent enzymes constitute about 40%of total enzyme sale
world wide. This figure tells us the importance we give
for cleanliness. Both the enzymes are obtained by fermentation. The enzyme used in detergents should be
stable at relatively high temperature of 50°C to 70°C
(the temperature at which clothes are soaked both in
manual and machine washing). The structure of alkaline protease is suitably modified by genetic engineering methods so that it is stable at higher temperatures
for longer periods of time.
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Vaccines
The mammalian cells have a complex mechanism of
recognition for neutralization and removal of foreign
bodies soon after their entry into the tissue. The foreign
bodies can be either microorganisms or macromolecules like proteins. The foreign bodies act as antigens
and are neutralized by antibodies. The ability of our
body to combat these antigens is immunity. Some people have a high degree of immunity and hence do not
fall sick very often. Thus, in broader sense, immunity
can be defined as resistance to disease causing organisms. This resistance or immunity can be natural or
acquired. The natural immunity varies from one individual to the other, from one race to the other and also
from species to species of the infective microorganism.
Human body has an ability to remember and recognize
previous infections. This particular ability is the basis
for immunization. Acquired immunity is the immunity
which is developed intentionally by administration of
killed or noninfective forms of microorganisms. Active
acquired immunity occurs when the immunity is outcome of stimulation by an agent called immunogen (a
substance that brings about immunity). The body is
actively involved in the production of antibodies after
receiving the immunogen. When the introduction of an
antigen is by natural route, that is infection, the immunity is termed as naturally acquired immunity. On the
other hand, artificially acquired immunity is developed
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after introduction of an immunogen by artificial means
or vaccines. In passive acquired immunity, the antibodies produced in an individual or an animal are transferred to another individual/animal.
In naturally
acquired passive immunity, the antibodies are produced by the mother which are transferred to foetus via
placenta or to a new born via milk, the natural ways of
transfer. The immunity developed by transfer of antibodies produced either in human or animal body is
termed artificially acquired passive immunity.
Vaccines to several dangerous diseases like cholera,
tuberculosis, measles, mumps, rubella, polio virus,
plague, hepatitis B, Japanese encephalitis, rabies, yellow fever etc. are routinely used. Mixed vaccine preparations are also available like measles, mumps and
rubella (MMR)~Tetanous toxoid which is given after a
cut or a wound and diphtheria toxin are examples of
toxoid preparations.
Vaccines comprise either living cells, killed cells or
extracts of microorganisms. The cell culture or fermentation methods are used for their production. The viral
vaccines are prepared by culture in embryonated eggs
or from cell or tissue culture methods. A strict control
is practiced during the production, isolation and formulation of vaccines. The final preparation should be potent, antigenic and free from any other micro.orgamsms.
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Products

Acquiring Immunity
Biological product
~~~~~~~-----------------

Description

I. Active immunity
Vaccines

Suspension of weakened forms of live
microorganisms,
killed
microorganisms, extracts of micro-organisms/macromolecules
from microorgamsms.

Toxoid

A modified bacterial toxin. Used for
prevention of bacterial toxicities, e.g.
Tetanus toxoid.

II. Passive immunity
a.

Human immune sera

Immunoglobulin

A solution containing immunoglobulins from normal individuals. Used for
routine maintenance of immunity in
certain immunodeficient persons.

Hyper immune
serum

A special preparation from selected
human
donors
having
antibody
against disease.

b. Animal immune sera
Antitoxin

A solution
of immunoglobulins
obtained from animals (usually horse)
immunised with specific toxin, e.g.
Diphtheria.

Antivenin

A preparation
of immunoglobulins
obtained from animals (usually horse)
immunised with specific venom, e.g.
snake venom.
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Genetic engineering techniques have been explored
for the production of specific antigens on large scale. A
prominent exan1ple is of hepatitis B vaccine. The gene
coding for the protein responsible for antigenicity is
cloned into yeast which is grown by fermentation. The
vaccine, thus produced, is more potent and is well
accepted.

Food Items
"An apple a day keeps the doctor away". Nutritious
food is the key for good health. The importance of food
in health care was recognized even in ancient days.
Identification and the role of various substances like
vitamins, essential amino acids and minerals, which the
body cannot synthesize and hence are provided only by
dietary intake have influenced our food habits. Even
with conventional breeding programme, efforts have
been to develop crop varieties with higher content of
essential amino acids in addition to increased yield and
resistance to insect pests and bacterial and fungal plant
pathogens. Efforts have been directed to achieve these
through transgenic plants. Attempts are being made to
increase the levels of essential amino acids in seed
proteins by engineering the sequenced gene. During
processing, the foods are supplemented with such vital
su bstances.
Some special food items like lactose free milk powder is prepared by a process in which milk is pretreated
with microbial enzymes. This is required as baby food
by infants who suffer from lactose intolerance, a disorder in which lactose is not digested due to a deficiency
in the enzyme lactase.
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Diagnostic Products
The statement that "Problem understood is a problem solved" is a saying that has relevance in health care
as treatment of a disease depends on correct diagnosis.
Wrong diagnosis obviously leads to wrong treatment.
Diagnosis has always been a central problem in medical
science. Precise diagnostic tests are now available on
account of progress in medical biotechnology. Normal
healthy body has its own metabolism wherein many
metabolites are generated, maintained within limits
and excreted. This highly regulated balance of metabolites is disturbed during a disease and as a result, levels
of some constituents in blood, urine or tissues is either
increased or decreased. At times, abnormal substances
are also produced. Measuring the levels of such substances helps in identification ofthe nature of a disease.
The revolution in diagnostic procedures has come
about due to new knowledge gained in biology and
instrumentation. Today, diagnostic aids range from
simple home kits for detection of sugar in blood or urine
to highly sophisticated whole body scans. Enzymes are
highly specific and catalyse only one type of reaction.
This specificity of enzymes is exploited in the development of various diagnostic kits and analytical methods
for the assay of a wide range of tissue constituents.
Immunological methods on the other hand, are
many and vary from simple household pregnancy detection kits to detection and monitoring of diseases like
cancer in a clinical laboratory. Immunoassays are second generation diagnostic methods. They are more
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sensitive and specHicthan classical
biochemical
methods
and
have wider applications.
Besides

the

antigenic nature
of microorganisms,
characStructure of an antibody
teristic antigenic
compounds like toxins are formed during an infection
which are neutralized by antibodies. Antibodies are
highly specific in forming antigen-antibody complexes.
For the assay, labels that can be detected easily are
attached to the antigen or the antibody. Immunoassays
are sub-classilied based on the type of labels used.
ELISA involves use of enzyme lables, iInmunofluorescence (IF) involves use of fluorogenic compounds, radioimmunoassay (RIA) involves the use of radioactive
compounds and immunoelectrophoretic (IEP) involves
use of electrophoretic methods.
The presence of antibodies towards infective organisms can be detected by using antigen. In this
approach, an antigen is obtained by culturing the
infective microorganism. The antigen is injected intradermally and reaction to the antigen is observed.
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Immunoassay based available diagnostic kits
Type of assay

Disease diagnosed

Enzyme linked
immunosorbent
assay

Measles, Rubella, AIDS, Herpes,
Mumps, Toxoplasmosis, Hepatitis B,
Epstein-Barr viral disease, Rabies,
Chicken pox, Chlamydiosis,
Cytomegalovirosis, Legionnaires.

Immunofluoroscence

Amoebiasis, Brucellosis, Herpes,
Chlamydiosis, Echinococcosis,
Influenza, Rickettsiosis, Malaria,
Adenovirus, Toxoplasmosis.

Radioimmunoassay

Assay of prostaglandins.

Immunoelectrophoresis

Distomosis Agglutination, Meningitis,
Mononucleosis, Rubella, Salmonellosis.

Monoclonal
antibodies

Hepatitis B, Herpes, Rubella, Hepatitis
non A & B, Chlamydiosis, Cancer
(colon, liver, throat, lung, intestine,
pancreas, prostrate).

-----

------1

--- ---

Antigens used in detection of antibodies to
pathogenic organisms
Antigen

Disease detected

Diphtheria toxin

Diphtheria

Tuberculin

Tuberculosis

Histoplasmin

Histoplasmosis

Coccidioidin

Coccidioidomycosis

---.--
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Radioactive compounds can be detected in the body
or body fluids by using sophisticated equipment. This
branch of medicine is called nuclear medicine. Biological
molecules like proteins are derivatized with radioactive
labels mainly radioactive iodine. The radioactive proteins so obtained serve as a probe for getting valuable
information. Radioactive iodinated human albumin, fibrinogen and insulin are used for detection of total
blood and p1asma volume, diagnosis of deep vein
thrombosis and in vitro assay of circulating insulin,
respectively.

Nucleic Acid Probes
Though the immunoassays were developed very
timely and serve most of the diagnostic requirements,
it is not enough. Scientists were looking for even more
sensitive, specific and rapid methods particularly for
hereditary diseases. Genetic diseases in humans are
caused mainly by gene defects which result in either
the complete absence of a protein or in a defective
protein that is unable to perform its normal function.
Such regions of mutations in chromosomes can be now
detected. It is now possible to detect many genetic
disorders in the foetus at an early stage of pregnancy.
If abnormalities are found, parents can decide to terminate pregnancy.
Native DNA molecule has a double stranded helical
structure. The nucleotide sequence determines the
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structure and characteristics of the gene product. Even
a single change in the sequence leads to an abnormal
gene product. The double stranded structure of genes
also has unique properties. It can be dissociated into
single strands by heating and by rapid cooling, the
single strands can be reannealed into the double
stranded structure. Even a small piece (oligonucleotide) of single stranded DNA with complementary
bases from another source can reform the double
stranded DNA. DNA obtained by reannealing of single
strand DNAs from different sources is called hybrid
DNA and the process as hybridization. The single
stranded DNA molecule can serve as a probe to detect
whether a particular genetic information is present in a
human cell. The hybridized DNAs can be detected if
the DNA probe has a label (radioactive or enzyme). The
lower concentration of hybridized DNAis measured by
amplification. Several highly technical skills are required for carrying out these tests.

Disea;e~ diagnosed using nucleic acid probes

I

Herpes, Legionnaires disease, Pneumonia,
Rubella, AIDS, Hepatitis B, Mucoviscidosis,
Myopathy, Heart diseases, Cystic fibrosis, Sickle
cell anemia, Asthma, Diabetes, Hormonal
disorders, Ulcerative colitis, Tuberculosis,
Influenza,
Thalassemia,
Haemophilia,

Al~hei~e~'s disease.

I
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Therapeutic Products
Treatment follows after a disease is diagnosed. If the
disease is incurable, then the effort is to control it and
reduce painful symptoms. Substances used for these
treatments are drugs. Drugs are classified on various
platforms. A classification based on the methods of
production divides them into synthetic (produced by
chemical method), natural products (mainly plant extracts), fermentative (produced by microorganisms),
seInisynthetic (chemical derivatization of naturally or
fermentatively produced substances). Marketing
based classification groups them as over the counter
(OTC) drugs and prescription drugs. Examples of
structure based classification are Beta-Iactam, quinolone, peptide, aminoglycosides, proteins, enzymes,
polyene etc. Clinical or activity based classification includes cardiovascular drugs, antibiotics, anticancer
agents, antiparasitic agents, diuretic drugs, antiinflammatory agents etc. Biotechnology drugs come under
production based group. A wide range of structurally
and functionally different drugs are produced by using
biotechnology principles.
At the beginning of this century, drugs were obtained mainly through chemical synthesis, extraction
of plants or animal tissues. The discoveries of penicillin
in 1928 and of streptomycin in 1943 have triggered the
screening programme for production of biologically
active compounds by fermentation. As a result, thousands of interesting compounds were isolated, identified and investigated for their therapeutic activity. The
major breakthroughs in production of monoclonal an-
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tibodies and rDNA technology have changed the total
outlook in diagnosis and treatment of various diseases.
Antibiotics
Antibiotics are compounds that kill the microorganisms at a very "low concentration". The term low concentration is important. Even sodium chloride
(common salt) inhibits the growth of microorganisms
at a very high concentration but it is not an antibiotic.
Bacterial diseases are the most common of infectious
diseases. Hence, discovery of antibiotics is indeed the
most memorable gift of the nature. It is hard to believe
that diseases like tuberculosis and pneumonia were
fatal diseases even in the early part of this century.
Today tuberculosis is a curable disease. Antibiotics are
rather specific in their antibacterial action. Not all bacteria are killed by anyone antibiotic. Thus, only few
antibiotics can be used to cure a given disease. The
choice depends on the degree of infection, side effects
of the antibiotics and overall clinical condition of the
patient. Diseases like cholera, typhoid, tuberculosis
and pneumonia can be cured to the fullest extent. There
are a few hundred antibiotics that are prescribed for
various infectious diseases.
Antifungal compounds are those which kill fungi.
Fungal infections are mainly skin infections. Some antibiotics exibit antifungal activity and are used in controlling fungal diseases. This group of compounds are
called antifungal antibiotics.
A technological revolution has taken place in the
production of antibiotics. The improvements can be
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guaged from increase in the productivity of penicillin
from 2 units/ml in 1940s to 2000-3000units/ml in 1950s
and 80000-100000 units/ml at the present time. This
phenomenal increase has been due to large scale fermentation, strategies adopted during the fermentation,
improved downstream processing, automation and developlnent of hyperproducing strains. Various approaches like reisolation, mutations with physical and
chenlical agents, hybridization, genetic engineering
etc. are practised for strain improvement.

Anticancer Agents
In simple terms, cancer cells are abnormal. Their
uncontrolled'growth results in tumour formation. Cancerous cells have the ability to migrate from the primary
site to other tissues, a property known as metastasis
which makes the disease a killer. The cancer cells have
different metabolic pathways/function than the normal
cells. As a result, the metabolic balance of body is
shattered. Inspite of decades of dedicated efforts in
medicine a cure for most types ofcancer is not available.
Only a few types of cancers, if detected at an early stage,
can be cured. Anticancer agents kill or inhibit both
normal and cancerous cells which make them highly
toxic. Attempts to direct or target drug to the site of the
disease are being tried using drugs enclosed in the
artificial membranes Oiposomes) carrying tissue specific antibodies.
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Other Fermentative Drugs
Besides antibiotics, the other important group of
fermentatively produced drugs include enzyme inhibitors. Enzyme inhibitors are compounds that inhibit the
enzyme activity. Enzyme inhibitors are very specific
and inhibit only one type of enzyme. Such compounds
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regulate the activity of enzymes and hence the corresponding metabolic function. For example, Leupeptin
serves as an antiinflammatory agent by inhibiting trypsin and other proteases which degrade the proteins in
the tissue.

Enzyme inhibitors produced by fermentation
Cathepsin
BCancer,
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ulcer Regulation of
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Enzymes as Drugs
Enzymes perform different functions in the body.
Therefore, it is not surprising that enzymes can be used
as drugs. Though the therapeutic enzymes are many,
their share in the total enzyme market is marginal. This
is because total quantity consumed is less and hence
total turnover in terms of Dollar sale is also less.
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Nevertheless, enzymes are useful drugs in curing certain common as well as serious disorders.
Digestive disorders are at time a chronic condition
in many children and in some elderly people. This is
because of a deficiency in the formation of digestive
enzymes by organs in the body. Carbohydrate degrading enzymes like alpha-amylase, beta-amylase and diastase; protein degrading enzymes like chymotrypsin,
trypsin, pepsin and papain and fat degrading lipase are
then given orally to ensure proper digestion. Formation
of blood clot in the circulating system is responsible for
stroke and heart attack. Blood clot is a result of formation of a matrix structure by the protein thrombin. The
blood clot is dissolved by injecting enzymes like streptokinase, urokinase or plasmin. The gene for streptokinase has been cloned into yeast in order to obtain this
enzyme in large quantities by fermentation.
Inflammation is a result of degradation of tissue
matrix substances such as collagen, proteoglycans,
hyaluronic acid etc. and cell lysis which leads to swelling and cause pain. The antiinflammatory enzymes
remove, by hydrolysis, the debris generated by tissue
degeneration. Such enzyme preparations are available
as a cream for topical application.
In addition to such common diseases, enzymes are
used in treating many other diseases such as inborn
error of metabolism, certain types of blood cancer,
hernia, cataract treatment, arthritis and as antidotes.
The specificity of microbial cells in pertorming
certain chemical alterations has been explored in
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Important enzymes used as drugs

I

Application

Enzyme(s)

Digestive aid

Alpha-amylase, Beta-amylase,
Lipase, Diastase, Papain, Pepsin,
Trypsin, Chymotrypsin

I

I

I

-

Thrombolytic

Streptokinase, Urokinase, Plasmin

Antiinflammatory and
wound healing

Chymotrypsin, Trypsin,
Chymopapain, Bromelin,
Collagenase, Fibrin,
Deoxyribonuclease, Lysozyme,
Substilisin, Superoxide dismutase,
Hyaluronidase, Ribonuclease

Anticancer agents
Antidotes

1-

L-Asparginase, L-Glutaminase,
L-Arginine desimidase
Superoxide dismutase,
Rhodonase, Bilirubin oxidase,
Glutathione peroxidase

Inborn errors of metabolism
I

Cystic fibrosis

Pancreatin, Lipase, Trypsin

I

Lactose intolerance

Beta-galactosidase

I

Gaucher's disease
Hemophilia

Reta-glucocerebrosid_a_se
_
Thrombin, Antihemophilic factors
(VII, IX, Xa, XIII)

Profound immunodeficiency

Adenosine deaminase
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achieving some precise chemical modifications of
either drugs or drug intermediates which otherwise is
a tedious and expensive process. Production of steroid
drugs by biotransformation is one such example.
Drugs produced by bioconversion
Disease
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Another is a process for the production of vitamin C. A
genetically derived strain of Erwinia herbicola (bacterium) converts glucose into 2-keto-gulonic acid in a
single step. This intermediate is converted into vitamin
C by simple chemical process. In contrast, the chemical
route practiced till some 20 years ago required six steps
involving a high pressure reactor.

Semisynthetic Drugs
Semisynthetic drugs are produced by a combination
of ferment.ation and chemical process. These drugs are
the outcome of structure-antibacterial activity relationship studies. A group of drugs obtained through processing of products obtained by fermentation followed
by chemical modification is beta-lactam antibiotics
which include penicillins and cephalosporins. This
group of drugs is the most widely used among antibacterial agents. The penicillins obtained by fermentation
mainly penicillin G (benzyl penicillin) and penicillin V
(phenoxymethyl penicillin) were initially used as therapeutic agents but the rapid development of drug resistance lead to the development of semisynthetic
penicillins in which the part of the molecule is replaced
by different structural moieties. Many of the semisynthetic derivatives proved to be more useful antibiotics.
It is interesting to know that about 85%of penicillin G
produced fermentatively is converted into semisynthetic penicillins and cephalosporins and only 15%is
used for direct formulation as human and veterinary
therapeutic agents. Yet another example is of cephalosporin C. Cephalosporin C has only weak antibiotic
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activity but its derivatives are very effective antibiotics.
As a result, all c-ephalosporin C produced fermentatively is converted into semisynthetic cephalosporins.
Cephalosporins cost more than penicillins on accovnt
of the greater difficulties in isolating the fermentation
product and in obtaining chemically modified derivatives. Some selnisynthetic cephalosporins, however,
are displacing penicillins on account of their therapeutic effectiveness.

Semisynthetic drugs
Drug

Dise?se

Penicillin derived

Ampicillin

Bronchitis. Pneumonia

rOXYcillin

infection
Bronchitis, Pneumonia, Throat

I[Cloxacillin

mfectIOns and genitourinary tract
~espi~atory

'Cephalexin

infections
Respiratory and i~-n--it-o-u-n-'
n-a-ry-tr-a-ct-~JI

Cefazolin
Gonorrhea, Syphilis, Meningitis
CePhalosporin CPyelonephritis,
derived
Cefuroxime
Pharyngitis, Skin
infection.
Gonorrhea
I
-~-------Cefamandole Respiratory and urinary tract
infections
Icefotaxime
lCefaclor

Typhoid, Sepsis, Meningitis, Pelvic
inflammation. Endocarditis
Sinusitis, Bronchitis

'I

~
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Drugs derived by genetic engineering
Drug
Insulin
Human growth hormone
Interferons
Factor VIII
Serum albumin
Lymphokines
Streptokinase
Erythropoietin

Colony stimulating factor
Superoxide dismutase

Interleukins
Tissue necrosis factor
Atrial natriuretic factor

Application/Disease
Diabetes
Dwarfism
Cancer,Viral infections
Hemophilia
Surgery, Burns, Shock
Cancer, Auto-immune
disease
Heart attack, Stroke
Kidney failure, Anemia
associated with kidney
failure, Kidney
transplant
Cancer
Organ transplant,
Antidote,
Cardiovascular disorder
Cancer
Cancer
Cardiovascular disorder

Epidermal growth factor
Lipomodulin
Alteplase

Wound healing
Cardiovascular disorder

Murine monoclonal
antibodies

Reversal of transplant
of organs like kidney,
heart and liver

Myocardial infarction
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Thus, a wide range of pharmaceutical products are
being produced by employing novel biotechniques.
More so, the list of these products is ever increasing
due to the advances made in biotechnology.

l//t//re extensions

to change some parts. One should not
Watneed
happens
when
car getsbody.
old? There
compare a car
witha human
Ageingis ofa
some organs at a faster rate or damage due to infection,
at times, leads to a failure in their functioning. The
thought of organ transplant is not new and has been
expressed in mythical beasts, like Mermaids had a
body of fish; according to Greek mythology Chimeras
consisted of a lion's head, goat's body and dragon's tail.
In Hindu religion, Lord Ganesha had elephant's head.
Organ transplant has been a reality only in this century.
Transplant of heart, kidney and liver are some successes.
The major difficulties in organ transplant is the problem of rejection. Compatibility depends on similarity of
cell surface components of the donor and the recipient
and is complete only between identical twins. Risk of
rejection is reduced by suppressing immune response
with drugs, mainly cyclosporin.
Artificial cells are envelopes containing biologically
active components so that they can perform the function of a natural cell to a satisfactory level. Properties of
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the biological cells are maintained in the artificial cell.
The cell wall of an artificial cell is prepared by using
special polymers so that semipermeable nature is maintained. The materials like enzymes, multienzyme systems, cell extract, proteins, cofactor recycling system,
antigen, antibodies, vaccines, hormones etc. can be
enclosed within the artificial cells. Artificial cells are
used in artificial liver, artificial kidney, as a blood detoxifier, as immunosorbent, and as a blood substitute.
The possible area of artificial cells, artificial organs and
organ transplant puts forth different types of challenges
to biotechnology.
Genetic diseases are hereditary and are the result of
defective genes. There are about 3000 known genetic
diseases. In a genetic disorder either the functional
protein is not synthesized or an altered protein is synthesized which is unable to perform the normal function. One logical way of overcoming a genetic disorder
is to provide the missing protein. TIlis approach has
been successfully developed for treating dwarfism. Deficiency in human growth hormone secreted by pituitary gland results in dwarfing. TIle human growth
hormone gene has been cloned into Escherichia coli
and the hormone is produced by fermentation. Normal
growth of a person can be restored if the treatment is
initiated early enough.
Another approach for combating genetic diseases
would be by incorporating the normal gene that is by gene
therapy. Full understanding ofthe disease is the first step
in gene therapy. One thing, however is clear that gene
therapy assumes importance only when other alternative
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treatments have less potential benefits and pose greater
risk. 'The different protocols that are thought of include
gene insertion (a new version of gene is introduced into
the cell), gene surgery (a particular gene is excised
and/ or replaced by a normal one) and gene modification (a correction of defective gene). Of these, gene
insertion holds better promise. However, lot of legal,
social and ethical issues require to be considered before hUlnan trials are attempted. Some of the questions
are:
*Does genetic testing constitute invasion of
privacy?
*Will there be an increase in abortions which
discriminates against the genetically unfit?
*Should the individuals with a fatal genetic disease
be informed of their fate, especially if there is no
remedy available?

* Will these decisions become mandated legally and
ultimately demean humans?
*Should gene therapy be used only for treating
disease or also for improving an individual's
genetic legacy?

J(eouilltofll Aspects

gents to highly specialized drugs. Items like de'TIetergents,
health care
products
range from
detersoaps,
disinfectants
etc. simple
are covered
under consumer products. Purchaser's choice depends
on prior experience or on the information given by the
manufacturers through advertisements. In such products, quality, specifications and other standards of the
products are set by individual manufacturers. As a
result, we see that some brand names have maintained
their leadership.
Sale or purchase of a drug is entirely a different ball
game. Each drug is meant for a specific disease. It has
certain side effects. Further, physiological! clinical
state of each patient is also different. Thus, the drugs
are sold only after an advice from a doctor. But before
putting the drug on the shelf of a pharmacist, extensive
controls are practiced as a law. This is because substandard quality drug can re~ult in the death of a patient.
The exercise starts with analysis of raw materials,
monitoring of the production process at each step till
finished product is obtained. Once the goods are pro-
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duced, they are subjected to a series of analyses before
releasing in the market. These activities in professional
terms are called as good manufacturing practices
(GMP) , quality assurance (QA) and quality control
(QC). If the product does not pass the laid down tests,
entire lot is rejected and is a total waste. Quality control
is a yes/no operation. Therefore, quality assurance has
gained importance. One should take all precautions
during manufacturing so that the rejection rate is minimum or nil. This is because rejection is a net loss.
The quality contro~ operations are perlormance of
recommended tests for the products. These tests vary
from one product to another and are expensive as well
as longdrawn particularly when dealing with rDNA
products. Normally the tests include analyses of the
presence of active drug in the formulation, its biological
activity, presence of impurities, physical status of the
formulation, release of the drug etc. Many countries
have formed Committees of Experts who in turn recommend the tests to be carried out for each product.
These guidelines are called Pharmacopoeia. In general
prefix indicates the regulations practiced in that country e.g. Indian Pharmacopoeia OP), British Pharmacopoeia (BP) , US Pharmacopoeia (USP) , Japanese
Pharmacopoeia OP) etc. British Pharmacopoeia and
US Pharmacopoeia are accepted for International Trading. Besides Pharmacopoeia, many other regulatory
bodies control the production and marketing of the
pharmaceutical products. The choice of approval
agency depends on the type of drug. Almost each country has its own Food and Drug Administration (FDA).
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Licencing for the production, approval for the production area, observance of the norms of the quality, preservation of samples of the marketed drugs etc. are
some activities of FDA. FDA is a highly powerful
agency. In addition, International agencies like World
Health Organization (WHO) also regulate the production and marketing of some products.
In spite of proven contributions by biotechnology,
there are some contradictory issues about biotechnology and its products. This is because genetic engineering leads to creation of living organisms with unnatural
genetic characters. Some people still consider biotechnology as a science with less flowers and more thorns.
This is because there are some myths about biotechnology:

* Biotechnology is a new science.

* Unknown modifications in an organism may outweigh the known.

* Novel and dangerous organisms may be created.
* Npn-pathogens willbe transferred into pathogens.
* The technology is intrinsically dangerous.
It is a fact that the administrators and bureaucrats
have overemphasized these factors. However, possibilities of hazards cannot be ruled out. As a precautionary
measure ,many International Organizations and platforms are formed for both regulation and promotion of
biotechnology .
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What controls the genetic characters? How the complex metabolism is smoothly regulated? Questions like
these were unanswered from the ages to recent past.
Even at the beginning of this century the proteins were
probable macromolecules as constituents of gene.
Demonstration of DNA as genetic material and elucidation of double stranded structure of DNA by James
Watson and Francis Crick in 1953has turned the corner
in true sense. Within a span of about 50 years, the field
of biotechnology has progressed at a rapid pace.
- -- -

-

-
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-- - -- -- International organizations for regulation and
promotion of biotechnology products
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Abbreviation

Organization

Regulatory

FDA

Federal Drug Authority

WHO

WorId Health Organization

NIH

National Institutes of Health

EPA

Enviromnental Protection Agency

APHIS

Animal and Plant Health Inspection
Service

-

-

OSHA

Occupational Safety and Health
Administration

ECOSOC

The Economic and Social Council

FAO

Food and Agricultural Organization
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