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1.1 INTRODUCTION 

Biotechnology is essentially the product of interaction between the science of biology and technology. 

The products of biotechnology are going to have a major impact on the quality of human life, 

productivity, trade and economics in the world. Already biotechnology is being used in the areas of 

diagnosis, prevention and cure of diseases, in the production of new and cheaper biochemical 

products e.g. pharmaceutical drugs, in enhanced production of new food resources, in environmental 

protection and energy conservation. 

Biotechnology is as old as human civilization and has been an integral part of the human life. Many 

scientists use the term old or traditional biotechnology to the natural processes that have been 

used since many centuries to produce beer, wine, curd, cheese and many other foods. The new or 

modern biotechnology includes all the genetic manipulations, cell fusion techniques and the 

improvements made in the old biotechnological processes. 

The term biotechnology was introduced in 1917 by Karl Ereky, a Hungarian Engineer. He used the 

sugar beets as the source of food for large scale production of pigs. Ereky defined biotechnology as 

“all lines of work by which products are produced from raw materials with the aid of living things”.  

The multidisciplinary character of biotechnology makes it rather difficult to define biotechnology. 

However there are several definitions available. 

Biotechnology is “the integrated use of biochemistry, microbiology, and engineering sciences in 

order to achieve technological (industrial) application of the capabilities of microorganisms, cultured 

tissue cells and parts thereof”.(European Federation of Biotechnology) 

Biotechnology is “the application of biological organisms, system or processes to manufacturing and 

service industries”.(British Biotechnologists) 

Biotechnology is “a technology using biological phenomena for copying and manufacturing various 

kinds of useful substances”.(Japanese Biotechnologists) 

 

Biotechnology is defined as “the controlled use of biological agents, such as microorganisms or 

cellular components, for beneficial use”. (US National Science Foundation). 

Biotechnology is the application of scientific and engineering principles to the processing of materials 

by biological agents to provide goods and service. (The Organization for the Economic Cooperation 

and Development (OECD), 1981) 

http://www.biotechnology4u.com/introduction.html
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The application of biochemistry, biology, microbiology and chemical engineering to industrial process 

and products and on environment.(International Union of Pure and Applied Chemistry (IUPAC), 

1981). 

A new definition after combining all aspects of biotechnology/genetic engineering was given by Smith 

in 1996- The formation of new combinations of heritable material by the insertion of nucleic acid 

molecules produced by whatever means outside the cell, into any virus, bacterial plasmid or other 

vector system so as to allow their incorporation into a host organism in which they do not naturally 

occur but in which they are capable of continued propagation. 

1.2 HISTORY OF BIOTECHNOLOGY 

Biotechnology was being used even in ancient times although in it‟s more primitive and nascent form. 

A lot of evidence is available to suggest that making of curd, bread, wine and beer was known to pre-

historic man. These processes were used in the kitchen by using the process of fermentation. Other 

methods of preserving the food items like-drying, smoking, curing , pickling in salt and brine etc were 

widely used by the prehistoric civilization residing around Near East and Europe. The traditional 

biotechnology refers to these conventional technologies which have been used for many centuries. 

We are also familiar with the well documented process of mummification of dead bodies in Egypt 

using the technique of dehydration with a mixture of salts, largely sodium carbonate. Even before 

2000 B.C. Egyptians also knew how to make vinegar from the crushed dates stored over a long 

period of time. Around 1500 B.C. people in Mesopotamia, Palestine and Egypt, were widely using the 

technique of making wine from crushed grapes and beer from bread leaven using yeast and 

germinated cereals. 

According to some scientists, Louis Pasteur should be considered as the “father of biotechnology” as 

it is he who identified the role of microorganisms in the process of fermentation. Later the process of 

Fermentation was properly documented in 18th century. With the development of new apparatus 

such as Barometer and air pump, the Fermentation process was classified into three groups: 

- that which accompanied the evolution of gas. 

- that which accompanied the formation of alcohol 

- that which accompanied the production of acid. 

The very first biotechnologists 

A number of scientists contributed towards the better understanding of the process. Joseph Black 
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showed that upon heating magnesium carbonate with acid, a gas is released which is quickly 

absorbed by quick lime in water. 

Henry Cavendish, showed that same gas is released when the brown sugar in water was treated with 

yeast.  

In 1772, Daniel Rutherford reported that when an animal is kept in a closed container and then died 

the residual air after passing through a solution of alkali was noxious air. This air proved to be 

Nitrogen as experiments done by Karl Wilhelm Scheele. 

Later on Antoine Lavoisier provided the chemical basis for the nature of alcoholic Fermentation by 

using the analytical techniques for the quantitative estimation of carbon. 

A French man, Nichola Appert (1810) described the method of food preservation. Peter Durand 

(1810) gave the use of tin container for food preservation by putting an air tight vessel containing 

food material in the boiling water. 

In 1830, Charles B. Astier gave the concept that air is the carrier of all kinds of germs.Later 

experiments proved microorganisms to be the cause of fermentation. It was Charles Cagniard-Latour 

(1838) who gave the proof that alcoholic fermentation is cause due to the multiplication of brewer‟s 

yeast. In 1857, Louis Pasteur first showed the formation of lactic acid from sugar through 

fermentation due to the presence of lactic yeast using a polarimeter.  

In the early 19th century, the contributions of Eduard Buchner, Hans Buchner and Martin Hahn 

proved that fermentation process does not require the presence of living organism as it was possible 

to achieve the same results by using the cell-free press juice or the proteins obtained by disrupting 

the microbial cells.In 1884, Charles Chamberland constructed a porcelain bacterial filter which helped 

in the discovery of viruses and their role as disease causing agents. 

With the understanding of the genetic constitution of various living organisms, the biotechnological 

revolution began in 1970s and 1980s.This is called the era of modern biotechnology. The major 

differences between the modern biotechnology and traditional /classical biotechnology are: 

a) The modern biotechnology uses the capability of science to change the genetic material for getting 

new products for specific requirement through recombinant DNA technology. 

b) The modern biotechnology specifies the ownership of technology and evaluates it‟s socio-political 

impact. 
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A strong foundation of genetic engineering and modern biotechnology was laid down by Cohen and 

Boyer in 1973. They successfully introduced the desired genes of one organism into another and 

cloned the new genes. The development of recombinant DNA technology also greatly influenced the 

advancements in the field of biotechnology. In 1961, the first journal of Biotechnology and 

Bioengineering was launched. The first guidelines for rDNA research were issued by National Institute 

of Health, USA in 1976.  

In 1978, the European Federation of Biotechnology was set up. 

In 1980, the U.S. Supreme court gave the ruling that genetically engineered microorganisms can be 

patented. The U.S. approved the Humulin (human insulin) – the first pharmaceutical product of rDNA 

technology, for human use way back in 1982. Encouraged by the rapid progress made in this field, 

the human genome project was officially launched in 1990 and by 2001 the human genome was 

sequenced. Another milestone was achieved in 1997 when the first mammalian sheep, Dolly was 

created by nuclear cloning. In 1993, the first genetically engineered tomatoes, FlavrSavr, were sold 

in the market.  

In the 19th century a lot of Industries came up in the area of the production of wine, beer, whisky 

etc. and a lot of growth also took place in the canned food Industry which helped to preserve the food 

for a longer time and made them available during off seasons.The 20th century witnessed the 

transformation of small scale Industrial fermentation in to large-scale manufacturing in Industrial 

sector and commercial application of the techniques.Another aspect of the scenario came into fore, 

during the Gulf war in 1991, when the work on microorganisms dominated in the preparation of 

biological warfare, antibiotics and fermentation process. Suspected preparation of biological and 

chemical warfare led to US attack on Iraq in 2003. 

As a result of interaction between various disciplines, lots of new branches came up like bioprocess 

engineering, food science engineering, metabolic engineering, artificial neural networks etc.The 

development in this exciting field is still going on rapidly which will solve some of the mysteries of life 

processes and at the same time open up many more new questions. 

1.3 PRESENT SCENARIO  

Due to multidisciplinary nature of the field of biotechnology, a wide range of different branches of 

science have made significant contributions to the fast development of this field. Some of these 

disciplines are- biochemical engineering, physiology, biochemistry, food science, material science, 

bioinformatics immunology, molecular biology, chemical engineering etc.  
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Biotechnology is also improving the lives of people around the world.The most famous example is the 

production of insulin. Before 1982, insulin required for the treatment of diabetes was obtained from 

pig and cow pancreas. The procedure used was very costly, tedious and often lead to complications 

while using the animal insulin. Using biotechnological tools, the human gene for insulin was isolated, 

cloned and expressed in microorganisms and large scale production of insulin started. Insulin was the 

first pharmaceutical product of recombinant DNA technology that was approved for human use. 

Millions of diabetic patients world over benefited by the biotechnological production of insulin. 

Biotechnology also has affected economy in a positive way due to the creation and growth of small 

business, generation of new jobs. Agricultural biotechnology has reduced our dependency on 

pesticides. Bioremediation technologies are being used to clean our environment by removing toxic 

substances from contaminated ground water and soils. The biotechnology has contributed in health 

services (diagnostics, vaccines, therapeutics, foods etc), agricultural sciences (improved crop yield, 

food quality, improved health of livestock and farm animals), and in environmental monitoring, 

pollution control.  

Modern biotechnology products started coming to the market in the late 1980s. Today, about 60% of 

the biotechnology products in the market are healthcare products and 21% are products used in 

agriculture and animal husbandry. A considerable amount of efforts in research are on, to use and 

extract benefit from this interesting and upcoming field for the betterment of human life and the 

environment. 

Many biochemical companies such as National Pituitary Agency (U.S.A), GeneTech Co. (U.S.A), 

Biogen (Switzerland), E. Lilly (U.S.A) are involved in the production of biotechnological products 

using genetic engineering techniques. Many countries have developed collaborative networks and 

relationships on various aspects of biotechnology such as” International Cell Research Organisation 

“(ICRO), “ Regional Microbiology Network for South-East Asia” (supported by Japan and UNESCO), 

Microbiological Resource Centres (MICRCENS, supported by UNESCO). 

1.4 ONGOING BIOTECHNOLOGICAL PROJECTS AND AREAS OF RESEARCH 

The biotechnology is going to play a major role in the following areas of research and technology: 

1. Production of bio-pesticides and bio-fertilizers- this will reduce the dependency on 

chemical pesticides and will safeguard the environment.  

2. Production of photosynthetically efficient plants- this will solve the relevant energy 

related issues.  

3.  Production of transgenic animals as bioreactors for producing valuable drugs- This area 

has generated a lot of debate as there are concerns regarding the interaction of these 
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transgenic animals with the environment and the consequences under certain conditions e.g if 

these undergo spontaneous mutations.  

4. Human Gene Therapy- excellent alternative in medicine to cure certain diseases at genetic 

level.  

5. Production of plants resistant to herbicides, viruses, insects and other pests- This 

approach will not only reduce the indiscriminate use of chemical pesticides but will increase the 

crop productivity as well.  

6. Production of diagnosis kits for toxoplasmosis identification.  

7. Production of monoclonal antibodies for organ transplant tissue typing- This will help to 

reduce the failure rates of graft/tissue rejection.  

8. Production of human interferons microbiologically.  

9. Production of human insulin microbiologically- an alternative treatment for diabetics.  

10.Production of xanthan gum in oil fields for enhanced crude oil recovery.  

11.Microbiological upgradation of hydrocarbons.  

12.Production of ethanol by continuous fermentation.  

13.Bioprocessing alkenes to valuable oxides and glycols.  

14.Production of fructose using inexpensive forms of glucose.  

15.Improved production of Vit B12.  

16.Developing immobilized cell and enzyme systems to use in chemical process industries.  

17.To use genetic engineering for constructing organisms with desirable traits for their use 

in specific industries.  

Genetical improvement of pharmaceutical microorganisms. 
 

    2.BASIC CONCEPTS 
                                                        INTRODUCTION 

The genome of prokaryotes and eukaryotes contain thousands of genes. The genomes of various 

plants and animals are being investigated as the product of these genes can be of great use to 

mankind. The awareness of this information about the various genomes can help in identifying 

various diseases and the treatment of defective genes as well. The information can also throw light 

on the evolutionary process of the genes and the distribution of particular genes in the population. 

                                                         GENOMICS 

The term “Genome” was coined by H. Winkler (1920) to describe „the complete set of chromosomal 

and extrachrmosomal genes of  

http://www.biotechnology4u.com/basic_concepts.html
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Definition- Genomics is the scientific discipline of mapping, sequencing, and analyzing genomes. This 

is the field in which basically one uses the genomic information in light of the new experimental data 

obtained, to answer the related biological, medical, or industrial questions and challenges faced by 

the human population. Genome is the complete set of chromosomal genes of an organism, a cell, an 

organelle or a virus. 

The term was coined by Thomas Roderick in 1986. 

There are different branches of this field now. Genomics can now be broadly divided into- 

a) Structural Genomics 

Definition - Structural genomics involves the construction of high- resolution genetic, physical, or 

transcript maps of the organism usually during the initial phase of genome analysis which results in 

the ultimate physical map of an organism with its complete genome sequencing. In recent years, due 

to the completion of the various genome-sequencing projects, the term structural genomics now also 

includes the high-throughput determination of three-dimensional structures of all proteins. Hence the 

structural genomics, establishes the relationship between the sequence and structure of a genome. 

b) Functional Genomics 

Functional Genomics deals with the reconstruction of the genome to determine the biological 

function of genes and gene interactions. The information provided by the structural genomics is used 

to design experiments to identify the function of the genes. The investigations range from studying 

the single genes or proteins to studying all genes or proteins at once in a systematic manner which 

also involves large scale experimental methodology with statistical and computational analysis of the 

results. Hence the functional genomics helps to co-relate the structure and sequence of the genome 

to its function. 

                                          GENOME SEQUENCING PROJECTS 

To understand the functional and structural aspects of a gene, one needs to know the sequence of a 

gene. Sequencing can be mainly by using two methodologies: 

a) Directed Sequencing of BAC Contigs - BAC (Bacterial Artificial Chromosome) vectors are used 

to make genomic libraries in which the insert size is 80-100 kb. After screening and locating the 

common restriction fragments, the BAC clones are then mapped to find the overlapping arrays of 

contiguous clones called contigs. The large DNA fragments are then broken into small pieces to 

complete the sequencing of mapped contigs. Hence,  

using this directed strategy, DNA pieces from adjacent stretches of a chromosome are sequenced. 
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b) Random Shotgun Sequencing - In this method, the genome is randomly broken up into sizes of 

2-10 kb range and then inserted into a vector (plasmids). These are then sequenced with the help 

of overlapping or common sequences. A computer program identifies the overlapping sequences and 

joins them into one continuous stretch. 

THE ADVANTAGES OF SEQUENCING THE GENOME 

a) It provides a basis for the discovery of all genes and thus one can construct an inventory of 

genes. 

b) The sequence shows the relationships between the genes which helps in future 

experimentation. 

c) The sequencing provides an index to draw and organize all genetic information about the 

organism. 

d) For times to come, the whole genome sequence becomes an archive for the future which 

contains all the genetic information required to make an organism. 

After the sequencing of the genes, we can investigate the functional properties such as the rate of 

transcription, the level of expression under different environmental conditions of genes. Two 

techniques have been used to understand the working of the genes. 

                                                         MICROARRAY 

A microarray is typically a glass slide, on to which DNA molecules are attached at fixed locations or 

spots. This technology works on the base pairing or hybridization of single-stranded nucleic acids. 

The most commonly used molecule is cDNA or complementary DNA which is derived from 

messenger RNA. The cDNA is labeled with a reporter molecule (generally fluorescent molecules) to 

detect it when bound to microarray. A particular genome generally has a large number of genes 

which have their own RNA transcripts. Under in vitro conditions RNA is unstable ( prone to attack by 

RNases) therefore it is converted into cDNA by using RT-PCR technique. Since each cDNA is derived 

from a distinct messenger RNA, each feature represents an expressed gene. The reporter fluorescent 

molecule emits fluorescence which indicates high expression levels of a particular gene. Thus by 

using this technique the expression pattern and functioning of thousands of genes can be analyzed on 

a small slide only. 

Major steps involved in comparative microarray hybridization experiments 
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                             FLUORESECENT IN SITU HYBRIDISATION (FISH) 

The reporter fluorescent molecule is tagged on the cDNA molecule by using the Nick translation 

technique developed by Rigby and Paul Berg in 1977. In this method, the enzyme DNase I cuts DNA 

and DNA polymerase I makes DNA. These two are combined in a reaction along with dNTPs with the 

dUTP labeled with a red or green fluorescence. The DNA pol I adds dNMP‟s to the 3‟OH terminus in 

the nick that has already been created by DNases thereby incorporating the DNA with fluorescent 

nucleotides. This technique known as Fluorescence in situ Hybridization (FISH) allows knowing the 

status in the interphase unlike in karyotyping where you need a metaphase chromosome. The 

application of FISH technique was illustrated by taking the example of chronic mylogenous leukemia 

(CML) in which the karyotype analysis revealed that there was a   9-22 translocation in the 

chromosome (Philadelphia chromosome). 

                                              HUMAN GENOME PROJECT 

The concept of genomics began with the concept of Human Genome Project in the mid 1980s. The $3 

billion project-The Human Genome organization (HUGO) was set up in 1990 to co-ordinate the work 

of scientists in a number of countries-the USA, Japan, UK, France, Germany, Canada, Israel, Russia, 

Italy and others- in a project to map all of the genes on human chromosomes. The Human Genome 

Project started on 1st Oct, 1990 in US to map and sequence the complete set of human 

chromosomes, as well as those of some of the model organisms. 
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According to a 1986 report submitted by Department of Energy (USA) " The ultimate goal of this 

initiative is to understand the human genome" and "knowledge" of the human genome is as 

necessary to the continuing progress of medicine and other health sciences as knowledge of human 

anatomy has been for the present state of medicine."  

The funding for this project came from the US government through the National Institutes of Health, 

USA and a UK charity organization, The Wellcome Trust (which funded the Sanger Institute in Great 

Britain), and some other groups around the world. 

The aim of the Human Genome Project was to identify all the genes (approx. 25,000) in human DNA 

and to determine the sequence of the three billion chemical base pairs that make up human DNA. 

Efforts were made to create databases to store this information and develop tools to do 

comprehensive data analysis. 

Another important aspect of this project was the decision taken to address the ethical, legal and 

social issues arising as a outcome of this project. In order to have comparative data, research work 

was carried out simultaneously on three other organisms namely bacteria- E.Coli, the fruit fly- 

Drosophila melanogaster, and laboratory mouse. 

Another big step forward was the transfer of the technology to the private sector. This approach lead 

to tremendous progress in the biotechnological field in the later years. 

The procedure adopted involved the breaking down of genomes into smaller pieces approximately 

150,000 base pairs in length also known as BACs or "bacteria artificial chromosomes". They can be 

inserted into bacteria where they are copied by the bacterial DNA replication. These pieces are then 

sequenced separately as a small "shotgun" project and then assembled. The larger (150,000 base 

pairs) together create chromosomes. This is known as "the Hierarchical shotgun" approach because 

in this method first the genome is broken into relatively large chunks, which are then mapped to 

chromosomes before being selected for sequencing. 

Every individual has a unique gene sequence therefore the data published by the Human Genome 

Project does not essentially represent the exact sequence of each and every individual‟s genome. The 

results represent the combined genome of a small number of anonymous donors. 

In order to have more information about the human genome project, the readers can visit the 

following web site:www.ornl.gov/techresources/Human_Genome/home.shtml 

                                                 BIOINFORMATICS 

Bioinformatics is an independent discipline which merges the field of molecular biology and computer 

science. This mainly involves the transformation of biological polymers such as nucleic acids 

http://www.ornl.gov/techresources/Human_Genome/home.shtml
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molecules and proteins into sequences of digital symbols. The symbols and their meaning for the 

protein sequences have also been generated.  

Symbol definitions for amino acids 

 
 

 

                                          APPLICATIONS OF BIOINFORMATICS 

The various kinds of analysis which can be done using Bioinformatics tools are the following: 

a) Processing raw information obtained from bench work done by researchers. 

b) Tradition of genes using computer programmes like GENEMARK for prokaryotes and GENESCAN for 

eukaryotes. 

c) Predicting protein sequences using computer programmes. 

d) Identifying regulatory sequences such as enhancers and UAS using computer programme. 

e) Deriving phylogenetic relationships amongst different organisms. 

INFORMATION SOURCES AND MAJOR DATABASES 

The National Centre of Biotechnology Information (NCBI) was created by the National Institute of 

Health, USA in 1988 to develop information systems in molecular biology. It provides Gen Bank 

nucleic acid sequence database, data retrieval systems and computational resources for the analysis 

of Gen Bank data. ENTREZ is NCBI‟s search and retrieval system that provides users with integrated 

access to sequencing, mapping, taxonomy and structure data. BLAST (Basic Local Alignment Search 

Tool) is a program for sequence similarity searching and is also used in identifying genes and genetic 

features. 
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Classification of the resources available from NCBI  

 

a) Database Retrieval tools like ENTREZ, TAXONOMY, BROWSER, LOCUS LINK. The taxonomy 

browser gives information about the taxonomic classification of various species. Locus link has 

information on the official gene names and other descriptive information about genes.  

 

b) BLAST family of sequence similarity search programmes. 

 

c) Gene level sequences which has several tools like Unigene, Homologene, RefSeq etc. Homologene 

is a database of orthologs and homologs for the human, mouse, rat, zebra fish and cow genes 

represented in Unigene and Locus link. Refseq is a database of mRNAs and proteins of human, mouse 

and rat which has helped in designing gene chips and describing the sequence features of the human 

genome. 

 

d) Chromosomal sequences. 

 

e) Genome analysis. 

 

f) Analysis of gene expression patterns. 

 

g) Molecular structure. 

All these web based tools are available free.  

ESTs 

 

ESTs stands for Expressed Sequence Tags. These comprise of partial cDNA clones i.e. cDNAs 

sequence from one end. It has its own special database called the dbEST. EST data can give 

information regarding the expression patterns by counting the Number of ESTs corresponding to each 

gene divided by the total number of ESTs. 

 

GSTs 

GSTs stands for Genomic Sequence Tags. In Plasmodium falciparum the enzyme Mung Bean nuclease 

(Mnase) cuts between the genes. The digested DNA can be used to prepare genomic library. The 

sequences can be read from either ends as in ESTs. 

 

                                                 CONCEPT OF DIRECTIONALITY 
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The concept of directionality used in biological systems is useful in describing the conventions to be 

adopted by the Database Institutions. The rules are: 

a) The sequences are always listed in the direction 5' to 3' regardless of the published order. 

 

b) Bases are numbered sequentially beginning with 1 at the 5‟ end of the sequence. 

 

c) The complementary sequence is described with a 'c' indicated next to the given strand. 

 

d) Only one strand of the DNA sequence is given in a database entry. The complementary 

strand will have to be inferred using programs available from websites. 

 

e) Complementary sequence also runs 5'-3' but in the opposite directions to the given strand. 

 

f) In case of proteins, they are synthesized in the cell from N-terminus to the C-terminus. 

 

                                              GENE PREDICTION AND COUNTING 

It has been found out by using the sequencing technique that although the higher mammals are 

more complex, the number of genes do not increase likewise. The human beings (-30,000 genes) 

have only 1/3 rd more genes then the worms (-18,000). This phenomenon is still a paradox to 

scientists and is called C-value paradox. The C-value paradox indicates that despite the increasing 

complexity in higher mammals the numbers of genes do not increase likewise. 

In human genome only less than 5% of the total sequence, codes, rest are either regulatory in nature 

such as the splice sites, intron and enhancers or they are simply called Junk DNA. 

 Table showing the genome size and gene predictions between several different organisms 

Genome size 
in base pairs 

Organism 
No. of 
chromosomes 

The 
number of 
predicted 
genes 

Part of the 
genome 
that 
encodes for 
protein 

500,000 Bacteria, E.Coli 1 5000 90% 

14,000,000 Yeast, S. cerevisiae 12 6000 70% 

100,000,000 Worm, C. elegans 6 18,000 27% 

300,000,000 Fruit Fly, D. 4 14,000 20% 
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melanogaster 

125,000,000 Weed, A. thaliana 5 25,500 20% 

3,000,000,000 Human, H.sapiens 23 30,000 <5% 

 

 

                                             COMPARATIVE GENOMICS 

All human beings or Homo Sapiens share 99.8% of their genome sequence and only 0.2% of 

the sequence varies between the different individuals. The variations in individual genomes are due 

to single nucleotides polymorphism or SNPs which can occur both in coding and non-coding regions 

of the genome. SNPs are DNA sequence variations which occur when a single base (A, C, G, or T) 

is altered so that different individuals may have different letters at these positions. These genomic 

variations determines the difference in our susceptibility to or protection from all kinds of diseases. 

                                          RECOMBINANT DNA TECHNOLOGY 

Using Recombinant DNA technology, we can isolate and clone single copy of a gene or a DNA 

segment into an indefinite number of copies, all identical. These new combinations of genetic 

materials or Recombinant DNA '(rDNA)' molecules are introduced into host cells, where they 

propagate and multiply. The technique or methodology is called Recombinant DNA technology or 

"Genetic engineering".  

The first recombinant DNA molecules were generated by Paul Berg, Herbert Boyer, Annie Chang, and 

Stanley Cohen in 1973. 

To obtain rDNA steps involved are: 

a) The DNA fragment containing the gene sequence to be cloned (also known as ('insert') is isolated. 

 

b) Insertion of these DNA fragments into a host cell using a "vector" (carrier DNA molecule). 

 

c) The rDNA molecules are generated when the vector self replicates in the host cell. 

 

d) Transfer of the rDNA molecules into an appropriate host cell. 

 

e) Selection of the host cells carrying the rDNA molecule using a marker. 
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f) Replication of the cells carrying rDNA molecules to get a genetically identical cells population or 

clone. 

Enzymes used in Recombinant DNA technology 

Restriction Enzymes 

For cloning of DNA, the DNA is cut at specific sites, which are recognized and cleaved by specific 

enzymes. These enzymes are known as restriction enzymes. These restriction enzymes recognize 

short sequences of double stranded DNA as targets for cleavage. Different enzymes recognize 

different but specific sequences, each ranging from 4-8 base pairs. The enzymes are named by a 

three letter (or four letter) abbreviation that identifies their origin e.g. AluI is derived from 

Arthrobacter luteus, EcoRI is derived from E.Coli, HpaI is derived from Haemophilus 

parainfluenzae 

Besides cleavage, modification in the form of methylation is also brought about by some enzymes 

called modification enzymes sometimes also called “methylases”. Different species of bacteria contain 

their own sets of restriction enzymes and corresponding methylases. Depending on the different 

modes of action, the restriction enzymes have been classified into three main classes- type I, type II, 

type III. Out of these, type II restriction enzymes are used in recombinant technology as they can be 

used in vitro to recognize and cleave with in specific DNA sequences usually consisting of 4-8 

nucleotides. 

DNA ligases 

These enzymes form phosphodiester bonds between the adjacent molecules and, covalently links two 

individual fragments of double stranded DNA. The most commonly used enzyme for cloning 

experiment is T4 DNA ligase.  

Alkaline phosphatase 

The enzyme alkaline phosphatase (AP) removes the phosphate group from the 5‟ end of a DNA 

molecule leaving a free 5‟ hydroxyl group hence it is used to prevent unwanted self-ligation of vector 

DNA molecules in cloning procedures. This enzyme is isolated from bacteria (BAP) or calf intestine 

(CAP). 

Cloning vectors for Recombinant DNA  

Vectors are the vehicles used to carry a foreign DNA sequence into a given host cell. A vector should 

have a) origin of replication, b) a selectable marker to select the host cells containing the vector from 
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among those which do not have the vector, c) one unique restriction endonuclease recognition site to 

enable foreign DNA to be inserted into the vector in order to generate a recombinant DNA molecule 

and, d) it should be relatively small in size. 

Plasmids as vectors 

Plasmids are defined as autonomous elements, whose genomes exist in the cell as extrachromosomal 

units. They are self replicating, circular duplex DNA molecules present in number of copies in a 

bacterial cell, yeast cell or in organelles in eukaryotic cells. These naturally occurring plasmids have 

been modified to serve as vectors in the laboratory. 

pBR322 vectors 

One of the most commonly used cloning vector in gene cloning procedures is pBR322 (named after 

Bolivar and Rodriguez who constructed this) derived from E. coli plasmid ColE1. It is 4,362 bp DNA 

with genes for resistance against two antibiotics- tetracycline and ampicillin. It was constructed after 

several alterations and modifications in earlier cloning vectors. 

pUC vectors 

The plasmids belonging to pUC series of vectors are 2,700 bp long with ampicillin resistance gene, 

the origin of replication derived from pBR322 and the lac Z gene derived from E.coli. When the DNA 

fragments are cloned in this region of pUC, the lac gene is inactivated. 

Yeast plasmid vectors 

Special vectors used to introduce DNA segments in yeast cells or a eukaryotic cell is being used to 

develop genetically engineered yeast cells. E.g. YIp or yeast integrative plasmids which allows 

transformation by crossing over and have no origin of replication. YEp or yeast episomal plasmids 

carry 2 micron DNA sequence including the origin of replication and rep gene. These vectors have 

been widely used to study yeast genome. 

Shuttle vectors 

The vectors containing two types of origin of replication which helps them to exist in both eukaryotic 

cell as well as E.coli are known as shuttle vectors. E.g.Yep vector. 

Retriever vectors 

A class of vectors which are used to retrieve specific genes from the normal chromosome of an 
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organism like yeast through recombination. They are very useful in isolation of genes from yeast for 

molecular experiments like sequencing. 

Vectors based on bacteriophages 

Bacteriophages are viruses that infect bacterial cells by injecting their DNA into these cells. They are 

used as vectors because they have a linear DNA molecule, which generate two fragments after 

breakage. These are later joined with foreign DNA to generate chimeric phage particle. The injected 

DNA is selectively replicated and expressed in the host cell resulting in a number of phages which 

burst out of the cell (lytic pathway) and further infect the neighbouring cells. E.g. M13 , Lambda ( ) 

Cosmids as vectors 

Cosmids are plasmid particles into which specific DNA sequences like cos sites of phage lambda are 

inserted and they are constructed by combining certain feature of plasmids and the „cos‟ sites of 

phage lambda. The advantage of the using cosmids for cloning is that its efficiency is high to produce 

a complete genomic library of 10(6)-10(7) clones from only 1 microgrm of insert DNA. 

Phagemids as vectors 

Phagemids are prepared artificially by combining features of phages with plasmids. E.g. pBluescript II 

KS is derived from pUC19 and is 2961 bp long. 

BAC Vectors 

BACs or Bacterial Artificial Chromosomes are vectors based on the natural, extra-chromosomal 

plasmid of E.coli- the fertility or F-plasmid, and are being used in genome sequencing projects. A BAC 

vector contains genes for replication and maintenance of the F-factor, a selectable marker and 

cloning sites and can accommodate up to 300-350 kb of foreign DNA. 

Plant and animal viruses as vectors  

A number of plant and animal viruses can also be used as vectors for introducing foreign genes into 

cells and/or for gene amplification in host cells. Plant viruses like Gemini viruses, cauliflower mosaic 

virus or CaMV and tobacco mosaic virus /TMV) are three group of viruses that have been used as 

vectors for cloning of DNA segments. CaMV has a double stranded DNA molecule, 8kbp in size which 

infects the members of Cruciferae family. Geminiviruses are a group of single stranded DNA plant 

viruses infecting cassava, maize and other cereals. 
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Animal virus vectors also deliver the foreign genes into the cultured cells which get integrated into 

the host genome. The expression of foreign genes can also be amplified using the promoters of the 

virus gene. The cloned genes can be used in gene therapy, for the synthesis of important proteins 

etc. A vector based on Simian Virus 40 (SV 40) was used in the first cloning experiment involving 

mammalian cells in 1979. Retroviruses like murine and avian retroviruses are very useful vectors as 

they are capable of infecting a large variety of cell types and can clone large genes. Herpes virus is a 

non-integrating large sized virus (150 kb) which is another useful vector which can be used for 

expression of large intact genes. 

Artificial chromosome (YAC and MAC) vectors 

YACs or Yeast Artificial Chromosomes are used as vectors to clone DNA fragments of more than 1Mb 

in size. These long molecules of DNA can be cloned in yeast by ligating them to vector sequences that 

allow their propagation as linear artificial chromosomes. These long DNA molecules can be generated 

and allow construction of comprehensive libraries in microbial hosts. A lot of work is going on to 

create mammalian artificial chromosomes (MACs) following the isolation of mammalian telomeres and 

centromere. However YACs have a low cloning efficiency (1000 clones/microgm) DNA as against 106-

107 clones/microgm DNA for cosmids) and also it is difficult to recover large amount of pure insert 

DNA from individual clones. 

    BIOTECHNOLOGY TERMS 
                                                       INTRODUCTION 

ABIOTIC STRESS - The stress caused to plants due to herbicides, water deficiency, ozone, intense 

light etc. 

ACTIVE SITE - The site on the enzyme at which the substrate binds. 

 

ADHERENT CELLS - The cells which grow adhering to cell culture vessel and are adherent 

dependent are called adherent cells 

 

AEROBE - A microorganism dependent on oxygen for it‟s growth. 

AFFINITY CHROMATOGRAPHY - A type of chromatography in which the matrix contains chemical 

groups that can selectively bind (ligands) to the molecules being purified. 

http://www.biotechnology4u.com/biotechnology_terms.html
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AFFINITY TAG - The tagged amino acid sequence which forms a part of the recombinant protein 

and acts as an identification tag. 

AGAROSE GEL ELECTROPHORESIS - Electrophoresis carried out on agarose gel to separate DNA 

fragments. 

Agrobacterium tumefaciens – A rod shaped bacterium that causes crown gall disease by inserting 

it‟s DNA into plant cells. 

AMINO ACIDS - The building blocks or monomeric units of protein. 

AMPLIFIED FRAGMENT LENGTH POLYMORPHISM (AFLP) - A sensitive method for the detection 

of polymorphism in the genome. It is based on the principle of RFLP and RAPD. 

 

Anaerobe- A microorganism that can grow in the absence of O2 

 

Androgenesis- Development of plants from male gametophytes 

Aneuploidy - An abnormal condition of chromosomes, differing from the usual diploid constitution. 

This may be due to a loss or gain of chromosomes. 

Annealing - The pairing of complimentary single strands of DNA to form a double helix. 

Anticodon - A set of three nucleotides in tRNA molecule that are complementary to a set of three 

nucleotides (codon) in mRNA. 

Antisense therapy - The in vivo treatment of a genetic disease by blocking translation (protein 

synthesis) with a DNA or RNA sequence that is complimentary to specific mRNA. 

Apoptosis - Programmed cell death 

ARS - Autonomously Replicating Sequence 

 

Assisted reproductive technology (ART) - The manipulations of reproduction in animals and 

humans. 

ATCC - American Type Culture Collection 

ATP - Adenosine Triphosphate 
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Autoradiography - The process of detection of radioactively labeled molecules by exposure of an X-

ray sensitive film. 

Auxins - A group of plant growth regulators which are involved in cell elongation, root initiation etc. 

e.g. indole acetic acid. 

Bacterial artificial chromosome (BAC) - A vector system based on the F-factor plasmid of E.coli , 

BAC is used for cloning large (100-300 kb) DNA segments. 

Bacteriophage - A virus that infects a bacterium, also called as phage. 

Baker’s yeast - The living cells of aerobically grown yeast, Saccharomyces cerevisiae, used in bread 

making. 

Base pair (bp) - The hydrogen bonded structure formed between two complementary nucleotides 

(i.e. partnership of A with T or C to G) in DNA structure.  

Base ratio - The ratio of A to T, or C to G in a double-stranded DNA. 

BATCH CULTURE - Batch culture is a closed culture system containing limited amount of nutrients 

BLAST - Basic Local Alignment Search Tool 

BAC - Bacterial Artificial Chromosome 

BACILLUS THURINGIENSIS - A rod shaped bacterium whose toxic crystals act as an insecticide 

against certain specific species of arthropods. 

 

Bergmann’s plating technique - The most widely used method for culture of isolated single plant 

cells. 

BIOACCUMULATION - Concentration of a chemical agent (e.g. DDT) in the increasing amount in the 

organisms of a food chain. 

BIOAUGMENTATION - The addition of microorganisms to waste sites so that the hazardous wastes 

are rendered harmless. 

BIOCHEMICAL OXYGEN DEMAND (BOD) - The oxygen required to meet the metabolic needs of 

aerobic organisms in water containing organic compounds. 
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BIODEGRADATION - Biological transformation of organic compounds by living organisms, 

particularly the microorganisms. 

BIOFERTILIZER - Commercial preparation of microorganisms by using which the nitrogen nd 

phosphorus level and growth of plants increase. 

BIOFILTERATION - The process of removing complex wastes from domestic and industrial sources 

by using microorganisms. 

BIOHAZARDS - The accidents or risks associated with biological materials. 

 

Bioleaching - The use of bacteria to recover, valuable metals from ores. 

Biolistics - The process of introducing DNA into plants and animal cells, and organelles by 

bombardment of DNA-coated pellets under pressure at high speed. This is also called as 

microprojectile bombardment. 

BIOMASS - The organic mass that can be used as a source of energy. Biomass also refers to the cell 

mass produced by a population of living organisms. 

BIOMETRY - Application of statistical methods to study biological problems. 

BIOPESTICIDES - The toxic compounds produced by living organisms that can specifically kill a 

particular pest species. 

BIOPROCESS TECHNOLOGY - A more recent usage to replace fermentation technology that 

involves large scale cultivation of microorganisms for industrial purposes. 

BIOREACTOR - A growth chamber or a vessel for cells or microorganisms. The cells or cell extracts 

carry out biological reactions in a bioreactor. 

BIOREMEDIATION - The process of using living organisms to remove contaminants, pollutants, or 

unwanted substances from soil or water. 

BIOSENSOR - An electronic device that uses biological molecules or cells to detect specific 

compounds. 

BIOSORPTION - The process of microbial cell surface adsorption of metals. 
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BIOSTIMULATION - Addition of specific nutrients to enhance the growth of naturally occurring 

microorganisms that convert toxic compounds to non-toxic compounds. 

BIOTECHNOLOGY - The applications of biological principles, organisms and products to practical 

purposes. 

BIOTIC STRESS - The stress caused to plants by insects, pathogens (viruses, fungi, bacteria), 

wounds etc. 

BIOTRANSFORMATION - The use of biological systems for the conversion of biomolecules. 

BIODIVERSITY - The variability among the living organism from all sources, soil, water, air, 

extreme habitat or associated with organisms. 

BIOTIN - A non-radioactive label used for labeling probes, detected through a cyto-chemical reaction 

BIOINFORMATICS - A field of study which involves the use of computer software as well as biology 

BT PLANTS - The plants carrying the toxin producing gene from Bacillus thuringiensis, and capable 

of protecting themselves from insect attack.BLAST- Basic Local Alignment Search Tool 

Brewer’s yeast - A strain of yeast usually belonging to Saccharomyces cerevisiae that is used for 

the production of beer. 

Broth - Any fluid medium supporting the growth of microorganisms. 

Callus - A mass of undifferentiated plant tissues formed from plant cells or tissue cuttings when 

grown in culture. 

Casettee mutagenesis - Replacement of a wild type DNA by a synthetic double-stranded 

oligonucleotide (a small DNA fragment). 

CELL CULTURE - The culture of dispersed (or disaggregated) cells obtained from the original tissue, 

or from a cell line. 

CELL LINES - animal or plant cells that can be cultivated under laboratory conditions. 

CELL - mediated immune response- The activation of the T-lymphocytes of the immune system in 

response to a foreign antigen. 
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cDNA - Complimentary DNA i.e. DNA produced by reverse transcription from mRNA by the enzyme 

reverse transcriptase. 

 

Chimeric antibodies - Antibodies in which the individual polypeptide chains are composed of 

segments from two different species (usually man and mouse). 

Chimera - A recombinant DNA molecule that contains sequences from different organisms. 

Chromatography - An analytical technique dealing with the separation of closely related compounds 

from a mixture. 

 

Chromosome walking - It is a technique used to identify the overlapping sequences of DNA in a 

chromosome in order to identify a particular locus of interest. 

 

CLONE - All the individuals derived by asexual reproduction from a single original individual. In 

molecular biology, a strain of organisms that carries a particular DNA sequence. 

 

Cloning vector - A plasmid or a phage that carries an inserted foreign DNA to be introduced into a 

host cell. 

Codon - A triplet nucleotide sequence of mRNA coding for an amino acid in a polypeptide. 

Colony hybridization - A technique that employs nucleic acid probe to identify a bacterial colony 

with a vector carrying specific gene (s). 

CONTIGS - These are continuous (contiguous) sequences which have overlapping regions on either 

ends 

COSMID - A hybrid vector of plasmid and phage DNA, contains specific sequence called as cos sites 

of phage DNA. 

COMPETENCE - Ability of a bacterial cell to take in DNA  

CONTINUOUS CELL LINES - The cell lines that get transformed and under in vitro conditions grow 

continuously are called Continuous cell lines. These cells show no contact inhibition and no anchorage 

dependence. 

 

Cryopreservation - Storage and preservation at very low temperatures (-1960C). 
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Cryoprotectant - A chemical agent or a compound that can prevent damage to cells while they are 

frozen or defrosted. 

Culture - A population of plant or animal cells/microorganisms that are grown under controlled 

conditions. 

Culture medium - The nutrients prepared in the form of a fluid (broth) or solid for the growth of 

cells/tissues in the laboratory. 

CYBRIDS - The cytoplasmic hybrids obtained by the fusion of enucleated and nucleated protoplasts 

are called Cybrids 

 

Cybridization - The process of formation of cybrids. 

Cystic fibrosis - A disease affecting lungs and other tissues due to defects in ion transport. It is 

caused by the deficiency of CFTR gene. 

CYTOKINES - Various chemicals produced in the body which mediate immunological responses 

 

Cytotoxicity - The toxic effects on cells that result in metabolic alterations including the death of 

cells. 

DIAZOTROPHS - The microorganisms involved in diazotrophy. 

DOLLY - The first mammal (sheep) cloned by Wilmut and Campbell in 1997. 

DMSO - Dimethyl sulfoxide 

DNA - Deoxyribonucleic acid 

 

DNA fingerprinting - A technique for the identification of individuals based on the small differences 

in DNA sequences. 

DNA hybridization - The pairing of two DNA molecules used to detect the specific sequence in the 

sample DNA. 

DNA marker- A DNA sequence that exists in two or more readily identifiable forms (polymorphic 

forms) which can be used to mark a mal position on a genome map. 
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DNA probe - A segment of DNA that is tagged with a label (i.e. isotope) so as to detect a 

complimentary base sequence in the DNA sample after a hybridization reaction. 

DNA profiling - The term used to describe different methods for the analysis of DNA to establish the 

identity of an individual. 

DNA repair - The biochemical processes that correct mutations occurring due to replication errors or 

as a consequence of mutagenic agents. 

DNAse - Deoxyribonuclease  

EBI - European Bioinformatics Institute 

 

Electrophoresis - An analytical technique that separates charged molecules in an electrical field. 

Electroporation - The technique of introducing DNA into cells by inducing transient pores by electric 

pulse. 

EMBL - European Molecular Biology Laboratory  

EDIBLE VACCINES - The vaccines produced in plants which can enter the body on eating them. 

EMBRYONIC STEM CELLS (ES CELLS) - The cells of an early embryo that can give rise to all 

differentiated cells, including germ cells. 

EMBRYO RESCUE - The culture of immature embryos to rescue them from unripe or hybrid seeds 

which fail to germinate. 

EMBRYO TRANSFER - The process of implantation of embryos from a donor animal, or developed by 

in vitro fertilization into the uterus of a recipient animal. 

 

Enzyme - linked immunosorbent assay (ELISA)- A technique for the detection of small quantities of 

proteins by utilizing antibodies linked to enzymes, which in turn catalyse the formation of coloured 

products. 

EPITOPES - The specific antigen determinants located on the antigens. 

ENTREZ - This is an integrated data base retrieval system for obtaining comprehensive information 

on a given biological question 
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EPO - Erythropoietin 

ESI - Electron Spray Ionization 

EST - Expressed Sequence Tag 

ELISA - Enzyme linked immunosorbent assay 

EUGENICS - The science of improving human stock by selective breeding. It involves giving better 

chances for more suitable people in the society to reproduce than the less suitable people. 

EUTROPHICATON - Excess growth of algae (in sewage/waste waters) which leads to oxygen 

depletion 

EXPLANT - The whole plants can be regenerated virtually from any plant referred to as explant. 

 

Exponential phase - This refers to a phase in culture in which the cells divide at a maximum rate. 

Expressed sequence tag (EST) - A cDNA that is sequenced in order to gain rapid access to the 

genes in a genome. 

FED-BATCH CULTURE - In a Fed Batch culture, the culture is continuously or sequentially fed with 

fresh medium with out removing the growing culture 

FERMENTATION - The growth of cells or microorganisms in bioreactors (fermenters) to synthesize 

special products. Fermentation in biochemistry refers to the biodegradation of carbon compounds by 

cells or organisms under anaerobic (lack of oxygen) conditions. 

FERMENTER - A containment system for the cultivation of prokaryotic cells. 

FLAVR SAVR - Transgenic tomato developed by using antisense technology. 

 

Flow cytometry - A method used to sort out cells, organelles or biological materials by passing 

through apertures of defined sizes. 

FISH - Fluorescent in situ Hybridization - - The method of employing fluorescent labels for locating 

markers on chromosomes by detecting the hybridization positions.  

FINITE CELL LINES - Finite cell lines are those which have a limited life span and they grow 

through a limited number of cell generations 
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FUSOGEN - An agent that induces fusion of protoplasts in somatic hybridization. 

 

Fusion protein - A protein that is formed by fusion of two polypeptides, normally coded by separate 

genes 

 

IEF - Isoelectric Focusing 

2-DE- 2 - Dimensional Gel Electrophoresis. 

 

Gametoclonal variations - The variations observed in the regenerated plants from gametic cells 

(e.g. anther culture). 

GENE BANK - A library of genes or clones of an entire genome of a species. 

GENE CLONING - It basically involves the insertion of a gene ( a fragment of DNA) or recombinant 

DNA into a cloning vector, and propagation of the DNA molecule in a host organism.  

GENOMIC DNA -The DNA of an organism containing the essential genes of the organism 

GENETIC MAPS - Maps giving relative distance and position of one gene with respect to the other, 

the distances are based on recombination values 

GENE THERAPY - Treatment of diseases by use of genes or DNA sequences. 

GENETICALLY ENGINEERED MICROORGANISMS (GEMS) - The microorganisms with genetic 

modifications are collectively referred to as GEMs. 

GENETICALLY MODIFIED (GM) FOODs - The entry of transgenic plants and animals into the food 

chain represents GM foods. 

GENETICALLY MODIFIED ORGANISMS (GMOS) - A term used to represent an organisms that are 

genetically engineered. It usually describes the transgenic plants and transgenic animals. 

GENETIC ENGINEERING - Broadly involves all the in vitro genetic manipulations. 

GENOME - The total content of DNA represented by the genes contained in a cell. 

GENOMICS- The study of the structure and function of genomes. 

GENETIC LIBRARY- A collection of clones representing the entire genome of an organism. 
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GERM LINE- Reproductive cells that produce gametes which in turn give rise to sperms and eggs. 

GERMPLASM - Germplasm refers to the sum total of all genes preset in a crop and its related 

species 

 

G.M. or Genetically modified crops etc which have a higher productivity 

GRAS - Generally Regarded as Safe,and is in use in some countries to represent the safety (no 

history of causing illness to humans) of foods, drugs, and other materials. GRAS is also used to 

represent the host organisms employed in genetic engineering experiments. 

GST - Genomic Sequence Tag 

GOLDEN RICE - The genetically engineered rice with provitamin A ( beta-carotene) enrichment. 

HEPA - High Efficiency Particulate Air 

 

Hela cells - A pure cell line of human cancer cells used for the cultivation of viruses. 

Heterokaryon - A cell in which two or more nuclei of different genetic make-up are present. 

Heterologous - These are gene sequences that are not identical, but show variable degrees of 

similarity. 

HOMOGENATION - Mechanical grinding of cells or tissues 

HIGH THROUGH PUT- Fast rate of sequencing 

 

Histotypic cultures - The growth and propagation of cells in three dimensional matrix to high cell 

density. 

HPLC - High Performance/Pressure Liquid Chromatography 

HUMULIN - Human insulin used for the treatment of diabetic patients. It was developed by Eli Liply 

company and was approved for human use in 1982. 

HUMAN GENOME PROJECT (HGP) - An international mega project for the identification of human 

genome sequences, the genes and their functions. 
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HYBRID DNA -DNA composed of sequences from two different organisms, also called as 

Recombinant DNA. 

HYBRIDIZATION - The annealing of a single stranded DNA to its complimentary region on another 

single stranded DNA 

HYBRIDOMA- A clone of hybrid cells produced by fusion of a myeloma cell with an antibody 

producing cell. Each hybridoma produces only one type of monoclonal antibody. 

 

In SITU HYBRIDISATION - The process of annealing a probe in order in order to screen a DNA 

library  

In vitro - Literally means “in glass” refers to biological activities/reactions carried out in the test tube 

rather than the living cell or organism. 

IN VITRO GENE BANKS - In vitro gene banks have been made to preserve the genetic resources by 

non-conventional methods, i.e. cell and tissue culture methods 

IN VIVO GENE BANK - In vivo gene bank have been made to preserve the genetic resources by 

conventional methods e.g. seeds, vegetative propagules, etc. 

In vivo gene therapy- The direct delivery of gene(s) to a tissue or an organ to alleviate genetic 

disorders. 

IMMOBILIZED ENZYMES - An enzyme physically localized in a defined region enabling it to be 

reused in a continuous process. 

 

Immunoglobulins- The special group of proteins, commonly referred to as antibodies, produced by B-

lymphocytes, and involved in humoral immunity. 

INSULIN - A hormone synthesized by beta-cells of the pancreas. It facilitates the uptake and 

metabolism of glucose. 

Interferons - A group of glycoproteins that resist viral infection and regulate immune responses. 

Interleukins - A group of lymphokines important for the function of immune system. 

Junk DNA - The intergenic content of DNA is also referred to as junk DNA. 
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Karyotyping - The method of photographing the complete set of chromosomes for a particular cell 

type and organizing them into pairs based on size and shape. 

Knock out mouse - A genetically altered mouse lacking the genes for an entire organ or organ 

system.  

 

LAF - Laminar Air Flow Hood 

LABELLING - Attaching radioactive or non radioactive molecules to specific substances in order to 

detect them 

LAND FARMING - A technique for the bioremediation of hydrocarbon contaminated soils. 

LAND FILLING - A method for the final disposal of sludge.  

 

Lipoplexes - The lipid-DNA complexes also referred to as liposomes. 

Lytic cycle - The replication cycle of bacteria that ultimately results in the lysis of host cells. 

MALDI - matrix Assisted Laser Desorption /Ionization 

MARKER GENE - A gene which detect insertion of DNA by its inactivation. 

 

Meristem - A localized region of actively dividing cells in plants i.e. tips of stems and roots. 

MICROARRAY - Large number of DNA spots present on a glass slide representative of the total 

mRNA of a cell, used for detecting expression patterns 

MICROPROPAGATION - This method of tissue culture utilizes the culture of apical shoots, auxillary 

buds, meristems. 

 

Microinjection - The delivery of DNA or other compounds in to eukaryotic cells using fine 

microscopic needle. 

MoAB/MAb - Monoclonal Antibodies A specific and single type of antibody that is produced by 

hybridoma cells. MAb is directed against a specific antigenic determinant (epitope). 

MOLECULAR PHARMING - Use of Transgenic animals to obtain products of medicinal commercial 

purposes through recombinant DNA technology 
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MOLECULAR BREEDING - Breeding assisted by molecular (nucleic acid) markers, is known as 

molecular breeding. 

 

Monellin - A protein found in the fruits of an African plant Discorephyllum cumminsii which isabout 

100,000 times sweeter than sucrose. 

Morphogenesis - The growth and development of an undifferentiated structure to a differentiated 

structure or form. 

MTCC - Microbial Type Culture Collection 

 

Multicellular tumour spheroids (MCTs) - In vitro cellular three dimensional proliferating models 

for the study of tumour cells. 

Mushrooms - The fungi belonging to the class basidomycetes, Some of them are edible e.g. 

Agaricus bisporus (button mushroom) 

Mutagenesis - The changes in the nucleotides of DNA of an organism by physical or chemical 

treatments 

Mutagens - The agents that increase the rate of mutation by inducing changes in DNA 

Muteins - The second generation recombinant therapeutic proteins are collectively referred to as 

muteins. 

Myeloma - A tumour cell line derived from a lymphocyte which usually produces a single type of 

immunoglobulin. 

Mycelium - A mass of interwoven thread-like filaments of a fungus or bacteria  

NBRF - National Biomedical Research Foundation  

NCBI - National Centre of Biotechnology Information 

NIH - National Institute of Health 

NITROGEN FIXATION - The process of conversion of atmospheric nitrogen to ammonia. Biological 

nitrogen fixation occurs in prokaryotes and is catalysed by the enzyme nitrogenase. 

 

Northern blotting - The transfer of RNA from an electrophoresis gel to a membrane to perform 
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Northern hybridization 

 

Northern hybridization - The technique used for the detection of specific RNA molecule through 

Northern blotting 

Nucleoid - A term used to represent the DNA containing region of a prokaryotic cell.  

Old biotechnology - same as traditional biotechnology 

Oligonucleotide - directed mutagenesis- A technique to alter one or more specific nucleotides in a 

gene (DNA sequence) so that a protein with specific amino acid change is produced 

Oncogene - A gene that promotes cell proliferation to result in uncontrolled growth 

Oncomouse - The animal model of mouse for cancer which was granted U.S. patent in 1988, the 

first animal to be patented 

ORGAN CULTURE - The in vitro culture of an organ so as to achieve the development and/or 

preservation of the original organ. 

 

Organogenesis - The process of morphogenesis that finally results in the formation of organs e.g. 

shoots, roots. 

PATENT - A government issued document that provides the holder the exclusive rights to 

manufacture, use or sell an invention for a defined period usually 20 years. 

 

Phage - A virus infecting bacterium 

Phosphinothricin (glufosinate) - A broad spectrum herbicide 

Phytoalexins - The secondary metabolites produced in plants in response to infection 

Plantlet - Small rooted shoot or germinated embryo 

Plating efficiency - The percentage of cells plated which produce cell colonies. 

 

PLASMID- An autonomous, circular, self replicating extrachromosomal DNA, found in bacteria and 

some other cells. 

PAM - Point Accepted Mutation 
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pI - Isoelectric point 

 

Poly(A) tail - A series of A- nucleotides attached to the 3‟end of eukaryotic mRNA 

Polyclonal antibodies - Different antibodies which can react with the same antigen 

Polyhydroxyalkanoates (PHA) - Intracellular carbon and energy storage compounds. They are 

biodegradable polymers. 

PCR - Polymerase Chain reaction 

 

Polymorphism - The allelic variations in the genomes that results in different phenotypes 

 

PEG - Polyethylene glycol 

PGDF - Platelet derived growth Factor 

 

Primer - A short sequence of oligonucleotides that hybridizes with template strand and provides 

initiation for the nucleic acid synthesis. 

PRIMARY CELLS - The eukaryotic cells taken directly from an animal for culture purpose. 

PRIMARY CELL CULTURE - The culture produced by the freshly isolated cells or tissues taken from 

an organism. 

 

Probe - A labeled molecule used in hybridization technique. 

PROTEIN ENGINEERING - Generation of proteins with subtly modified structures conferring 

improved properties e.g. higher catalytic function, thermostability etc. 

PROTEIN TARGETING - The process of transport of proteins from one compartment to other with in 

a cell. Also called as protein sorting.  

 

PROTEOME - The complete protein complement of cells, tissues and organisms is referred to as its 

proteome. 

PROTEOMICS - Large scale characterization of the entire protein complement of cells, tissues, and 

organisms is called proteomics. 
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PROTEIN ENGINEERING - Production and modification of proteins for medicinal, Industrial, and 

research purposes  

PRIMARY CELL CULTURE - The maintenance of growth of cells dissociated from the parental tissue 

in culture medium is known as primary cell culture 

PITC - Phenyl iso thiocyanate 

PTFE - Poly tetra fluoro ethylene 

RAPD - Randomly Amplified Polymorphic DNA - A PCR based method of DNA profiling. It basically 

involves the amplification of DNA sequences using random primers, and use of genetic fingerprints to 

identify individual organisms (mostly plants) 

RFLP - Restriction Fragment Length Polymorphism 

RBS - Ribosome Binding site 

RT-PCR - Reverse transcriptase Polymerase Chain Reaction 

 

RNA - Ribonucleic acid 

RNAse - Ribonuclease 

R- HuEPO - Recombinant human erythropoietin 

RECOMBINANT DNA (rDNA) technology - The techniques involved in the construction, and use of 

recombinant DNA molecules. 

 

Recombinant protein - A protein that is produced by the expression of a cloned gene of a 

recombinant DNA molecules 

Restriction endonuclease - An enzyme that specifically cuts DNA molecule at specific nucleotide 

sequences. 

RFLP - Restriction Fragment Length Polymorphism-A restriction fragment with variable lengths due 

to the presence of polymorphic restriction sites at one or both ends. 

Retro virus - A virus with RNA as genetic material 
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Reverse transcription - The process of synthesis of DNA from RNA 

RNA vaccines - RNA molecules which can synthesize antigenic proteins and offer immunity 

Satellite DNA - Repetitive DNA that forms a satellite band in a density gradient 

SCALE UP - The expansion of laboratory experiments to full-sized industrial processes. 

SECONDARY METABOLITE - A metabolite that is not required for the growth and maintenance of 

cellular functions. 

SEPTIC TANKS - Anaerobic digesters of solids of the sewage settled at the bottom of tanks. 

SEWAGE - The liquid waste arising mainly from domestic and industrial sources. 

 

Shot gun approach - A technique for sequencing of genome in which the molecules to be sequenced 

are randomly broken down into fragments, which are then individually sequenced. 

Shuttle vectors - The plasmid vectors that are designed to replicate in two different hosts e.g. E. 

coli and Streptomyces sp  

SNPs - Single Nucleotide Polymorphisms 

SINGLE CELL PROTEIN (SCP) - Cells or protein extracts of microorganisms produced in large 

quanities for use as human or animal protein supplement. 

SIDEROPHORE - a low molecular weight Fe- chelating protein synthesized by several soil 

microorganisms. 

 

Signal peptide - A short sequence of amino acids at the N terminal end of some proteins that 

facilitates the protein to cross membrane 

Site-directed mutagenesis - The technique used to produce a specified mutation at a 

predetermined position in a DNA molecule 

SLUDGE - The semi solid mass produced during the course of sewage/waste water treatment 

processes. 

SOMACLONAL VARIATION - The genetic variations found in the cultured plant cells when 

compared to a pure breeding strain. 
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SOMATIC CELL - Any body cell as opposed to germ cell. Somatic cell is non-reproductive and divides 

by mitosis. 

SOMATIC CELL GENE THERAPY - The delivery of gene(s) to somatic cells to correct genetic 

defects.  

Somatic embryogenesis - Formation of embryos from asexual cells 

Southern hybridization - A technique used for the detection of specific DNA sequences (restriction 

fragments)  

Sparger - A device that introduces air into a bioreactor in the form of a fine stream 

SDS-PAGE Sodium Dodecyl Sulphate - Polyacrylamide gel Electrophoresis 

STEM CELLS - A progenitor cell that is capable of dividing continuously through out the life of an 

organism. 

 

STIRRED TANK FERMENTER - A fermentation vessel in which the cells or microorganisms are 

mixed by mechanically driven impellers. 

SUB CULTURING - Subculturing involves removing the growth media, washing the plate, 

disassociating the adherent cells, usually enzymatically/or removing by using pipette, and diluting the 

cell suspension into fresh media. 

SUSPENSION CULTURES - Cells which do not attach to the surface of the culture vessel and grow 

in a suspended manner in the culture medium are called suspension cultures 

SUPERBUG - The first genetically engineered organism (bacterial strain of Pseudomonas) that was 

patented. It carries different hydrocarbon- degrading genes on plasmids.  

 

Superovulation - The process of inducing g more ovarian follicles to ripen and produce more eggs 

T-DNA - The part of the Ti plasmid that is transferred to the plant DNA 

t-PA - Tissue Plasminogen Activator 

 

T-lymphocytes (T cells) - The lymphocytes that are dependent on the thymus for their 

differentiation, and are involved in cell-mediated immune response. 
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Thaumatin - A protein extracted from berries which is about 3000 times sweeter than sucrose 

Tm - Melting temperature 

 

Ti plasmid - The large-sized tumour inducing plasmid found in Agrobacterium tumefaciens. It directs 

crown gall formation in certain plant species. 

TIGR - The Institute of Genomic Research 

TISSUE CULTURE - A process where individual cells, or tissues of plants or animals are grown 

artificially.  

TISSUE ENGINEERING - The application of the principles of engineering to cell culture for the 

construction of functional anatomical units. 

TRANSFORMATION - Uptake of naked DNA by bacterial cells 

TOTIPOTENT - A term used to describe a cell that is not committed to a single developmental 

pathway, and thus it is capable of forming all types of differential cells. 

TRADITIONAL (OLD) BIOTECHNOLOGY - The age old practices for the preparation of foods and 

beverages, based on the natural capabilities of microorganisms. 

TRANSGENIC - An organism that carries a foreign DNA (transgene). 

VECTOR - A vehicle for carrying cloned DNA 

VEGETATIVE PROPAGATION - The asexual propagation of plants from the detached parts of the 

plants.  

YAC - Yeast artificial Chromosome 

Zygote- The fertilized egg formed by the fusion of two gametes. 

    PLANT BIOTECHNOLOGY 
                                                   INTRODUCTION 

http://www.biotechnology4u.com/plant_biotechnology.html
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An important aspect of all biotechnology processes is the culture of either the plant cells or animal 

cells or microorganisms. The cells in culture can be used for recombinant DNA technology, genetic 

manipulations etc. 

Plant cell culture is based on the unique property of the cell-totipotency. CELL-TOTIPOTENCY is the 

ability of the plant cell to regenerate into whole plant. This property of the plant cells has been 

exploited to regenerate plant cells under the laboratory conditions using artificial nutrient mediums. 

With the advances made in genetic engineering, it became possible to introduce foreign genes into 

cell and tissue culture systems. This led to the development of GENETICALLY MODIFIED (GM) OR 

TRANSGENIC CROPS which had improved traits and characteristics. 

History of cell culture 

 

In the early 19th century, Schleiden and Schwann proposed the concept of the 'cell theory'. In 1902, 

Gottlieb Haberlandt, the german botanist and regarded as the father of plant tissue culture, first 

attempted to cultivate the mechanically isolated plant leaf cells on a simple nutrient medium. He did 

not succeed in achieving the growth and differentiation of the cultured cells, however, he predicted 

the concept of growth hormones, the use of embryo sac fluids, the cultivation of artificial embryos 

from somatic cells, etc. 

During the period 1902 - 1930, attempts were made to culture the isolated plant organs such as 

roots and shoot apices (organ culture). Hanning (1904) isolated embryos of some crucifers and 

successfully grew on mineral salts and sugar solutions. Simon (1908) successfully regenerated a 

bulky callus, buds, roots from a poplar tree on the surface of medium containing IAA which 

proliferated cell division. Gautheret, White and Nobecourt (1934-1940) largely contributed to the 

developments made in plant tissue culture. White (1939) cultured tobacco tumour tissue from the 

hybrid Nicotiana glauca, and N. Langsdorffii.  

The period of 1940 - 1970s saw the development of suitable nutrient media to culture plant tissues, 

embryos, anthers, pollen, cells and protoplasts, and the regeneration of complete plants (in vitro 

morphogenesis) from cultured tissues and cells. In 1941, van Overbek and co-workers used coconut 

milk (embryo sac fluid) for embryo development and callus formation in Datura. Steward and Reinert 

(1959) first discovered somatic embryo production in vitro. Maheswari and Guha (1964) developed 

the anther culture for the production of haplid plants. Skoog and Miller (1957) advanced the 

hypothesis of organogenesis in cultured callus by varying the ratio of auxin and cytokinin in the 

growth medium. Muir (1953) developed a successful technique for the culture of single isolated cells 

wich is commonly known as paper-raft nurse technique (placing a single cell on filter paper kept on 

an actively growing nurse tissue). In 1952, the Pfizer Inc., New York (U.S.A) got the US patent and 

started producing industrially the secondary metabolites of plants. The first commercial production of 
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a natural product shikonin by cell suspension culture was obtained.  

In 1980s using Genetic engineering, for the first time, it was possible to introduce foreign genes into 

cell and tissue culture systems to develop plants with improved characteristics (transgenic crops) 

which may contribute to the path towards the second green revolution. 

                                    PLANT CELL AND TISSUE CULTURE TECHNIQUES  

The whole plants can be regenerated virtually from any plant part (referred to as explant) or cells. 

Plant tissue culture techniques involve the following steps:  

a) Preparation and selection of suitable nutrient media 

b) Selection of explants such as shoot tip. 

 

c) Surface sterilization of the explants by disinfectants e.g. sodium or calcium hypochorite solution 

0.3- 0.6% ) followed by washing the explants with sterile distilled water. 

 

d) Inoculation or Transfer of the explants onto the suitable nutrient medium (sterilized by 

autoclaving) in culture vessels under sterile conditions (using laminar flow hood). 

 

e) Incubation or Growing the cultures in the growth chamber or plant tissue culture room at optimum 

physical conditions of light (16 hours of photoperiod), diurnal illumination, temperature (25+/- 20C 

and relative humidity (50%-60%). 

 

f) Regeneration of plants from cultured plant tissues. 

g) Hardening: it is the gradual exposure of plantlets for acclimatization to environmental conditions 

 

h) Transfer of plants to the field conditions following the acclimatization/ hardening of the 

regenerated plants. 

                                                        NUTRIENT MEDIA  

The intact plants can make their own food but the in vitro culture of plant parts or cells requires a 

variety of nutrients and suitable physical conditions for their growth. The composition of plant tissue 

culture medium depends upon the type of plant tissues or cells that are used for culture. No single 

medium can be used for all types of plants and organs, so the composition of the culture medium for 

each plant material has to be worked out. 

A typical nutrient medium consists of the following components: 
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a) inorganic nutrients (both micro- and macro-elements - C, H, O, N, P, S, Ca, K, Mg, Fe, Mn, Cu, Zn, 

B, Mb), The six elements namely nitrogen, phosphorus, potassium, calcium, magnesium and sulfur 

are the essential macronutrients for tissue culture. The ideal concentration of nitrogen, and 

potassium is around 25 mmol l-1 while for calcium, phosphorus, sulfur and magnesium, it is in the 

range of 1-3 mmol l-1. 

Among the micronutrients, iron requirement is very critical. Chelated forma of iron and copper are 

commonly used in culture media.  

 

b) a carbon source and energy source (usually sucrose) )- Plant cells and tissues in the culture 

mediumare heterotrophic and therefore depend on the external carbon for energy. Among the 

various energy sources, sucrose is the most preferred. During the sterilization of the medium, 

sucrose gets hydrolysed to glucose and fructose and the plant cells utilize first the glucose and than 

the fructose. The other carbohydrates such as lactose, maltose, galactose etc have been used in 

culture media but with limited success.  

c) Organic supplements vitamins (e.g. nicotinic acid, thiamine, pyridoxine and myo-inositol), amino 

acids (e.g. arginine) The plant cells in culture are able to synthesize vitamins just like natural plants, 

but in suboptimal quantities which does not support proper growth of cells in culture. Therefore the 

medium is supplemented with vitamins to achieve good growth of cells. Similarly amino acids are 

added to the cell cultures to stimulate the cell growth and estabilish the cell lines. Organic acids 

especially the intermediates of krebs cycle e.g. citrate, malate, succinate, pyruvate also enhances the 

growth of plant cells. Sometimes antibiotics (e.g. streptomycin, kanamycin) are also added to the 

medium to prevent the growth of the microorganisms. 

 

d) Growth regulators (e.g. auxins, cytokinins and gibberellins Plant hormones play an important role 

in growth and differentiation of cultured cells and tissues. The growth hormones included in culture 

media involve: auxins, cytokinins, and gibberellins. The auxins facilitate the cell division and root 

differentiation. The cytokinins induce cell division and differentiation and the gibberellins is mainly 

used to induce plantlet formation from adventive embryos formed in culture. 

Auxins induce cell division, cell elongation, and formation of callus in cultures. 2,4-dichlorophenoxy 

acetic acid is one of the most commonly added auxins in plant cell cultures. Cytokinins, promotes 

RNA synthesis and stimulate protein and enzyme activities in tissues. Kinetin and benzyl-aminopurine 

are the most frequently used cytokinins in plant cell cultures.  

The ratio of auxins and cytokinins play an important role in the morphogenesis of culture systems. 

When the ratio of auxins to cytokinins is high, embryogenesis, callus initiation, and root initiation 
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occur. For axillary and shoot proliferation, the ratio of auxins to cytokinins is kept low. 

Among the gibberellins, gibberellin A3 (GA3) is the most commonly used for tissue culture. GA3 

enhances callus growth and induces dwarf plantlets to elongate.  

 

e) Solidifying agents like agar. Generally a gelling agent agar (a polysaccharide obtained from red 

algae, Gelidium amansil) is added to the liquid medium for its solidification. . The agar obtained 

from seaweeds provides solid surface for the growth of cells because in the liquid medium, the tissue 

will be submerged and die due to lack of oxygen. Cells are grown in suspension medium with out 

agar but such cultures are aerated regularly either by bubbling sterile air or by gentle agitation. 

Some other less frequently used solidifying agents are biogel (polyacrlyamide pellets), phytagel, 

gelrite, and purified agarose. 

f) Other compounds like casein hydrolysate, coconut milk, malt extract, yeast extract, tomato juice, 

etc. may be added for specific purposes.  

g) pH - An optimum pH (usually 5.7) is also very important. At pH higher than 7.0 and lower than 

4.5, the plant cells stop growing in cultures. 

The most extensively used nutrient medium is MS medium (developed by Murashige and Skoog in 

1962). 

MAJOR TYPES OF MEDIA 

- White’s medium - is one of the earliest plant tissue culture media 

- MS medium - formulated by Murashige and Skoog (MS) is most widely used for many types of 

culture systems 

- B5 medium - developed by Gamborg for cell suspension and callus cultures and at present it‟s 

modified form used for protoplast culture 

- N6 medium - formulated by Chu and used for cereal anther culture 

-Nitsch‟s medium developed by Nitsch and Nitsch and used for anther culture 

PREPARATION OF MEDIA 

The methodology for media preparation involves preparation of stock solutions (in the range of 10x to 

100x concentrations) of highly purified chemicals and demineralized water. The stock solutions are 

stored in glass or plastic containers and frozen till further requirement. Now a days, plant tissue 

culture media are commercially prepared, and are available in the market as dry powders. The 

culture media is usually sterilized in an autoclave at 1210C and 15 psi for 20 minutes. Hormones and 

other heat sensitive organic compounds are filter sterilized and added to the autoclaved medium. 
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MAINTENANCE OF ASEPTIC ENVIRONMENT  

It is very important to maintain aseptic environment during the in vitro culture of plant cells and 

tissues. Following are some of the methods adopted for sterilization: 

 

(a) Sterilization of Glassware- The glassware can be sterilized in a hot air oven at 160-1800C for 2-4 

hours. 

 

(b) Sterilization of instruments- The metallic instruments are incinerated by dipping them in 75% 

ethanol followed by flaming and cooling. 

 

(c) Sterilization of nutrient media- The culture media are transferred into glass container, plugged 

with cotton or sealed with plastic closures and sterilized by autoclaving at 15 psi for 30 min. The 

autoclaving denatures the vitamins, plant extracts, amino acids and hormones therefore the solution 

of these compounds are sterilized by using Millipore filter paper with pore size of 0.2 micrometer 

diameter. 

 

(d) Sterilization of plant materials- The surface of the plant material is made sterile by using 

disinfectants e.g. sodium hypochlorite, hydrogen peroxide, mercuric chloride, or ethanol. The transfer 

of sterile plant material on to the nutrient medium is done under the cabinet of laminar airflow. 

 

(e) Sterilization of Culture room and transfer area- the floor and walls of the culture room should be 

washed with detergent followed by 2% sodium hypochlorite or 95% ethanol. The sterilization can also 

be done by exposure to UV light. The cabinet of laminar air flow is sterilized by exposing to UV light 

for 30 min. and 95% ethanol 15 minutes before starting the work. 

                                                   TYPES OF CULTURE 

 

Organ Culture 

It deals with the culture of the isolated organs (roots) under laboratory conditions (in vitro). 

Different names are given depending upon the organ used for the culture. For instance the culture of 

roots, endosperm, ovary, and ovule are called as root culture, endosperm culture, ovary culture etc. 

It was Skoog (1944), who for the first time suggested that the organogenesis could be chemically 

controlled. Skoog and Miller (1957) also demonstrated that a high ratio of auxin: cytokinin stimulated 

the formation of root in tobacco callus, but a low ratio of the same induced shoot information.  
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Explant culture 

 

The culture of plant parts (explants) is known as explant culture. The explants can be any part of the 

plant e.g. the piece of stem, leaf, hypocotyl, etc. The explant cultures are generally used to induce 

callus or plant regeneration. 

Callus culture 

 

Callus refers to an unorganized mass of cells generally parenchymatous in nature.  

The unique feature of callus is that the abnormal growth has biological potential to develop normal 

root, shoots, and embryoids, ultimately forming a plant. Naturally, the callus is formed due to the 

infection of microorganisms from wounds due to stimulation by endogenous growth hormones, the 

auxins and cytokinins. However, it has been possible to artificially develop callus by using tissue 

culture techniques. 

Auxins are added to culture medium for callus induction but the nature and quantity of auxin added, 

depends on the nature and source of explant and its genotype besides other factors. Callus cultures 

can be maintained for prolonged periods by repeated sub-culturing. Callus cultures are used for a) 

plant regeneration, b) preparation of single cell suspensions and protoplasts, and, c) genetic 

transformation studies. 

FACTORS AFFECTING CALLUS CULTURE 

- the source and the genotype of the explant 

- composition of the medium (most commonly used-MS medium) 

- temperature (22-280C suitable for callus formation) 

- growth regulators e.g. auxins, cytokinins alone or combination of these. 

- Age of the plant 

- Location of the explant 

- Physiology and growth condition of the plant 

Cell suspension cultures 

Cell suspension is prepared by transferring a fragment of callus to the liquid medium and agitating 

them aseptically to make the cells free. 

Single cells can be isolated from either callus or any other part of the plant and cultured in liquid 

medium using both mechanical and enzymatic methods. Mechanical methods involve grinding of the 

tissue to a fine suspension in a buffered medium followed by filtration and centrifugation to get rid of 
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cell debris. The enzymatic method uses the enzymes (pectinase or macerozyme) to dissolve the 

middle lammela between the cells. After the isolation of the cells, they are cultured by batch cultures 

or continuous cultures.As the medium is liquid in nature, the pieces of callus remain submerged 

which creates anaerobic conditions. To overcome this problem, the suspension cultures are agitated 

by a rotary shaker which disperses the cells and expose them to air. 

The advantages of cell suspension cultures over the callus culture: 

a) The suspension can be pipetted. 

b) They are less heterogeneous and cell differentiation is less pronounced. 

c) They can be cultured in volumes upto 1,500 litres. 

d) They can be subjected to more stringent environmental controls. 

e) The manipulations for the production of natural products by feeding precursors, is possible. 

 

Batch cultures are initiated as single cells in 100- 250 ml flasks and are propagated by transferring 

regularly small aliquots of suspension to a fresh medium. Continuous cultures are maintained in a 

steady state for long period by draining out the used medium and adding fresh medium. 

The cell suspension cultures can be used for a) induction of somatic embryos/shoots, b) in vitro 

mutagenesis and mutant selection, c) genetic transformation, d) production of secondary 

metabolites. 

Mass cell culture 

Plant cells are cultured in specially designed 'plant bioreactors' which essentially do not have a stirrer 

as plant cells are shear sensitive. In place of stirrer, gas is gently bubbled which provides stirring as 

well as meet the demand of a higher oxygen supply. 

Protoplast culture 

 

Protoplasts are plant cells without cell wall and can be isolated by using enzymes like cellulases, 

pectinases) from leaf, seedling, calli, pollen grains, embryo sacs etc.The protoplasts regenerate cell 

wall, undergo cell division, and form callus. The callus can also be subcultured. Some of the examples 

of plant species that have been regenerated from protoplasts are--- Cucumis sativus, Capsicum 

annum, Ipomoea batata, Glycine max, Chrysanthemum sp. These cultures are used for a) various 

biochemical and metabolic studies, b) fusion of two somatic cells to create somatic hybrids, c) fusion 

of enucleated and nucleated protoplasts to create Cybrids (cytoplasmic hybrids) and d) genetic 

manipulation. e) drug sensitivity. 

  Bergmann’s cell plating technique (culture of single cells) 
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In this technique, free cells are suspended in a liquid medium. Equal volumes of liquid and agar 

media are mixed and rapidly spread in petri dish, which makes the cells evenly distributed in a thin 

layer after solidification. After sealing the Petri dishes with parafilm, they are examined under the 

inverted microscope to mark the single cells. Plates are incubated in dark at 250C and cell colonies 

developing from marked single cells, are used to obtain single cell cultures. 

 

EMBRYO CULTURE 

Besides, roots, shoots, and pollen, embryos can also be cultured to produce haploid plants. The 

embryo culture is very useful in conditions where embryo fails to develop due to degeneration of 

embryonic tissues. It has been used as a routine technique in orchid propagation, in breeding of 

species showing dormancy. 

EMBRYO RESCUE 

It has been observed that sometimes, inspite of successful pollination and fertilization, the embryos 

do not develop. The incompatibility between the embryo and the endosperm or some inherent 

deficiency also results in the under development of embryo. These immature embryos can be 

dissected out from the seeds and can be grown artificially on culture medium. These embryos 

differentiate into shoot, root and plantlets under culture conditions. This technique of growing 

immature embryo is termed as „embryo rescue‟. This technique is very useful in hybridization, 

breaking dormancy of certain seeds, and to achieve complete growth of embryo into a plant. 

ANTHER AND POLLEN CULTURE (PRODUCTION OF HAPLOID PLANTS) 

Haploid plants possess a single set of chromosomes (gametophytic no of chromosomes i.e. n) in the 

sporophyte in contrast to diploids which contain two sets of chromosomes (2n). The existence of 

haploid plants was reported by Bergner (1921) in Datura stramonium. Tulecke (1951) cultured the 

pollen grains of Ginko biloba (gymnosperm) and succeeded in inducing the development of haploid 

callus. Guha and Maheswari (1964) reported the direct development of haploid embryos and plantlets 

from microspores of Datura inoxia by the cultures of excised anthers. In 1967, Bourgin and Hitsch 

obtained the first full haploid plants from Nicotiana tabacum.  

Haploid plants are very useful in: 

a) direct screening of recessive mutation because in diploid or polyploid screening of recessive 

mutation is impossible. 

b) Development of homozygous lines in a short span of time. 

c) The generation of exclusive male plants by the process of androgenesis using techniques to double 

the chromosome numbers. 
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d) Production of disease resistant plants by introducing disease resistant genes e.g. Barley accession 

Q 21681 resistant to stem rust, leaf rust, and powdery mildew. 

e) Cytogenetic research which includes production of aneuploids, determination of origin and basic 

number of chromosome numbers, induction of genetic variability.  

At present, more than 247 plant species and hybrids belonging to 38 genera and 34 families of dicots 

and monocots have been regenerated using anther culture technique e.g. rice, wheat, maize, 

coconut, rubber trees etc. The Institute of Crop Breeding and Cultivation (China) has developed the 

high yielding and blast resistant varieties of rice zhonghua No.8 and zhonghua No. 9 through transfer 

of desired alien gene. 

ANDROGENESIS  

In androgenesis, the male gametophyte (the microspore or immature pollen) produces haploid plants 

by stopping the development of pollen cell into a gamete and forcing it to develop into a haploid 

plant. 

IN VITRO ANDROGENESIS 

In vitro androgenesis is the formation of sporophyte from the male gametophyte on artificial medium 

and is most commonly found in family Solanaceae and Poaceae (Graminae). 

DIRECT ANDROGENESIS 

In the pollen derived embryogenesis, also called direct androgenesis, the pollen directly acts as a 

zygote and passes through various embryogenic stages similar to zygotic embryogenesis. Direct 

androgenesis is very common in many plants of the family Solanaceae and Brassicaceae.  

INDIRECT ANDROGENESIS 

The process where the pollen grains instead of normal embryogenesis, divide erratically to develop 

callus is called indirect androgenesis e.g. in barley, wheat, Coffee etc.  

THE TECHNIQUE OF ANTHER CULTURE 

The anthers with their filaments are removed from the flower buds after surface sterilization. Under 

aseptic conditions, the anthers are excised and crushed in 1% acetocarmine to test the stage of 

pollen development. The anthers in correct stage of development are separated and inoculated on a 

nutrient medium. The anther cultures are maintained at 280C and alternating photo periods of light 
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(12-18 hrs) and darkness (6-12 hrs). The anthers proliferate and produce callus which forms an 

embryo and the embryo subsequently develops into a haploid plant. 

THE TECHNIQUE OF POLLEN CULTURE 

The pollens are extracted by pressing and squeezing the anthers with a glass rod against the sides of 

the beaker. The anther tissue debris is removed by filtering the pollen suspension and large and 

healthy pollen are washed and collected. These pollen are cultured on a solid or liquid medium and 

the callus or the embryo formed is transferred to a suitable medium to produce a haploid plant.  

The factors that affect androgenesis are the genotype and the physiological state of the donar plants, 

composition of the culture medium, the method adopted in the pretreatment of anthers to develop in 

to haploid plants and the stage of the microspore or pollen selected for culture.  

The haploid are identified by looking at their morphological features or by using genetic markers e.g. 

a1marker for brown coloured aleurone to detect haploids in maize plant.  

 

LIMITATIONS IN HAPLOID PRODUCTION 

a) Due to the low frequency of haploid production the selection is very difficult. 

b) Haploids with deleterious traits frequently develop in cultures. 

c) It is sometimes difficult to isolate haploids from the culture since the polyploids outgrow 

haploids. 

d) The doubling of haploids (diploidization) does not always lead to the formation of 

homozygous plant. 

e) The embryos derived from haploids often get aborted. 

                                             REGENERATION PATHWAYS OF PLANTS  

The plants can be regenerated by a) organogenesis and b) somatic embryogenesis. 

 

Organogenesis refers to the formation of organs from the cultured explants. The shoot buds or 

monopolar structures are formed by manipulating the ratio of cytokinin to auxin in the cultures. 

 

In Somatic embryogenesis, the totipotent cells may undergo embryogenic pathway to form 

somatic embryos which are grown to regenerate into complete plants. It was demonstrated for the 

first time in carrots (Daucus carota), where bipolar embryos developed from single cells. The 



 51 

somatic embryogenesis is influenced by plant extracts, growth regulators, and by the physiological 

state of calli. 

                                            APPLICATIONS OF CELL AND TISSUE CULTURE 

Micropropagation /Clonal Propagation  

Clonal propagation refers to the process of asexual reproduction by multiplication of genetically 

identical copies of individual plants. The vegetative propagation of plants is labour-intensive, low in 

productivity and seasonal. The tissue culture methods of plant propagation, known as 

'micropropagation' utilizes the culture of apical shoots, axillary buds and meristems on suitable 

nutrient medium.The regeneration of plantlets in cultured tissue was described by Murashige in 1974. 

Fossard (1987) gave a detailed account of stages of micropropagation.  

The micropropagation is rapid and has been adopted for commercialization of important plants such 

as banana, apple, pears, strawberry, cardamom, many ornamentals (e.g. Orchids) and other 

plants.The micropropagation techniques are preferred over the conventional asexual propagation 

methods because of the following reasons: (a) In the micropropagation method, only a small amount 

of tissue is required to regenerate millions of clonal plants in a year., (b) micropropagation is also 

used as a method to develop resistance in many species., (c) in vitro stock can be quickly proliferated 

as it is season independent,. (d) long term storage of valuable germplasm possible.  

 

The steps in micropropagation method are: a) Initiation of culture - from an explant like shoot tip on 

a suitable nutrient medium, b) multiple shoots formation from the cultured explant, c) rooting of in 

vitro developed shoots and, d) transplantation - transplantation to the field following acclimatization. 

The factors that affect micropropagation are: (a) genotype and the physiological status of the plant 

e.g. plants with vigorous germination are more suitable for micropropagation., (b) the culture 

medium and the culture environment like light, temperature etc. For example an illumination of 16 

hours a day and 8 hours night is satisfactory for shoot proliferation and a temperature of 250C is 

optimal for the growth. 

The benefits of micropropagation this method are: 

a) rapid multiplication of superior clones can be carried out through out the year, irrespective of 

seasonal variations. 

b) multiplication of disease free plants e.g. virus free plants of sweet potato (Ipomea batatus), 

cassava (Manihot esculenta) 

c) multiplication of sexually derived sterile hybrids 

d) It is a cost effective process as it requires minimum growing space. 
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Somaclonal variation 

The genetic variations found in the in vitro cultured cells are collectively referred to as somaclonal 

variation and the plants derived from such cells are called as „somaclones‟. It has been observed that 

the long-term callus and cell suspension culture and plants regenerated from such cultures are often 

associated with chromosomal variations. It is this property of cultured cells that finds potential 

application in the crop improvement and in the production of mutants and variants (e.g. disease 

resistance in potato). 

Larkin and Scowcroft (1981) working at the division of Plant Industry, C.S.I.R.O., Australia gave the 

term 'somaclones' for plant variants obtained from tissue cultures of somatic tissues. Similarly, if the 

tissue from which the variants have been obtained is having gametophytic origin such as pollen or 

egg cell, it is known as 'gametoclonal' variation.They explained that it may be due to: (a) reflection of 

heterogeneity between the cells and explant tissue, (b) a simple representation of spontaneous 

mutation rate, and (c) activation by culture environment of transposition of genetic materials.  

Shepard et al. (1980) also contributed by screening about 100 somaclones produced from leaf 

protoplasts of Russet Burbank. They found that there was a significant amount of stable variation in 

compactness of growth habit, maturity, date, tuber uniformity, tuber skin colour and photoperiodic 

requirements. 

Somaclonal Variations has been used in plant breeding programmes where the genetic variations with 

desired or improved characters are introduced into the plants and new varieties are created that can 

exhibit disease resistance, improved quality and yield in plants like cereals, legumes, oil seeds tuber 

crops etc. Somaclonal variation is applicable for seed  

APPLICATIONS OF SOMACLONAL VARIATIONS 

a) Methodology of introducing somaclonal variations is simpler and easier as compared to 

recombinant DNA technology. 

b) Development and production of plants with disease resistance e.g. rice, wheat, apple, tomato etc. 

c) Develop biochemical mutants with abiotic stress resistance e.g. aluminium tolerance in carrot, salt 

tolerance in tobacco and maize. 

d) Development of somaclonal variants with herbicide resistance e.g. tobacco resistant to 

sulfonylurea 

e) Development of seeds with improved quality e.g. a new variety of Lathyrus sativa seeds (Lathyrus 

Bio L 212) with low content of neurotoxin.  

f) Bio-13 – A somaclonal variant of Citronella java (with 37% more oil and 39% more citronellon), a 

medicinal plant has been released as Bio-13 for commercial cultivation by Central Institute for 
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Medicinal and Aromatic Plants (CIMAP), Lucknow, India. 

g) Supertomatoes- Heinz Co. and DNA plant Technology Laboratories (USA) developed 

Supertomatoes with high solid component by screening somaclones which helped in reducing the 

shipping and processing costs. 

Production of virus free plants 

The viral diseases in plants transfer easily and lower the quality and yield of the plants. It is very 

difficult to treat and cure the virus infected plants therefore te plant breeders are always interested in 

developing and growing virus free plants. 

In some crops like ornamental plants, it has become possible to produce virus free plants through 

tissue culture at the commercial level. This is done by regenerating plants from cultured tissues 

derived from a) virus free plants, b) meristems which are generally free of infection - In the 

elimination of the virus, the size of the meristem used in cultures play a very critical role because 

most of the viruses exist by establishing a gradient in plant tissues. The regeneration of virus-free 

plants through cultures is inversely proportional to the size of the meristem used., c) meristems 

treated with heat shock (34-360C) to inactivate the virus, d) callus, which is usually virus free like 

meristems.e) chemical treatment of the media- attempts have been made to eradicate the viruses 

from infected plants by treating the culture medium with chemicals e.g. addition of cytokinins 

suppressed the multiplication of certain viruses.  

Among the culture techniques, meristem-tip culture is the most reliable method for virus and other 

pathogen elimination.  

 

Viruses have been eliminated from a number of economically important plant species which has 

resulted in a significant increase in the yield and production e.g. potato virus X from potato, mosaic 

virus from cassava etc. These virus free plants are not disease resistant so there is a need to 

maintain stock plants to multiply virus free plants whenever required. 

Production of synthetic seeds 

 

In synthetic seeds, the somatic embryos are encapsulated in a suitable matrix (e.g. sodium alginate), 

along with substances like mycorrhizae, insecticides, fungicides and herbicides. These artificial seeds 

can be utilized for the rapid and mass propagation of desired plant species as well as hybrid varieties. 

The major benefits of synthetic seeds are: 

a) They can be stored up to a year with out loss of viability 

b) Easy to handle and useful as units of delivery 

c) Can be directly sown in the soil like natural seeds and do not need acclimatization in green house. 
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Mutant selection 

 

An important use of cell cultures is in mutant selection in relation to crop improvement. The 

frequency of mutations can be increased several fold through mutagenic treatments and millions of 

cells can be screened. A large number of reports are available where mutants have been selected at 

cellular level. The cells are often selected directly by adding the toxic substance against which 

resistance is sought in the mutant cells. Using this method, cell lines resistant to amino acid 

analogues, antibiotics, herbicides, fungal toxins etc have actually been isolated.  

Production of secondary metabolites 

 

The most important chemicals produced using cell culture are secondary metabolites, which are 

defined as‟ those cell constituents which are not essential for survival‟. These secondary metabolites 

include alkaloids, glycosides (steroids and phenolics), terpenoids, latex, tannins etc. It has been 

observed that as the cells undergo morphological differentiation and maturation during plant growth, 

some of the cells specialize to produce secondary metabolites. The in vitro production of secondary 

metabolites is much higher from differentiated tissues when compared to non-differentiated tissues. 

The cell cultures contribute in several ways to the production of natural products. These are: (a) a 

new route of synthesis to establish products e.g. codeine, quinine, pyrethroids, (b) a route of 

synthesis to a novel product from plants difficult to grow or establish e.g. thebain from Papaver 

bracteatum, (c) a source of novel chemicals in their own right e.g. rutacultin from culture of Ruta, (d) 

as biotransformation systems either on their own or as part of a larger chemical process e.g. digoxin 

synthesis. 

The advantages of in vitro production of secondary metabolites 

a) The cell cultures and cell growth are easily controlled in order to facilitate improved product 

formation. 

b) The recovery of the product is easy. 

c) As the cell culture systems are independent of environmental factors, seasonal variations, pest and 

microbial diseases, geographical location constraints, it is easy to increase the production of the 

required metabolite. 

d) Mutant cell lines can be developed for the production of novel and commercially useful compounds. 

e) Compounds are produced under controlled conditions as per the market demands. 

f) The production time is less and cost effective due to minimal labour involved. 

APPLICATIONS OF SECONDARY METABOLITES 
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Many of these secondary products especially various alkaloids are of immense use in medicine. The 

yield of these chemicals in cell culture, is though generally lower than in whole plants, it is 

substantially increased by manipulating physiological and biochemical conditions.  

Shikonine is a dye produced by the cells Lithospermum erythrorhizon on a commercial scale. Besides 

this there are a number of secondary metabolite products that are being widely used for various 

purposes. Vincristine is used as anticancer agent, digoxin controls cardiovascular disorders, pyrithrins 

is an insecticide etc. The production of specialty chemicals by plants has become a multibillion 

industry. 

Please refer to the table for some secondary metabolites and their uses. 

TABLE SHOWING PLANT SPECIES AND SECONDARY METABOLITES OBTAINED FROM THEM 

USING TISSUE CULTURE TECHNIQUES 

Product Plant source Uses 

Artemisin Artemisia spp. Antimalarial 

Azadirachtin Azadirachta indica Insecticidal 

Berberine Coptis japonica Antibacterial, anti inflammatory 

Capsaicin Capsicum annum Cures Rheumatic pain 

Codeine Papaver spp. Analgesic 

Camptothecin Campatotheca accuminata Anticancer 

Cephalotaxine Cephalotaxus harringtonia Antitumour 

Digoxin Digitalis lanata Cardiac tonic 

Pyrethrin Chrysanthemum cinerariaefolium Insecticide (for grain storage) 

Morphine Papaver somniferum Analgesic, sedative 

Quinine Cinchona officinalis Antimalarial 

Taxol  Taxus spp. Anticarcinogenic 

Vincristine Cathranthus roseus Anticarcinogenic 

Scopolamine Datura stramonium Antihypertensive 

Production of Somatic hybrids and cybrids 

The Somatic cell hybridization/ parasexual hybridization or Protoplast fusion offers an alternative 

method for obtaining distant hybrids with desirable traits significantly between species or genera, 

which can not be made to cross by conventional method of sexual hybridization.  

 

SOMATIC HYBRIDIZATION 

Somatic hybridization broadly involves in vitro fusion of isolated protoplasts to form a hybrid cell and 
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its subsequent development to form a hybrid plant. The process involves: a) fusion of protoplasts, (b) 

Selection of hybrid cells, (c) identification of hybrid plants.  

During the last two decades, a variety of treatments have been used to bring about the fusion of 

plant protoplasts. Protoplast fusion can be achieved by spontaneous, mechanical, or induced fusion 

methods.. These treatments include the use of fusogens like NaNO3, high pH with high Ca2++ ion 

concentration, use of polyethylene glycol (PEG), and electrofusion. These inducing agents used in 

protoplast fusion are called „fusogen‟. 

PEG treatment is the most widely used method for protoplast fusion as it has certain advantages over 

others. These are : (a) it results in a reproducible high-frequency of heterokaryon formation., (b) The 

PEG fusion is non specific and therefore can be used for a wide range of plants., (c) It has low toxicity 

to the cell and (d) The formation of binucleate heterokaryons is low. 

 

MECHANISM OF FUSION 

The fusion of protoplasts takes place in three phases- agglutination, plasma membrane fusion and 

formation of heterokaryons. When the two protoplasts come in close contact with each other, they 

adhere to each other. This agglutination can be induced by PEG, high pH and high Ca2+. The 

protoplast membranes get fused at localized sites at the point of adhesion. This leads to the 

formation of cytoplasmic bridges between protoplasts. High pH and high Ca2+ ions neutralize the 

surface charges on the protoplasts which allows closer contact and membrane fusion between 

agglutinated protoplasts. The fused protoplasts become round as a result of cytoplasmic bridges 

which leads to the formation of spherical homokaryon or heterokaryon. 

SELECTION OF HYBRID CELLS  

The methods used for the selection of hybrid cells are biochemical, visual and cytometric methods 

using fluorescent dyes. The biochemical methods for selection of hybrid cells are based on the use of 

biochemical compounds in the medium. The drug sensitivity method is useful for the selection hybrids 

of two plants species, if one of them is sensitive to a drug. Another method, auxotrophic mutant 

selection method involves the auxotrophs which are mutants that cannot grow on a minimal medium. 

Therefore specific compounds are added in the medium. The selection of auxotropic mutants is 

possible only if the hybrid cells can grow on a minimal medium. The visual method involves the 

identification of heterokaryons under the light microscope. In some of the somatic hybridizations, the 

chloroplast deficient protoplast of one plant species is fused with the green protoplast of another 

plant species. The heterokaryons obtained are bigger and green in colour while the parental 

protoplasts are either small or colourless. The cytometric method uses flow cytometry and 

flourescent-activated cell sorting techniques for the analysis of plant protoplasts. 
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APPLICATIONS OF SOMATIC HYBRIDIZATION  

 

a) Creation of hybrids with disease resistance - Many disease resistance genes (e.g. tobacco 

mosaic virus, potato virus X, club rot disease) could be successfully transferred from one species to 

another. E.g resistance has been introduced in tomato against diseases such as TMV, spotted wilt 

virus and insect pests. 

b) Environmental tolerance - using somatic hybridization the genes conferring tolerance for cold, 

frost and salt were introduced in e.g. in tomato. 

c) Cytoplasmic male sterility - using cybridization method, it was possible to transfer cytoplasmic 

male sterility. 

d) Quality characters - somatic hybrids with selective characteristics have been developed e.g. the 

production of high nicotine content.  

CHROMOSOME NUMBER IN SOMATIC HYBRIDS 

The chromosome number in the somatic hybrids is generally more than the total number of both of 

the parental protoplasts. If the chromosome number in the hybrid is the sum of the chromosomes of 

the two parental protoplasts, the hybrid is said to be symmetric hybrid. Asymmetric hybrids have 

abnormal or wide variations in the chromosome number than the exact total of two species. 

 

In 1972, Carlson and his associates produced the first inter-specific somatic hybrid between Nicotiana 

glauca and N. langsdorffii. In 1978, Melchers and his co-workers developed the first inter-genetic 

somatic hybrids between Solanum tuberosum (potato) and Lycopersicon esculentum (tomato). The 

hybrids are known as „Pomatoes or Topatoes‟. 

LIMITATIONS OF SOMATIC HYBRIDIZATION 

a) Somatic hybridization does not always produce plants that give fertile and visible seeds. 

b) There is genetic instability associated with protoplast culture. 

c) There are limitations in the selection methods of hybrids, as many of them are not efficient. 

d) Somatic hybridization between two diploids results in the formation of an amphidiploid which is not 

favourable therefore haploid protoplasts are recommended in somatic hybridization. 

e) It is not certain that a specific character will get expressed in somatic hybridization. 

f) Regenerated plants obtained from somatic hybridization are often variable due to somaclonal 

variations, chromosomal elimination, organelle segregation etc. 

g) Protoplast fusion between different species/genus is easy, but the production of viable somatic 

hybrids is not always possible. 
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CYBRIDS 

The cytoplasmic hybrids where the nucleus is derived from only one parent and the cytoplasm is 

derived from both the parents are referred to as cybrids. The process of formation of cybrids is called 

cybridization. During the process of cybridization and heterokaryon formation, the nuclei are 

stimulated to segregate so that one protoplast contributes to the cytoplasm while the other 

contributes nucleus alone. The irradiation with gamma rays and X-rays and use of metabolic 

inhibitors makes the protoplasts inactive and non-dividing. Some of the genetic traits in certain plants 

are cytoplasmically controlled. This includes certain types of male sterility, resistance to certain 

antibiotics and herbicides. Therefore cybrids are important for the transfer of cytoplasmic male 

sterility (CMS), antibiotic and herbicide resistance in agriculturally useful plants. Cybrids of Brassica 

raphanus that contain nucleus of B. napus, chloroplasts of atrazinc resistant B. capestris and male 

sterility from Raphanus sativas have been developed.  

 

 

IN VITRO PLANT GERMPLASM CONSERVATION 

Germplasm refers to the sum total of all the genes present in a crop and its related species. 

The conservation of germplasm involves the preservation of the genetic diversity of a particular plant 

or genetic stock for it‟s use at any time in future. It is important to conserve the endangered plants 

or else some of the valuable genetic traits present in the existing and primitive plants will be lost. A 

global organization- International Board of Plant Genetic Resources (IBPGR) has been established for 

germplasm conservation and provides necessary support for collection, conservation and utilization of 

plant geneic resources through out the world. The germplasm is preserved by the following two 

ways: 

(a) In-situ conservation- The germplasm is conserved in natural environment by establishing 

biosphere reserves such as national parks, sanctuaries. This is used in the preservation of land plants 

in a near natural habitat along with several wild types. 

(b) Ex-situ conservation- This method is used for the preservation of germplasm obtained from 

cultivated and wild plant materials. The genetic material in the form of seeds or in vitro cultures are 

preserved and stored as gene banks for long term use. 

In vivo gene banks have been made to preserve the genetic resources by conventional methods e.g. 

seeds, vegetative propagules, etc. In vitro gene banks have been made to preserve the genetic 

resources by non - conventional methods such as cell and tissue culture methods. This will ensure the 

availability of valuable germplasm to breeder to develop new and improved varieties. 

 

The methods involved in the in vitro conservation of germplasm are:  
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(a) Cryopreservation- In cryopreservation (Greek-krayos-frost), the cells are preserved in the frozen 

state. The germplasm is stored at a very low temperature using solid carbon dioxide (at -790C), 

using low temperature deep freezers (at -800C), using vapour nitrogen (at- 1500C) and liquid 

nitrogen (at-1960C). The cells stay in completely inactive state and thus can be conserved for long 

periods. Any tissue from a plant can be used for cryopreservation e.g. meristems, embryos, 

endosperms, ovules, seeds, cultured plant cells, protoplasts, calluses. Certain compounds like- DMSO 

(dimethyl sulfoxide), glycerol, ethylene, propylene, sucrose, mannose, glucose, praline, acetamide 

etc are added during the cryopreservation. These are called cryoprotectants and prevent the damage 

caused to cells (by freezing or thawing) by reducing the freezing point and super cooling point of 

water. 

 

(b) Cold Storage- Cold storage is a slow growth germplasm conservation method and conserves the 

germplasm at a low and non-freezing temperature (1-90C). The growth of the plant material is 

slowed down in cold storage in contrast to complete stoppage in cryopreservation and thus prevents 

cryogenic injuries. Long term cold storage is simple, cost effective and yields germplasm with good 

survival rate. Virus free strawberry plants could be preserved at 100C for about 6 years. Several 

grape plants have been stored for over 15 years by using a cold storage at temperature around 90C 

and transferring them in the fresh medium every year. 

 

(c) Low pressure and low oxygen storage- In low- pressure storage, the atmospheric pressure 

surrounding the plant material is reduced and in the low oxygen storage, the oxygen concentration is 

reduced. The lowered partial pressure reduces the in vitro growth of plants. In the low-oxygen 

storage, the oxygen concentration is reduced and the partial pressure of oxygen below 50 mmHg 

reduces plant tissue growth. Due to the reduced availability of O2, and reduced production of CO2, 

the photosynthetic activity is reduced which inhibits the plant tissue growth and dimension. This 

method has also helped in increasing the shelf life of many fruits, vegetables and flowers. 

The germplasm conservation through the conventional methods has several limitations such as short-

lived seeds, seed dormancy, seed-borne diseases, and high inputs of cost and labour. The techniques 

of cryo-preservation (freezing cells and tissues at -1960c) and using cold storages help us to 

overcome these problems. 

 

                                           GENE TRANSFER METHODS IN PLANTS  
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To achieve genetic transformation in plants, we need the construction of a vector (genetic vehicle) 

which transports the genes of interest, flanked by the necessary controlling sequences i.e. promoter 

and terminator, and deliver the genes into the host plant. The two kinds of gene transfer methods in 

plants are: 

 

Vector-mediated or indirect gene transfer  

 

Among the various vectors used in plant transformation, the Ti plasmid of Agrobacterium 

tumefaciens has been widely used. This bacteria is known as “natural genetic engineer” of plants 

because these bacteria have natural ability to transfer T-DNA of their plasmids into plant genome 

upon infection of cells at the wound site and cause an unorganized growth of a cell mass known as 

crown gall. Ti plasmids are used as gene vectors for delivering useful foreign genes into target plant 

cells and tissues. The foreign gene is cloned in the T-DNA region of Ti-plasmid in place of unwanted 

sequences. 

To transform plants, leaf discs (in case of dicots) or embryogenic callus (in case of monocots) are 

collected and infected with Agrobacterium carrying recombinant disarmed Ti-plasmid vector. The 

infected tissue is then cultured (co-cultivation) on shoot regeneration medium for 2-3 days during 

which time the transfer of T-DNA along with foreign genes takes place. After this, the transformed 

tissues (leaf discs/calli) are transferred onto selection cum plant regeneration medium supplemented 

with usually lethal concentration of an antibiotic to selectively eliminate non-transformed tissues. 

After 3-5 weeks, the regenerated shoots (from leaf discs) are transferred to root-inducing medium, 

and after another 3-4 weeks, complete plants are transferred to soil following the hardening 

(acclimatization) of regenerated plants. The molecular techniques like PCR and southern hybridization 

are used to detect the presence of foreign genes in the transgenic plants. 

Vectorless or direct gene transfer 

 

In the direct gene transfer methods, the foreign gene of interest is delivered into the host plant cell 

without the help of a vector. The methods used for direct gene transfer in plants are: 

 

Chemical mediated gene transfer e.g. chemicals like polyethylene glycol (PEG) and dextran 

sulphate induce DNA uptake into plant protoplasts.Calcium phosphate is also used to transfer DNA 

into cultured cells. 

 

Microinjection where the DNA is directly injected into plant protoplasts or cells (specifically into the 

nucleus or cytoplasm) using fine tipped (0.5 - 1.0 micrometerdiameter) glass needle or micropipette. 
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This method of gene transfer is used to introduce DNA into large cells such as oocytes, eggs, and the 

cells of early embryo. 

Electroporation involves a pulse of high voltage applied to protoplasts/cells/ tissues to make 

transient (temporary) pores in the plasma membrane which facilitates the uptake of foreign DNA. 

The cells are placed in a solution containing DNA and subjected to electrical shocks to cause holes in 

the membranes. The foreign DNA fragments enter through the holes into the cytoplasm and then to 

nucleus. 

Particle gun/Particle bombardment - In this method, the foreign DNA containing the genes to be 

transferred is coated onto the surface of minute gold or tungsten particles (1-3 micrometers) and 

bombarded onto the target tissue or cells using a particle gun (also called as gene gun/shot 

gun/microprojectile gun).The microprojectile bombardment method was initially named as biolistics 

by its inventor Sanford (1988). Two types of plant tissue are commonly used for particle 

bombardment- Primary explants and the proliferating embryonic tissues.  

Transformation - This method is used for introducing foreign DNA into bacterial cells e.g. E. Coli. 

The transformation frequency (the fraction of cell population that can be transferred) is very good in 

this method. E.g. the uptake of plasmid DNA by E. coli is carried out in ice cold CaCl2 (0-50C) 

followed by heat shock treatment at 37-450C for about 90 sec. The transformation efficiency refers to 

the number of transformants per microgram of added DNA. The CaCl2 breaks the cell wall at certain 

regions and binds the DNA to the cell surface. 

Conjuction - It is a natural microbial recombination process and is used as a method for gene 

transfer. In conjuction, two live bacteria come together and the single stranded DNA is transferred 

via cytoplasmic bridges from the donor bacteria to the recipient bacteria.  

Liposome mediated gene transfer or Lipofection - Liposomes are circular lipid molecules with an 

aqueous interior that can carry nucleic acids. Liposomes encapsulate the DNA fragments and then 

adher to the cell membranes and fuse with them to transfer DNA fragments. Thus, the DNA enters 

the cell and then to the nucleus. Lipofection is a very efficient technique used to transfer genes in 

bacterial, animal and plant cells. 

Selection of transformed cells from untransformed cells 

The selection of transformed plant cells from untransformed cells is an important step in the plant 

genetic engineering. For this, a marker gene (e.g. for antibiotic resistance) is introduced into the 

plant along with the transgene followed by the selection of an appropriate selection medium 

(containing the antibiotic). The segregation and stability of the transgene integration and expression 
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in the subsequent generations can be studied by genetic and molecular analyses (Northern, 

Southern, Western blot, PCR). 

                                              TRANSGENIC PLANTS WITH BENEFICIAL TRAITS  

During the last decades, a tremendous progress has been made in the development of transgenic 

plants using the various techniques of genetic engineering. The plants, in which a functional foreign 

gene has been incorporated by any biotechnological methods that generally are not present in the 

plant, are called transgenic plants. As per estimates recorded in 2002, transgenic crops are cultivated 

world-wide on about 148 million acres (587 million hectares) land by about 5.5 million farmers. 

Transgenic plants have many beneficial traits like insect resistance, herbicide tolerance, delayed fruit 

ripening, improved oil quality, weed control etc.  

Some of the commercially grown transgenic plants in developed countries are: “Roundup Ready” 

soybean, „Freedom II squash‟, „High- lauric‟ rapeseed (canola), „Flavr Savr‟ and „Endless Summer‟ 

tomatoes. During 1995, full registration was granted to genetically engineered Bt gene containing 

insect resistant „New Leaf‟ (potato), „Maximizer‟ (corn), „BollGard‟ (cotton) in USA. Some of the traits 

introduced in these transgenic plants are as follows: 

Stress tolerance 

 

Biotechnology strategies are being developed to overcome problems caused due to biotic stresses 

(viral, bacterial infections, pests and weeds) and abiotic stresses (physical actors such as 

temperature, humidity, salinity etc). 

 

Abiotic stress tolerance 

The plants show their abiotic stress response reactions by the production of stress related osmolytes 

like sugars (e.g. trehalose and fructans), sugar alcohols (e.g. mannitol), amino acids (e.g. proline, 

glycine, betaine) and certain proteins (e.g. antifreeze proteins). Transgenic plants have been 

produced which over express the genes for one or more of the above mentioned compounds. Such 

plants show increased tolerance to environmental stresses. Resistance to abiotic stresses includes 

stress induced by herbicides, temperature (heat, chilling, freezing), drought, salinity, ozone and 

intense light. These environmental stresses result in the destruction, deterioration of crop plants 

which leads to low crop productivity. Several strategies have been used and developed to build 

ressitance in the plants against these stresses. 

 

Herbicide tolerance 
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Weeds are unwanted plants which decrease the crop yields and by competing with crop plants for 

light, water and nutrients. Several biotechnological strategies for weed control are being used e.g. 

the over-production of herbicide target enzyme (usually in the chloroplast) in the plant which makes 

the plant insensitive to the herbicide. This is done by the introduction of a modified gene that 

encodes for a resistant form of the enzyme targeted by the herbicide in weeds and crop plants. 

Roundup Ready crop plants tolerant to herbicide-Roundup, is already being used commercially. 

The biological manipulations using genetic engineering to develop herbicide resistant plants are: (a) 

over-expression of the target protein by integrating multiple copies of the gene or by using a strong 

promoter., (b) enhancing the plant detoxification system which helps in reducing the effect of 

herbicide., (c) detoxifying the herbicide by using a foreign gene., and (d) modification of the target 

protein by mutation. 

 

Some of the examples are: 

 

Glyphosate resistance - Glyphosate is a glycine derivative and is a herbicide which is found to be 

effective against the 76 of the world‟s worst 78 weeds. It kills the plant by being the competitive 

inhibitor of the enzyme 5-enoyl-pyruvylshikimate 3- phosphate synthase (EPSPS) in the shikimic acid 

pathway. Due to it‟s structural similarity with the substrate phosphoenol pyruvate, glyphosate binds 

more tightly with EPSPS and thus blocks the shikimic acid pathway.  

Certain strategies were used to provide glyphosate resistance to plants. 

 

(a) It was found that EPSPS gene was overexpressed in Petunia due to gene amplification. EPSPS 

gene was isolated from Petunia 

and introduced in to the other plants. These plants could tolerate glyphosate at a dose of 2- 4 times 

higher than that required to kill wild type plants. 

(a) By using mutant EPSPS genes- A single base substitution from C to T resulted in the change of an 

amino acid from proline to serine in EPSPS. The modified enzyme cannot bind to glyphosate and thus 

provides resistance. 

 

(b) The detoxification of glyphosate by introducing the gene (isolated from soil organism- 

Ochrobactrum anthropi) encoding for glyphosate oxidase into crop plants. The enzyme glyphosate 

oxidase converts glyphosate to glyoxylate and aminomethylphosponic acid. The transgenic plants 

exhibited very good glyphosate ressitance in the field. 

Another example is of Phosphinothricin resistance  
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Phosphinothricin is a broad spectrum herbicide and is effective against broad-leafed weeds. It acts as 

a competitive inhibitor 

of the enzyme glutamine synthase which results in the inhibition of the enzyme glutamine synthase 

and accumulation of ammonia and finally the death of the plant. The disturbace in the glutamine 

synthesis also inhibits the photosynthetic activity.  

The enzyme phosphinothricin acetyl transferase ( which was first observed in Streptomyces sp in 

natural detoxifying mechanism against phosphinothricin) acetylates phosphinothricin, and thus 

inactivates the herbicide. The gene encoding for phosphinothricin acetyl transferase (bar gene) was 

introduced in transgenic maize and oil seed rape to provide resistance against phosphinothricin. 

Other abiotic stresses 

The abiotic stresses due to temperature, drought, and salinity are collectively also known as water 

deficit stresses. The plants produce osmolytes or osmoprotectants to overcome the osmotic stress. 

The attempts are on to use genetic engineering strategies to increase the production of 

osmoprotectants in the plants. The biosynthetic pathways for the production of many 

osmoprotectants have been established and genes coding the key enzymes have been isolated. E.g. 

Glycine betaine is a cellular osmolyte which is produced by the participation of a number of key 

enzymes like choline dehydrogenase, choline monooxygenase etc. The choline oxidase gene from 

Arthrobacter sp. was used to produce transgenic rice with high levels of glycine betaine giving 

tolerance against water deficit stress.  

Scientists also developed cold-tolerant genes (around 20) in Arabidopsis when this plant was 

gradually exposed to slowly declining temperature. By introducing the coordinating gene (it encodes 

a protein which acts as transcription factor for regulating the expression of cold tolerant genes), 

expression of cold tolerant genes was triggered giving protection to the plants against the cold 

temperatures.  

Insect resistance 

 

A variety of insects, mites and nematodes significantly reduce the yield and quality of the crop plants. 

The conventional method is to use synthetic pesticides, which also have severe effects on human 

health and environment. The transgenic technology uses an innovative and eco-friendly method to 

improve pest control management.About 40 genes obtained from microorganisms of higher plants 

and animals have been used to provide insect resistance in crop plants 

The first genes available for genetic engineering of crop plants for pest resistance were Cry genes 

(popularly known as Bt genes) from a bacterium Bacillus thuringiensis. These are specific to particular 
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group of insect pests, and are not harmful to other useful insects like butter flies and silk worms. 

Transgenic crops with Bt genes (e.g. cotton, rice, maize, potato, tomato, brinjal, cauliflower, 

cabbage, etc.) have been developed. This has proved to be an effective way of controlling the insect 

pests and has reduced the pesticide use. The most notable example is Bt cotton (which contains 

CrylAc gene) that is resistant to a notorious insect pest Bollworm (Helicoperpa armigera).. There are 

certain other insect resistant genes from other microorganisms which have been used for this 

purpose. Isopentenyl transferase gene from Agrobacterium tumefaciens has been introduced into 

tobacco and tomato. The transenic plants with this transgene were found to reduce the leaf 

consumption by tobacco hornworm and decrease the survival of peach potato aphid. 

Certain genes from higher plants were also found to result in the synthesis of products possessing 

insecticidal activity. One of the examples is the Cowpea trypsin inhibitor gene (CpTi) which was 

introduced into tobacco, potato, and oilseed rape for develping transgenic plants. Earlier it was 

observed that the wild species of cowpea plants growing in Africa were resistant to attack by a wide 

range of insects. It was observed that the insecticidal protein was a trypsin inhibitor that was capable 

of destroying insects belonging to the orders Lepidoptera, Orthaptera etc. Cowpea trypsin inhibitor 

(CpTi) has no effect on mammalian trypsin, hence it is non-toxic to mammals.  

Virus resistance 

 

There are several strategies for engineering plants for viral resistance, and these utilizes the genes 

from virus itself (e.g. the viral coat protein gene). The virus-derived resistance has given promising 

results in a number of crop plants such as tobacco, tomato, potato, alfalfa, and papaya. The induction 

of virus resistance is done by employing virus-encoded genes-virus coat proteins, movement 

proteins, transmission proteins, satellite RNa, antisense RNAs, and ribozymes. The virus coat protein-

mediated approach is the most successful one to provide virus resistance to plants. It was in 1986, 

transgenic tobacco plants expressing tobacco mosaic virus (TMV) coat protein gene were first 

developed. These plants exhibited high levels of resistance to TMV.  

The transgenic plant providing coat protein-mediated resistance to virus are rice, potato, peanut, 

sugar beet, alfalfa etc. The viruses that have been used include alfalfa mosaic virus (AIMV), 

cucumber mosaic virus (CMV), potato virus X (PVX) , potato virus Y (PVY) etc. 

Resistance against Fungal and bacterial infections 

As a defense strategy against the invading pathogens (fungi and bacteria) the plants accumulate low 

molecular weight proteins which are collectively known as pathogenesis-related (PR) proteins. 

Several transgenic crop plants with increased resistance to fungal pathogens are being raised with 



 66 

genes coding for the different compounds. One of the examples is the Glucanase enzyme that 

degrades the cell wall of many fungi. The most widely used glucanase is beta-1,4-glucanase. The 

gene encoding for beta-1,4 glucanase has been isolated from barley, introduced, and expressed in 

transgenic tobacco plants. This gene provided good protection against soil-borne fungal pathogen 

Rhizoctonia solani. 

Lysozyme degrades chitin and peptidoglycan of cell wall, and in this way fungal infection can be 

reduced. Transgenic potato plants with lysozyme gene providing resistance to Eswinia carotovora 

have been developed.  

Delayed fruit ripening 

 

The gas hormone, ethylene regulates the ripening of fruits, therefore, ripening can be slowed down 

by blocking or reducing ethylene production. This can be achieved by introducing ethylene forming 

gene(s) in a way that will suppress its own expression in the crop plant. Such fruits ripen very slowly 

(however, they can be ripen by ethylene application) and this helps in exporting the fruits to longer 

distances without spoilage due to longer-shelf life. 

The most common example is the 'Flavr Savr' transgenic tomatoes, which were commercialized in 

U.S.A in 1994. The main strategy used was the antisense RNA approach. In the normal tomato plant, 

the PG gene (for the enzyme polygalacturonase) encodes a normal mRNA that produces the enzyme 

polygalacturonase which is involved in the fruit ripening. The complimentary DNA of PG encodes for 

antisense mRNA, which is complimentary to normal (sense) mRNA. The hybridization between the 

sense and antisnse mRNAs renders the sense mRNA ineffective. Consequently, polygalacturonase is 

not produced causing delay in the fruit ripening. Similarly strategies have been developed to block 

the ethylene biosynthesis thereby reducing the fruit ripening. E.g. transgenic plants with antisense 

gene of ACC oxidase (an enzyme involved in the biosynthetic process of ethylene) have been 

developed. In these plants, production of ethylene was reduced by about 97% with a significant delay 

in the fruit ripening.  

The bacterial gene encoding ACC deaminase (an enzyme that acts on ACC and removes amino group) 

has been transferred and expressed in tomato plants which showed 90% inhibition in the ethylene 

biosynthesis.  

Male Sterility 

 

The plants may inherit male sterility either from the nucleus or cytoplasm. It is possible to introduce 

male sterility through genetic manipulations while the female plants maintain fertility. In tobacco 

plants, these are created by introducing a gene coding for an enzyme (barnase, which is a RNA 

hydrolyzing enzyme) that inhibits pollen formation. This gene is expressed specifically in the tapetal 



 67 

cells of anther using tapetal specific promoter TA29 to restrict its activity only to the cells involved in 

pollen production. The restoration of male fertility is done by introducing another gene barstar that 

suppresses the activity of barnase at the onset of the breeding season. By using this approach, 

transgenic plants of tobacco, cauliflower, cotton, tomato, corn, lettuce etc. with male sterility have 

been developed. 

 

 

 

                    TRANSGENIC PLANTS AS BIOREACTORS (MOLECULAR FARMING) 

Plants can be used as cheap chemical factories that require only water, minerals, sun light and 

carbon dioxide to produce thousands of sophisticated chemical molecules with different structures. By 

transferring the right genes, plants can serve as bioreactors to modified or new compounds such as 

amino acids, proteins, vitamins, plastics, pharmaceuticals (peptides and proteins), drugs, enzymes 

for food industry and so on. The transgenic plants as bioreactors have some advantages such as the 

cost of production is low, there is an unlimited supply, safe and environmental friendly and there is 

no scare of spread of animal borne diseases. 

Tobacco is the most preferred plant as a transgenic bioreactor because it can be easily transformed 

and engineered. Tobacco is an excellent biomass producer with about 40 tons of fresh leaf production 

as against e.g. rice with 4 tons. The seed production is very high (approx. one million seeds per 

plant) and it can be harvested several times in a year.  

Some of the uses of transgenic plants are: 

Improvement of Nutrient quality 

 

Transgenic crops with improved nutritional quality have already been produced by introducing genes 

involved in the metabolism of vitamins, minerals and amino acids.  

A transgenic Arabidopsis thaliana that can produce ten-fold higher vitamin E (alpha-tocopherol) than 

the native plant has been developed. The biochemical machinery to produce a compound close in 

structure to alpha-tocopherol is present in A. thaliana. A gene that can finally produce alpha-

tocopherol is also present, but is not expressed. This dormant gene was activated by inserting a 

regulatory gene from a bacterium which resulted in an efficient production of vitamin E.  

Glycinin is a lysine-rich protein of soybean and the gene encoding glycinin has been introduced into 

rice and successfully expressed. The transgenic rice plants produced glycinin with high contents of 
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lysine. 

Using genetic engineering Prof Potrykus and Dr. Peter Beyer have developed rice which is enriched in 

pro-vitamin A by introducing three genes involved in the biosynthetic pathway for carotenoid, the 

precursor for vitamin A. The aim was to help millions of people who suffer from night blindness due 

to Vitamin A deficiency, especially whose staple diet is rice. The presence of beta-carotene in the rice 

gives a characteristic yellow/orange colour, hence this pro-vitamin A enriched rice is named as 

Golden Rice. 

The genetic engineering is also being used to improve the taste of food e.g. a protein „monellin‟ 

isolated from an African plant (Dioscorephyllum cumminsii) is about 100,000 sweeter than sucrose on 

molar basis. Monellin gene has been introduced into tomato and lettuce plants to improve their taste. 

Improvement of seed protein quality 

 

The nutritional quality of cereals and legumes has been improved by using biotechnological methods. 

Two genetic engineering approaches have been used to improve the seed protein quality. In the first 

case, a transgene (e.g. gene for protein containing sulphur rich amino acids) was introduced into pea 

plant (which is deficient in methionine and cysteine, but rich in lysine) under the control of seed-

specific promoter. In the second approach, the endogenous genes are modified so as to increase the 

essential amino acids like lysine in the seed proteins of cereals. 

These transgenic routes have helped to improve the essential amino acids contents in the seed 

storage proteins of a number of crop plants. E.g. overproduction of lysine by de-regulation. The four 

essential amino acids namely lysine, methionine, threonine, and isoleucine are produced from a non-

essential amino acid aspartic acid. The formation of lysine is regulated by feed back inhibition of the 

enzymes aspartokinase (AK) and dihydrodipicolinate synthase (DHDPS). The lysine feedback- 

insensitive genes encoding the enzymes AK and DHDPS have been respectively isolated from E. Coli 

and Cornynebacterium. After doing appropriate genetic manipulations, these genes were introduced 

into soybean and canola plants. The transgenic plants so produced had high quantities of lysine.  

Diagnostic and therapeutic proteins 

 

Experiments are going on to use transgenic plants in diagnostics for detecting human diseases and 

therapeutics for curing human and animal diseases. Several metabolites and compounds are already 

being produced in transgenic plants e.g. the monoclonal antibodies, blood plasma proteins, peptide 

hormones, cytokinins etc. The use of plants for commercial production of antibodies, referred to as 

plantbodies, is a novel approach in biotechnology. The first successful production of a functional 

antibody, namely a mouse immunoglobulin IgGI in plants, was reported in 1989. This was achieved 

by developing two transgenic tobacco plants-one synthesizing heavy chain gamma- chain and other 
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light kappa- chain, and crossing them to generate progeny that can produce an assembled functional 

antibody. In 1992, C.J. Amtzen and co-workers expressed hepatitis B surface antigen in tobacco to 

produce immunologically active ingredients via genetic engineering of plants. 

Several other therapeutic proteins have also been produced like haemoglobin and erythropoietin in 

tobacco plants, lactoferrin in potato, trypsin inhivitor in maize etc. The first proteins/enzymes that 

were produced in transgenic plants (maize) are avidin and beta-glucuronidase and are used in 

diagnostic kits.  

Edible vaccines 

 

Crop plants offer cost-effective bioreactors to express antigens which can be used as edible vaccines. 

The approach is to isolate genes encoding antigenic proteins from the pathogens and then expressing 

them in plants. Such transgenic plants or their tissues producing antigens can be eaten for 

vaccination/immunization (edible vaccines). The expression of such antigenic proteins in crops like 

banana and tomato are useful for immunization of humans since banana and tomato fruits can be 

eaten raw.  

Transgenic plants (tomato, potato) have been developed for expressing antigens derived from animal 

viruses e.g. rabies virus, herpes virus. In 1990, the first report of the production of edible vaccine (a 

surface protein from Streptococcus) in tobacco at 0.02% of total leaf protein level was published in 

the form of a patent application under the International Patent Cooperation Treaty (Mason and 

Arntzen,1995).The first clinical trials in humans, using a plant derived vaccine were conducted in 

1997 and were met with limited success. This involved the ingestion of transgenic potatoes with a 

toxin of E. coli causing diarrhea. 

The process of making of edible vaccines involves the incorporation of a plasmid carrying the antigen 

gene and an antibiotic resistance gene, into the bacterial cells e.g. Agrobacterium tumefaciens. The 

small pieces of potato leaves are exposed to an antibiotic which can kill the cells that lack the new 

genes. The surviving cells with altered genes multiply and form a callus. This callus is allowed to grow 

and subsequently transferred to soil to form a complete plant. In about a few weeks, the plants bear 

potatoes with antigen vaccines. 

The bacteria E.coli, V. cholerae cause acute watery diarrhea by colonizing the small intestine and by 

producing toxins. Chloera toxin (CT) is very similar to E.Coli toxin. The CT has two subunits, A and B. 

Attempt was made to produce edible vaccine by expressing heat labile enterotoxin (CT-B) in tobacco 

and potato. 
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Another strategy adopted to produce a plant-based vaccine, is to infect the plants with recombinant 

virus carrying the desired antigen that is fused to viral coat protein. The infected plants are reported 

to produce the desired fusion protein in large amounts in a short duration. The technique involves 

either placing the gene downstream a subgenomic promoter, or fusing the gene with capsid protein 

that coats the virus.  

 

Advantages of edible vaccines 

The edible vaccines produced in transgenic plants will sole the storage problems, will ensure easy 

delivery system by feeding and will have low cost as compared to the recombinant vaccines produced 

by bacterial fermentation. Vaccinating people against dreadful diseases like cholera and hepatitis B, 

by feeding them banana, tomato, and vaccinating animals against important diseases will be an 

interesting development. 

Biodegradable plastics 

 

Polythenes and plastics are one of the major environmental hazards. Efforts are on to explore the 

possibility of using transgenic plants for biodegradable plastics. Transgenic plants can be used as 

factories to produce biodegradable plastics like polyhydroxy butyrate or PHB. Genetically engineered 

Arabidopisis plants can produce PHB globules exclusively in their chloroplasts without effecting plant 

growth and development. The large-scale production of PHB can easily be achieved in plants like 

Populus, where PHB can be extracted from leaves.  

Molecular Breeding 

The term molecular breeding is frequently used to represent the breeding methods that are coupled 

with genetic engineering techniques. Up till now, conventional breeding methods have been used to 

meet the food demands of the growing world population and the challenges of poverty and improved 

crop production and yields. However in the years to come, the development in the agriculture yields 

and techniques is going to be due to the use of molecular breeding programme.  

Linkage analysis which deals with the studies to correlate the link between the molecular marker and 

a desired trait is an important aspect of molecular breeding programme. In the past, linkage analysis 

was carried out by use of isoenzymes and the associated polymorphisms. Now a days, molecular 

markers are being used. 

Molecular breeding involves breeding using molecular (nucleic acid) markers. A molecular marker is a 

DNA sequence in the genome which can be located and identified therefore molecular markers can be 

used to identify particular locations in the genome. 
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Due to mutations, insertions, deletions, etc. the base composition at a particular location may be 

different in different plants. These differences, termed polymorphisms, allow DNA markers to be 

mapped in a genetic linkage group.  

Generally, there are three types of markers used in screening/selection: 

a) Morphological marker based on visible character (phenotypic expression) e.g. flower color, seed 

color, height, leaf shapes, etc. Morphological markers could be dominant or recessive. There are 

certain constraints in using these markers as the morphological markers are easily influenced by 

environmental factors and thus may not represent the desired genetic variation. Some of the visible 

markers have not much role to play in the plant breeding programme. 

b) Biochemical marker: The proteins produced by gene expression are also used as markers in plant 

breeding programmes. The most commonly used are isozymes, the different molecular forms of the 

same enzyme. Each individual variety has its own isozyme variability (profiles) which can be detected 

by electrophoresis on starch gel.  

c) Molecular marker based on DNA polymorphism detected by DNA probes or amplified products of 

PCR, e.g.Restriction fragment length polymorphism (RFLP), Randomly Amplified polymorphic DNA 

(RAPD), variable Number Tandom Repeats (VNTR), Microsatellites, etc. Plant breeders always prefer 

to detect the gene as molecular marker, although it is not always possible. Molecular markers provide 

a true representation of the genetic make up at the DNA level. They are consistent and free from 

environmental factors, and can be detected much before the development of plants occur. The 

advantage with a molecular marker is that a plant breeder can select a suitable marker for the 

desired trait which can be detected well in advance. A large number of markers can be generated as 

per the needs. The molecular markers to be used in plant breeding programme should have the 

following characteristics: (a) the marker should be closely linked with the desired trait, (b) the 

marker screening methods should be effective, efficient, reproducible and easy to carry out, (C) the 

entire analysis should be cost effective.  

Molecular makers are of two types: (a) based on nucleic acid (DNA) hybridization- This involves 

the cloning of the DNA piece followed by the hybridization with the genomic DNA, which is later 

detected.  

The Restriction fragment length polymorphism (RFLP) was the very first technology employed for the 

detection of polymorphism, based on the DNA sequence differences. RFLP is mainly based on the 

altered restriction enzyme sites, as a result of mutations and recombinations of genomic DNA. The 

procedure involves the isolation of genomic DNA and it‟s digestion by restriction enzymes. The 
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fragments are separated by electrophoresis and finally hybridized by incubating with cloned and 

labeled probes.  

(b) Molecular markers based on PCR amplification.  

Polymerase chain reaction (PCR) is a novel technique for the amplification of selected regions of DNA. 

The most important advantage is that even a minute quantity of DNA can be amplified and the PCR- 

based molecular markers require only a small quantity of DNA to start with. Random amplified 

polymorphic DNA (RAPD) markers use PCR amplification where the DNA is isolated from the genome 

and is denatured. The template molecules are annealed with primers and amplified by PCR. The 

amplified products are separated on electrophoresis and identified. Based on the nucleotide 

alterations in the genome, the polymorphisms of amplified DNA sequences differ which can be 

identified as bends on gel electrophoresis. 

Amplified fragment length polymorphism (AFLP) is a novel technique involving a combination of RFLP 

and RAPD. AFLP is based on the principle of generation of DNA fragments using restriction enzymes 

and oligonucleotide adaptors (or linkers), and their amplification by PCR. 

Microsatellites 

Microsatellites are the tandemly repeated multiple copies of mono-, di-, tri-, and tetra nucleotide 

motifs. In some instances, there are unique flanking sequences present in the repeat sequences. 

Primers are designed for such flanking sequences to detect the sequence tagged microsatellites 

(STMS) which is done by PCR.  

 

Commercial use of transgenic plants 

The main goal of producing transgenic plants is to increase the productivity. In 1995-96, transgenic 

potato and cotton plants were used commercially for the first time in USA. By the year 1998-99, five 

other major transgenic crops cotton, maize, canola, soybean, and potato were introduced to the 

farmers. These accounted for about 75% of the total area planted by crops in USA. There are still a 

lot of concerns regarding the harmful environmental and hazardous health effects of transgenic 

plants. The major areas of public concern are- the development of resistance genes in insects, 

generation of a super weeds by mutation etc. Certain other legal and regulatory hurdles pertaining to 

commercial use of transgenic plants, needs to be addressed.  

Bioethics in Plant genetic Engineering 

There are issues and concerns regarding the use of transgenic crops and their effects on the health 

and the environment in general. The major concerns about GM crops and GM foods are: 
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a) Effect of GM crops on biodiversity and environment- As the GM crops are created artificially, there 

is no natural process of evolution in their development. Hence, there is a question of this affecting 

the biodiversity and overall effect on the environment. 

 

b) The risk of transfer of transgene from GM crops to pathogenic microbes- Antibiotic marker genes 

are used to identify and select the modified cells. If GM food containing antibiotic resistance marker 

gene is consumed by animals and humans, there is a risk that the transgene will transfer from GM 

food to microflora of human and animals. This may lead to the gut microbes to become resistant to 

antibiotics. 

 

c) The transfer of genes from animals into Gm crops for molecular farming may change the 

fundamental vegetable nature of plants.  

 

d) The GM crops may bring about changes in evolutionary patterns. The plants adapt to the changing 

environment in the natural way by changing their genes and developing better races with superior 

traits which ultimately leads to the development of evolved races and varieties. What will be the 

evolutionary pattern of the GM crops? There are concerns about the effect of transgene flow from GM 

crops to other non-GM plants and the alteration of these non-GM crops. 

 

e) There is a risk of transferring allergens (usually glycoproteins) from GM food to human and 

animals. 

 

f) There is a risk of “gene pollution” i.e. transfer of transgene of GM crop through pollen grains to 

related plant species and development of super weeds. 

 

g) There are also some religious issues related to the consumption of transgenic plants with animal 

genes introduced into them, especially, for some strict vegetarian people and some ethnic groups 

with certain food preferences and restrictions.  

 

h) There is a need to study thoroughly as to how the genetically engineered plants will affect the 

ecological balance, once they are released in the environment. 

 

  ANIMAL BIOTECHNOLOGY 
                                                                   INTRODUCTION 

http://www.biotechnology4u.com/animal_biotechnology.html
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An important aspect of any biotechnological processes is the culture of animal cells in artificial 

media. These animal cells in culture are used in recombinant DNA technology, genetic 

manipulations and in a variety of industrial processes. Now-a -days it has become possible to use the 

cell and tissue culture in the areas of research which have a potential for economic value and 

commercialization. The animal cell cultures are being extensively used in production of vaccines, 

monoclonal antibodies, pharmaceutical drugs, cancer research, genetic manipulations etc.  

Animal cells e.g. egg cells are used for multiplication of superior livestock using a variety of 

techniques like cloning of superior embryonic cells, transformation of cultured cells leading to the 

production of transgenic animals. The animal cells are also used in vitro fertilization and transfer of 

embryos to surrogate mothers. Hence the establishment and maintenance of a proper animal culture 

is the first step towards using them as tools for biotechnology. 

                                               HISTORY OF ANIMAL CELL CULTURE  

It was Jolly, who (1903) showed for the first time that the cells can survive and divide in vitro. Ross 

Harrison, (1907) was able to show the development of nerve fibres from frog embryo tissue, cultured 

in a blood clot. Later, Alexis Carriel (1912) used tissue and embryo extracts as cultural media to keep 

the fragments of chick embryo heart alive.  

In the late 1940s, Enders, Weller and Robbins grew poliomyelitis virus in culture which paved way for 

testing many chemicals and antibiotics that affect multiplication of virus in living host cells. The 

significance of animal cell culture was increased when viruses were used to produce vaccines on 

animal cell cultures in late 1940s.  

For about 50 years, mainly tissue explants rather than cells were used for culture techniques, 

although later after 1950s, mainly dispersed cells in culture were utilized. In 1966, Alec Issacs 

discovered Interferon by infecting cells in tissue culture with viruses. He took filtrates from virus 

infected cells and grew fresh cells in the filtered medium. When the virus was reintroduced in the 

medium, the cells did not get infected. He proposed that cells infected with the virus secreted a 

molecule which coated onto uninfected cells and interfered with the viral entry. This molecule was 

called “Interferon”.  

Chinese Hamster Ovary (CHO) cell lines were developed during 1980s. Recombinant erythropoietin 

was produced on CHO cell lines by AMGEN (U.S.A.). It is used to prevent anaemia in patients with 

kidney failure who require dialysis. After this discovery, the Food and Drug Administration (U.S.A) 

granted the approval for manufacturing erythropoietin on CHO cell lines. In 1982, Thilly and co-

workers used the conventional conditions of medium, serum, and O2 with suitable beads as carriers 

and grew certain mammalian cell lines to densities as high as 5x106 cells/ml.  
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A lot of progress has been also made in the area of stem cell technology which will have their use in 

the possible replacement of damaged and dead cells. In 1996, Wilmut and co-workers successfully 

produced a transgenic sheep named Dolly through nuclear transfer technique. Thereafter, many such 

animals (like sheep, goat, pigs, fishes, birds etc.) were produced. Recently in 2002, Clonaid, a human 

genome society of France claimed to produce a cloned human baby named EVE.  

For animals, if the explant maintains its structure and function in culture it is called as an 

„organotypic culture‟. If the cells in culture reassociate to create a three dimensional structure 

irrespective of the tissue from which it was derived, it is described as a „histotypic culture‟. 

                                                                      ANIMAL CELL CULTURE  

Salient Features of Animal cell culture  

a) Animal cells can grow in simple glass or plastic containers in nutritive media but they grow only to 

limited generations.  

b) Animal cells exhibit contact inhibition.In culture the cancer cells apparently differ from the normal 

cells. Due to uncontrolled growth and more rounded shape, they loose contact inhibition and pile over 

each other.  

c) There is a difference in the in vitro and in vivo growth pattern of cells. 

For example  

(i) there is an absence of cell-cell interaction and cell matrix interaction, 

(ii) there is a lack of three-dimensional architectural appearance, and  

(iii) changed hormonal and nutritional environment. They way of adherence to glass or plastic 

container in which they grow, cell proliferation and shape of cell results in alterations.  

d) The maintenance of growth of cells under laboratory conditions in suitable culture medium is 

known as PRIMARY CELL CULTURE.  

e) Cells are dissociated form tissues by mechanical means and by enzymatic digestion using 

proteolytic enzymes.  

f) Cells can grow as adherent cells (anchorage dependent) or as suspension cultures (anchorage 

independent).  

g) The primary culture is subcultured in fresh media to establish SECONDARY CULTURES.  
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h) The various types of cell lines are categorized into two types as Finite cell line and Continuous cell 

line. Finite cell lines are those cell lines which have a limited life span and grow through a limited 

number of cell generations. The cells normally divide 20 to 100 times (i.e. is 20-100 population 

doublings) before extinction. Cell lines transformed under in vitro conditions give rise to continuous 

cell lines. The continuous cell lines are transformed, immortal and tumorigenic.  

i) The physical environment includes the optimum pH, temperature, osmolality and gaseous 

environment, supporting surface and protecting the cells from chemical, physical, and mechanical 

stresses.  

j) Nutrient media is the mixture of inorganic salts and other nutrients capable of sustaining cell 

survival in vitro  

k) Serum is essential for animal cell culture and contains growth factors which promote cell 

proliferation. It is obtained as exuded liquid from blood undergoing coagulation and filtered using 

Millipore filters.  

l) Cryo preservation is storing of cells at very low temperature (-1800C to -196 0C) using liquid 

nitrogen. DMSO is a cryopreservative molecule which prevents damage to cells.  

m) In order to maintain the aseptic conditions in a cell culture, a LAF hood is used. Based on the 

nature of cells and organism the tissue culture hoods are grouped into three types: Class I, Class II, 

and Class III.  

n) CO2 incubators are used and designed to mimic the environmental conditions of the living cells.  

o) An inverted microscope is used for visualizing cell cultures in situ  

p) For most animal cell cultures low speed centrifuges are needed.  

q) Neuronal cells constitute the nervous system. In culture the neuronal cells cannot divide and grow.  

r) The cells that form connective tissue (skin) is called fibroblast. The fibroblast can divide and grow 

in culture to some generations after which they die. All normal animal cells are mortal.  

s) Organ culture- The culture of native tissue that retains most of the in vivo histological features is 

regarded as organ culture.  

t) Histotypic culture- The culturing of the cells for their reaggregation to form a tissue-like structure 

represents histotypic culture.  
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u) Organotypic culture- This culture technique involves the recombination of different cell types to 

form a more defined tissue or an organ.  

There are certain terms that are associated with the cell lines.  

These are as follows:  

(i) Split ratio- The divisor of the dilution ratio of a cell culture at subculture.  

(ii) Passage number- It is the number of times that the culture has been cultured,  

(iii) Generation number- It refers to the number of doublings that a cell population has undergone.  

In fact these parameters help us to distinguish the cancer cells in culture from the normal cells 

because the cancer cells in culture, change shape (more rounded), loose contact inhibition, pile on 

each other due to overgrowth and uncontrolled growth.  

REQUIREMENTS FOR ANIMAL CELL CULTURE  

Among the essential requirements for animal cell culture are special incubators to maintain the levels 

of oxygen, carbon dioxide, temperature, humidity as present in the animal‟s body. The synthetic 

media with vitamins, amino acids and fetal calf serum. Following parameters are essential for 

successful animal cell culture: 

 

a) Temperature- In most of the mammalian cell cultures, the temperature is maintained at 370C in 

the incubators as the body temperature of Homo sapiens is 370C. 

 

b) Culture media- The culture media is prepared in such a way that it provides- 

1) The optimum conditions of factors like pH, osmotic pressure, etc. 

2) It should contain chemical constituents which the cells or tissues are incapable of synthesizing. 

Generally the media is the mixture of inorganic salts and other nutrients capable of sustaining cells in 

culture such as amino acids, fatty acids, sugars, ions, trace elements, vitamins, cofactors, and ions. 

Glucose is added as energy source-it‟s concentration varying depending on the requirement. Phenol 

Red is added as a pH indicator of the medium.There are two types of media used for culture of animal 

cells and tissues- the natural media and the synthesized media. 

3) Natural Media - The natural media are the natural sources of nutrient sufficient for growth and 

proliferation of animal cells and tissues. The Natural Media used to promote cell growth fall in three 

categories. 
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i) Coagulant, such as plasma clots. It is now commercially available in the form of liquid plasma kept 

in silicon ampoules or lyophilized plasma. Plasma can also be prepared in the laboratory taking out 

blood from male fowl and adding heparin to prevent blood coagulation. 

ii) Biological fluids such as serum. Serum is one of the very important components of animal cell 

culture which is the source of various amino acids, hormones, lipids, vitamins, polyamines, and salts 

containing ions such as calcium, ferrous, ferric, potassium etc. It also contains the growth factors 

which promotes cell proliferation, cell attachment and adhesion factors. Serum is obtained from 

human adult blood, placental, cord blood, horse blood, calf blood. The other forms of biological fluids 

used are coconut water, amniotic fluid, pleural fluid, insect haemolymph serum, culture filtrate, 

aqueous humour, from eyes etc. 

iii) Tissue extracts for example Embryo extracts- Extracts from tissues such as embryo, liver, spleen, 

leukocytes, tumour, bone marrow etc are also used for culture of animal cells.  

Synthetic media 

Syntheic media are prepared artificially by adding several organic and inorganic nutrients, vitamins, 

salts, serum proteins, carbohydrates, cofactors etc. Different types of synthetic media can be 

prepared for a variety of cells and tissues to be cultured. Synthetic media are of two types- Serum 

containing media (media containing serum) and serum- free media (media with out serum). 

Examples of some media are: minimal essential medium (MEM), RPMI 1640 medium, CMRL 1066, 

F12 etc.  

Advantages of serum in culture medium are:  

i) serum binds and neutralizes toxins,  

(ii) serum contains a complete set of essential growth factors, hormones, attachment and spreading 

factors, binding and transport proteins,  

(iii) it contains the protease inhibitors,  

(iv) it increases the buffering capacity,  

(v) it provides trace elements. 

Disadvantages of serum in culture medium are: 

(i) it is not chemically defined and therefore it‟s composition varies a lot,  

(ii) it is sometimes source of contamination by viruses, mycoplasma, prions etc,  

(iii) it increases the difficulties and cost of down stream processing,  

(iv) it is the most expensive component of the culture medium.  
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4) pH- Most media maintain the pH between 7 and 7.4. A pH below 6.8 inhibits cell growth. The 

optimum pH is essential to maintain the proper ion balance, optimal functioning of cellular enzymes 

and binding of hormones and growth factors to cell surface receptors in the cell cultures. The 

regulation of pH is done using a variety of buffering systems. Most media use a bicarbonate-CO2 

system as its major component. 

5) Osmolality- A change in osmolality can affect cell growth and function. Salt, Glucose and Amino 

acids in the growth media determine the osmolality of the medium. All commercial media are 

formulated in such a way that their final osmolality is around 300 mOsm.  

                                                                  CELL BASED THERAPY 

The animal cell culture techniques are used in replacing the damaged and dead cells with normal and 

healthy cells using the stem cell technology. This therapy is called Cell-Based therapy which involves 

the use of stem cell technology involving the replacement of damaged and dead cells with normal and 

healthy cells. This is used to treat blood cancer, and other neuro-degenerative diseases etc. 

                                                         APPLICATIONS OF ANIMAL CELL CULTURE 

The animal cell cultures are used for a diverse range of research and development. These areas are: 

a) production of antiviral vaccines, which requires the standardization of cell lines for the 

multiplication and assay of viruses. 

 

b) Cancer research, which requires the study of uncontrolled cell division in cultures. 

c) Cell fusion techniques. 

 

d) Genetic manipulation, which is easy to carry out in cells or organ cultures. 

 

e) Production of monoclonal antibodies requires cell lines in culture. 

 

f) Production of pharmaceutical drugs using cell lines. 

 

g) Chromosome analysis of cells derived from womb. 

 

h) Study of the effects of toxins and pollutants using cell lines. 

 

i) Use of artificial skin. 
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j) Study the function of the nerve cells.  

Somatic Cell Fusion 

One of the applications of animal cell culture is the production of hybrid cells by the fusion of different 

cell types. These hybrid cells are used for a the following purposes:  

(i) study of the control of gene expression and differentiation, 

(ii) study of the problem of „ malignancy‟,  

(iii) viral application,  

(iv) gene mapping,  

(v) production of hybridomas for antibody production. 

In 1960s, in France for the first time, the hybrid cells were successfully produced from mixed cultures 

of two different cell lines of mouse. Cells growing in culture are induced by some of the viruses such 

as „Sendai virus‟ to fuse and form hybrids. This virus induces two different cells first to form 

heterokaryons. During mitosis, chromosomes of heterokaryon move towards the two poles and later 

on fuse to form hybrids. It is important to remove the surface carbohydrates to bring about cell 

fusion. Some other chemicals like polyethylene glycol also induce somatic cell fusion.  

Many commercial proteins have been produced by animal cell culture and there medical application is 

being evaluated.  
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FIG SHOWING THE PRODUCTION OF T-PA 

 

 

Tissue Plasminogen activator (t-PA) was the first drug that was produced by the mammalian cell 

culture by using rDNA technology. The recombinant t-PA is safe and effective for dissolving blood 

clots in patients with heart diseases and thrombotic disorders.  

Blood Factor VIII  

Haemophilia A is a blood disorder which is a sex-linked genetic disease in humans. The patients 

suffering from Haemophilia A lack factor VIII, which plays an important role in the clotting of blood. 

This factor VIII is secreted by a gene present on X-chromosome but this gene undergoes mutations 

in people suffering from Haemophilia. Current therapy for this disease is the transfusion of blood 

factor VIII into patients. Using rDNA technology, Factor VIII has been produced from mammalian cell 

culture e.g. Hamster kidney cell.  

Erythropoietin (EPO)  

The EPO is a glycoprotein consisting of 165 amino acids and is formed in the foetal liver and kidneys 

of the adults. It causes proliferation and differentiation of progenitor cells into the erythrocytes 

(erythroblasts) in the bone marrow. Erythropoietin is hormone-like in nature and is released by the 

kidney under hypoxic or anoxic conditions caused by anaemia.  
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Amgen Inc. holds US patent for preparation of, eErythropoietin, by recombinant method using 

Chinese Hamster Ovary cell lines. Erythropoietin (EPO) is a hormone-like substance released by the 

kidney under hypoxic or anoxic conditions caused by anaemia. r-HUEPO- recombinant human 

erythro- protein has been effectively used to treat anemia associated with AIDS, renal failure etc. 

The production of Monoclonal Antibodies using hybridoma technology 

Antibodies are proteins synthesized in blood against antigens and are collected from the blood serum. 

The antibodies, which are heterogenous and non specific in action are called polyclonal antibodies. If 

a specific lymphocyte, after isolation and culture in vitro becomes capable of producing a single type 

of antibody bearing specificity against specific antigen, it is known as monoclonal antibody. The 

monoclonal antibodies are used in the diagnosis of diseases because of the presence of desired 

immunity. However, these antibody secreting cells cannot be maintained in culture. It was observed 

that the myeloma cells (bone marrow tumour cells due to cancer) grow indefinitely and also produce 

immunoglobulins which are infact monoclonal antibodies.  

In 1974, George Kohler and Milstein isolated clones of cells from the fusion of two parental cell lines – 

lymphocytes from spleen of mice immunized with red blood cells from sheep and myeloma cells. 

These cells were maintained in vitro and produced antibodies. The hybrid cells maintained the 

character of lymphocytes to secrete the antibodies, and of myeloma cells to multiply in culture. These 

hybrid cell lines are called “Hybridoma” and are capable of producing unlimited supply of antibodies. 

Hybridoma are obtained by using an antibody producing lymphocytes cell and a single myeloma cell. 

Monoclonal antibodies bind very specifically to an epitope (specific domains) on an antigen and by 

using them it is possible to detect the presence of specific antigens.  

The Monoclonal antibodies are used for the treatment of patients with malignant leukaemia cells, B 

cell lymphomas and allograft rejection after transplantation. CD3 is an antigen present on the surface 

of mature T- cells lymphocytes. If T- cell population is depleted or controlled, the transplanted organ 

will not be rejected. An antibody that acts against CD3 surface antigen of T-cells is called OKT3 i.e. 

anti-CD3 Moab. OKT3 is a monoclonal antibody which has been licensed for clinical use for the 

treatment of acute renal allograft rejection. OKT3 removes antigen bearing cells from circulation 

thereby helps in accepting the graft.  

  

FIG SHOWING THE STEPS INVOLVED IN THE PRODUCTION OF MONOCLONAL ANTIBODIES 
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When Monoclonal antibodies are used as enzymes using the technique of enzyme engineering, then 

they are called abzymes. 

Using animal cell cultures, it is also possible to produce Polyclonal Antibodies. Polyclonal antisera 

are derived from many cells therefore contains heterogeneous antibodies that are specific for several 

epitopes or an antigen.  

SCALE-UP OF ANIMAL CELL CULTURE  

Modifying a laboratory procedure, so that it can be used on an industrial scale is called scaling up. 

Laboratory procedures are normally scaled up via intermediate models of increasing size. The larger 

the plant, the greater the running costs, as skilled people are required to monitor and maintain the 

machinery.The first pre-requisite for any large scale cell culture system and its scaling up is the 

establishment of a cell bank. Master cell banks (MCB) are first established and they are used to 

develop Master Working Cell Banks (MWCB). The MWCB should be sufficient to feed the production 

system at a particular scale for the predicted life of the product. The cell stability is an important 

criteria so MWCB needs to be repeatedly subcultured and each generation should be checked for 
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changes. A close attention should be paid to the volume of cultured cells as the volume should be 

large enough to produce a product in amounts which is economically viable. The volume is 

maintained by a) increasing the culture volume, (b) by increasing the concentration of cells in a 

reactor by continuous perfusion of fresh medium, so that the cells keep on increasing in number 

without the dilution of the medium.  

A fully automated bioreactor maintains the physicochemical and biological factors to optimum level 

and maintains the cells in suspension medium. The most suitable bioreactor used is a compact-loop 

bioreactor consisting of marine impellers. The animal cells unlike bacterial cells, grow very slowly. 

The main carbon and energy sources are glucose and glutamine. Lactate and ammonia are their 

metabolic products that affect growth and productivity of cells. So, the on-line monitoring of glucose, 

glutamate, and ammonia is carried out by on line flow injection analysis (FIA) using gas 

chromatography (GC), high performance liquid chromatography (HPLC) etc.  

In batch cultures, mainly Roller Bottles with Micro Carrier Beads (for adherent cells) and spinner 

flasks (for suspension cultures) are used in Scale-up of animal cell culture process.  

Roller Bottles  

The Roller bottles provide total curved surface area of the micro carrier beads for growth. The 

continuous rotation of the bottles in the CO2 incubators helps to provide medium to the entire cell 

monolayer in culture.The roller bottles are well attached inside a specialized CO2 incubators. The 

attachments rotate the bottles along the long axis which helps to expose the entire cell monolayer to 

the medium during the one full rotation. This system has the advantage over the static monolayer 

culture: (a) it provides increase in the surface area, (b) provides constant gentle agitation of the 

medium, (c) provides increased ratio of surface area of medium to its volume, which allows gas 

exchange at an increased rate through the thin film of the medium over the cells. Typically, a surface 

area of 750-1500 cm2 with 200-500 ml medium will yield 1-2x108cells. 



 85 

DIAGRAM SHOWING THE ROLLER BOTTLE CELL CULTURE  

 

 

Micro Carrier Beads 

Micro carrier beads are small spherical particles with diameter 90-300 micrometers, made up of 

dextran or glass. Micro Carrier beads, increase the number of adherent cells per flask. These dextran 

or glass-based beads come in a range of densities and sizes. The cells grow at a very high density 

which rapidly exhausts the medium and therefore the medium has to be replaced for the optimum 

cell growth. At the recommended concentration when the microcarriers are suspended they provide 

0.24 m2 area for every 100 ml of culture flask. 

Spinner cultures 

The spinner flask, was originally developed to provide the gentle stirring of microcarriers but are now used for 

scaling up the production of suspension cells. The flat surface glass flask is fitted with a Teflon paddle that 

continuously turns and agitates the medium. This stirring of the medium improves gas exchange in the cells in 
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culture. The spinner flask used at commercial scale consists of one or more side arms for taking out samples and 

decantation as well. 

                                                    TYPES OF CELL CULTURES 

Primary cell culture 

The maintenance of growth of cells dissociated from the parental tissue (such as kidney, liver) using 

the mechanical or enzymatic methods, in culture medium using suitable glass or plastic containers is 

called Primary Cell Culture. 

The primary cell culture could be of two types depending upon the kind of cells in culture. 

 

a) Anchorage Dependent /Adherent cells- Cells shown to require attachment for growth are set 

to be Anchorage Dependent cells. The Adherent cells are usually derived from tissues of organs such 

as kidney where they are immobile and embedded in connective tissue. They grow adhering to the 

cell culture. 

 

b) Suspension Culture/Anchorage Independent cells - Cells which do not require attachment for 

growth or do not attach to the surface of the culture vessels are anchorage independent 

cells/suspension cells. All suspension cultures are derived from cells of the blood system because 

these cells are also suspended in plasma in vitro e.g. lymphocytes.  

Secondary cell cultures  

When a primary culture is sub-cultured, it becomes known as secondary culture or cell line. 

Subculture (or passage) refers to the transfer of cells from one culture vessel to another culture 

vessel. 

Subculturing- Subculturing or splitting cells is required to periodically provide fresh nutrients and 

growing space for continuously growing cell lines. The process involves removing the growth media, 

washing the plate, disassociating the adhered cells, usually enzymatically. Such cultures may be 

called secondary cultures. 

Cell Line 
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A Cell Line or Cell Strain may be finite or continuous depending upon whether it has limited culture 

life span or it is immortal in culture. On the basis of the life span of culture, the cell lines are 

categorized into two types: 

a) Finite cell Lines - The cell lines which have a limited life span and go through a limited number of 

cell generations (usually 20-80 population doublings) are known as Finite cell lines. These cell lines 

exhibit the property of contact inhibition, density limitation and anchorage dependence. The growth 

rate is slow and doubling time is around 24-96 hours. 

b) Continuous Cell Lines - Cell lines transformed under laboratory conditions or in vitro culture 

conditions give rise to continuous cell lines. The cell lines show the property of ploidy (aneupliody or 

heteroploidy), absence of contact inhibition and anchorage dependence. They grow in monolayer or 

suspension form. The growth rate is rapid and doubling time is 12-24 hours. 

c) Monolayer cultures - When the bottom of the culture vessel is covered with a continuous layer of 

cells, usually one cell in thickness, they are referred to as monolayer cultures.  

d) Suspension cultures - Majority of continuous cell lines grow as monolayers. Some of the cells 

which are non-adhesive e.g. cells of leukemia or certain cells which can be mechanically kept in 

suspension, can be propagated in suspension. There are certain advantages in propagation of cells by 

suspension culture method.  

These advantages are:  

(a) The process of propagation is much faster., 

(b) The frequent replacement of the medium is not required., 

(c) Suspension cultures have a short lag period, 

(d) treatment with trypsin is not required,  

(e) a homogenous suspension of cells is obtained,  

(f) the maintenance of suspension cultures is easy and bulk production of the cells is easily achieved., 

(g) scale-up is also very convenient. 

The cell lines are known by: 

a) A code e.g. NHB for Normal Human Brain. 

b) A cell line number- This is applicable when several cell lines are derived from the same cell culture 

source e.g. NHB1, NHB2. 

c) Number of population doublings, the cell line has already undergone e.g. NHB2/2 means two 

doublings. 
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FIG SHOWING THE SALIENT FEATURES OF CELL CULTURE WITH EVOLUTION OF  

A CELL LINE 

 

CHARACHTERIZATION OF CELL LINES 

The cell lines are characterized by their a) growth rate and b) karyotyping. 

a) Growth Rate - A growth curve of a particular cell line is established taking into consideration the 

population doubling time, a lag time, and a saturation density of a particular cell line. A growth curve 

consist of: 
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1) Lag Phase: The time the cell population takes to recover from such sub culture, attach to the 

culture vessel and spread. 

 

2) Log Phase: In this phase the cell number begins to increase exponentially. 

 

3) Plateau Phase: During this phase, the growth rate slows or stops due to exhaustion of growth 

medium or confluency.  

b) Karyotyping - Karyotyping is important as it determines the species of origin and determine the 

extent of gross chromosomal changes in the line. The cell lines with abnormal karyotype are also 

used if they continue to perform normal function. Karyotype is affected by the growth conditions 

used, the way in which the cells are subcultured and whether or not the cells are frozen. 

c) There are certain terms that are associated with the cell lines.  

These are as follows:  

(i) Split ratio- The divisor of the dilution ratio of a cell culture at subculture.  

(ii) Passage number- It is the number of times that the culture has been cultured., 

(iii) Generation number- It refers to the number of doublings that a cell population has undergone. 

TABLE-SOME ANIMAL CELL LINES AND THE PRODUCTS OBTAINED FROM THEM 

Cell line Product 

Human tumour Angiogenic factor 

Human leucocytes Interferon 

Mouse fibroblasts Interferon 

Human Kidney Urokinase 

Transformed human kidney cell 
line, TCL-598 

Single chain urokinase-type plasminogen 
activator (scu-PA) 

Human kidney cell (293) Human protein (HPC) 

Dog kidney Canine distemper vaccine 

Cow kidney Foot and Mouth disease (FMD) vaccine 

Chick embryo fluid Vaccines for influenza, measles and mumps 

Duck embryo fluid Vaccines for rabies and rubella 

Chinese hamster ovary (CHO) 
cells 

1. Tissue-type plasminogen activator (t-
PA)  

2. B-and gamma interferons  
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3. Factor VIII  

                                                                  STEM CELL TECHNOLOGY 

Stem cells retain the capacity to self renew as well as to produce progeny with a restricted mitotic 

potential and restricted range of distinct types of differentiated cell they give rise to. The formation of 

blood cells also called haematopoiesis is the classical example of concept of stem cells. Indirect assay 

methods were developed to identify the haematopoietic stem cells. The process of haematopoeis is 

occurs in the spleen and bone marrow in mouse. In human beings about 100,000 haematopoietic 

stem cells produce one billion RBC, one billion platelets, one million T-cells, one million B cells per kg 

body weight per day.  

Several methods have been developed to study haematopoiesis and stem cells: 

a) Repopulation assay- Edmens Snell‟s group created mice which were genetically identical by mating of 

sibling mice after 21 generations. Two groups of mice were lethally X- irradiated to destroy their 

blood cell forming capacity. One of this group was injected with marrow cells from the femur bone of 

a normal and healthy albino mice. It was observed that this group survived whereas the mice in the 

other group died. The spleen of mice which survived had the colonies of the bone marrow cells just 

like bacterial colonies on a Petri plate. This came to be known as colony forming units of spleen (CFU-

S) and the technique is known as repopulation assay. 

 

b) The in vitro clonal assay- In this assay, the stem cells proliferate to form colonies of differentiated 

cells on semi-solid media. This assay helps in identifying growth factors required for the formation of 

blood cells from the primitive stem cells. One of the first commercialized biotechnology product – 

erythropoietin was assayed by this procedure. 

 

c) Long term marrow culture- In this method, the marrow cells from femur bone were grown under in 

vitro conditions on plastic surfaces. These techniques were helpful in bone marrow transplantation 

and treatment of blood cancer by releasing immature blood cells into the blood stream. 

 

d) Embryonic stem cell culture- Embryonic stem cells are cell lines derived from the inner cell mass of 

fertilized mouse embryo without the use of immortalizing or transforming agents. The Inner cell mass 

(ICM) are the cells that are maintained in tissue culture in the presence of irradiated fibroblast cells. 

These cells are often used in creating chimeric mice. In 1998, J.A. Thomson developed the method to 

multiply the human embryonic stem cells. Human ICM can also be now derived either by IVF or from 
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germ cell precursors and cultured on a Petri plate. The differentiation of these cells into lineage 

restricted (neuronal and glial) cells can be accomplished by altering the media in which the cells 

grow. 

 

e) The ICM cells could be used to create chimeric mice. In chimeric mice it was possible to take ES 

cells from a black mouse and implant it into the embryo of an albino mouse (white). The progeny so 

developed had skin colour of black and white ( a chimera). 

FOLLOWING DIAGRAM SHOWS THE SCHEME OF OBTAINING CHIMERAS. 

 

Genetic Engineering of animal cells and their applications  

The mammalian cells are genetically modified by introducing the genes needed for specific purposes 

such as production of specific proteins or to improve the characteristics of a cell line. The methods 

used to introduce the foreign genes/DNA into mammalian cells are: Electroporation, Lipofection, 

Microinjection and/or fusion of mammalian cells with bacteria or viruses.  

After the integration of the foreign DNA into the mammalian cells, the transfected/transformed cells 

are selected by using suitable markers. Some of such markers in use are: Viral thymidine kinase, 

Bacterial dihydrofolate reductase, Bacterial neomycin phosphotransferase. It has been possible to 

overproduce several proteins in mammalian cells through genetic manipulations e.g. tissue 
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plasminogen activator, erythropoietin, interleukin-2, interferon- beta, clotting factors VIII and IX, 

tumor necrosis factors. The recombinant mammalian cells are also conveniently used for the 

production of monoclonal antibodies.  

Manipulation of Gene Expression in Eukaryotes  

The eukaryotic organisms have the capability to bring about the post-translational modifications such 

as glycosylation, phosphorylation, proteolytic cleavage etc which ultimately helps in the production of 

stable and biologically active proteins. Due to these reasons the use of eukaryotic expression system 

is preferred however it is difficult to conduct experiments with eukaryotic cells. The introduction of a 

foreign DNA into animal cells is called transfection. The insert DNA in the eukaryotic cells may be 

associated with vector or integrated into the host chromosomal DNA. Among the various hosts used 

for the expression of cloned genes, the common yeast Saccharomyces cerevisiae is the most 

extensively used. Besides this, the cultured insect cells are in use for expressing cloned DNAs. 

Baculoviruses exclusively infect insect cells. The DNA of these viruses encode for several products 

and their productivity in cells is very high to the extent of more than 10,000 times compared to 

mammalian cells. The baculoviruses not only carry a large number of foreign genes but can also 

express and process the products formed. By using baculovirus as an expression vector system, a 

good number of mammalian and viral proteins have been synthesized. The most commonly used 

baculovirus is Autographa californica multiple nuclear polyhedrosis virus (AcMNPV). It grows on the 

insect cell lines and produce high levels of polyhedrin or a recombinant protein.  

The mammalian cell expression vectors are used for the production of specific recombinant proteins 

and to study the function and regulation of mammalian genes. However, large-scale production of 

recombinant proteins with engineered mammalian cells is costly. The mammalian vector contains a 

eukaryotic origin of replication from an animal virus such as Simian virus 40 (SV 40) and a 

prokaryotic origin of replication. It has a multiple cloning site and a selectable marker gene, both of 

which remain under the control of eukaryotic promoter and polyadenylation sequences. These 

sequences are obtained from either animal viruses (SV40, herpes simplex virus) or mammalian genes 

(growth hormone, metallothionein). The promoter sequences facilitate the transcription of cloned 

genes (at the multiple cloning site) and the selectable marker genes. On the other hand, the 

polyadenylation sequences terminate the transcription.  

Collection and purification process of Recombinant proteins  

As the recombinant proteins start accumulating in the host cells, it becomes important to collect and 

purify them. This is a tricky process since many times the recombinant protein is a foreign body for 

the host cells and the enzyme machinery of the host cell becomes activated to degrade the outside 
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protein. One of the strategies adopted is the use of bacterial strains deficient in proteases or 

alternatively, the recombinant proteins are fused with the native host proteins. The fusion proteins 

are resistant to protease activity. Sometimes, the foreign proteins accumulate as aggregates in the 

host organism which minimizes the protease degradation. The best way out is to quickly export and 

secrete out the recombinant proteins in to the surrounding medium. The recovery and the purification 

of foreign proteins is easier from the exported proteins. The efforts have been made to develop 

methods to increase the export of recombinant proteins.  

Some of the species of the bacterium, Bacillus subtilis normally secrete large quantities of 

extracellular proteins. A short DNA sequence called signal sequence from such species is introduced 

into other B. subtilis. These bacteria produce recombinant DNA tagged with signal peptide, which 

promotes export and secretion. This signal peptide is removed after the purification of foreign 

protein. The techniques used for the purification of recombinant proteins from the mixture of secreted 

proteins are affinity tagging, immunoaffinity purification etc.  

Organ culture and Histotypic cultures  

The cell-cell interaction leads to a multistep events in in vivo situations. For example, hormone 

stimulation of fibroblasts is responsible for the release of surfactant by the lung alveolar cells. 

Androgen binding to stomal cells stimulates the prostrate epithelium. In other words, hormones, 

nutritional factors and xenobiotics exert stimulating effects on the cells to function in a coordinated 

manner. Xenobiotics broadly refers to the unnatural, foreign, and synthetic chemicals such as 

pesticides, herbicides, refrigents, solvents and other organic compounds. It is impossible to study 

these cellular interactions that occur in the in vivo system with isolated cells or cells in culture. This 

has lead to the attempts to develop organ and histotypic culture with the aim of creating in vitro 

models comparable to the in vivo system. The three types of such cultures are:  

a) Organ culture- In this type of culture, the whole organs or small fragments of the organs with their 

special and intrinsic properties intact are used in culture. 

b) Histotypic culture- The cell lines grown in three dimensional matrix to high density represent 

histotypic cultures. 

c) Organotypic cultures- A component of an organ is created by using cells from different lineages in 

proper ratio and spatial relationship under laboratory conditions. 

Organ culture  

In the organ culture, the cells are integrated as a single unit which helps to retain the cell to cell 

interactions found in the native tissues or organs. Due to the preservation of structural integrity of 
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the original tissue, the associated cells continue to exchange signals through cell adhesion or 

communications. Due to the lack of a vascular system in the organ culture, the nutrient supply and 

gas exchange of the cells become limited. In order to overcome this problem, the organ cultures are 

placed at the interface between the liquid and gaseous phases. Sometimes, the cells are exposed to 

high O2 concentration which may also lead to oxygen induced toxicity. Due to the inadequate supply 

of the nutrients and oxygen, some degree of necrosis at the central part of the organ may occur. In 

general, the organ cultures donot grow except some amount of proliferation that may occur on the 

outer cell layers.  

Techniques and Procedure for organ culture  

In order to optimize the nutrient and gas exchanges, the tissues are kept at gas limited interface 

using the support material which ranges from semisolid gel of agar, clotted plasma, micropore filter, 

lens paper, or strips of Perspex or plexiglass. The organ cultures can also be grown on top of a 

stainless steel grid. Another popular choice for growing organ cultures is the filter-well inserts. Filter-

well inserts with different materials like ceramic, collagen, nitrocellulose are now commercially 

available. Filter well inserts have been successfully used to develop functionally integrated thyroid 

epithelium, stratified epidermis, intestinal epithelium, and renal epithelium.  

The procedure for organ cultures has the following steps: 

a) The organ tissue is collected after the dissection. 

b) The size of the tissue is reduced to less than 1mm in thickness. 

c) The tissue is placed on a gas medium interface support. 

d) Incubation in a CO2 incubator. 

e) M199 or CMRL 1066 medium is used and changed frequently. 

f) The techniques of histology, autoradiography, and immunochemistry are used to study the organ 

cultures. 

The advantages of organ culture  

The organ cultures can be used to study the behavior of an integrated tissue in the laboratory. It 

provides an opportunity to understand the biochemical and molecular functions of an organ/tissue.  

Limitations of organ culture  

It is a difficult and expensive technique. The variations are high with low reproducibility. For each 

experiment, a new or fresh organ is needed as organ cultures are not propagated.  
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Histotypic cultures  

Using histotypic culture, it is possible to use dispersed monolayers to regenerate tissue like 

structures. It the growth and propagation of cell lines in three-dimensional matrix to high cell density 

that contributes to this. The techniques used in histotypic cultures are:  

a) Gel and sponge technique- In this method, the gel (collagen) or sponges (gelatin) are used which 

provides the matrix for the morphogenesis and cell growth. The cells penetrate these gels and 

sponges while growing.  

b) Hollow fibers technique- In this method, hollow fibers are used which helps in more efficient 

nutrient and gas exchange. In recent years, perfusion chambers with a bed of plastic capillary fibers 

have been developed to be used for histotypic type of cultures. The cells get attached to capillary 

fibers and increase in cell density to form tissue like structures.  

c) Spheroids – The re-association of dissociated cultured cells leads to the formation of cluster of cells 

called spheroids. It is similar to the reassembling of embryonic cells into specialized structures. The 

principle followed in spheroid cultures is that the cells in heterotypic or homotypic aggregates have 

the ability to sort themselves out and form groups which form tissue like architecture. However, there 

is a limitation of diffusion of nutrients and gases in these cultures.  

d) Multicellular tumour spheroids- These are used as an in vitro proliferating models for studies on 

tumour cells. The multicellular tumour spheroids have a three dimensional structure which helps in 

performing experimental studies related to drug therapy, penetration of drugs besides using them for 

studying regulation of cell proliferation, immune response, cell death, and invasion and gene therapy. 

A size bigger than 500 mm leads to the development of necrosis at the centre of the MCTS. The 

monolayer of cells or aggregated tumour is treated with trypsin to obtain a single cell suspension. 

The cell suspension is inoculated into the medium in magnetic stirrer flasks or roller tubes. After 3-5 

days, aggregates of cells representing spheroids are formed. Spheroid growth is quantified by 

measuring their diameters regularly. The spheroids are used for many purposes. They are used as 

models for a vascular tumour growth. They are used to study gene expression in a three-dimensional 

configuration of cells. They are also used to study the effect of cytotoxic drugs, antibodies, 

radionucleotides, and the spread of certain diseases like rheumatoid arthritis.  

Organotypic cultures  

These cultures are used to develop certain tissues or tissue models for example skin equivalents have 

been created by culturing dermis, epidermis and intervening layer of collagen simultaneously. 
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Similarly models have been developed for prostrate, breast etc. Organotypic culture involves the 

combination of cells in a specific ratio to create a component of an organ. 

                                                                   CELL AND TISSUE ENGINEERING 

Tissue engineering refers to the application of the principles of engineering to cell culture for the 

construction of functional anatomical units- tissues/organs. The aim of tissue engineering is nothing 

but to supply the various body parts for the repair or replacement of damaged tissues or organs. It is 

now possible to grow skin cells, blood cells cardiac cells etc. by using the ability of stem cells to 

proliferate and differentiate.  

During the last decade, the tissue culture work in animals demonstrated that virtually any human 

tissue or organ can be grown in culture. This became possible only after it became known that the 

ability of cultured cells to undergo differentiation can be restored. „Skin‟ was the first organ to be 

cultured in artificial media and could be successfully used for transplantation following serious skin 

burns. For past few years some of the biotech companies like ATS (Advanced Tissue Science, USA), 

Biosurface Technology (BTI, Cambridge) and Organogenesis, are developing artificial skins to the 

stage of clinical trials.  

In the field of tissue replacement, focus of attention is the Artificial cartilage. As it is not vascularized, 

it is not rejected due to immunogenic response. This will have lots of implications in the treatment of 

sport related injuries and diseases like arthritis. 

Design and engineering of tissues  

The design and tissue engineering should essentially cause minimal discomfort to the patient. The 

damaged tissues should be easily fixed with the desired functions quickly restored. Another important 

factor controlling the designing of tissue culture is the source of donor cells. The cells from the 

patient himself, is always preferred as it considerably reduces the immunological complications. 

However under certain situations allogeneic cells (cells taken from a person other than the patient) 

are also used. The other important factors are –the support material, it‟s degradation products, cell 

adhesion characteristics etc. It was demonstrated in 1975 that human keratinocytes could be grown 

in the laboratory in a form suitable for grafting. A continuous sheet of epithelial cells can be grown 

now however there is still difficult to grow TE skin with the dermal layer with all the blood capillaries, 

nerves, sweat glands, and other accessory organs.  

Some of the implantable skin substitutes which are tissue engineering skin constructs with a limited 

shelf life of about 5 days are: 
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a) Integra TM – A bioartificial material composed of collagen-glycosaminoglycan and is mainly used to 

carry the seeded cells. 

b) DermagraftTM- This is composed of poly glycolic acid polymer mesh seeded with human dermal 

fibroblasts from neonatal foreskins. 

c) ApligrafTM- It is constructed by seeding human dermal fibroblasts into collagen gel with the 

placement of a layer of human keratinocytes on the upper surface. 

These tissue constructs integrate into the surrounding normal tissue and form a good skin cover with 

minimum immunological complications.  

The urothelial cells and smooth muscle cells from bladder are now being cultured and attempts are on 

to construct TE urothelium. Some progress has also been made in the repair of injured peripheral 

nerves using tissue engineered peripheral nerve implants. The regeneration of the injured nerve 

occurs from the proximal stump to rejoin at distal stump.  

The regeneration process requires substances like-  

(a) Conduct material- The conduct material is composed of collagen- glycosaminoglycans, PLGA (poly 

lactic- co- glycolicacid), hyaluronan and fibronectin and forms the outer layer.  

(b) Filling material- The filling material contains collagen, fibrin, fibronectin and agarose. This 

supports the neural cells for regeneration. and  

(c) Additives- A large number of other factors are also added e.g. growth factors, neurotrophic 

factors such as fibroblast growth factor (FGF), nerve growth factor (NGF).  

 The other important applications of tissue engineering are in gene therapy, pseudo-organs and as 

model cell systems for developing new therapeutic approaches to human diseases.The attempts are 

on to create tissue models in the form of artificial organs using tissue engineering. The artificial liver 

is being created using hepatocytes cultured as spheroids and held suspended in artificial support 

system such as porous gelatin sponges, agarose or collagen. Some progress has been made in the 

area of creating the artificial pancreas using spheroids of insulin secreting cells which have been 

developed from mouse insulinoma beta cells.  

Three dimensional brain cell cultures have been used for the study of neural myelination, neuronal 

regeneration, and neurotoxicity of lead. The aggregated brain cells are also being used to study 

Alzheimer‟s disease and Parkinson‟s disease. Thyroid cell spheroids are being used to study cell 

adhesion, motility, and thyroid follicle biogenesis. (Table 8.2 page 155, gupta)  

TABLE DEPICTING THE TECHNOLOGICAL GOALS AND AREAS OF RESEARCH IN TISSUE ENGINEERING 
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Growth of cells in three- dimensional systems 

 Delivery systems for protein therapeutics 

Cell cultivation methods for culturing „recalcitrant cells‟ 

Expression of transgenic proteins in transplantable cells 

To develop vehicles for delivering transplantable cells 

Development of markers for tracking transplanted cells 

Avoiding immunogenicity in transplantable cells 

Development of in vivo and ex vivo biosensors for monitoring cell  
behaviour during tissue production 

DOWNSTREAM PROCESSING 

Downstream processing or downstreaming is the extraction and purification of the desired end 

products of fermentation processes. Such products might include cells, solvents or solutes. Various 

processes are available for the separation of cells from the fermentation broth in which they are 

grown, including flocculation, filtration, centrifugation, sedimentation or flotation. The procedure 

adopted depends on whether it is the cells, or the solution surrounding them, that contains the 

desired end products. 

 

 

                                 BIOETHICS IN ANIMAL GENETIC ENGINEERING 

There are some serious issues related to genetic modification of animals using animal genetic 

engineering techniques. One is not sure of the consequences of these genetic modifications and the 

further interaction with the environment. Proper clinical trials are also necessary before one can use it 

for commercial purposes. In the recent past people have raised objections on some of the methods 

used e.g. the transfer of a human genes into food animals, use of organisms containing human genes 

as animal feed. Some religious groups have expressed their concern about the transfer of genes from 

animals whose flesh is forbidden for use as food into the animals that they normally eat. Transfer of 

animal genes into food plants that may be objectionable to the vegetarians. 

Besides this, there are several other aspects of this issue have to be sorted out.  

a) What will be the consequences, if a modified animal will breed with other domestic or wild animals 

thereby transferring the introduced genes to these populations? 
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b) What are the health risks to human on consumption of genetically modified animals and their 

products? 

 

c) With the production of disease resistant animals, what will be the effect on ecology? 

 

d) There is also wide spread concern about the risks of human recipients getting infected with animal 

viral diseases after a xenotransplantation., which might infect the population at large. 

 

e) There are also concerns about the risk that drug resistance gene markers used in genetic 

engineering procedures might inadvertently be transferred and expressed. 

The need of the hour is to formulate clear guidelines which should be followed while using genetic 

engineering techniques in bio-medical research. e.g. products from transgenic organisms should be 

clearly marked to give choice to people who follow dietary restrictions due to religious beliefs. In fact 

all the ethical and moral issues raised by some aspects of biotechnology should be addressed by open 

discussion and dialogue. 

 

 

 

 

    BIOTECHNOLOGY AND MEDICINE 

                                                     INTRODUCTION 

Biotechnology has wide range of applications in animal and human health care both directly as well 

as indirectly. It‟s direct use involves controlling the spread of a variety of diseases using gene 

manipulation at different levels. The indirect use is in manufacturing of nutritional food through single 

cell proteins and in detecting food contaminants through molecular probes. 

Following approaches are used to control the diseases and thereby taking care of the human and 

animal health. 

a) Providing immunity against the disease through the development of vaccine. 

http://www.biotechnology4u.com/biotechnology_medicine.html
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b)  Early diagnosis of a disease. 

c) Successful treatment of the disease. 

                                DEVELOPMENT OF VACCINES FOR IMMUNITY 

Biotechnology is used in three different ways in the development of vaccine: 

a) Separation of a pure antigen using a specific monoclonal antibody. 

b) Synthesis of an antigen with the help of a cloned gene. 

c) Synthesis of peptides to be used as vaccines. 

 

Use of monoclonal antibodies for immunopurification of antigens 

The method of immunopurification using monoclonal antibodies is used, to separate specific antigen 

from a mixture of very similar antigens. Once purified, the antigen is used for developing vaccine 

against a pathogen. Individual interferons (which have the property of inhibiting viral infection and 

cell proliferation) have been purified using this technique. These interferons were later used for 

clinical trials and then commercially used. 

 

Use of cloned genes for the synthesis of antigens 

Hundreds of genes in eukaryotes have been cloned from genomic DNA or from cDNA. These clones 

genes included a number of genes for specific antigens and some have been used for the synthesis of 

antigens leading to the preparation of vaccines. A very good example of this is cloning of Hepatitis B 

virus (HBV) genome. The HBV genome was cloned in the plasmid pBR322 followed by it‟s propagation 

in E.coli. The antigens produced from this clone reacted with hepatitis B core antibody (HBAb) which 

has been used to produce hepatitis B vaccine. 

Efforts are on to use this method to produce an Anti- malarial vaccine. Malarial parasite Plasmodium 

falciparum is the malarial parasite which has become a major threat to human health which spreads 

by the mosquito bite. In human body, the malarial parasite passes through several antigenically 

distinct phases viz. sporozoite, merozoite, gametocytes etc. The vaccines can be developed to control 

any of these phases hence we can have antisporozoite vaccine, antimerozoite vaccine etc. Out of all 

these, considerable progress has been made in the making of antisporozoite vaccine due to cloning of 

gene meant for circumsporozoite (CS) protein. This protein was obtained directly from DNA of 

erythrocytic form of parasite, rather than as cDNA from mRNA.This cloned gene may, in course of 

time, lead to the synthesis of vaccine by synthesizing CS protein by clone gene. 
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Synthetic peptides as vaccines 

Vaccines can also be prepared through short synthetic peptide chains. There are several ways by 

which these can be used as vaccines. 

As it is the three dimensional structure (not the amino acid sequence) of the protein which is 

responsible for the immunogenic response, it is essential to find out the protein region involved in 

immunogenic response. E.g. in Foot and Mouth Disease virus (FMDV), the amino acid 114-160 of 

virus polypeptide can produce antibodies which can neutralize FMDV and provide protection. The 

region of 201-213 amino acids of the same protein also could neutralize FMDV hence it has been 

shown that small synthetic peptides representing these regions of proteins can show immunogenic 

response and can be used for the development of vaccine. 

The immunogenic region of protein can also be located by gene coding for the protein. E.g. in Feline 

leukaemia virus, the clone gene of an immunogenic protein was cut into fragments by DNAase I and 

then cloned in lambda phage. Phage colonies (plaques) with different cloned fragments are screened 

with a specific monoclonal antibody that neutralizes the pathogen. The fragments which react with 

antibody must be synthesizing the immunogenic peptide fragments which can be sequenced. Using 

this method it was possible to identify a 14 amino acid immunogen of the envelope protein of Feline 

leukaemia virus (FLV). The corresponding synthetic peptide was also found to compete with the virus 

for antibody. 

The immunogenic region of a protein in a pathogen can also be identified by eluting it from purified 

major histocompatibility complex (MHC) molecules. Different MHC allelic variants bind with different 

proteins and purified using specific T cells. Peptides can be eluted from these purified MHC molecules 

and later on sequenced. The sequenced peptides are used to make synthetic peptides which are used 

as vaccines. 

 

                                           DIAGNOSIS OF DISEASES 

a) Diagnosis of diseases caused by protozoa and helminthes 

The monoclonal antibodies and DNA probes are being used as very sensitive tools in biotechnology to 

diagnose the diseases caused by protozoa and helminthes. Monoclonal antibodies can be used 

through serological tests which takes only minutes as compared to conventional methods which 

require some weeks as the bacteria and viruses have to be cultured e.g. in Herpes virus. 
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The DNA probes are more sensitive than monoclonal antibodies and the process takes hours instead 

of weeks. Readymade DNA probes for Herpes virus and other human, animal and plant viruses are 

being prepared. Probes are now available for a number of human parasites from the group protozoa 

and helminthes. 

b) Diagnosis of sexually transmitted diseases (STD) using monoclonal antibodies 

The occurrence of sexually transmitted disease has gone up in recent years both in developed as well 

as developing countries. Some of the pathogens causing these diseases are- Neisseria 

gonorrhoeae, Chlamydia trachomatis, Herpes simplex virus etc. The conventional methods for 

the diagnosis of these diseases are microscopic examination, culture method, Immunological method, 

and measurement of antibody. 

The use of monoclonal antibody has been very effective in the diagnosis of these diseases. The cell 

hybrids are prepared using hybridoma technology and screening of cell lines is done through replica 

plating technique. Hybrid cells are placed in a 96-well microtest plate. Small sample of culture fluid 

from each well is placed on replica plates followed by impregnation of each well with a specific 

antigen. The immune reaction is detected through radio-immunoassay in which 125I-labelled protein 

A (which binds to Fc protein of human IgG in the immune complex) is added to each well and then 

examined by autoradiography. The positive reactions can be traced to original wells and the cell line 

then multiplied for production of specific monoclonal antibodies. Using this technique, monoclonal 

antibodies could be prepared that would distinguish between the different pathogens causing STDs. 

c)Antenatal diagnosis of congenital diseases. 

If there is a chance of giving birth to a baby with congenital defects then it may be desirable to 

diagnose the condition of the foetus during gestation. This can be done by extracting some cells from 

the foetus by drawing a few milliliters of amniotic fluid with the help of hypodermic needle. The free 

cells of the foetal origin from the amniotic fluid can be cultured and tested for karyotype analysis, 

enzyme production, and restriction fragment analysis of it‟s DNA, to detect any abnormality. 

It is possible to identify a disease with in two months of pregnancy as compared to 18 weeks period 

required earlier. The number of disease specific DNA probes is also increasing at a fast rate which will 

further help in antenatal diagnosis. 

                                                 TREATMENT OF DISEASES 

Manufacturing of Pharmaceutical Drugs Through Biotechnology 
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Various drugs are being manufactured using biotechnology to treat different diseases. Using gene 

therapy, two drugs –Insulin and Interferons have already been  produced. Insulin is used to treat 

diabetes and Interferon is used for the treatment against some tumour viruses. It is possible to 

manufacture these drugs in large quantities by cloning the corresponding genes from human or 

animals through plasmid vectors in bacteria. This procedure brings down the cost of manufacturing 

the drugs. Lots of research is also going on a number of proteins such as urokinase, factor VII:C, 

human growth hormone (HGH) etc. The Human Growth hormone for treating dwarfism due to 

hypopitiuitary activity was synthesized using recombinant DNA technique and was commercially 

introduced under the market name of prototropin in USA and somatonorm in Britain. Both Insulin and 

growth hormone were manufactured under license from Genetech Inc. based in USA. 

STEPS USED FOR THE SYNTHESIS OF INSULIN FROM CLONED DNA SEGMENT 

 

Gene therapy 

If a child or an embryo is diagnosed to carry a defective gene leading to disability, following methods 

are used to correct this defect: 

a) replacement of defective gene with a normal gene. 
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b) correction of the defective gene through gene targeting. 

c) gene augmentation through increasing the number of copies of the gene or through a higher level 

of expression of the introduced gene. 

All these methods used to correct defective gene is called gene therapy. Out of all these methods, 

targeted gene modification for gene correction or gene augmentation by introducing normal foreign 

gene sequences are being widely used in gene therapy. 

Several reports are already published where targeted gene modification has been demonstrated in 

mammalian systems. The genes are introduced by gene transfer methods such as electroporation, 

transfection etc., followed by site specific mutagenesis e.g. HGPRT locus and int-2 loci in mouse 

embryonal stem cell. In past few years, approved gene therapy experiments have been conducted of 

which the transfer of Neo R/TIL gene marked immune cells into patients with advanced cancer was 

successful. ADA gene therapy used for treating the deficiency of adenosine deaminase deficiency 

(ADA) involved the transfection with lymphocytes bearing the ADA gene carried by retroviral vector. 

In Cancer gene therapy, Tumour necrosis factor gene (TNF) or IL-2 gene is inserted in TIL tumour 

cells isolated from the patients and grown in culture. After this these gene corrected cells are injected 

into the body of the patient.  

 

In gene augmentation method, a number of copies of the desired gene are introduced and are 

made to express at high level using expression and transfer vectors. After the gene correction at 

cellular level, the implantation of the modified cells into a suitable region in an organ of the patient or 

in the embryo is carried out. Therefore the gene therapy can be used at two different levels: a) 

embryo therapy and b) patient therapy. 

Embryo therapy 

In this, the genetic constitution of embryo at post-zygotic level is altered which leads to the alteration 

in inheritance as well. Embryo therapy involves the following steps which  

have been tried in case of mouse or rabbit only: 

a) in vitro fertilization of the egg. 

b) Insertion of normal gene into embryo at post-zygotic level either using viruses or directly by 

microinjection. 

c) Integration of inserted gene in host DNA, where it may or may not function. 

The therapeutic newly inserted gene may or may not function under normal control in the animal, in 

time, space and quantity. 

Patient therapy 
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In patient therapy the cells with healthy genes are introduced in the affected tissue but the 

inheritance trait of the patient is not affected or altered. 

This therapy involves the following steps: 

a) Identification of defective gene 

b) Isolation or synthesis of normal healthy gene. 

c) Isolation of the cells of the tissue where the normal healthy gene will need to function. 

d) The placement of normal gene into a cell where it can function. 

Drawbacks of this method. 

First there is the possibility that the introduced gene may not function, and the second is when 

corrected cells are reintroduced, these maybe outnumbered by the diseased resident cells. The other 

problem is that there are only few diseases affecting only a single tissue. 

During the last few years, the genes are being routinely isolated. The isolated gene may either be 

directly injected into the cell or be carried by a virus, to which it is linked by recombinant DNA 

technique. After entering the cell, the gene either remains free in cytoplasm like extrachromosomal 

DNA or become a part of nuclear DNA . However under both circumstances only few copies of RNA 

are synthesized as compared to thousands of copies of RNA per cell by normal cells. 

Gene therapy holds a promising future and hope for patients suffering from diseases which can be 

treated using this technique. 

                  CULTURED STEM CELLS AND BONE MARROW TRANSPLANTATION 

Stem cells are undifferentiated cells which have the potential of differentiating into several kinds of 

cells. These cells are used for transplantation in patients, whose immune and blood forming systems 

have been devastated by leukemia, cancer, chemotherapy or other unknown causes. In the foetus, 

the blood cells are created in the liver, but just after birth they are produced exclusively in bone 

marrow. If marrow is transplanted to the same individual from where it was taken for culture, it is 

described as autotransplantation and if donated to someone else, it is called allogenic transplantation. 

Monoclonal antibodies have been used to stem cells from the mass of cells in the bone marrow. These 

monoclonal antibodies react to a cell marker or antigen called CD34, which is specific for primitive 

bone marrow stem cells. 

Several hormones are also available which stimulate replication of precursor blood cells e.g. 

granulocyte colony stimulating factor (G-CSF), Interleukin-6, Interleukin-11 and stem cell factor. 
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Monoclonal antibodies linked with toxins can be used for killing the malignant cells. Chemotherapy 

with extracted bone marrow can also be used for destroying malignant stem cells. 

In future, efforts are being made to store the stem cells of a healthy person permanently and use 

them whenever required. This will be possible when the techniques to culture stem cells would be 

standardized specially using umbilical cord blood which may become an important source of stem 

cells. 

                                       SKIN RELATED AILMENTS AND USE OF CULTURED CELLS 

Efforts are all ready on to use artificial skin derived from cultured cells to treat different skin related 

ailments especially severe burns. Skin is one organ that can be aritificially made from cell culture and 

used for grafting after skin damage caused by severe burns. Keratinocytes make 90% of the 

epidermis of the skin can be cultured under in vitro conditions. Their proliferation is facilitated by the 

products of fibroblasts which are found in the dermis layer of the skin therefore Fibroblast cells called 

3T3 cells were added in the culture of keratinocytes besides adding epidermal growth factors, cholera 

toxin and a mixture of growth factors. Only 1-10% of epidermal cells grow as the others start 

differentiating. In order to stop stratification of cell layers, the cells are continuously separated and 

re-cultured until a sheet of pure epithelium is obtained. 

The cells of this sheet of epithelium are linked by Desmosomes therefore it is detached from the 

vessel by using the enzyme dispase. After cleaning it of extraneous proteins, it is attached to a gauze 

and brought to the hospital for using it as graft. 

The cultured keratinocytes have been used in: 

a) Removal of scars on skin using cultured cells. 

b) Regeneration of epithelium of mouth using cultured oral keratinocytes. 

c) Repair of congenital penile defects using cultured urethral keratinocytes. 

d) Treatment of several diseases related to middle ear. 

e) Treatment of chronic skin ulcers using cultured grafts.  

Intensive research is going on to use cultured keratinocytes in various other areas such as using 

them as lining of vascular prostheses (artificial limbs), to repair urinary tracts, use of pancreatic islet 

cells to treat diabetes, use of cultured myloblasts to treat muscle diseases. 

 

                                                            GENETIC COUNSELLING 
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Biotechnology has also contributed in the field of genetic counseling especially to the couples who 

may be at high risk of giving birth to a child with congenital defects or diseases. These parents can 

decide voluntarily not to have a child or may undergo selective abortions after investigations during 

antenatal care. 

The hereditary or congenital defects are tested through the process of amniocentesis. Around the 

fifteen week of pregnancy, a sample of amniotic fluid containing fetal cells is removed and cultured in 

vitro. The cultured cells are then subjected to biochemical enzyme test and karyotype analysis. The 

results are particularly relevant to the situation where one or both parents have a family history of a 

particular hereditary disease and one has to evaluate the possible chances of the children having the 

same disease. 

This type of test followed by genetic counseling is also done when a couple may have an abnormal 

child and would like to know the chances of having abnormal child on the next pregnancy. In some 

cases, if the defect is controlled by single recessive gene and both parents are normal, in three out of 

four cases the child would be normal. At least 35 diseases which can be identified by this technique 

are known. The number of disease specific DNA probes is also increasing at a fast rate, so that 

antenatal diagnosis by DNA analysis or „enzyme linked immunosorbent assay‟(ELISA) should be 

possible for all single gene defects e.g. the incidence of Thallassemia in Cypriot community in U.K. 

has decreased to 20 per year following the use of antenatal diagnosis. 

 

Making a choice of baby's sex 

It is always interesting for a married couple to know the sex of the unborn baby. The chromosome 

techniques have made it possible to know the sex of the developing fetus by drawing amniotic fluid 

and preparing karyotypes from cells derived from the fetus which are floating in this fluid. 

Using certain procedures it has been possible to have a child of a preferred sex. The technique 

involves “sephadex gel column” in which sperms with Y chromosome are trapped in the gel as they 

are lighter and the X bearing sperms reach the bottom as they are heavier. After separation these 

sperms are used to fertilize the ova by artificial insemination. 

                                               FORENSIC MEDICINE 

Following two techniques have been used in the area of forensic medicine to identify the culprits and 

criminals. 

a) DNA fingerprinting using minisatellite DNA  
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The DNA fingerprinting method was developed by Alec Jeffreys and his colleagues in 1985-86. In this 

technique, DNA is isolated from the blood stains, semen or hair roots and then subjected to southern 

blotting and DNA hybridization with the help of specific DNA probes. The probes correspond to 

hypervariable minisatellites in DNA which in turn is made up of tandem repeats of short sequences.  

This technique helps in the identification of criminals, rapists and accused using the blood stains, 

semen stains etc on the victim‟s clothes or body. It will also help in solving the parental issues in case 

of doubtful parentage. 

b) Autoantibody fingerprinting using dipsticks  

Auto antibodies are a novel class of antibodies that react with cellular components in humans and 

other animal species. These human auto antibodies increase in number from birth up to the age of 

two years after which they remain constant for decades, if not life long. The complement of these 

antibodies present in an individual is unique and for this reason they have been named individual 

specific auto antibodies. These IS  auto antibodies  when physically separated comprise an antibody 

finger print that serves to identify people. For this also, body fluids such as blood, semen, tears, 

saliva and perspiration can be used. 

The autoantibody fingerprinting protocol involves 

a) preparation of antigen  

b) antibody fingerprint assay 

The protocol for autoantibody fingerprinting involves the following steps: 

a) A panel of antigen is prepared from an extract of human cells in vitro which involves first the 

separation by denaturing polyacrylamide gel electrophoresis (SDS-PAGE) on the basis of molecular 

mass. 

 

b) Electrophoretic transfer of the antigens to a nylon membrane. 

 

c) Blocking of the unbound sites by using the blocking agents. 

 

d) Cutting the membrane into strips called Dipsticks. 

 

e) Incubation of the dipsticks with dilutions of sera or plasma for 1 hour. 

 

f) After washing with buffer, incubate in detector molecule (1 micro-Ci/assay of 125 I protein, which 

binds to the Fc protein of human IgG in the immune complex formed) for 1 hour. 
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g) After re-washing and drying scan it with a gamma scanner or an optical scanner or perform 

autoradiography on X-ray film. 

 

h) The results are analyzed for the identification of individuals. 

Comparison of DNA fingerprinting and Autoantibody finger printing 

The advantages of autoantibody fingerprinting over DNA fingerprinting include the following: 

a) Sensitivity-less than 10 microl blood needed. 

 

b) Rapidity-only few hours needed as time consuming method of DNA extraction is not 

required. 

 

c) Simplicity-no requirement for any equipment. 

 

d) Cost effectiveness 

 

e) Portability 

 

f) Autoantibody fingerprints are similar in the newborn child and the mother but are different in 

genetically identical individuals like identical twins. It is not possible to distinguish this using 

DNA fingerprinting. 

                                                                                GENE PROBES 

Gene probes are short lengths of single-stranded DNA or RNA capable of binding to complementary 

single-stranded DNA segments which are used to pinpoint the regions on chromosomes where the 

defective genes are located using recombinant DNA technology. Gene probes have provided a specific 

test for single-gene disorders which can be used to treat these disorders in the embryo in womb and 

in young children. Gene probes are also used to detect the presence of DNA from pathogens, as in 

the diagnosis of AIDS and other viral conditions. In the future DNA probes may become available for 

the diagnosis of cancer. Cells become cancerous only after certain genes, called oncogenes, have 

been altered. Once altered, some cancerous cells produce a specific type of mRNA, not found in 

healthy cells. It should soon be possible to detect this mRNA by using a probe. 

Procedure for the identification of gene fragments with gene probes: 
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a) The fragments are transferred to a well in a flat plate of agarose gel, contained in a box. 

 

b) The fragments are separated by electrophoresis. The fragments move through the gel at different 

rates, depending on their length. Small fragments travel faster than larger ones. 

 

c) After several hours, the fragments become arranged in parallel bands, each band containing many 

DNA fragments of uniform length. 

 

d) The pattern is then plotted onto a nitrocellulose filter. 

 

e) Heating binds the DNA to the filter and also separates each DNA fragment into its two single 

strands of DNA that contain complementary base sequences. Such binding is detected by placing an 

X-ray film over the nitrocellulose filter. 

 

f) When the film is developed, a radioactive region shows up as a dark band. 

Using this technique, the DNA sample of sickle cell carrier was studied. Sickle cell anaemia is caused 

by a mutation in a region of DNA that codes for the protein part of a haemoglobin. One of the bases 

in DNA molecule, thymine is replaced by adenine. That, in turn, leads to an amino acid sequence in 

which glutamate is replaced by valine. Due to this defect, the restriction endonulcease M st II cuts 

the DNA of people with normal haemoglobin (HbA) and sickle cell haemoglobin (HbS) into fragments 

of different lengths. 

GENE THERAPY 

A possible cure for single-gene disorders, such as sickle cell anaemia, lies in gene therapy. 

Gene Enhancement therapy is an attempt to boost the effect of a gene that is generally thought to be 

desirable. Height, intelligence and athleticism are traits resulting from complex gene interactions. 

Once the individual genes that contribute to these attributes have been identified, attempts could be 

made to add additional copies to the genome. Somatic gene replacement therapy is an attempt to 

replace defective genes with normal genes. 

The Therapy involves adding normal genes to the genome so that the recipient gains a normal gene, 

while still retaining the defective ones specially in single-gene disorders in which homozygous 

recessive (aa) individuals show symptoms of the disease.  

For example to cure sickle cell anaemia, the process of therapy would involve insertion of a single 

copy of the normal gene [HbA] followed by multiplication of transformed cells in a suitable growth 
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medium. At an appropriate time, the bone marrow cells of the donor are destroyed using radiation 

and drugs. These would be replaced by an injection of the donor‟s own genetically engineered bone 

marrow cells. Further treatment would ensure that the engineered cells continued to grow and 

multiply. At a point where the transplanted cells produced enough haemoglobin [HbA] to meet the 

individual‟s needs, a „cure‟ would have been affected. 

Two important aspects related to gene replacement therapy are: 

The first is that treated individuals continue to pass on defective genes in their sperm and eggs. 

The second point is that the treated individuals may carry more number of genes controlling a 

particular trait and any harmful effects of this combination may take place several years before they 

begin to show up. 

In future, gene therapy could be used for finding a permanent cure for single gene disorder by 

inserting normal genes in to sperm and eggs. This is Germ-line gene replacement therapy (eugenic gene 

therapy). This would enable a cure to be passed to the offspring of the treated individuals. 

                                                                  GENETIC FINGERPRINTING 

Genetic fingerprinting technique allows the identification of individuals from the lengths of their DNA 

fragments after samples of their DNAs have been treated with restriction nucleases. This technique 

has been very effective in resolving the pedigree and/or parentage issues and as diagnostic tool in 

crime detection. 

The DNA samples can be obtained from traces of blood, hair or semen or any other body fluid. The 

human genome has Hypervariable regions of various lengths that varies from individual to individual. 

These hypervariable regions contain short sequences of DNA (e.g. GGAGGTGGGCAGGAG) called 

minisatellites that are repeated many times over. Individual differences in the lengths of restriction 

fragments appear to depend on, in part, on the number of times each minisatellite is repeated within 

the hypervariable region. 

Using the genetic probes, the DNA fragments from the hypervariable region are separated by 

electrophoresis and radio-labeled to produce a genetic fingerprint. A completed finger print consist of 

many parallel bars unique to each individual. The genetic finger print of a child seems to be derived 

from it‟s father or mother. Therefore this method is used to establish true blood relationships in cases 

of disputed parentage. 
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DIAGRAMMATIC REPRESENTATION OF DNA MOLECULE 

 

BIOTECHNOLOGY AND AGRICULTURE 

                                                       INTRODUCTION 

Genetic engineers can now transfer useful genes into farm stock, to improve their growth rates, milk 

or meat production. In genetic engineering there are several different techniques which can be used 

to improve the yields from crop plants and increase plant variation. Using micropropagation it is easy 

to obtain a large numbers of genetically identical plants. 

http://www.biotechnology4u.com/biotechnology_agriculture.html
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                                               TRANSGENIC FARM ANIMALS 

A transgenic animal is an individual in which a gene (or genes) from another individual has been 

artificially inserted with the new genetic information forming a permanent part of the genome and 

being passed on to their offspring according to the Mendelian laws of inheritance. So far, transgenic 

cattle, sheep, pigs, rabbits, and chicken have been produced. 

After fertilization a mammalian embryo passes through many stages of development such as 

formation of pronuclei, morula formation, blastocyst formation, implantation etc. Using these early 

development stages of mammalian embryos, genetic engineers have used different methods to 

introduce foreign genes into the genome. 

TABLE A LIST OF TRANSGENIC ANIMALS PRODUCED WITH THEIR PROMOTER, ENHANCER 

AND STRUCTURAL TRANSGENES 

ANIMAL GENES TANSFERRED (PROMOTER OR ENHANCER/STRUCTURAL TRANSGENES)  

Goat A variant of tPA gene (LAtPA) 

Sheep mMT/hGH, mMT/TK, mMT/bGH, mMT/hGRF, oBLG/hFIX, oBLG/alpha1AT, oMT/oGH 

Rabbit mMT/hGH, hMT/hGH, rbEu/rb,c-myc 

Pig mMT/hGH, mMT/bGH, hMT/pGH, MLV/rGH, MLV/rGH, bPRL/bGH 

Fish hGH, mMT/hGh, mMT/bGal, cd-crystallin SV/hygro, AFP 

Cow BPV, lactoferrin 

Chicken  ALV, REV 

Mouse mMT/rGH, mMT/bGH, mMT/oGH, mMT/hGh, mMT/hGRF, mMT/hFIX 

 

Methods to induce foreign genes into the genome  

a) Micro-injection in to a pronucleus  

A fertilized egg is held in a pipette by suction and several copies of the foreign genes are injected into 

one of the pronuclei via a micropipette. Although this has been the most widely used and most 

successful method, 30% of the treated embryos degenerate and die with in a few hours. 

b) Using retroviruses as vectors to carry foreign DNA into morulas.  

A morula is placed on a culture of fibroblasts infected with retrovirus after removing the 

zona pellucida layer. The virus cannot penetrate this layer therefore it is essential to get rid of it. The 
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retrovirus, genetically engineered to carry foreign DNA, infect the cells of the morula as they are shed 

from the fibroblast. This technique often creates „mosaic offspring‟, where some cells contain the 

foreign gene while others do not.  

One of the limitations of this technique is that the modified virus cannot leave the transgenic species 

and under certain conditions it could mutate regaining its ability to cause disease in the tissues where 

it occurs. 

c) Retroviral infection of the stem cells, which are then injected into the cavity of 

another blastocyst.  

In this method, stem cells, from the inner cell mass of an embryo, are infected with genetically-

engineered retroviruses, then injected into the central cavity of a different blastocyst. The injected 

cells colonise the new embryo and participate in the formation of all the tissues, including the ovaries 

and testes from which cells are formed. This technique has been used to produce transgenic mice and 

hamsters. 

The first transgenic animals produced were mice, into which a gene cloning for rat growth hormone 

was inserted by microinjection. Two techniques were used to introduce the new gene into the mouse 

genome: 

a) As many as 10000 copies of the rat gene were injected into a pronucleus of a fertilized 

mouse egg, using a microneedle. 

b) After treatment with calcium chloride, to make them more permeable, the rat DNA was 

applied to the outside of a 2-8- celled mouse embryo in culture. 

  

The treated eggs, or embryos were then transplanted into foster mothers. Embryos with the inserted 

genes were identified by DNA hybridization with small samples of DNA from white blood cells or skin 

cells. Transformed adult mice produced the growth hormone mainly in their livers rather than 

pituitary gland where it is normally synthesized. 

This technique can be used successfully to transfer other genes such as those affecting the properties 

of hair, hides, cold tolerance, disease-resistance and milk production which might help to produce 

strains of farm animals with economic advantage over existing breeds and stocks. In this regard, 

research is going on to use techniques which can improve the quality of the farm animals. In this 

regard, following two techniques are of great importance. 
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                                 TECHNIQUES TO IMPROVE THE QUALITY OF FARM ANIMALS 

a) Embryo manipulation 

In this method, the fertilized egg is bisected at the two celled stage and each half is transplanted into 

different regions of the uterus. Using this method the reproductive rate is doubled as we know that 

female sheep and cattle produce, on an average, one offspring per pregnancy. Hence the farmers can 

easily increase their farmstock. 

This technique can also be used to conserve rare breeds. After fertilizing their eggs in the laboratory , 

the young embryos or rare animals are dissected into anything from 2-8 cells. Each cell, is then 

transplanted into a surrogate mother of a common breed where it grows to produce a new individual 

of the rare type. 

Another variation of this technique allows surrogate mothers to carry embryos of a different species 

e.g. Horses giving birth to zebras from zebra embryos implanted at the blastocyst stage. The outer 

layer of zebra embryo is exchanged with the trophectoderm of the horse embryo in order to make it 

acceptable to the surrogate mother. This exchange of the layer does not affect the development of 

the inner cell mass which is the true embryo-forming region. 

b) Embryo cloning 

Using this technique it is possible to produce many genetically identical copies of an animal. This 

method has been used to clone mouse however, research is going on to standardize this method to 

obtain clones of cattle with desirable traits e.g. cows with high milk production etc.  

Following steps are used in this method: 

a) an egg from the donor is grown to blastocyst stage under laboratory conditions. 

 

b) The egg is dissected to remove the inner cell mass. 

 

c) The mass cells are separated into individual cells. 

 

d) Injection of a nucleus from each of these cells into a one-celled embryo containing two 

pronuclei. 

 

e) Removal of pronuclei followed by culturing of embryos in the laboratory until the blastocyst 
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stage. 

 

f) Transplantation of these embryos into surrogate mothers. 

 

                                                                                 CHIMERAS 

Early research into the production of transgenic animals revealed a simple method for producing 

hybrids, called Chimeras, between closely related species. Sheep-goat chimeras were produced by 

mixing four celled sheep embryos with eight-celled goat embryos. After removing the zona pellucida 

from each egg, the eggs were pressed together and incubated at 370C. The cells reorganized and 

formed hybrid blastocysts. These hybrid blastocysts were then transferred to sheep foster mothers, 

where they continued their growth and development until the sheep gave birth. Each hybrid offspring 

contained both sheep and goat cells in all it‟s tissues which resulted in the coats of these animal 

having a patchwork kind of pattern with irregular patches of sheep and goat fur. 

                                                     TRANSGENIC PLANTS 

Transgenic plants are genetically engineered varieties containing one or more artificially inserted 

genes. The aim of producing transgenic plants is to 

a) improve crop yields 

 

b) increase variety 

 

c) give cultivated plants more protection against their pests, parasites and harsh weather conditions. 

 

Most of the techniques used to produce transgenic plants only demonstrate that genes could be 

transferred in to plants. Transgenic plants resistant to herbicides, insects, viruses and a variety of 

other stresses have already been produced. Besides this, transgenic plants suitable for food 

processing have also been produced such as bruise resistance, delayed ripening in tomato. Initially, 

the techniques used only helped in the production of transgenic plants in dicotyledons but no it has 

been possible to produce transgenic plants in monocotyledons like wheat, maize, rice and oats. 

The safety of these transgenic plants for human consumption should be thoroughly evaluated before 

they are commercially used. The safety of growing and using these transgenic plants is of concern for 

the public at large.  
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Table A list of higher plants where transgenic plants have been produced using different 

methods 

Nicotiana tabacum (tobacco) Picea glauca (white spruce) 

N. plumbaginifolia (wild tobacco) Avena sativa (oats)  

Petunia hybrida (petunia) Zea mays (corn) 

Lycopersicon esculentum (tomato) Triticum aestivum (wheat) 

Solanum tuberosum (potato) Oryza sativa (rice) 

Solanum melongena (eggplant) Secale cereale (rye) 

Arabidopsis thaliana Dactylis glomerata (orchard grass) 

Lactuca sativa (lettuce) Asparagus sp. (asparagus) 

Apium graveolens (celery) Vitis vinifera (grape) 

Helianthus annuus (sunflower) Carica papaya (papaya) 

Linum usitatissimum (flax) Actinidia sp. (Kiwi) 

Brassica napus (oilseed rape; canola) Fragaria sp. (strawberry) 

Brassica oleracea (cauliflower) Ipomoea purpurea (morning glory) 

Brassica rapa (syn. B. campestris) Ipomoea batatas (sweet potato) 

Gossypium hirsutum (cotton) Digitalis purpurea (foxglove) 

Beta vulgaris (sugarbeet) Glycorrhiza glabra (licorice) 

Glycine max (soybean) Armoracia sp. (horse radish) 

Pisum sativum (pea) Daucus carota (carrot) 

Chrysanthemum sp. (chrysanthemum) Cichorium intybus (chicory) 

Rosa sp. (rose) Cucumis melo (muskmelon) 

Populus sp. (poplar) Cucumis sativus (cucumber) 

Malus sylvestris (apple) Lotus corniculatum (lotus) 

Pyrus communis (pear) Medicago sativa (alfalfa) 

Azadirachta indica (neem)  

                               METHODS TO TRANSFER GENES IN PLANTS 

Use of Ti plasmids of Agrobacterium for gene transfer 

The transgenic plants were created using the bacterium Agrobacterium tumefaciens which causes 

crown gall disease and carries tumour-inducing (Ti) plasmids. Genetic engineers have exploited the 

discovery that any piece of foreign DNA, inserted between the left and right borders of the plasmid‟s 

T- DNA region is transferred to one of the plant‟s chromosomes, where it also becomes integrated. 

This natural system used for transferring DNA into plants was further improved by deleting the genes 
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that made cells to produce more hormones, followed by adding gene for antibiotic resistance, and 

then attaching “sticky ends” for the insertion of foreign DNA. 

The method involves the following steps: 

a) Insertion of the desired foreign gene into a Ti plasmid. 

b) Then the naked plant cells or protoplasts are placed into a Petri dish and covered by a nutrient 

solution. 

c) Addition of Agrobacterium tumefaciens containing genetically engineered plasmids. 

d) Incubation of all the contents for several days at 25-30oC. 

e) Plating of cells on nutrient agar with an appropriate antibiotic. 

f) Only the plant cells that have taken up the gene for antibiotic-resistance with it‟s foreign DNA will 

grow on this medium. 

g) Harvesting the living cells after some growth period. 

h) Each cell is then grown to produce a complete plant by cultivation on nutrient media by using 

different plant hormones. 

Agrobacterium infection method has been extensively used to transfer foreign DNA into a number of 

dicotlyledonous species with the exception of soybean (Glycine max). However, this technique of 

gene transfer was not successful in monocotyledons for reasons yet unknown most probable being 

the lack of wound response of monocotyledonous cells. 

Protoplast fusion 

Protoplast fusion is an additional technique for inducing variation in plant crops. By fusing protoplasts 

from different strains of species, it is possible to transfer genes from one strain to another. The 

protoplasts are prepared by immersing sterilized plant material in a solution of the enzyme cellulose, 

either from fungi or the alimentary canal of snails. One can use ethylene glycol or apply electric field 

to fuse the protoplasts of different species or closely related species. The technique of protoplast 

fusion was used in transferring genes for resistance to late blight fungus from one variety of potato to 

others. 

However there are limitations in using this technique especially for transferring genes for salt 

tolerance and disease-resistance from wild rice into cultivated varieties. Research is still going on to 

make this technique a reliable tool to use for inducing variations in plants. 

Strategies used for Protoplast Fusion 
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Use of Polyethylene glycol (PEG) for DNA uptake 

Direct DNA uptake by protoplasts can be stimulated by chemicals like polyethylene glycol (PEG). PEG 

is also used to stimulate the uptake of liposomes and to improve the efficiency of electroporation. 

PEG at high concentration (15-25%) precipitates ionic macromolecules such as DNA and stimulate 

their uptake by endocytosis without any gross damage to protoplasts.  

This method has been successfully used in Petunia, Nicotiana, rice, maize etc. However there are 

problems related to plant regeneration from protoplasts subjected to this treatment for gene transfer. 

Use of chemicals like Colchicine to introduce genetic variation in plants 

The flowering plants are diploid (2n) and sexual reproduction involves fertilization of a haploid egg or 

ovum (n) by a haploid male gamete (n), formed in a germinating pollen grain. Haploid plants (n) can 

be formed by growing pollen grains or anthers on solid or liquid cultures with appropriate nutrients 

and growth hormones. By using Colchicine, a mutagen which causes chromosomes numbers to 

double during cell division, polyploidy plants are obtained with entirely new homozygous features and 

traits. The advantage of this technique is that it takes less than half of the time taken by conventional 

cross-breeding to produce pure-breeding lines.  

Use of Liposomes for gene transfer 
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Liposomes are small lipid bags, in which large number of  plasmids are enclosed. They can be infused 

with protoplasts using devices like PEG, and therefore have been used for gene transfer especially in 

plant species like tobacco, petunia, carrot etc. The method involves the following steps: 

1. Adhesion of the liposomes to the protoplast surface.  

2. Fusion of liposomes at the site of adhesion  

3. Release of plasmids inside the cell.  

 The advantages of using this method are: 

1. protection of DNA/RNA from nuclease digestion  

2. low cell toxicity  

3. stability and storage of nucleic acids due to encapsulation in liposomes  

4. applicability to a wide variety and range of cells  

Agroinfection 

Cereals are important as they are the major food crop for us. Under natural circumstances, 

Agrobacterium tumefaciens does not attack cereals therefore it cannot be used to modify the genome 

of these plants. However, it was observed that if the DNA of wheat dwarf virus is inserted into a Ti 

plasmid, the bacteria carrying Ti plasmids will attack wounded wheat plants. Similarly, bacteria 

carrying Ti plasmids with DNA from maize streak virus will attack wounded maize plants. This 

technique is called agroinfection which was first used in 1987. In this mature cereal plants are 

infected with plasmid-carrying bacteria. Transformed cells develop symptoms of the viral disease, and 

do not need to be identified by selection. The infection spreads from cell to cell until all the cells of 

the cereal plant have been transformed. Efforts are being made to use this technique to introduce 

foreign DNA into cereals. 

Electroporation 

This is a technique which relies on direct uptake of DNA for gene transfer with out the use of bacterial 

vector. In this technique of electroporation, after mixing the protoplasts with foreign DNA, an electric 

shock is given. This electric pulse causes pores in the cell membranes to open up which increases the 

amount of exogenous DNA that enters the cell. Once the current is switched off the pores reseal. A 

small amount of the foreign DNA becomes incorporated into the chromosomes which causes some of 

the protoplasts to undergo transformation. This method has been successful in maize and rice 

protoplasts. Instead of electric pulse, ethylene glycol can also be used to make the membrane more 

permeable to exogenous DNA. 
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Macro- and micro-injection of foreign DNA 

Results obtained from the direct microinjection of foreign DNA into young embryos have been mixed 

with limited success. The method of macroinjection involves the use of a syringe to inject foreign DNA 

into the space around the young inflorescence. Success for this approach has been claimed in the 

transfer of a gene for resistance to the antibiotic kanamycin. 

Bombardment of intact plant cells with DNA coated spheres of tungsten or gold. 

This method involves the bombardment of intact plants with very small (1-4um in diameter) DNA-

coated spheres of tungsten or gold. These micro-projectiles are shot from a macro-projectile, 

resembling a bullet with an open tip, which is itself held by a stopping plate. The propulsive force 

gives the micro-projectiles sufficient acceleration. This force comes from either a shotgun „explosion‟ 

or an electrical discharge. This method has been successful in transforming soyabeans. 

All these methods are being used to give crop plants better protection against pests and parasites 

and also making them resistant to harsh environmental conditions. 

                                     

                                    TRANSGENIC PLANTS IN DICOTYLEDONS  

Transgenic plants in dicotyledons have been produced for crop improvement, to become herbicide, 

insect and viral resistant. 

Herbicides normally affect processes like photosynthesis or biosynthesis of amino acids. One can 

develop resistant plants either by making target molecules insensitive to herbicide or by 

overproducing the target protein. Another approach is introduction of a pathway that will detoxify the 

herbicide. All these methods have been tried. To induce insect resistance the toxin gene (bt2) from 

bacteria B. thuringiensis was isolated. The Bt toxins produced by this bacteria has been used as a 

biological insecticide since long time. The bt2 gene was used for Agrobacterium Ti plasmid mediated 

transformation of tobacco, cotton, and tomato plants. The transgenic plants were resistant to the 

Manducta sexa which is a pest of tobacco. 

Induction of resistance to storage pests was clearly demonstrated in cowpea, Vigna unguiculata. In 

this plant a trypsin inhibitor (CpTI) is responsible for its resistance to attack by the major storage 

pests and insects. The gene CpTI was transferred to induce insect resistance by using binary vectors. 

The vector was mobilized into Agrobacterium, which was used to infect tobacco leaf discs. This lead 
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to the production of transgenic tobacco plants expressing high level of CpTi thereby making the plant 

resistant against a variety of insects. 

                              TRANSGENIC PLANTS IN MONOCOTYLEDONS 

As mentioned earlier the production of transgenic plants in monocotyledons was not so successful 

due to two reasons:  

a) the Ti plasmids could not be used to transform monocots because monocots are not ordinarily 

infected by Agrobacterium , which is generally used to transform dicots. And 

b) the regeneration of plants from protoplasts or single cells which is generally used for 

transformation was not possible. 

These limitations have been solved by using alternative and new methods of DNA uptake and 

regeneration protocols for crops like rice and maize. In rice (both in japonica and indica varieties, 

there have been successful production of transgenic plants. In Maize, a reporter gene for neomycin 

phosphotransferase (NPT II) associated with 35S promoter region of the cauliflower mosaic virus 

(CMV) was used for production of transgenic plants. 

 

 

                                                                  USES OF TRANSGENIC PLANTS 

Transgenic plants for Molecular Farming 

Many plant products useful for humans such as sugars, fatty acids, starches, celluloses, rubber, and 

wax are obtained by using the traditional methods. The efforts are going on to use genetic 

engineering to increase their production. In this regard, the transgenic plants can play an important 

role as „factories‟ for manufacturing specialty chemicals and pharmaceuticals. Some of the examples 

are: increase in the level of mannitol in transgenic tobacco plants following the transfer of the gene 

for mannitol dehydrgenase from E.Coli to tobacco. Similarly Chimeric genes having CaMV promoter 

and encoding human serum albumin (HSA) were transferred and transgenic potato and tobacco 

plants were obtained. The secretion of protein was achieved by using either the human 

preprosequence or the signal sequence from extra cellular PR-S protein from tobacco. HSA was 

secreted in transgenic leaf tissue. 

Transgenic plants to study regulated gene expression 
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Transgenic plants have been used to study the expression of genes in different environmental 

conditions or at different stages of development which can lead to induction or suppression of gene 

expression. Using transgenic plants it was possible to recognize the regulatory sequences involved in 

differential expression of gene activity. The regulatory sequences of a number of structural genes was 

studied using this method. E.g. In order to study heat shock genes which start transcription under 

thermal stress and reduces the expression of many other vital genes, a gene construct, carrying NPT 

II reporter gene was fused with upstream region of heat shock gene hsp70 from Drosophila. This was 

then introduced into Tobacco. The expression of NPT II due to heat shock was comparable to that of 

endogenous plant heat shock genes. Similarly when hsp 70 gene of maize, with 1.1 kilobases of 

upstream sequence was introduced in petunia, it exhibited heat inducibility. Similar studies were 

carried out using different systems such as the gene for small subunit of ribulose bisphosphate 

carboxylase (rbcS) was transferred from pea plant to petunia and tobacco plants and the soybean 

rbcS gene was transferred to petunia. The gene expressed itself in transgenic plants. The gene for 

chlorophyll a/b binding protein (Cab gene) was transferred from pea plant and wheat to tobacco.  

Transgenic plants suitable for food processing 

Transgenic plants suitable for food processing have also been developed. Tomatoes showing „delayed 

ripening‟ were developed either by using antisense RNA against enzymes involved in ethylene 

production (e.g. ACC synthase) or by using gene for ACC deaminase, which degrades 1 

aminocyclopropane-1 carboxylic acid (ACC) which is an immediate precursor to ethylene. This not 

only increases the shelf life of tomato but also the tomatoes can stay longer on the plant which gives 

more time for accumulation of sugars and acids for improving flavour. Therefore they are described 

as „Flavr Savr. Another example is the development of bruise resistant tomatoes which express 

antisense RNA against polygalacturonase (PG), which attacks pectin in the cell walls of ripening fruit 

and softens the skin. 

Tomatoes with elevated sucrose and reduced starch could also be produced using sucrose phosphate 

synthase gene. 

Some pathogens for which resistance has been transferred in some crop plants 

Pathogens Disease Resistance gene Source of gene  Transgenic Crop 

Pseudomones 
syringae 

Wild fire Acetyl transferase gene - Tobacco 

Alternaria 
longipes 

Brownspot Chitinase gene Serratia 
Marcescens (soil bacterium) 

Tobacco 

Rhizoctonia 
solani 

- Chitinase gene Bean Tobacco 
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Phytophthora 
infestans 

Late blight Osmotin gene Potato Potato 

                                                        BIOETHICS IN PLANT GENETIC ENGINEERING 

The GM crops are fast becoming a part of agriculture throughout the world because of their capacity 

for increased crop productivity and their use in health-care and industry. However, there are 

conflicting schools of thought regarding the safety issues related to the use of GM crops and foods. 

The major concerns about GM crops and GM foods are: 

- Are GM foods fit for human and animal consumption? 

 

- What will be the effect of GM crops on biodiversity and environment? 

 

- the risk of transgenes escaping through pollen to related plant species (gene pollution) which may 

lead to the development of highly resistant super weeds. 

 

-The GM crops may change the fundamental vegetable nature of plants as the genes from animals 

(e.g. fish or mouse) are being introduced into crop plants. 

 

- The transfer of antibiotic resistance marker genes present in transgenic crops into microbes which 

can induce the problem of antibiotic resistance in human and animal pathogens. 

 

- The GM crops may cause changes in the evolutionary pattern. 

There is a need for public debate on these aspects of using GM foods and crops. The researchers and 

scientists are accumulating a large number of authentic and reproducible evidence about the safety of 

these products by doing field trials. The transgenic crops e.g. cotton, tomato, corn and soybean are 

already being used commercially after the risk assessment for environmental safety. However one 

cannot deny the importance of the assessment of the risks associated with the use of transgenic 

plants for animals and humans before they are released in to the environment. According to some 

people the use of GM crops and plant genetic engineering will be a very effective tool to sole the 

problems of poverty and hunger. 

          BIOTECHNOLOGY AND SOCIETY 

                                                   INTRODUCTION 

http://www.biotechnology4u.com/biotechnology_society.html
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The field of biotechnology has had a lot of beneficial contribution in the area of healthcare, 

agriculture, food production, manufacture of industrial enzymes, and appropriate environmental 

management. However, the advancement in this field has also lead to some concerns and 

controversies raised by a number of groups, NGOs etc. ELSI is the short form to represent the 

ethical, legal, and social implications of biotechnology. ELSI broadly covers the relationship between 

BIOTECHNOLOGY and SOCIETY with particular reference to ethical and legal aspects. 

Concerns about the Genetically modified organisms (GMOs) 

There are concerns regarding the biosafety, ethics and issues related to the release of GMOs in the 

environment. Many contries and NGOs have opposed the release of the GMOs due to these reasons. 

In order to address theses issues, the UNIDO/WHO/FAO/UNEP has built up an Informal Working 

Group on Biosafety. In 1991, this group prepared the “ Voluntary Code of Conduct for the release of 

Organisms into the Environment”. The ICGEB organizes annual workshops on biosafety and on risk 

assessment for the release of GMOs. It collaborates with the management of UNIDO‟s BINAS 

(Biosafety Information Network and Advisory Service), whose aim is to monitor the global 

development in regulatory issues in biotechnology. An on-line bibliographic data-base on biosafety 

and risk assessment has also been created by ICGEB to evaluate the environmental release of GMOs. 

Besides this, the ICGEB also assists its member states in developing the national biosafety 

framework. 

The main areas of consideration for safety aspects in biotechnology are the following: 

a) How to dispose off spent microbial biomass and purify the effluents from biotechnological 

processes? 

b) The toxicity of the allergy associated with microbial production. 

c) How to deal with the increase in the number of antibiotic resistant pathogenic microorganisms? 

d) How to evaluate the pathogenicity of the genetically engineered microorganisms to infect humans, 

plants and animals? 

e) How to prevent contamination, infection or mutation of the processed strains? 

f) The evaluation of the interaction of the genetically engineered microbes with the elements of 

natural environment. 

In the past, time and again, there has been public outrage against the use of genetically modified or 

transgenic plants and other organisms. In 1999, a British medical journal published the adverse 

effect of genetically modified (GM) potato (which was produced by Rowett Research Insitute). This 

potato was found to contain snow drop lectin which affected the small intestine of the rats and 
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stunted the growth and damaged their immune system. This led to worldwide public concern about 

this issue and created a lot of controversy about the safety of GM foods. 

The transgenic Bt-plants such as cotton, corn, soybean, and potato were approved for cultivation in 

USA. However, some countries did not allow Bt-plants in their fields e.g. Br-rice was not allowed in 

Philippines, Bt-cotton in France. Many Governments are also suspicious of the use of GMOs due to 

various reason-risks, societal beliefs, and economic concerns.  

 

Biological Warfare? 

Most of the countries of the world are signatories to the Biological Weapons Conventions of 1972. As 

a signatory, it is a voluntary pledge by a nation “never to produce microbial or other biological agents 

or toxins, whatever may be their method of production, for use in wars. However, many people have 

expressed their concerns about the possible use of genetic manipulations for military purposes in the 

near future. 

Intellectual Property  

 

With the fast pace development in the field of biotechnology, the issues related to legal 

characterization and the treatment of trade related biotechnological processes and products are of 

immense importance. These are popularly known as Intellectual Property. Intellectual Property 

includes Patents, trade secrets, copyrights, and trademarks. Intellectual Property Rights (IPR) is a 

collective term applied to a number of different types of legal rights granted by each country. 

The rights to protect this property prohibits others from making, copying, using or selling the 

proprietary subject matter. 

In biotechnology, the intellectual property covers the processes and products which result from the 

development of genetic engineering techniques through the use of restriction enzymes to create 

recombinant DNA. 

Another example of intellectual property is the development of crop varieties which are protected 

through “plant breeder‟s rights or PBRs. The PBRs ensures that the plant breeder who developed a 

particular variety gets the exclusive rights for marketing the variety. 

Agriculture for the first time was included in the trade related intellectual property rights (TRIPS) and 

TRIPS is a major concern for developing countries. The following two major steps were taken in 

consideration of PBRs: 

(a) The Food and Agriculture Organisation (FAO) has an International treaty on plant genetic 

resources for food and agriculture. This treaty consists of a particular classes which refers to 



 127 

operation of farmer‟s rights. 

(b) The „Plant Varietal Protection and Farmer‟s Rights Act 2001 agrees for the right of farmers, 

breeders, and researchers. The protection is provided by making compulsory licensing of rights, and 

inhibiting the import of plant varieties consisting of „genetic use of restriction technology‟ (GURT) e.g. 

terminator technology of Monsanto. 

Following conditions should be fulfilled to grant protection to the new varieties: 

a) the new variety must always be new i.e. it should not have ever been exploited commercially. 

b) It should be biologically distinct and possess different characters. 

c) The new variety of the plant must have uniform characters. 

d) The distinguishing character of new variety must be stable for generations. 

e) The new variety should have taxonomic validity i.e. systematic position, generic and species 

names etc. 

 

Recently Utility patents for both plant and animal genetic materials, have been allowed in some 

countries. This forbids the use of patented material for further breeding. The farmers are allowed to 

use and save the seeds for cultivation only after paying a fee to the patent holder. 

Some concerns have been voiced regarding the implications of IPR on the genetic diversity and the 

conservation of genetic resources. IPRs will directly or indirectly affect the food security and 

distribution around the globe, biological diversity and ecological balance, employment avenues in the 

poor and developing countries, and the use of new and effective agricultural practices. 

 

 

                                                             PATENTS 

A patent gives its owner a monopoly right to make and sell or use the patented product or process of 

an invention for a limited period of time. A Patentable matter should meet certain criteria such as  

 

a) utility, 

b) novelty,  

c) statutory subject matter.  
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The laws pertaining to patency may vary from country to country. A patented pharmaceutical product 

in USA, has to undergo a regulatory purview by Food and Drug Administration (FDA) before its 

clinical use is allowed. According to the U.S. Federal Insecticide, Fungicide, and Rodenticide Act, 

before the release of genetically engineered microbial pesticides, it is customary to obtain a permit 

from the Environmental Protection Agency (EPA). The Indian Patents Act of 1970 allows “process 

patents but no "product patents" for foods, chemicals, drugs and pharmaceuticals. Patents are 

granted or complaints of infringement of these patents decided by courts in accordance with the 

patent law of the concerned country. 

 

A patent consists of three parts: the grant, specifications, and claims. 

a) The Grant- The grant is filled at the patent office which is not published. It is the actual signed 

document which is the agreement that grants patent rights to the inventor. 

b) Specifications- The specifications part is narrative and describes the subject matter and explains 

about the process of invention. It is published as a single document which is made public at a 

minimum charge from the patent office. 

c) The claim- The claim section specifically defines the scope of the invention to be protected by the 

patent to which the others may not practice. 

Reading a Patent 

In order to file a patent, the documents required should have a specialized structure. An applicant 

should first file a patent in his or her own country and then at a later stage/date files in the 

international office. The application is prepared with a specific, clear and concise title. A patent 

attorney is appointed for the legal aspects of the patent whose job also involves filling the patent in 

the office of the Controller of Patents.  

Patenting process varies from country to country. Therefore, it is effective only within the jurisdiction 

of that country which grants the patent. It is interesting to note that a patent application rejected in 

one country may be given patent in another country. A biotechnology company, Genetech, applied 

for a patent in the U.K. for the production of human tissue plasminogen activator (tPA) by 

recombinanat DNA process. The application was rejected by the U.K. Patent office but they were 

awarded the patent rights for t-PA production in USA and Japan. After appeals and legal battles, 

patent was finally granted in UK also. 

 

According to the International conventions, one cannot patent certain things such as a) the use of 
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drugs, antibiotics or vaccines for any form of diagnosis, prevention or cure of diseases; b) artificial 

insemination, and c) in vitro fertilization and embryo transfer. 

 

The advantages of patents and other forms of IPR are:  

(c) These practices help in encouraging and safeguarding intellectual and artistic creations. 

(d) They help to disseminate new ideas and technologies quickly and widely. 

(e) They promote investment. 

(f) They help the inventor to provide the fruits and benefits of his creation and invention to the 

public. 
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(g) They provide increased opportunities for the distribution of the above effects across countries in a 

manner proportionate to national levels of economic and industrial development (OECD, Paris, 1989)  

The EPO has suggested to patent the genetically engineered liveforms. “Onco mouse” is one of the 

examples of which initially the patent claims was rejected but on appeal the previous decision was 

overruled. Genetically engineered E.coli, in which human genes for insulin, growth hormone, t-PA etc 

have been introduced, have been patented in the USA. The transgenic herbicide and bollworm 

resistant cotton, and insect- resistant tobacco have been granted patents. 

The introduction of the concept of “patenting” to biotechnology has added a financial angle to the 

area of research. In the past, research used to be mostly for academic interest and worthwhile 

scientific contributions. The main support and funding used to be provided by the 

Government/Universities/Institutes. With the financial support of the private companies, the scenario 

has changed considerably. When the companies finance any project, they do expect some returns for 

their investment which adds the concept of financial gains also besides the academic recognition for 

the researcher. The consequences are, that some people carry out research in secrecy and opt for 

patenting of their discoveries rather than publishing. 

                                                    TRADE SECRETS 

Trade secrets relate to private proprietary information or physical material that allows an advantage 

to the owner. Trade secrets in the biotechnology field includes materials like hybridization conditions, 

cell lines, corporate merchandise plans, customer lists etc. It is sometimes difficult to maintain trade 

secrets in biotechnology due to its large degree of research component. 

If the trade secrets become public before the granted period, the intellectual is paid compensation 

and unauthorized users are punished by the Court.   

TABLE PATENTABLE MICROBIOLOGICAL INVENTION (PROCESSES AND PRODUCTS) 

Processes Products 

1. Reproducible methods for producing new 
microorganisms, 
    e.g. method for 
(i) reducing pathogenicity,  
(ii) enhancing biological utility,  
(iii) isolation or new methods for media and 
culture conditions,  
(iv) constructing new organisms by genetic 
recombination or cell fusion. 

1. Antibiotics and other products are protected as 
"product per se" so that it is protected even if produced 
by an alternative process,including a chemical process. 

2.‟Use claim‟ is also classified as a process,  2 (i) New microorganisms can also be applied for 
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e.g. use of  
(i) strain to control agricultural pests,  
(ii) new microorganisms for fermentation, 
biomass production, extraction of metals, clean 
up operation or for biotransformation.  

"product claims" although there are arguments against 
"patenting life". 
(ii) Composition of microorganisms can be used for 
"product claims" in addition to “use claim” which is a 
process patent. 

                                                          COPYRIGHT 

The copyright protection is only a form of expression of ideas. The patents and trade secrets provide 

protection of only basic knowhow, whereas copyrights protect the expressed materials viz. materials 

in printed, video-recorded r taped form. In the field of biotechnology, copyright usually may cover 

DNA sequence data which may be published. Computer data bases, photomicrographs of DNA 

instruction manuals can also be copyrighted. 

                                                                                TRADEMARKS 

It relates to distinctive words or symbols applied to products or services by manufacturers and helps 

to distinguish the goods of different companies. In biotechnology, the laboratory equipments, and 

some of the vectors useful in recombinant research are known by their trademarks. The public makes 

use of these trade works in order to choose whose goods they will have to buy. Trademark laws vary 

in every country and through agreement it is ensured that the trademark of one country must be 

protected in another country. 

In order to grant a patent status and to formulate the reasonable rules and laws pertaining to 

patency, there has been a lot of international co-operation  between various member countries 

through international conventions, meetings and workshops. “The Paris Convention” also known as 

"The International Convention for the protection of Industrial Property" was signed in 1883 which laid 

down the rules for the first filling of a patent application, it‟s basis of priority based on the date of 

filling the application etc. The text of the Paris convention was modified many times later on. 

 

The Strasbourg Convention also known as “Convention on the unification of certain points of 

substantive law on Patents for invention “(1963) formulated the common requirement for the 

patentability of an invention. The patent laws formulated during their convention need the basic 

requirement before an invention is to be patented e.g. the invention must be (a) new, (b) inventive, 

(c) industrially applicable.  

The “Patent Co-operation Treaty”(PCT) was signed in 1970 and is administered by the World 

Intellectual Property Organization (WIPO) based in Geneva. Patent applications filed under PCTs are 

first processed by WIPO before being formally introduced into designated national systems. The 
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patents granted by PCT are treated as International patent. The patent applications are processed by 

the WIPO which processes the patent application in an “International phase”. The international phase 

has concerns with: (a) formal preliminaries, (b) art search, (c) publication of patent application. 

The European Patent Convention (EPC) was signed in Oct, 1973 which established the European 

Patent Organization as a legal entity comprising the European Patent Office and an Administrative 

Council as its two organs. This provides for a single patent application to be processed before the 

European Patent Office. After grant, the patent becomes the European Patent, and called as “a 

bundle of national patents” in each member state as such. Then it is designated as the European 

Patent (UK), European Patent (France), and so on. The EPC is credited to introduce to its patent 

statute the provisions for biotechnology inventions. The two important provisions are: 

(a) the need of “Culture Collections” as patent depositories for the placement of microorganisms 

referred to in patent application. 

(b) Exclusion of certain inventions of plants and animal research through classical methods, from list 

of patents. 

The Budapest Treaty (1980) provides for the recognition of culture collections at International 

Depository Authorities (IDA), in any of which a new strain of microorganism can be deposited for the 

purposes of a patent application in any member state. The strains which can serve the purpose of 

scientific community or society are accepted. These can be procured if required in future to work in 

Industry or research. The strains which are deposited are allocated an accession number, accession 

date, source of isolation and specific function. The purpose of convention of Budapest Treaty was to 

provide International Recognition of Microorganisms‟ for the purpose of patent procedure.  

The World Intellectual Property Organisation (WIPO) 

The WIPO is one of the specialized agencies of the United Nations and has provided guidelines for the 

intellectual property and intellectual property rights especially for the following: 

a) Scientific works, artistic and literary works, innovation in all fields of human endeavor, 

scientific discoveries, trade marks, industrial design, protection against unfair 

competition, and all other rights resulting from intellectual activity in the area of 

industrial, scientific, literary or artistic fields. 

 

b) The intellectual property is protected by and governed by appropriate national 

legislation. The national legislation specifically describes the inventions which are the 

subject matter of protection and those which are excluded from a protection, e.g. 
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methods of treatment of humans or therapy and invention whose use would be contrary 

to law or invention which are injurious to public health are excluded from patentability.  

 

These efforts at International level will ensure that the ethical issues related to 

application of biotechnology in agriculture and health care are addressed properly at 

different forums. A combined International approach will help us to assess the risk of 

using and releasing genetically engineered plants and animals in the environment, the 

use of recombinant microorganisms in commercial ventures and the use of transgenic 

species etc. 

 

BIOTECHNOLOGY AND ENVIRONMENT 

                                                       INTRODUCTION 

The term “Environment” is defined as our surroundings which includes the abiotic component (the 

non living) and biotic component (the living) around us. The abiotic environment includes water, air 

and soil while the biotic environment consists of all living organisms – plants, animals and 

microorganisms. Environmental pollution broadly refers to the presence of undesirable substances in 

the environment which are harmful to man and other organisms. In the past decade or two, there 

has been a significant increase in the levels of environmental pollution mostly due to direct or indirect 

human activities. The major sources of environmental pollution are –Industries, Agricultural sources 

(mainly rural area), anthropogenic sources (man related activities mainly in urban areas), biogenic 

sources etc. The pollutants are chemical, biological and physical in nature. The Chemical pollutants 

include- gaseous pollutants (hazardous gases like sulfur dioxide, nitrogen oxide), toxic metals, 

pesticides, herbicides toxins and carcinogens 

Etc. The physical pollutants are- heat, sound, radiation, and radioactive substances. The pathogenic 

organisms and some poisonous and dangerous biological products are the biological pollutants. 

 

Controlling the environmental pollution and the conservation of environment and biodiversity and 

controlling environmental pollution are the major focus areas of all the countries around the world. In 

this context the importance and impact of biotechnological approaches and the implications of 

biotechnology has to be thoroughly evaluated. There have been serious concerns regarding the use of 

biotechnology products and the impact assessment of these products due to their interaction with the 

environmental factors. 

http://www.biotechnology4u.com/biotechnology_environment.html
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A lobby of the environmentalists have expressed alarm on the release of genetically engineered 

organisms in the atmosphere and have stressed on thorough investigation and proper risk 

assessment of theses organisms before releasing them in to the environment. The effect of the 

effluents from biotechnological companies is also a cause of concern for everyone. The need of the 

hour is to have a proper debate on the safety of the use of the biotechnological products. 

The efforts are not only on to use biotechnology to protect the environment from pollutionbut also to 

use it to conserve the natural resources. As we all know that microorganisms are known natural 

scavengers so the microbial preparations (both natural as well as genetically engineered) can be used 

to clean up the environmental hazards. 

Development of alternate cleaner technologies using biotechnology 

Biotechnology is being used to provide alternative cleaner technologies which will help to further 

reduce the hazardous environmental implications of the traditional technologies. E.g. some 

Fermentation technologies have some serious environmental implications. Various biotechnological 

processes have been devised in which all nutrients introduced for fermentation are retained in the 

final product, which ensures high conversion efficiency and low environmental impact. 

In paper industry, the pulp bleaching technologies are being replaced by more environmentally 

friendly technologies involving biotechnology. The pulp processing helps to remove the lignin without 

damaging valuable cellulosic fibres but the available techniques suffer from the disadvantages of high 

costs, high energy use and corrosion. A lignin degrading and modifying enzyme (LDM) was isolated 

from Phanerochaete chrysosporum and was used, which on one hand, helped to reduce the energy 

costs and corrosion and on the other hand increased the life of the system. This approach helped in 

reducing the environmental hazards associated with bleach plant effluents. 

In Plastic industry, the conventional technologies use oil based raw materials to extract ethylene and 

propylene which are converted to alkene oxides and then polymerized to form plastics such as 

polypropylene and polyethylene. There is always the risk of these raw materials escaping into the 

atmosphere thereby causing pollution. Using biotechnology, more safer raw materials like sugars 

(glucose) are being used which are enzymatically or through the direct use of microbes converted 

into alkene oxides.e.g. Methylococcus capsulatus has been used for converting alkene into alkene 

oxides. 

INTEGRATION OF BIOLOGICAL STEPS IN PULPING PROCESS LEADING TO LIGNIN 

DEGRADATION 
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Bioremediation 

Bioremediation is defined as „the process of using microorganisms to remove the environmental 

pollutants where microbes serve as scavengers. The removal of organic wastes by microbes leads to 

environmental cleanup. The other names/terms used for bioremediation are biotreatment, 

bioreclamation, and biorestoration. The term “Xenobiotics” (xenos means foreign) refers to the 

unnatural, foreign and synthetic chemicals such as pesticides, herbicides, refrigerants, solvents and 

other organic compounds. The microbial degradation of xenobiotics also helps in reducing the 

environmental pollution. 

Pseudomonas which is a soil microorganism effectively degrades xenobiotics. Different strains of 

Pseudomonas that are capable of detoxifying more than 100 organic compounds (e.g. phenols, 

biphenyls, organophosphates, naphthalene etc.) have been identified. Some other microbial strains 

are also known to have the capacity to degrade xenobiotics such as Mycobacterium, Alcaligenes, 

Norcardia etc. 

Factors affecting biodegradation 

The factors that affect the biodegradation are: the chemical nature of xenobiotics, the concentration 

and supply of nutrients and O2, temperature, pH, redox potential and the capability of the individual 

microorganism. The chemical nature of xenobiotics is very important because it was found out that 

the presence of halogens e.g. in aromatic compounds inhibits biodegradation. The water soluble 

compounds are more easily degradable whereas the presence of cyclic ring structure and the length 

chains or branches decrease the efficiency of biodegradation. The aliphatic compounds are more 

easily degraded than the aromatic ones. 

Biostimulation 
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It is a process by which the microbial activity can be enhanced by increased supply of nutrients or by 

addition of certain stimulating agents like electron acceptors, surfactants etc.  

Bioaugmentation 

It is possible to increase biodegradation through manipulation of genes i.e. using genetically 

engineered microorganisms and by using a range of microorganisms in biodegradation reaction. 

Depending on the method followed to clean up the environment, the bioremediation is carried out in 

two ways: 

A) In situ bioremediation - In situ bioremediation involves a direct approach for the microbial 

degradation of xenobiotics at the site of pollution which could be soil, water etc. The adequate 

amount of essential nutrients is supplied at the site which promotes the microbial growth at the site 

itself. The in situ bioremediation is generally used for clean up of oil spillages, beaches etc. There are 

two types of in situ bioremediation- 

1) Intrinsic bioremediation- The microorganisms which are used for biodegradation are tested for the 

natural capability to bring about biodegradation. So the inherent metabolic ability of the 

microorganisms to degrade certain pollutants is the intrinsic bioremediation. The ability of surface 

bacteria to degrade a given mixture of pollutants in ground water is dependent on the type and 

concentration of compounds, electron acceptor and the duration of bacteria exposed to 

contamination. Therefore, the ability of indigenous bacteria degrading contaminants can be 

determined I laboratory by using the techniques of plate count and microcosm studies. The conditions 

of site that favour intrinsic bioremediation are ground water flow throughout the year carbonate 

minerals to buffer acidity produced during biodegradation, supply of electron acceptors and nutrients 

for microbial growth and absence of toxic compounds.  

 

2) Engineered in situ bioremediation- When the bioremediation process is engineered to increase the 

metabolic degradation efficiency (of pollutants) it is called engineered in situ bioremediation. This is 

done by supplying sufficient amount of nutrients and oxygen supply, adding electron acceptors and 

maintaining optimal temperature and pH. This is done to overcome the slow and limited 

bioremediation capability of microorganisms.  
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Advantages of in situ bioremediation 

a) The method ensures minimal exposure to public or site personnels. 

b) There is limited or minimal disruption to the site of bioremediation. 

c) Due to these factors it is cost effective. 

d) The simultaneous treatment of contaminated soil and water is possible. 

Disadvantages of in situ bioremediation 

a) The sites are directly exposed to environmental factors like temperature, oxygen supply etc. 

b) The seasonal variation of microbial activity exists. 

c) Problematic application of treatment additives like nutrients, surfactants, oxygen etc. 

d) It is a very tedious and time consuming process. 

B) Ex-situ bioremediation - In this the waste and the toxic material is collected from the polluted 

sites and the selected range of microorganisms carry out the bioremediation at designed place. This 

process is an improved method over the in situ bioremediation method. On the basis of phases of 

contaminated materials under treatment ex-situ bioremediation is classified into two : a) Solid phase 

system and (b) Slurry phase systems. 

  

A) Solid phase treatment- This system includes land treatment and soil piles comprising of organic 

wastes like leaves, animal manures, agricultural wastes, domestic and industrial wastes, sewage 

sludge, and municipal solid wastes. The traditional clean-up practice involves the informal processing 

of the organic materials and production of composts which may be used as soil amendment. 

Composting is a self heating, substrate-dense, managed microbial system which is used to treat large 

amount of contaminated solid material. Composting can be done in open system i.e. land treatment 

and/or in closed treatment system. The hazardous compounds reported to disappear through 

composting includes aliphatic and aromatic hydrocarbons and certain halogenated compounds. The 

possible routes leading to the disappearance of hazardous compounds include volatilization, 

assimilation, adsorption, polymerization and leaching. 

 

B) Slurry phase treatment- This is a triphasic treatment system involving three major components- 

water, suspended particulate matter and air. Here water serves as suspending medium where 

nutrients, trace elements, pH adjustment chemicals and desorbed contaminants are dissolved. 

Suspended particulate matter includes a biologically inert substratum consisting of contaminants and 

biomass attached to soil matrix or free in suspending medium. The contaminated solid materials, 

microorganisms and water formulated into slurry are brought within a bioreactor i.e. fermenter. 
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Biologically there are three types of slurry-phase bioreactors: aerated lagoons, low shear airlift 

reactor, and fluidized-bed soil reactor. The first two types are in use of full scale bioremediation, 

while the third one is in developmental stage. 

Advantages of ex-situ bioremediation 

a) As the time required is short, it is a more efficient process. 

b) It can be controlled in a much better way. 

c) The process can be improved by enrichment with desired and more efficient microorganisms. 

Disadvantages of ex-situ bioremediation 

a) The sites of pollution remain highly disturbed. 

b) Once the process is complete, the degraded waste disposal becomes a major problem. 

c) It is a costly process. 

Several types of reactions occur during the bioremediation/microbial degradation 

a) Aerobic bioremediation- When the biodegradation requires oxygen O2 for the oxidation of organic 

compounds, it is called aerobic bioremediation. Enzymes like monooxygenases and dioxygenases are 

involved and act on aliphatic and aromatic compounds. 

b) Anaerobic bioremediation-This does not require oxygen O2. the degradation process is slow but 

more cost effective since continuous supply of oxygen is not required. 

c) Sequential bioremediation- Some of the xenobiotic degradation requires both aerobic as well as 

anaerobic processes which very effectively reduces the toxicity e.g. tetrachloromethane and 

tetrachloroethane undergo sequential degradation. 

Use of genetic engineering and genetic manipulations for more efficient bioremediation 

In recent years, efforts have been made to create genetically engineered microorganisms (GEMs) to 

enhance bioremediation. This is done to overcome some of the limitations and problems in 

bioremediation. These problems are: 

a) Sometimes the growth of microorganisms gets inhibited or reduced by the xenobiotics. 

b) No single naturally occurring microorganisms has the capability of degrading all the xenobiotics 

present in the environmental pollution. 

c) The microbial degradation is a very slow process. 

d) Sometimes certain xenobiotics get adsorbed on to the particulate matter of soil and thus become 

unavailable for microbial degradation. 
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As the majority of genes responsible for the synthesis of enzymes with biodegradation capability are 

located on the plasmids, the genetic manipulations of plasmids can lead to the creation of new strains 

of bacteria with different degradative pathways. In 1970s, Chakrabarty and his team of co-workers 

reported the development of a new strain of bacterium Pseudomonas by manipulations of plasmid 

transfer which they named as “superbug”. This superbug had the capability of degrading a number of 

hydrocarbons of petroleum simultaneouslysuch as camphor, octane, xylene, naphthalene etc. In 

1980, United States granted the patent to this superbug making it the first genetically engineered 

microorganism to be patented. 

In certain cases, the process of plasmid transfer was used. E.g. The bacterium containing CAM 

(camphor degrading ) plasmid was conjugated with another bacterium with OCT (octane degrading) 

plasmid. Due to non-compatibility, these plasmids cannot coexist in the same bacterium. However, 

due to the presence of homologous regions of DNA, recombination occurs between these two 

plasmids which results in a single CAM-OCT plasmid giving the bacterium the capacity to degrade 

both camphor as well as octane. 

A new strain of Pseudomonas sp. (strain ATCC 1915) has been developed for the degradation of 

vanillate (which is a waste product from paper industry) and sodium dodecyl sulfate (SDS, a 

compound used in detergents).  

Biotechnological method to reduce atmospheric carbon dioxide (CO2)  

Carbon dioxide is the gas that is the main cause of green house effect and rise in the atmospheric 

temperature. During the past 100-150 years, the level of CO2 has increased about 25% with an 

increase in the atmospheric temperature by about 0.5% which is a clear indication that CO2 is closely 

linked with global warming. There is a steady increase in the CO2 content due to continuous addition 

of CO2 from various sources particularly from industrial processes. It is very clear that the reduction 

in atmospheric CO2 concentration assumes significance. Biotechnological methods have been used to 

reduce the atmospheric CO2 content at two levels: 

a) Photosynthesis- Plants utilize CO2 during the photosynthesis which reduces the CO2 content in the 

atmosphere. The equation for photosynthesis is: 

sunlight 

6CO2 + 6H2O---------->C 6 H12 O6 + 6O2 

Chlorophyll 

The fast growing plants utilize the CO2 more efficiently for photosynthesis. The techniques of 

micropropagation and synthetic seeds should be used to increase the propagation of such fast 

growing plants.  



 140 

Further, the CO2 utilization can be increased by enhancing the rate of photosynthesis. The enzyme 

ribulose biphosphate carboxylase (RUBP-case) is closely linked with CO2 fixation. The attempts are 

being made to genetically manipulate this enzyme so that the photosynthetic efficiency is increased. 

Some microalgae like Chlorella pyrenodiosa, Spirulina maxima are known to be more efficient than 

higher plants in utilizing atmospheric CO2 for photosynthesis and generate more O2 than the amount 

of CO2 consumed.  

The growing of these microalgae near the industries and power plants (where the CO2 emission in to 

atmosphere is very high) will help in the reduction of polluting effects of CO2. Using genetic 

engineering, attempts are going on to develop new strains of these microalgae that can tolerate high 

concentrations of CO2. A limited success has already been reported in the mutants of Anacystis 

nidulans and Oocystis sp.  

b) Biological Calcification- Certain deep sea organisms like corals, green and red algae store CO2 

through a process of biological calcification. As the CaCO3 gets precipitated, more and more 

atmospheric CO2 can be utilized for its formation. The process of calcification is as follows: 

H2O + CO2---------->H2CO3 

H 2CO3 + Ca 2+----------------> CaCO3 + CO2 + H2O 

                              TREATMENT OF SEWAGE USING MICROORGANISMS 

The sewage is defined as the waste water resulting from the various human activities, agriculture and 

industries and mainly contains organic and inorganic compounds, toxic substances, heavy metals and 

pathogenic organisms. The sewage is treated to get rid of these undesirable substances by subjecting 

the organic matter to biodegradation by microorganisms. The biodegradation involves the 

degradation of organic matter to smaller molecules (CO2, NH3, PO4 etc.) and requires constant 

supply of oxygen. The process of supplying oxygen is expensive, tedious, and requires a lot of 

expertise and manpower. These problems are overcome by growing microalgae in the ponds and 

tanks where sewage treatment is carried out. The algae release the O2 while carrying out the 

photosynthesis which ensures a continuous supply of oxygen for biodegradation. 

 

The algae are also capable of adsorbing certain heavy toxic metals due to the negative charges on 

the algal cell surface which can take up the positively charged metals. The algal treatment of sewage 

also supports fish growth as algae is a good source of food for fishes. The algae used for sewage 

treatment are Chlorella, Euglene, Chlamydomnas, Scenedesmus, Ulothrix, Thribonima etc. 

                   TREATMENT OF INDUSTRIAL EFFLUENTS USING BIOTECHNOLOGY 
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The industrial effluents should be properly treated in order to control the environmental pollution. The 

industrial effluent often contains toxic materials like suspended solids and soluble organic 

compounds, heavy metals, cyanides, non-biodegradable chemical and volatile materials like H2 S and 

SO2 etc. The soluble organic compounds undergo slow decomposition resulting in oxygen depletion 

and production of noxious gases. The heavy metals and other toxic organic materials such as 

chlorinated compounds in effluents from paper industry have adverse effects on the aquatic flora and 

fauna. The high levels of nitrogen and phosphorus causes eutrophication which leads to undesirable 

algal growth and death of animals due to lack of oxygen. 

Biotechnolgical techniques are being used to address some of these problems. The biological 

treatment of effluents has been in use for quite sometime in many countries around the world. 

However some specific problems which are related to conventional treatment are being solved using 

biotechnology. Among the substances released in effluents are calcitrants which can not be degraded 

using conventional treatment methods. Biotechnology helps in overcoming this problem. In USA, the 

company BioTechnica is using lignin degradation for the treatment of substances like polychlorinated 

biphenyls (PCBs) and dioxin. In Europe, ICI and Ciba-Geigy are working on enzymatic detoxification 

(breaking down) of substances such as cyanides and also the byproducts from the synthesis of S-

triazine herbicides. Microbial transformation of certain substances such as dibenzofurans, 

biarylketones halogenated bibenzodioxins etc are used to minimize the problem of pollution due to 

toxic effluents. E.g. certain strains of Pseudomonas have been isolated which selectively deoxygenate 

the 1,2 positions of substituted biarylethers and biarylketones. Microbial degradation of chloro-, 

dichloro-, and carbontetra-chloride etc is being also tried to deal with the problem. 

The paper and pulp industries release effluents which contain chromophoric compounds and 

chlorogenated organic materials like chlorolignins, chlorosyringols, chloroaliphatics, catechols etc. 

which can affect the aquatic system by their inhibitory and mutagenic activities. Certain soil-

inhabiting fungi, streptomycetes, bacteria and white rot fungi (Ganoderma lacidum, Coriolus 

(Trametes) versicolor, P. chrysosporium, Coprinus macrorhizus, Hericium erinaceus etc. have been 

studied for their ability to decolourise chromophoric substrates. White rot fungi produces a variety of 

lignin-degrading enzymes (e.g. peroxidases and lacasses) that degrade phenolic substances. 

                             USE OF BIOTECHNOLOGY FOR TOXIC SITE RECLAMATION 

Generally incineration (drying and then burning to ashes in furnace) or chemical treatment are being 

used to get rid of toxins and waste from the waste disposal sites. Of late, biotechnological techniques 

involving biodegradation as an alternative approach is being used. Companies like BioTechnica are 

working on treating polluted site in situ. However there is a lot of debate over the issue regarding the 

release of genetically engineered microbes for treatment of toxic sites and the risk involved in the 



 142 

whole procedure. As we know that the released engineered organisms have the capacity to 

reproduce, spread to sites other then the initial release sites and may undergo mutations. All this can 

lead to the risk of developing what are described as “super bugs”. Some of the companies in US are 

experimenting and conducting their work in the closed reactors in order to further evaluate the risk 

assessment and cost effectiveness of this approach. 

In order to solve the problem of soil pollution caused due to extensive use of herbicides, pesticides 

and insecticides, the bioremediation of soil using microorganisms is being carried out. The most 

common pollutants are: hydrocarbons, chlorinated, solvents, polychlorobiphenyls and metals. The 

bioremediation of soil involves two processes: 

In order to solve the problem of soil pollution caused due to extensive use of herbicides, pesticides 

and insecticides, the bioremediation of soil using microorganisms is being carried out. The most 

common pollutants are: hydrocarbons, chlorinated, solvents, polychlorobiphenyls and metals. The 

bioremediation of soil involves two processes: 

 

a) Biostimulation- Biostimulation involves the stimulaton of microorganisms already present in the 

soil. This can be done by adding nutrients e.g. nitrogen, phosphorus etc., by supplying co-substrates 

e.g. methane which can degrade trichloroethylene, or by adding surfactants to disperse the 

hydrophobic compounds in water. 

 

b) Bioaugmentation- Addition of specific microorganisms to the polluted soil constitutes 

bioaugmentation. Some of the pollutants like polychlorobiphenyls (PCBs), trinitrotoluene (TNT), 

polyaromatic hydrocarbons (PAHs) etc are not degraded by only native soil microorganisms so a 

combination of microorganisms referred to as “consortium” or “cocktail” of microorganisms is added 

to achieve bioaugmentation. 

 

c) Bioventing- Bioventing involves aerobic biodegradation of pollutants by circulating air through sub-

surfaces of soil and is one of the very cost effective and efficient technique used for the 

bioremediation of petroleum contaminated soils. It is very effectively used for degradation of soluble 

paraffins, and polyaromatic hydrocarbons. 

 

d) Phytoremediation- Bioremediation by using plants is called phytoremediation. Certain plant species 

which have the capability to stimulate biodegradation of pollutants (specially near the soil adjacent to 

roots- rhizophere) are cultivated near the sites of polluted soil. This is a cheap and environmentally 

friendly process but takes a long time to finish the clean up process. 
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e) Land farming- Landfarming is a technique for the bioremediation of hydrocarbon contaminated 

soils. In this the soil is excavated, mixed with microorganisms and nutrients and spread out on a liner 

just below the polluted soil. 

 

f) Use of slurry-phase bioreactors- In this process, the excavated polluted soil is subjected to 

bioremediation under optimal controlled conditions in specifically designed bioreactors. 

TABLE SHOWING ENGINEERED BACTERIA USED FOR THE DEGRADATION OF XENOBIOTICS 

AND TOXIC WASTES 

Bacterium Substrate that can be degraded 

Pseudomonas capacia 2,4,5- trichoro-phenoxyacetic acid 

P. putida & other spp (also E.Coli) 2,2,5-dichloropropionate; mono and dichloroaromatics 

Alcaligenes sp. Dichlorophenoxyacetic acid, mixed chlorophenols; 1,4- dichlorobenzene 

Acinetobacter sp. 4-chlorobenzene 

Bacterium Substrate that can be degraded 

Pseudomonas capacia 2,4,5- trichoro-phenoxyacetic acid` 

P. putida & other spp (also E.Coli) 2,2,5-dichloropropionate; mono and dichloroaromatics 

Alcaligenes sp. Dichlorophenoxyacetic acid, mixed chlorophenols; 1,4- dichlorobenzene 

Acinetobacter sp. 4-chlorobenzene 

          USE OF BIOTECHNOLOGY IN THE REMOVAL OF OIL AND GREASE DEPOSITS 

The oil spills from oil tankers on land surface as well as in seas and oceans are a major 

environmental hazard. This not only kills the aquatic flora and fauna by destroying the habitat but 

also creates health problems for the local inhabitants. Traditionally chemical dispersants are being 

used as remediation efforts. However these chemical dispersants are also toxic in nature and they 

persist in the environment for a long time. The present techniques of washing the oil off the gravel 

and cleaning the area of oil spills, is very expensive and time consuming. In order to overcome some 

of these problems, the oleophilic fertilizers are being developed which allow rapid growth and 

multiplication of microbes which further leads to the increase in the biodegradation process for 

removal of oil. In recent years, using genetic engineering, oil utilizing microorganisms have been 

produced which can grow rapidly on oil. The genetically engineered microbes for cleaning oil spills are 

mixed with straw. At the site of oil spill, the straw mixed with microbes are scattered over the oil 

spilled area. The straw soaks the oily water and the microbes break the oil into non-toxic and non 

polluting materials thereby cleaning up the site. 
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Some of the oil utilizing microbes can also produce surface active compounds that can emulsify oil in 

water and thereby removing the oil. A strain of Pseudomonas aeruginosa produces a glycolipid 

emulsifier that reduces the surface tension of oil-water interface which helps in the removal of oil 

from water. This microbial emulsifier is nontoxic and biodegradable and has shown promising results 

in the laboratory experiments.  

Some of the microorganisms which are capable of degrading petroleum include pesudomonads, 

various corynebacteria, mycobacteria and some yeasts. The two methods for bioremediation of oil 

spills are: a) using a consortium of bacteria, and b) using genetically engineered bacteria/microbial 

strains. (discussed under the topic of bioremediation) Both bacterial and fungal cultures from the 

petroleum sludge have been isolated. The fungal culture could degrade 0.4% sludge in 3 weeks. 

Degradation of petroleum sludge occurred within two weeks when the bacterial culture (Bacillus 

circulans CI) was used. A significant degradation of petroleum sludge was observed in 10 days when 

the fungus + B. Circulans and a prepared surfactant were exogenuously added to petroleum sludge. 

USE OF BIOTECHNOLOGY IN REDUCING THE USE OF CHEMICAL PESTICIDES, HERBICIDES AND 

FERTILIZERS 

A lot of debate is going on the overuse of chemical herbicides, pesticides and fertilizers. They become 

an environmental hazard because they undergo degradation by microorganisms and ultraviolet light 

which releases toxic chemicals in the environment. Using biotechnology, bacterial pesticides and viral 

pesticides are being developed which will help in reducing the use of chemical pesticides. Several 

companies in USA like Monsanto, Mycogen, Ecogen, Repligen, Zoecon etc are actively involved in the 

development of biological pesticides. The trials are going on to use the genetically engineered live soil 

bacteria for coating seeds before planting. Another method being tried is to kill the recombinant 

bacteria and apply them to the leaves of crop plants. Both these approaches protect the toxin from 

degradation by microbes or ultraviolet rays once applied to the crop plants. 

The company Ecogen Inc. was involved in developing biological pesticides against the two major crop 

pests budworm and ballworm by transferring a gene from Bacillus thuringiensis (Bt), into either a 

naturally occurring soil bacterium or in to a strain of Pseudomonas. Bt insecticides are already being 

marketed for past few years and in future these will be modified using genetic engineering and will be 

used against a variety of insects. 

Genetically engineered insect resistant plants have been successfully produced which will further help 

in reducing the use of insecticides in the future.  

The experiments are going on to develop environmentally safe herbicides. In order to use these 

herbicides for crop protection programme, genetically engineered herbicide resistant plants have 
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been produced in a variety of crop plants. This will ensure the use of environmentally safer 

herbicides. 

Biofertilizers 

Biofertilizers are also being used in place of chemical fertilizers to further reduce the environmental 

hazards caused due to chemical fertilizers. The term biofertilizers is used to refer to the nutrient 

inputs of biological origin to support plant growth which is generally achieved by the addition of 

microbial inoculants as a source of biofertlizers. Biofertilizers broadly includes the following 

categories:  

A)Symbiotic nitrogen fixers- The diazotrophic microorganisms are the symbiotic nitrogen fixers that 

serve as biofertilizers e.g. Rhizobium sp., Bradyrhizopium sp. 

B) Asymbiotic nitrogen fixers- The asymbiotic nitrogen fixing bacteria can directly convert the 

gaseous nitrogen to nitrogen rich compounds. On the death of these nitrogen fixers, the soil becomes 

enriched with nitrogenous compounds thereby serving as biofertilizers e.g. Azobacter sp., 

Azospirillum sp.  

The blue green algae, multiply in the water logging conditions and fixes the nitrogen. They 

accumulate the biomass which helps in improving the physical properties of the soil. This is useful for 

reclamation of alkaline soils besides providing partial tolerance to pesticides. The most common blue 

green algae are Azobacter sp. and Azospirillum sp. Azolla, which is an aquatic fern contains an 

endophytic cynobacterium Anabaena azollae in the leaf cavities providing symbiotic relationship. 

Azolla with Anaebaena is useful as biofertilizer. 

 

C) Phosphate solubilising bacteria- Some bacteria like Thiobacillus, Bacillus are capable of converting 

non-available inorganic phosphorus present in the soil to organic or inorganic form of phosphate. 

These bacteria can also produce siderophores, which chelates with iron, and makes it unavailable to 

pathogenic bacteria. Siderophores are iron-binding low molecular weight (400- 1,000 Daltons) 

peptides synthesized by some soil bacteria.  

 

D) Organic fertilizers- Certain types of organic wastes are used as fertilizers e.g. animal dung (cow 

dung, elephant dung etc.), urine, urban garbage, sewage, crop residues and oil cakes. All these 

wastes can be converted in to organic manures. 

Advantages of using biofertilizers 
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- Biofertilizers improve the tolerance of plants against toxic heavy metals. 

- It is possible to reclaim saline or alkaline soil by using biofertilizers. 

- Use of biofertilizers helps in controlling environmental pollution. 

- Fertility of soil is increased year after year. 

- Low cost and easy to produce. 

- Biofertilizers increase the physico-chemical properties of the soil, soil texture and water holding 

capacity. 

Some of the limitations encountered while using the biofertilizers are that they alone cannot meet the 

total needs of the plants for nutrient supply and also they do not produce the spectacular results as 

observed in synthetic fertilizers. It is important to evolve an approach which can maximize the use of 

biofertilizers and reduce the dependency on the chemical fertilizers in the near future with out 

affecting the crop productivity. This will help us to solve the environment related problems caused 

due to overuse of chemical fertilizers. 

                                  USE OF BIOSENSORS TO DETECT ENVIRONMENTAL POLLUTANTS 

Biosensors are biophysical devices which can detect the presence of specific substances e.g. sugars, 

proteins, hormones, pollutants and a variety of toxins in the environment. They are also capable of 

measuring the quantities of these specific substances in the environment. 

 

Technically a “Biosensor” is defined as “an analytical device containing an immobilized biological 

material (which could be an enzyme, or antibody, or nucleic acid, or hormone, or an organelle/whole 

cell), which can specifically interact with an analyte and produce physical, chemical or electrical 

signals that can be measured. An analyte is the compound (e.g. glucose, urea, drug, pesticide) 

whose concentration has to be measured. Biosensors basically involve the quantitative analysis of 

various substances by converting their biological actions into measurable signals. Generally the 

performance of the biosensors is mostly dependent on the specificity and sensitivity of the biological 

reaction, besides the stability of the enzyme. 

A biosensor or an enzyme or an antibody is associated with microchip devices which is used for 

quantitative estimation of the substance. A biosensor equipment has the following components  

a) a biological component - enzyme, cell etc,  

b) a physical component-a device for measuring the quantity of this product, thus indirectly giving an 

estimate of the substrate e.g. transducer, amplifier etc. 

The biosensors are being used in the area of medicine, industry etc. however their use in 

environmental monitoring is of great benefit. Special kits have been designed to identify the specific 
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pollutants in the environment. E.g. special cost effective enzymatic tests are available which can 

detect pesticide contamination in water. 

Principle of a biosensor 

The biological material in use (e.g. an enzyme) is immobilized by conventional methods like physical 

or membrane entrapment, non-covalent or covalent binding. A contact is made between the 

immobilized biological material and the transducer. The analyte binds to the biological material to 

form a bound analyte which in turn produces the electronic response that can be measured. 

Sometimes the analyte is converted to a product which could be associated with the release of heat, 

gas (oxygen), electrons or hydrogen ions. The transducer then converts the product linked changes 

into electrical signals which can be amplified and measured. 

A good example of a biosensor in frequent use is the glucose oxidase enzyme. The enzyme is 

immobilized on an electrode surface which acts as an electrocatalyst for oxidation of glucose. The 

biosensor gives reproducible electrical signal for glucose concentrations as low as 0.15 mM. 

Another area where biosensors are being used is “Biomonitoring” or “biological monitoring”. 

Biomonitoring is defined as the measurement and assessment of work place agents or their 

metabolites either in tissues, secreta, excreta, or any combination of these systems in occupationally 

exposed human subjects. The “Biological effect monitoring” refers to the biological effects of these 

toxic agents in the workers exposed to these agents. A continuous evaluation of biological monitoring 

methods is done in order to assess the risk effectiveness of these tests against the various kinds of 

exposures to toxins. The use of genetic engineering to create organisms specifically designed for bio 

remediation also has great potential. The bacterium Deinococcus radiodurans , which is the most 

radioresistant organism known, has been modified to consume and digest toluene and ionic mercury 

from highly radioactive nuclear waste. 

Some of the important biosensors used in environmental pollution monitoring are:  

a) Gas biosensors- In order to detect gases such as sulphur dioxide, (SO2), methane, carbon 

dioxide etc, microbial biosensors have been developed. Thiobacillus-based biosensors can 

detect the pollutant SO2, whereas methane (CH4) can be detected by immobilized 

Methalomonas. A particular strain of Pseudomonas is used to monitor carbon dioxide levels. 

 

b) Immunoassay biosensors- Immunoelectrodes as biosensors are used to detect low 

concentrations of pollutants. Pesticide specific antibodies can detect the presence of low 

concentrations of triazines, malathion and carbamates, by using immunoassay methods. 
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c) BOD biosensor- Biological oxygen demand (BOD) is widely used as a test to detect the levels 

of organic pollution. This requires five days of incubation but a BOD biosensor using the yeast 

Trichosporon cutaneum with oxygen probe takes only 15 minutes to detect organic pollution.  

 

d) Miscellaneous biosensors- A graphite electrode with Cynobacterium and Synechococcus has 

been developed to measure the degree of electron transport inhibition during the 

photosynthesis due to certain pollutants e.g. herbicides. To detect phenol, phenol oxidase 

enzyme obtained from potatoes and mushrooms is used as a biosensor. Biosensors for the 

detection of polychlorinated biphenyls (PCBs) and chlorinated hydrocarbons and certain other 

organic compounds have also been developed. Biosensors employing acetylcholine esterase 

which can be obtained from bovine RBC can be used for the detection of organophosphorus 

compounds in water. 

 

 

 

 

                 ROLE OF BIOTECHNOLOGY IN RESTORATION OF DEGRADED LANDS 

The urbanization and increased human activity has led to degradation of habitats. The restoration of 

the degraded lands can be carried out by using biotechnology which involves the manipulations of 

biological systems. This restoration could be carried out by the following biotechnological methods: 

a) Use of micropropagation and mycorrhiza for reforestation 

 

One of the approaches to tackle this problem is to develop strong and superior species which have 

the capability to grow well on degraded lands. This can be done by using mass multiplication which 

involves starting aseptic culture, multiplication of shoot using shoot apical meristems or buds, rooting 

of in vitro formed shoots, transfer, acclimatization and adaptation of micropropagated plantlets in the 

field. Using this methodology an estimated 500 million plants of diverse nature have been produced. 

Mycorrhizae, which are symbiotic non-pathogenic associations between plant roots and fungi, 

improves the seedling survival and growth by enhancing uptake of nutrients and water. They also 

lengthen the root life and provide protection against the pathogens. A list of fungi which can 

efficiently form mycorrhizae has been prepared. These fungi can be used as inocula which are applied 

to roots of seedlings, to allow formation of mycorrhizae. The experimental infection of 

micropropagated plants during rooting increases their survival chances in the field, which is very 

important in case of plantations on degraded lands.  
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b) Improvement of soil infertility through the use of nitrogen fixing bacteria, Rhizobium in 

association with leguminous trees and Frankia in association with non leguminous species. 

Biotechnological methods are being developed to help the non-leguminous plants to survive under 

adverse conditions such as low nutrient supply. There are about 160 species of angiosperms, which 

are known to form nitrogen fixing root nodules with the actinomycetes bacteria belonging to the 

genus Frankia which is being used for this purpose. Frankia helps in nitrogen fixation in non-

leguminous plant species therefore it can be used for land reclamation through reforestation due to 

high biomass production  

with out the need of expensive nitrogen fertilizers. 

c) Development of plants tolerant to abiotic stress which can be grown on degraded lands 

The techniques like tissue culture and genetic engineering are being used to develop plants resistant 

to abiotic stresses e.g. salinity, acidity, aluminium toxicity etc. The cell lines which exhibit resistance 

to salt stress are selected and then used for plantation on degraded lands. E.g. Brassica spp., Citrus 

aurantium, Nicotiana tabacum etc. Research is going on to understand the molecular basis of salt 

tolerance and to isolate genes responsible for this attribute so that salt tolerant plants can be 

developed using genetic engineering. In vitro selection for tolerance to abiotic stress like aluminium 

toxicity has been successful in certain plant species e.g. tomato, rice, barley, rice and wheat. 

"Triticale" which is a man made synthetic crop has been found suitable for growing on acid soils, 

dry and sandy soils, on alkaline and calcareous soils and on mineral deficient and high boron soils 

especially in countries like Kenya, Ethiopia, Ecuador, Mexico, Brazil etc. In China, a number of new 

stress resistant varieties of rice, wheat and tobacco have been developed using anther culture.  

e) Use of selected and engineered microbes for removal and recovery of strategic and 

precious metals from contaminated degraded lands. 

The domestic and industrial effluents often contain harmful heavy metals. These heavy metals cause 

soil contamination when these effluents are used for irrigation purposes. The biotechnological 

methods and procedures are being developed to prevent the contamination by these heavy metals 

and also restore the contaminated soils. This involves the selective use of engineered microbes. 

Plasmids have been constructed which can enhance the recovery of gold from arsenopyrite ores, by 

Thiobacillus ferroxidans. Ganoderma lucidum which is a wood rotting macrofungus , is a highly 

potential biosorbent material for heavy metals and thus can be used to control contamination by 

heavy metals. 
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The metal pollution occurs through several processes. As the living organisms including man are 

constantly exposed to metals, they accumulate by a process referred to as „bioaccumulation.‟ The 

continuous exposure and accumulation of a given metal leads to increase in it‟s concentration which 

is referred to as „biomagnification‟. Biomagnification occurs through food chain and the man gets the 

maximum impact due to it‟s being on top of the food chain. The „biomethylation‟ is carried out by 

microorganisms in the soil and water and involves the process of transfer of methyl groups from 

organic compounds to metals. 

Some phytoplanktons (plants that float freely on water surface) and some benthics (plants attached 

to some substratum at the bottom of aquatic bodies) microorganisms can take up the metals from 

the waste water ponds. These natural bioscavengers not only control the water pollution by absorbing 

metals but also contributes in the recovery of industrially important metals from the effluents. The 

microorganisms like algae can absorb metals form the fresh water e.g. Chlorella vulgaris takes up 

copper, mercury, uranium. Certain fungal species like Rhizopus, Aspergillus, Pencillium, Neurospora 

are good absorbers of heavy metals like lead, mercury etc. Some of the bacterial species are capable 

of accumulating metals on cell walls such as E. coli can take up mercury while Bacilus circulans can 

accumulate copper.  

The mechanism of metal scavenging by these microorganisms is very complex and involves multiple 

steps. Some of the microorganisms bioaccumulate these metals on their cell walls whereas some 

others have the capacity to transport these metals to intracellular and intercellular free space and 

cellular organelles. In certain cases some of the metals occur as immobilized metal containing 

crystals e.g heavy metal complexes of calcium oxalate crystals. Some of the fungal and algal species 

synthesize metal binding proteins or peptides. ‘Phytochelatin’ is an ubiquitious metal chelating 

protein present in all plants and acts as a common buffering molecule for the homeostasis of metals. 

It is rich in cysteine and can form salt metal complexes through sulfhydral (SH) groups. Due to this 

property, phytochelatin can be used as a biomarker for metal pollution detection.  

 

The mechanisms involved in the removal of metals by microorganisms are: adsorption, 

complexation, precipitation and volatilization. The process of adsorption involves the binding of 

metal ions to the negatively charged cell surfaces of microorganisms. The process of complexation 

leads to production of organic acids e.g. citric acid, oxalic acid, gluconic acid, lactic acid, malic acid 

etc. which chelate the metal ions. In precipitation, the metals are precipitated as hydroxides or 

sulfates by some bacteria such as which produce ammonia, organic bases or H2S.e.g. Desulfovibrio 

and Desulfotomaculum transform SO4 to H2S which promotes extracellular precipitation of insoluble 

metal sulfides. Klebsiella aerogenes detoxifies cadmium sulphate which precipitates on cell surface. 



 151 

Volatilization involves bacteria that causes methylation of Hg2+ and converts to dimethyl mercury 

which is a volatile compound. 

Whole cell of Bacillus subtilis have been shown to reduce gold from Au3+ to Au 0 through 

extracellular enzymatic biotransformation. Under anoxic environment, sulphate- reducing bacteria 

(Desulfovibrio) oxidize organic matter using sulphate as an electron acceptor. In yeast, 

Saccharomyces cerevisiae removal of metals is done by their precipitation as sulphides e.g. Cu2+ is 

precipitated as CuS.  

Several technologies for metal removal have been commercialized and employed are given below: 

- ATMBIOCLAIMTM process: The advance Mineral Technology (ATM) Inc. (U.S.A.) developed a waste 

water treatment process with Bacillus sp. immobilized and pre-treated in caustic solution. It is 

specific for metal cations in the order: Cu2+ > Zn2+ > Cd2+ = Ni2+ > Pb2+. 

- AlgaSORBTM process: Biorecovery systems, Inc. (U.S.A) developed this proprietary based material 

which consists of several types of living and non living algae. The algal cultures are immobilized in 

silica gel in the form of beads and desorption of metals is carried out. 

- Bioremediation of coal wastes through VAM fungi: Selected VAM fungi are introduced through plants 

in coal mine areas where it was found that VAM fungi improved the growth and survival of desirable 

re-vegetation species e.g. red maple, maize, alfalfa etc. 

- BIO-FIXTM process: The bureau of Mines (U.S.A) developed this process that consists of biomass 

immobilized in polysulfone. It consists of thermally killed biomass of Sphagnum pat moss, algae, 

yeast, bacteria and/or aquatic flora. The beads are suitable for practical application in stirred tank 

reactor, fixed and fluidized-bed columns.  

f) Use of biotechnology in the conservation of biodiversity 

The extinction of wild species due to the destruction of habitats and ecosystems has raised serious 

concerns about the biodiversity in general. Biodiversity provides genes from wild species for 

biotechnology exercises and experiments hence biotechnology and biodiversity are interrelated. 

Besides taking steps to minimize and regulate the factors responsible for causing loss of biodiversity, 

efforts are on to develop the techniques of conservation of biodiversity. One of the methods involves 

the establishment of "gene banks" leading to "in situ conservation and ex situ conservation. The in 

situ conservation involves the conservation of plants and animals in their natural habitat and 

ecosystems. The ex situ conservation includes conservation of species away from their habitats. The 

ex situ conservation uses sample populations and establishes the “gene banks" which includes 

resource centers, zoos, botanical gardens, national parks, culture collection centers etc. 
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Biotechnology offers special methods to conserve both animal and plant genetic resources especially 

in the conservation of endangered plant species. The tissue culture method is being used to multiply 

an endangered plant species. The method of embryo transfer and artificial insemination is used for 

the multiplication of endangered animal species. 

INDUSTRIAL AND MICROBIAL BIOTECHNOLOGY 

                                                       INTRODUCTION 

Biotechnology is being used to meet the crisis in both environment and energy sectors. The 

genetically engineered microbes are being used for the commercial production of some microbial and 

non microbial products e.g. interferon, human growth hormones, viral vaccines, insulin etc. These 

genetically engineered microbes help in reducing the environmental pollution through various 

processes such as recovery of metals from polluted waterways; elimination of sulphur from metal 

ores and coal-fired power, use of bio-fertilizers and bio-pesticides etc. Microbes are being also used 

to produce the single cell proteins (SCP) to solve the food and fodder problems and for biogas 

production. 

Enzymes are biological catalysts which accelerate the biochemical reactions in living cells. A purified 

enzyme can also carry on a specific biochemical reaction outside the cell. Due to this property of the 

enzymes, they are widely used in laboratory and in the commercial production of important 

biochemical compounds, drugs and Industrial products. This has made enzyme research an important 

area of biotechnology. Various techniques are being used to modify the enzymes through enzyme 

modeling and gene manipulation for various specific purposes. 

In 1894, USA industrially produced the first enzyme named as “fungal taka-diastase” which was 

employed as pharmaceutical agent for digestive disorders. The microbial “rennin” is being used 

instead of calf‟s rennin since 1967. 

                                              USE OF GENETICALLY ENGINEERED BACTERIA 

The genetically engineered bacteria have found applications in various areas: 

a) Crop production and protection through biological control of insects and fungal diseases, frost damage. 

Genetically engineered bacterial strains have been developed to control insects, fungal diseases or 

frost damage etc.  

TABLE GENETICALLY ENGINEERED BACTERIA IN CROP PRODUCTION AND PROTECTION  

http://www.biotechnology4u.com/industrial_microbia.html
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Bacterium Altered trait Possible use 

Rhizobium melilotii Additional copies of „nif‟ 
genes 

Increased efficiency of N2 
fixation 

A. radiobacter Delection of „tra‟ gene of 
Agrocin 84 plasmid 

Biological control of crown gall 

P. fluorescens Addition of lac ZY Assessment of movement of 
bacteria for biological control 

Clavibacter xyli Transfer of B.thuringiensis 
delta endotoxin gene  

Control of corn ear worm 

Pseudomonas 
fluorescens 

Transfer of Serratia 
marcescens chitinase gene 

Control of fungal disease 

P. syringae Deletion of „ice‟ gene Control of frost damage 

TABLE VARIOUS POSSIBLE PATHWAYS FOR THE PRODUCTION OF TRANSGENIC PLANTS  

Target cell type Method used for regeneration 

1. Cultured cells or 
protoplasts 

Oranogenesis or embryogenesis via callus formation 
stages 

2. Meristem cells from 
immature embryo or 
organ 

In vitro plant regeneration from transformed cells 

3. Cells in immature 
embryos, shoot and 
flower meristems 

Normal development (in vivo) of embryo, shoot or 
flower followed by use of transformed pollen  from 
chimeric plant to produce transformed seed 

4. Pollen Pollen treated with DNA used for pollination leading to 
the production of transgenic plants 

5. Zygote In vivo development of transgenic plants 

  

 

B) PRODUCTION OF CHEMICALS AND FUELS LIKE ANTIBIOTICS, ENZYMES, DIAGNOSTICS ETC. 

Genetically engineered strains of Bacillus amyloliquefaciens and Lactobacillus casei have been 

prepared for production of amino acids on a large scale. Industrially useful bacteria utilize cheaper 

feed stocks (substrates) like D-xylulose, cellulose. e.g. Zymomonas mobilis (normally incapable of 

using lactose) carrying cellulase gene from Cellulomonas uda has six fold increase in cellulose 

activity. E.coli and Klebsiella planticola carrying genes from Z. mobilis could utilize glucose and xylose 

to give maximum yield of ethanol.  
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c) Extraction of metals from ores 

Plasmids have been constructed which when present with T. ferroxidans increases its resistance to 

arsenite and arsenate which inhibit the growth of bacteria, and increases the recovery of gold from 

arsenopyrite-pyrite ores. Efforts are going on to construct genetically engineered bacteria with 

enhanced bioleaching or nucleating capabilities which will play important role in mining and metal 

extraction.  

d) Biodegradation of waste from non-biological systems and toxic waste treatments  

For efficient biodegradation, efficient and competent biodegraders are being prepared using genetic 

engineering which will use various catabolic pathways to degrade toxic wastes. 

TABLE GENETICALLY ENGINEERED BACTERIA USED FOR THE DEGRADATION OF XENOBIOTICS AND 

TOXIC WASTES 

Bacterium Substrate that can be degraded 

Pseudomonas capacia 2,4,5- trichoro-phenoxyacetic acid 

P. putida & other spp (also 
E.Coli) 

2,2,5-dichloropropionate; mono and dichloroaromatics 

Alcaligenes sp. Dichlorophenoxyacetic acid, mixed chlorophenols; 1,4- 
dichlorobenzene 

Acinetobacter sp. 4-chlorobenzene 

                                               ENZYME BIOTECHNOLOGY 

Enzymes are biological catalysts which initiate and accelerate biochemical reactions in the living cells. 

They are proteinaceous in nature and can be extracted from living tissues. They are purified and 

crystallized. The purified enzyme can carry out a specific biochemical reaction outside the cell. This 

property of the enzyme has been exploited in it‟s use in the area of biotechnology. The enzymes are 

also modified through enzyme modeling and can be used for gene manipulations. The enzymes are 

purified by following three steps: dialysis, centrifugation and electrophoresis. The commercially 

prepared enzymes are purified and then concentrated and sterile filtered. This reduces the volume 

and the microbial contamination of the sample enzyme. Often, before storage and transport, the 

sample are freeze dried with additives as sugar substrates and dextrans.  

The enzymes are being used commercially and in Industries. In textile Industry, „Amylases‟ are 

extracted from bacteria, fungi etc and used as softening agents for starched clothes. Proteolytic 

enzyme „alcalase‟ is added in many detergents to remove proteinaceous stains from the clothes. 
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Enzymes isolated from certain bacteria are used commercially to produce acetone, butanol, lactic 

acid, citric acid etc. In meat and beer processing, the proteases „Papain‟ (from papaya) and bromelain 

(from pineapple) are used to tenderize meat. These enzymes hydrolyze the peptide bonds. Similarly 

a number of enzymes like, 'Glucose isomerase‟ in soft drink industry,'„lactase' in ice-cream industry, 

'pectinases' in juice and wine processing etc are being commercially produced and widely used.  

 

Using biotechnology, especially the technique of immobilized enzyme systems, it was possible to 

produce a variety of substances e.g. high-fructose corn syrup was produced using immobilized 

enzyme glucose isomerase. 

These immobilized enzymes are worth billions of dollars in the market and support multibillion dollar 

industries. It is especially a profitable venture because the cost involved in the production of these 

enzymes is only a fraction of the value of the products manufactured.  

Immobilization of enzymes is the imprisonment of a biocatalyst in a distinct phase that allows 

exchange with, but is separated from bulk phase in which substrate, effector or inhibitor molecules 

are dispersed and monitored. An immobilized enzyme is physically entrapped or covalently bonded by 

chemicals means to an inert and usually insoluble matrix, where it acts upon it‟s natural substrate. 

                                                                    PROTEIN ENGINEERING 

The protein engineering is an important tool to produce superior enzymes and storage proteins. To do 

this, a protein engineer is required to prepare a computer aided protein model for a specific function 

and then prepare a synthetic gene that will produce this desired protein in a pre-decided and 

predictable manner. Using the technique of „site directed mutagenesis‟, changes are made in genes at 

known sites leading to the modification of function in a predetermined manner. The „computational 

and graphical tools‟ allow the display and exploration of three dimensional structures of proteins. 

These two techniques are very useful in deciding about the three dimensional structure of 

protein/drug needed for a specific purpose before using recombinant DNA technology for proteins or 

organic synthesis for drugs. 

Protein Engineering involves the following steps: 

a) Preparation of a protein sample from an organism. 

 

b) Characterization of the sample with a ligand such as enzyme-substrate, receptor-hormone or 

antigen-antibody interaction. 

 

c) Analysis of the three dimensional (3-D) structure through NMR (nuclear magnetic resonance) and 
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X-ray diffraction pattern of crystals. 

 

d) Displaying of the 3-D structure with interactive computer graphics. 

 

e) Processing of the information to select a novel design suitable to the required needs. 

 

f) The desired DNA sequence which is expected to give the novel designed protein is then either 

synthesized or obtained by site directed mutagenesis of an available gene. 

 

g) Introduction of the novel gene into a suitable expression system followed by it‟s purification and 

biochemical characterization. 

 

h) If biochemical characterization does not satisfy the earlier predicted structure, the cycle is 

repeated again. 

Uses of protein engineering 

The protein engineering is being used  

a) to create superior enzymes with the capacity to catalyze the production of high value specific 

chemicals;  

b) in the production of enzymes for large scale use in the chemical industry;  

c) in the production of biological compounds including synthetic peptides, storage proteins and 

specific drugs that are superior to the natural ones. 

There is an impressive list of proteins that have been altered using protein engineering technology. In 

„T4 Lysozyme‟, a mutation of isoleucine to cystine leads to the formation of a disulphide bridge which 

gave thermal stability and a 200 fold increase in enzyme activity at a temperature of 670c. The 

removal of one of the three cysteine residues in the human beta interferon led to an improvement in 

stability of the enzyme. The enzyme „Trypsin‟ could be redesigned to have altered substrate 

specificity. The substrate specificity of lactic protease (in E. coli.) has been shown to be dramatically 

modified by replacing active site methionine by alanine. 

Protein engineering is also being used to create immunotoxins, which are the conjugates of cell 

binding antibody or antigens, covalently bound to a plant or a bacterial toxin. The procedure of fusion 

of genes using sequences coding for antibodies and toxic peptides is used to create these 

immunotoxins. When a patient is treated with the immunotoxins, the antibody or antigen helps in the 

recognition of the target cells to be killed and the toxin component helps in killing these cells. So 
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immunotoxins are created in such a way that they have two parts- a) a toxin polypeptide or a part of 

it having toxin activity, called A chain, and b) a cell binding recognition polypeptide or antibody or a 

part of it having binding site, called B chain. E.g. Ricin, a plant toxin has actually been used as a 

immunotoxin for a study of it‟s effect on mouse tumour cells. 

Drug designing is another upcoming area in biotechnology. Depending on the mode of action used by 

the drugs, the drug designing can be modified by blocking the enzyme activity. E.g. Trimethoprim 

(TMP) is a clinically important antimicrobial drug which inhibits the enzyme dihydrofolate reductase 

(dHFR) in bacteria and therefore, is used to treat urinary tract infections. However in high 

concentrations it starts attacking human dHFR thus becoming harmful. Efforts have been made to 

synthesize TMP, which will have a rigid three dimensional structure in association with bacterial 

enzyme dHFR, so that it may not be able to attack human dHFR. 

Another example is of enzyme Renin. Inhibitors of enzyme „renin‟ are also being actively modeled. 

The enzyme catalyses, the first in a series of reactions that lead to elevated blood pressure. The 

efforts are going on to design nonpeptide inhibitors that mimic the intermediate products in the 

reaction of renin with it‟s substrate and thereby stops the functioning of renin. These inhibitors will 

help in treating the hypertension. 

Drugs are also being produced by studying the receptor molecules associated with a particular 

disease and then finding chemicals which can block these receptors. One of the examples is the drug 

„Propranolol‟ which is used to treat heart diseases and hypertension. The two hormones, 

„norepinephrine‟ and „epinephrine‟ controls the contraction and relaxation of cardiac muscles. These 

hormones act through the two receptors alpha (œ ) and beta ( ß). The drug propranolol blocks the 

receptor beta (ß ) and thereby inhibits the activity of hormones which act through a receptor 

molecule. This relaxes the heart muscle. This drug is being used to treat heart diseases, angina 

pectoris and high blood pressure. 

Another drug, „Cimetidine‟ is an antiulcer medicine given to treat ulcers. Ulcers are caused from acid 

production due to histamine release in the stomach. The drug „Cimetidine‟ blocks the histamine 

receptors which prevents the acid production due to no availability of histamine. This leads to the 

healing of ulcers. 

The detailed studies of antimetabolites or inhibitors of DNA synthesis has led to the development of 

drugs for treating „cancer‟, „gout‟, „malaria‟ and some viral infections like Herpes. Drugs like „6-

mercaptopurine‟ and „thioguanine‟ by inhibiting the DNA synthesis and the cell division, are very 

effective in cancer chemotherapy. Based on the same principle of inhibition of nucleic acid synthesis, 
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the drugs like „pyramethamine‟ for malaria, „trimethoprim‟ for bacterial infection, and „acyclovir‟ for 

herpes virus infection etc were also developed.  

The area of research in drug designing and development of immunotoxins is receiving lots of 

emphasis as it may be the answer for all the future problems associated with the diseases related to 

new viruses and resistant bacterias. It may also give a breakthrough for treating diseases like AIDS 

and cancer which continue to challenge and threaten the human population. 

                                                             METABOLIC ENGINEERING 

Metabolic engineering is the improvement of cellular activities by manipulation of enzymatic, 

transport and regulatory functions of the cell with the use of recombinant DNA technology. In order 

to get the overproduction of the desired metabolite, the metabolic pathways and bioprocesses of the 

cell are modified by the genetic manipulations in the cell. 

The overproduction of metabolite can also be achieved by mutation followed by selection of the 

improved strains of living organisms exhibiting the desired trait. However, metabolic engineering 

involves the introduction of heterologous genes and regulatory elements which leads to targeted 

alterations in normal cellular activities. The process has several components such as biosynthesis of a 

metabolite, manipulation of protein processing pathways etc. 

This field is still in it‟s nascent stage and greater efforts are needed to understand the complex 

interactions of metabolic networks. The limitations existing in the field of metabolic engineering are a 

challenge for the future chemical engineers working in this exciting field of biotechnology. 

                                 BIOPROCESSING/FERMENTATION TECHNOLOGY 

The process of fermentation is defined as “a biological process that occurs in the absence of oxygen 

or under anaerobic conditions. The word “Fermentation” originates from verb of Latin origin “fervere” 

which means to boil. However in the modern times the Industrial fermentation is used for large- scale 

cultivation of microorganisms which are largely aerobic in nature. Instead of fermentation technology, 

the term Bioprocess technology is more in use as bioprocessing involves a variety of enzyme-

catalysed reactions carried out by living cells (or cell free systems) in industrial setups. The most 

important equipment in use for bioprocessing is a Fermenter or a Bioreactor. 

Bioreactor 

A bioreactor is a device in which the microorganisms are cultivated and motivated to form the desired 

products by maintaining optimum conditions for growth and metabolic activity. A fermenter refers to 
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the device used for the cultivation of prokaryotic cells e.g. bacteria, fungi etc. whereas a bioreactor is 

used for growing eukaryotic cells. A typical conventional bioreactor has cylindrical vessel with domed 

top and bottom generally made up of stainless steel. The reaction vessel which is surrounded by a 

jacket, is provided with a sparger at the bottom through which air (or other gases such as CO2 and 

NH3 (for pH maintenance) can be introduced. The reaction vessel also has side ports for pH, 

temperature and dissolved O2 sensors. The agitator shaft is connected to a motor at the bottom. 

Above the liquid level of the reaction vessel, connections for acid, alkali, antifoam chemicals and 

inoculum are located. The bioreactor is designed to work at very high temperatures (150-1800C), 

high pressure (377-412 kPa) and also to withstand vacuum which prevents its collapse while cooling.  

  

Types of Bioreactors  

Depending on the design of the reactor, the bioreactors are of following types: 

 

a) Continuous stirred tank bioreactors - These bioreactors have a cylindrical vessel with motor 

driven central shaft which gives support to one or more agitators (impellers). The shaft is fitted at the 

bottom of the bioreactor. The diameter of the impeller is usually one third of the vessel diameter. The 

impellers are available in different designs like- Rustom disc, concave bladded, marine propeller etc. 

In stirred tank reactors, the air is added to the culture medium under pressure through a device 

called sparger. The sparger along with the impellers (agitators) enables better and efficient gas 

distribution through out in the vessel. The advantages of using stirred tank reactors are: the efficient 

transfer of gas to growing cells which keeps the growth of cells in healthy limits, stirring ensures 

good mixing of the contents, the operating conditions are flexible and the bioreactors are easily 

available which makes them commercially viable products. 

 

b) Bubble column bioreactors - In these bioreactors, the gas or air is introduced at the base of the 

column through perforated pipes or plates, or metal microporous spargers. The vessel used for 

bubble column bioreactors is usually cylindrical with an aspect ratio (height o diameter ratio) of 4-6. 

The rate of flow of gas affects the O2 transfer and mixing. 

c) Airlift bioreactors - Airlift bioreactors are commonly used for aerobic bioprocessing technology. 

In the airlift bioreactors, the medium of the vessel is divided into two interconnected zones by means 

of baffle or draft tube. The air/gas is pumped into one of the two zones referred to as „riser‟ and the 

other zone that receives no gas is known as „downcomer‟. The dispersion flows up the riser zone 

while the down flow occurs in the downcomer. Further there are two types of bioreactors: 1) 
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Internal loop bioreactor - These bioreactors have a single container with a central draft tube that 

creates interior liquid circulation channels which keeps the volume and circulation at a fixed rate for 

fermentation. (2) External loop airlift bioreactor-These have an external loop to keep the liquid in 

circulation through separate independent channels. The modifications can be made in these 

bioreactors depending on the requirements of different fermentation processes.(3) Two stage airlift 

bioreactors -These bioreactors have two bioreactors which are basically used for the temperature 

dependent formation of products. The growing cells from one bioreactor (maintained at temperature 

300C are pumped into another bioreactor (at temperature 420C). This is done because it is very 

difficult to increase the temperature quickly from 300C to 420C in the same vessel. The cells are 

grown in the first bioreactor and with the help of the fitted valves and a transfer tube and pump, they 

are transferred into the second bioreactor, where the actual bioprocessing takes place. (4) Tower 

bioreactors - In this type of bioreactor, a high hydrostatic pressure is generated at the bottom of 

the reactor which increases the solubility of O2 in the medium. Since the top is expanded, the 

pressure is reduced which helps in the expulsion of CO2. The cycle completes with the medium 

flowing back into the downcomer. The advantage with Tower bioreactor is that it has high aeration 

capacities without having moving parts.  

d) Fluidized bed bioreactors - These bioreactors are mainly suitable to carry out reactions 

involving fluid suspended biocatalysts such as immobilized enzymes, immobilized cells, microbial flocs 

etc. The design of the bioreactors is such that the top is extended and the reaction column is narrow 

which retains the solids in the reactor and allows the liquids to flow out. To maintain an efficient 

operation of fluidized beds, gas is sparged to create a suitable gas-liquid-solid fluid bed. The recycling 

of the liquid ensures continuous contact between the reaction contents and biocatalysts which 

increases the efficiency of bioprocessing. 

e) Packed bed bioreactors- A packed bed bioreactor consists of a bed of solid particles, with 

biocatalysts on or within the matrix of solids, packed in a column. The solids are generally porous or 

non-porous gels which maybe compressible or rigid in nature. The nutrient broth continuously flows 

over the immobilized biocatalyst and the products are released into the fluid from where they are 

removed. However, due to poor mixing, it is difficult to control the pH of packed bioreactors by the 

addition of acid or alkali. 

 

f) Photobioreactors - These bioreactors are specialized for fermentation that can be carried out 

either by exposing to sunlight or artificial illumination. The photobioreactors are made up of glass or 

transparent plastic which are the solar receivers. The cell cultures are circulated through the solar 

receivers by using centrifugal pumps or airlift pumps. These bioreactors work in the temperature 
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which ranges from 25-400C. In these bioreactors, the microorganisms e.g. microalgae, cyanobacteria 

etc. grow during the day time while the products (e.g. beta-carotene, asthaxanthin) are produced 

during the night.  

Solid substrate Fermentation (SSF) 

In some biotechnological processes, the growth of the microorganisms is carried out on solid 

substrates more or less in the absence of free water. Only approximately 15% of moisture is present 

which is essential for solid-substrate fermentation. Cereal grains, wheat bran, sawdust, wood 

shavings etc are some of the commonly used solid substrates for SSF. The technique of SSF is used 

for the production of edible mushrooms, cheese, soy sauce, and many enzymes and organic acids. It 

is carried out as non-aspetic process and therefore saves sterilization costs. The bioreactors used in 

this type of fermentation process have simple designs with simple aeration process and effluent 

treatment. The yield of the products is very high, at low energy expenditure. However, in this process 

only microorganisms, that can tolerate only low moisture content can be used. It also difficult to 

monitor O2 and CO2 levels in SSF. The slow growth of microorganisms, also become a limiting factor 

for product formation.  

Working of a bioreactor 

In the operation of a bioreactor, there are a few steps that are followed.  

a) Sterilization - The most important requirement is to maintain aseptic or sterile conditions for 

aseptic fermentation. In order to achieve this, the air supplied during fermentation, he growth 

medium and the bioreactor it self and all it‟s accessories are sterilized. There are two methods of 

sterilization that are followed: (1) In situ sterilization- In this, the bioreactor is filled with the required 

medium followed by injection of pressurized steam into the jacket or coil surrounding the reaction 

vessel. The whole system is heated to about 1200C and maintained at this temperature for about 20 

minutes. However, this method is not energy efficient and prolonged heating destroys the vitamins 

and precipitates the components of the medium. (2) Continuous heat sterilization - In this, the 

empty bioreactor is first sterilized by injecting pressurized steam and the medium is rapidly heated to 

1400C for a short period again by injecting the pressurized steam. This is an energy efficient method 

and also does not precipitate the medium components. 

b) Aeration - Oxygen is stored in compressed tanks and is introduced at the bottom of the 

bioreactor through a „sparger‟. Aeration of the fermentation medium supplies oxygen to the 

production microorganisms and remove carbon dioxide from the bioreactor. The gases released 

during the fermentation accumulate in the headspace and then pass out through an air outlet. The 
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headspace is a vacant space on the upper part of the bioreactor and is generally about 20% of it‟s 

volume. The air-lift system of aeration involves sparging of air done at the bottom of the fermenter 

with an upward flow of air bubbles. The aeration capacity of the system depends on the air-flow rate 

and the internal pressure. The stirred system of aeration involves increasing the aeration capacity by 

stirring using impellers driven by motor. The aeration capacity of the fermenter depends on the rate 

of stirring, rate of air flow and internal pressure. 

c) Inoculation and sampling - The sterilized bioreactors with growth medium are inoculated with 

the production organisms. The size of the inoculum is generally 1-10% of the total volume of the 

medium. During the fermentation process, the samples are regularly withdrawn to check 

contamination and to measure the amount and quantity of product formed. 

d) Control systems - Various factors like- pH, temperature, dissolved oxygen, adequate mixing, 

concentration of the nutrients, foam formation etc are continuously monitored to maintain optimal 

growth environment in the bioreactor. Very sensitive sensors are available which carry out automated 

monitoring of these variables. The ideal pH range for optimal growth of microorganisms is between 

5.5- 8.5. The pH changes due to the release of metabolites into the medium by the growing 

microorganisms. The required pH level is maintained by adding acid or alkali followed by thorough 

mixing of the medium components. The optimal temperature is maintained by using the heating and 

cooling systems fitted in the bioreactor. Continuous monitoring of dissolved oxygen concentration is 

also a must for the optimal bioreactions. The oxygen is sparingly soluble in water (0.0084g/l at 250C) 

and is introduced into the bioreactor as the air bubbles. 

The concentration of the nutrients is also important because the limiting concentrations of 

nutrients helps in the optimal product formation and the high nutrient concentrations have inhibitory 

effect on the microbial growth. Another important factor to control is the “foam formation”. The 

protein rich media is used in industrial fermentation which leads to „froth‟ or ‘foam formation‟ on 

agitation during aeration. Some antifoam chemicals lower the surface tension of the medium and 

causes the foam bubbles to collapse. Mineral oils with silicone or vegetable oils are also used as 

antifoam agents. The bioreactors can also be fitted with mechanical foam control devices which break 

the foam bubbles and throw back into the fermentation medium. The proper and continuous mixing 

of the microbial culture is very important to maintain optimal levels of oxygen in the nutrient medium 

and to prevent the accumulation of toxic metabolic products. 

e) Cleaning - After the completion of the fermentation process, the products are „harvested‟ 

(removal of contents for processing) and the bioreactor is prepared for the next round of 

fermentation after cleaning technically referred to as „turn around‟. The cleaning of the bioreactors is 
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carried out by using high-pressure water jets from the nozzles fitted into the reaction vessel. In order 

to maintain the cost effectiveness of the bioreactor, the time taken for turn around which is known as 

„down time‟, is kept as short as possible.  

  

Downstream processing (DSP) 

The extraction and purification of a biotechnological product from fermentation is referred to as 

downstream processing. The methods adopted for downstream processing depends on the nature of 

the end products, it‟s concentration, stability, and the degree of purification required. Both 

intracellular metabolites as well as extracellular metabolites are isolated by DSP. The intracellular 

metabolites are products located within the cells e.g. vitamins, enzymes etc. The extracellular 

metabolites are the products present outside the cells e.g. most antibiotics, amino acids, alcohol, 

citric acid, enzymes like amylases, proteases etc. some products like vitamin B12, flavomycin etc are 

present both as intracellular as well as extracellular products. 

Downstream processing involves a number of steps which are as follows: 

a) Solid-liquid separation - The first step is to separate whole cells and other insoluble substances 

from the culture broth. This is done by using several methods: 

1) Flotation- The process of aeration involves the bubbling of gas in to the liquid broth. The cells and 

other solid particles get adsorbed on gas bubbles which form a foamy layer which is collected and 

removed. 

2) Flocculation - The cells or cellular debris form large aggregates and settle down which can be 

easily removed. Some flocculating agents like inorganic salt, organic poly-electrolyte, mineral 

hydrocolloid etc are often used to achieve appropriate flocculation. 

3) Filtration - this is the most commonly used technique to separate the biomass and culture 

filtrate. The rate of filtration depends on many factors such as the size of the organism, presence of 

other organisms, viscosity of the medium, and temperature. Several filters like depth filters, absolute 

filters, rotary drum vacuum filters, membrane filters etc. are used. There are three major types of 

filtration processes used depending on the size of the particles- microfiltration, ultrafiltration, and 

reverse osmosis. 

4) Centrifugation - The centrifugation is mostly used for separating solid particles from liquid phase. 

The technique of centrifugation is based on the principle of density differences between the particles 

to be separated and the medium. In the bioreactors, the continuous flow industrial centrifuges are 

used where there is a continuous feeding of the slurry and collection of clarified fluid. The solid 
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deposits are intermittently removed. Various models of centrifuges used are: Tubular bowl centrifuge, 

Disc centrifuge, Multichamber centrifuge, Scroll centrifuge or decanter etc. 

b) Release of intracellular products - The biotechnological products that are located with in the 

cells like vitamins, enzymes, etc are released in an active form for their further processing and 

isolation. The microorganisms or cells can de disintegrated or disrupted by physical, chemical, or 

enzymatic methods depending on the nature of the cells. 

1) Physical methods of cell disruption are (i) Ultrasonication, (ii) Osmotic shock (used for 

releasing hydrolytic enzymes and binding proteins from gram-negative bacteria), (iii) Heat Shock 

treatment, (iv) High pressure homogenization, (v) Impingement which involves hitting a 

stationary surface or a second stream of suspended particles with a stream of suspended cells at high 

velocity and pressure. Microfluidizer is a device developed on the basis of the principle of 

impingement. (vi) Grinding with glass beads where the cells mixed with glass beads are subjected 

to a very high speed in a reaction vessel. The cells break as they are forced against the wall of the 

vessel by the beads 

2) Chemical methods- Treatment with alkalies, organic solvents, and detergents lyse the cells to 

release the content. Alkali treatment is used for the extraction of some bacterial proteins. The organic 

solvents like methanol, ethanol, isopropanol, butanol etc also disrupt the cells. The organic solvent, 

toluene, which is commonly used, dissolves membrane phospholipids and creates the membrane 

pores to release intracellular contents. The ionic detergents denature the membrane proteins and 

lyse the cells e.g. cationic-cetyl trimethyl ammonium bromide or anionic-sodium lauryl sulfate. Non-

ionic detergents are less reactive and also affect the purification steps. 

3) Enzymatic methods - Lysozyme is the most commonly used enzyme which hydrolyses beta-1,4-

glycosidic bonds of the mucopepide in bacterial cell walls e.g. gram positive bacteria. This enzyme is 

commercially available produced from hen egg white. For gram-negative bacteria, lysozymes are in 

use with EDTA to break the cells. When the cell wall gets digested by lysozyme, the periplasmic 

membrane breaks due to osmotic pressure, which releases the intracellular contents. Glucanase and 

mannanase along with proteases lyse the cell wall of yeast.  

c) Concentration - The biological products are concentrated by getting rid of water which is present 

in the filtrate. Depending on the nature of the desired products and the cost effectiveness, the 

techniques used to concentrate the biotechnological products are evaporation, liquid-liquid extraction, 

membrane filtration, precipitation, and adsorption. 

(i) Evaporation - The water from the broth is removed by the process of evaporation using 

evaporators. The evaporators use a heating device which supplies the steam. There is a unit for the 
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separation of concentrated product and vapour and a condenser for condensing vapour. The 

commonly used evaporators are Plate evaporator, Falling film evaporator, Forced film evaporator, 

Centrifugal forced film evaporator.  

(ii) Liquid-Liquid extraction - In liquid-liquid extraction, the biological products are concentrated by 

transferring the desired product from one liquid phase to another liquid phase. The process of liquid-

liquid extraction is categorized as extraction of low molecular weight products and extraction of high 

molecular weight products. 

(iii) Membrane filtration - This technique involves the use of a semipermeable membrane that 

selectively retains the particles/molecules that are bigger than the pore size while the smaller 

molecules pass through the membrane pores. The membranes are made up of polymeric materials 

such as polyethersulfone and polyvinyl difluoride. Now a days, microfilters and ultrafilters made up of 

ceramics and steel are being used which are easy to clean and sterilize. Pervaporation is a technique 

in which the volatile products are separated by a process of permeation through a membrane coupled 

with evaporation and is used to extract and concentrate volatile products. Perstraction- This 

technique is used to recover and concentrate hydrophobic compoundsvand is based on the principle 

of membrane filtration coupled with solvent extraction. 

(iv) Precipitation - This is the most common method used to concentrate proteins and 

polysaccharides in industrial processes. The alteration in temperature and in pH, neutral salts, 

organic solvents, high molecular weight polymers (ionic and non ionic) etc are used in precipitation. 

Neutral salts like commonly used ammonium sulphate increases the hydrophobic interactions 

between protein molecules which leads to their precipitation. Ethanol, acetone and propanol are the 

commonly used organic solvents for protein precipitation which reduce the dielectric constant of the 

medium and increase the electrostatic interaction between the protein molecules. The precipitation 

process is carried out below 00C because the proteins get denatured by organic solvents. 

Polyethylene glycol (PEG) is a high weight non-ionic polymer that also precipitates the proteins by 

reducing the quantity of water available for protein salvation. In the category of ionic polymers e.g. 

polyacrylic acid, polyethyleneimine are used which form complexes with oppositely charged protein 

molecules and neutralize the charges. This leads to the precipitation of proteins. Besides this, the 

physical factors like increase in temperature, increase in pH, etc also leads to the precipitation of 

proteins. Besides these, the affinity precipitation (affinity interaction e.g. between antigen and 

antibody)and precipitation using ligands is also used.  

d) Purification – The products of fermentation are purified by using the technique of 

chromatography. Chromatography consists of a stationary phase and a mobile phase. The porous 

solid matrix packed in a column constitutes the stationary phase and the mixture of the compound to 

be separated is loaded on this. The compounds are eluted by a mobile phase. A large number of 
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matrices are commercially available for the purification of proteins e.g. agarose, cellulose, porous 

silica, cross linked dextran etc. Some of the commonly used chromatography techniques used are: 

Gel-filtration chromatography- In this technique, the separation of molecules is based on the size, 

shape and molecular weight using sponge-like gel beads with pores serving as molecular sieves for 

separation of smaller and bigger molecules. The Ion-exchange chromatography involves the 

separation of molecules based on their surface charges. It is useful for the purification of antibiotics, 

besides the purification of proteins. In ion exchange chromatography, the pH of the medium is very 

crucial because the net charge varies with pH. The ionic bound molecules are eluted from the matrix 

by changing the pH of the eluant or by increasing the salt concentration. The ion-exchangers are of 

two types- Cation exchangers- having negatively charged groups like carboxymethyl and sulfonate 

e.g. Dowex, HCR, Amberlite IR etc. Anion exchangers have positively charged groups like DEAE 

(diethylaminoethyl) e.g. Dowex SAR, Amberlite IRA etc. The Affinity chromatography is based on an 

interaction of a protein with an immobilized ligand. The ligand can be a specific antibody, substrate, 

substrate analogue or an inhibitor. The protein bound to the ligand is eluted out by changing the pH 

of the buffer, altering the ionic strength or by using another free ligand molecule. 

 

e) Formulation- The maintenance of activity and stability of biotechnological products during 

storage and distribution is known as „formulation‟. As proteins are highly sensitive and lose their 

biological activity, hence their formulations requires special care. In order to prolong their shelf life, 

certain stabilizing additives are added e.g. sugars (sucrose, lactose), salts (sodium chloride, 

ammonium sulphate), polymers (polyethylene glycol) and polyhydric alcohols (glycerol). Proteins are 

formulated in the form of solutions, suspensions or dry powder. For some small molecules 

(antibiotics, citric acid), formulation is done by crystallization using salts. „Drying‟ is an important 

component of product formulation which involves the transfer of heat to a wet product for removal of 

moisture. The commercially available dryers in use are- contact, convection and radiation dryers. 

Spray drying is used for drying large volumes of liquids where small droplets of liquid containing the 

product are passed through a nozzle directing over a stream of hot gas. After the evaporation of 

water, the solid particles are left behind. 

Freeze drying or lyophilization is the most preferred method for drying and formulation of a wide 

range of products- pharmaceuticals, food stuff, bacteria, viruses etc. Freeze drying does not cause 

loss of biological activity of the desired product. Lyophilization is caused due to the sublimation of a 

liquid from a frozen state. The product with the liquid is frozen and then freeze dried under vacuum. 

After releasing the vacuum, the product containing vials are sealed e.g. penicillin is freeze dried 

directly in ampules.  
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It is ideal to integrate the fermentation and downstream processing to finally get the desired product. 

The efforts are on the integrate these steps and a limited success has also been achieved. 

                                             FOOD AND BEVERAGE FERMENTATION  

Since olden times people are using fermented products in their daily food consumption. There are 

many advantages of fermented foods such as they easily digestible and have improved flavour, 

texture and nutritive value. Some of the most commonly used fermented products are cheese, bread, 

yoghurt, sausages, soy sauce etc. With the advances made in microbiology and biotechnology, food 

and beverage fermentation and production has become a major industry. The food biotechnology has 

helped in improving the quality, nutrition value, safety and preservation of foods which in turn has 

helped in making these foods available through out the year. 

Cheese 

Cheese is made from the casein of milk that is produced after separating the whey –the liquid portion 

of the milk. The bacteria used in cheese making are either gas producers or acid producers. Gas 

producers release carbon dioxide, while the acid producers form lactic acid from lactose. It is the gas 

producers that determine the texture of a cheese and the acid producers determine the flavour. The 

cheese production involves the following steps: 

a) Acidification of milk 

b) Coagulum formation 

c) Separation of curd from whey 

d) Ripening of cheese. 

Cheddar cheese is made from milk sterilized at 720C for 15 secs. A starter consisting of 

Streptococcus lactis is added and the milk is left to ripen for an hour. During the “ripening” the lactic 

acid content rises after which the milk is subjected to „renneting‟. Rennet is a mixture of chymosin 

and pepsin from the stomach of a calf which coagulates the casein, the principal milk protein. There 

are several sources of rennet for cheese production. These include calves, adult cows, pigs, and 

fungal sources. Using genetic engineering, some workers have cloned the genes of animal chymosin 

and transfer the same into microorganisms.  

After renneting, a semi solid mass or „coagulum‟ is formed consisting of water, fat and solutes 

trapped in a casein matrix. 

The coagulum is cut into pea-sized pieces to separate it into small, creamy particles of curd 

suspended in a watery whey. „Scalding‟ the mixture at 30-390C for 45 minutes is done to expel more 

whey and to change the texture of the curd. After the scalding, the curd is allowed to settle under 

gravity or „pitch‟ and the whey is run off. After the formation of blocks of curd, the blocks are cut, 
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stacked, drained and turned in a process called „cheddaring‟. Following the cheddaring, the pH falls to 

5.2 and the curd is „milled‟ in to small pieces. In the final stages of preparation, salt is added which 

helps to preserve the finished cheese and bring out it‟s flavour. „Ripening‟ consists of storing the 

cheese under appropriate conditions so that bacteria and other microorganisms can cause chemical 

changes in the curd, improving and enhancing its flavour. 

AN OUTLINE OF VARIOUS STAGES IN THE MANUFACTURE OF CHEDDAR CHEESE 
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Yoghurt  

Two species of bacteria Lactobacillus bulgaricus 

and Lactococcus thermophilus in approximately equal proportions, are used to make yoghurt. 

Commercial producers pasteurize and homogenize the milk before adding the starter. After stirring, 
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the mixture is then incubated for 3-6 hours at 40-450C. At this temperature the two bacteria have a 

mutually stimulating effect on one another. Proteolytic enzymes from L. bulgaricus break down milk 

proteins into peptides. These stimulate the growth of L. thermophilus which, in turn, produce formic 

acid and carbon dioxide, growth stimulants for L. bulgaricus. As the incubation proceeds, L. 

bulgaricus converts the lactose to lactic acid and the ph falls to 4.2-4.4 which leads to the coagulation 

of proteins by lactic acid and the thickening of the yoghurt.  

Further processing involves the addition of flavour, colour, fruit pulp and heat treatment to kill off any 

bacteria. 

METABOLIC PRODUCTS OF BACTERIA USED IN YOGHURT MAKING 

 

 

STAGES IN THE MANUFACTURE OF PROCESSED YOGHURT 
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Bread 

The principal dry ingredients used in bread-making are wheat flour, salt, sugar, ascorbic acid, and the 

yeast Saccharomyces cerevisiae. Water or milk is added to produce a thick, sticky dough which is 

repeatedly folded or kneaded, to create nuclei for gas production and expansion. The mixed dough is 

rested, folded, and moulded and in a humid atmosphere at 34-350C, it is left for 10 minutes to 

„prove‟. During the process of „proving‟, fermentation of sugars in the dough, catalysed by enzymes 

from the yeast cells, produces carbon dioxide. As this gas cannot escapes from the sticky mass, it fills 

the gas nuclei and causes the dough to “rise” or increase in volume. This process is sometimes is 

called „leavening‟. The overall effects of leavening are to make the dough lighter, more digestible, and 

of better flavour following from the production of organic acids, alcohols and esters by yeast cells. 

The role of enzymes in the process are summarized as follows: 

 

maltase 

a) Maltose ---------------› glucose  

(in flour) (from yeast) 

invertase 

b) Sucrose-----------------› glucose + fructose 
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(added) (from yeast) 

zymase 

c) Glucose + fructose----------------› alcohol + carbon dioxide 

(from yeast)  

The yeast fermented bread have better flavour and texture as compared to the one prepared by 

using baking powder therefore in the commercial production of bread, Baker‟s yeast is used. The 

living cells of aerobically grown Saccharomyces cerevisiae are collectively referred to as baker‟s 

yeast. Baker‟s yeast is commercially available either as a dried powder 

i.e. dry yeast with about 95% dry weight or in the form of cakes (about 25-30% dry weight). In 

recent years, some workers have reported the development of genetically engineered strains of 

Saccharomyces cerevisiae with improved fermentation properties. 

Some other fermented products  

Some of the fermented foods used worldwide are- rolls, cakes, soy sauce, idli and dosa (India), 

tempeh (Indonesia), Sauekraut (western countries). Sauekraut is a fermented and preserved form of 

cabbage mixed with salt. The pickles and chutneys (Sri Lanka, India, Pakistan) are also good 

examples of fermentation and preservation, based on the principles of biotechnology. 

Sweeteners 

The most commonly used natural sweetener is sucrose obtained from sugarcane, or beet and is used 

in a variety of food products like soft drinks, jams, jellies, sauces confectionery etc. Saccharin is a 

chemically synthesized sweetener which is 300 times sweeter than sucrose. However it is known to 

have some adverse health effects due to which its use is now restricted. High fructose corn syrup 

(HFCS) is produced from sucrose and is 1.5 times sweeter than sucrose. Using biotechnology, a low 

calories sweetener, Aspartame, has been created which is 200 times more sweeter, than sucrose 

and is being used as low calorie sweetener. 

Thaumatin is a low calorie sweetener which is protein in nature and is 3000 times sweeter than 

sucrose. It has been extracted from the berries of the Thaumatococcus danielli which is a native plant 

in Africa. Biotechnological methods have been used to produce Thaumatin at a large scale to meet 

the high demands of consumption. Thaumatin- encoding mRNA species have been isolated, identified 

and converted to cDNA and finally to double stranded DNA. These DNAs were cloned and transferred 

to E. coli for the production of Thaumatin. 



 173 

Monellin is another sweetener which is 100,000 times more sweeter than sucrose. It is a protein 

which is found in the fruit of an African plant Discorephyllum cumminsii and is composed of two 

chains- A-chain and B chain. It has been possible to chemically synthesize a gene that encodes both 

A and B chains as a single polypeptide. 

Beverages 

The use of fermentation procedures has been very common since times immemorial to produce 

alcoholic and non-alcoholic beverages. The most commonly used organism for the production of 

beverages is the yeast, Saccharomyces cerevisiae, which is capable of converting simple sugars to 

ethanol. There are two types of S. cerevisiae strains- bottom yeast and top yeast. The top yeast rises 

to the top while carrying out the fermentation and is used for the production of beer. The bottom 

yeast settles to the bottom during the fermentation and is used for the production of wine. The 

technique of recombinant DNA technology is being used to improve the strains of Saccharomyces 

cerevisiae to further improve the production yields of alcoholic beverages. 

Beer  

 

Beer is produced from barley grains, which contains mostly starch and proteins. There are several 

stages in the manufacture of beer. 

 

a) Malting- It is the process of conversion of starch to maltose, and proteins to amino acids by 

steeping the dry grains in water. The excess water is drained and the soaked barley are incubated for 

4-6 days to germinate. Enzymes produced during the germination, namely amylases and proteases, 

degrade stored materials in the grain into compounds that can be fermented by yeast. Germination is 

stopped by slowly heating the grains at 800C, temperature that is sufficient to destroy the enzymes. 

The grains that emerge from this process are known as malted barley. 

 

b) Milling- the process of breaking each malted barley grain into 2-3 pieces is called milling. These 

crushed grains, or grist, are then fed into a „mash tun‟, where mashing takes place. Hot water 

percolates through the grains, softening them, and extracting a nutrient-rich liquid called „wort‟. 

 

c) Boiling- it is the stage in which „wort‟ mixed with hops is heated to a high temperature in a „launter 

tun‟. Hops are the dried flowers obtained from hop plant to give added flavour, antiseptic properties, 

aroma and stabilizing effect to the beer. The resulting sterile liquid, after straining through a „hop-

back‟ is then allowed to cool. 
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d) Fermentation- The fermentation is carried out in open or closed bioreactors by adding pure strains 

of yeast S. cerevisiae at temperature- 20-280C for 5-10 days. As the fermentation of the beer 

proceeds, S. cerevisiae builds up at the bottom of the fermenter and at the surface of the „wort‟ 

where it forms a crust. Carbon dioxide is prevented from escaping and so dissolves in the beer, 

making it effervescence. 

 

e) Downstreaming consists of flocculation, filtration and maturation. A protein called isinglass, from 

the swim bladders of tropical fish, is added to flocculate yeast cells. Isinglass has an opposite electric 

charge to that of yeast cells so the yeast cells are precipitated as firm deposit leaving an almost clear 

liquid. 

 

f) Filtration- Using filtration, any remaining yeast cell in the suspension is removed using a slurry of 

diatomite rock, layered to form a bed. Following filtration, the beer is allowed to stand for several 

weeks at 00C, until any cell debris or protein haze has cleared. This „chillproofing‟ basically involves 

the removal of residual proteins suspended in the beer by precipitation or by employing proteolytic 

enzymes. 

 

g) Finishing- This is the final stage in the production of beer and consists of packaging beer for sale 

to the public. Bottled and canned beers are usually pasteurized at 600C to kill off any yeast cells that 

may still be present. In general, the alcohol (ethanol) content of beer is around 4-6% volume and 

„low alcohol‟ beer may either be processed, to remove most of the alcohol by osmosis, or a direct 

product of an engineered strain of yeast that produces alcohol in low concentration. 

Wines 

Wines are traditionally made from grapes, but can also be made from sugar-rich fruits, flowers or 

root crops, such as parsnips or carrots. In commercial winemaking, grapes are crushed between 

rollers then passed into a fermenting vat. The grape juice ready for fermentation process is 

technically referred to as „must‟. Here sulphur dioxide- to prevent the growth of unwanted 

microorganisms – and yeast are added. The must in suitable bioreactors is bubbled with oxygen 

through the fermentation medium to promote the growth of yeast cells. The wine production process 

completes in 2-5 days. At the end of fermentation, wines are transferred to storage tanks or vats and 

allowed to age (which may take some months or years). „Ageing‟ of wine is very important for the 

development of characteristic flavour and aroma. Table wines contain from 6-12% alcohol. Fortified 

wines, such as sherry, may contain as much as 20% alcohol. There are different types of wines- Red 

wine is derived from the black grapes, the White wine is derived from the black grapes after the 
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removal of skins or white grapes. Dry wine is produced when sugars are completely fermented and 

contains higher alcohol content. 

Vinegar 

Vinegar is used to flavour the food and contains approximately 4% acetic acid. It is produced by a 

second fermentation of beer, cider, or wine. The second fermentation is aerobic and dependent on a 

mixed culture of Acetobacter , including A. scheutzenbachii, A. curium, and A. orleanse. In the 

presence of oxygen, these bacteria convert alcohol to acetic acid by the following route: 

Alcohol (ethanol)-------› acetaldehyde------› acetic acid 

Miscellaneous microbially derived food products 

There are large number of food products which are produced by the microorganisms such as single 

cell protein, mushrooms, vitamins, amino acids, organic acids, polysaccharides etc. Besides these, a 

variety of enzymes are also used in food and beverage biotechnology. Some of these enzymes are 

extracted from the microorganisms and others are extracted from other sources. These enzymes are 

extensively used in the food industry e.g. Proteases are used for tenderization of meat which leads to 

the flavouring of the meat besides easy digestion. The enzyme „lactase‟ cleaves lactose to glucose 

and galactose which is easily assimilated by the body. This has helped to solve the problem of 

„lactose intolerance‟ in humans. It has been estimated that lots of people around the world suffer 

from lactose intolerance which is caused due to the presence of 4-5% lactose in milk and whey. The 

people with „lactose intolerance‟ develop diarrhea and suffer from abdominal cramps upon consuming 

milk and dairy products. The enzyme „lactase‟ lowers the lactose concentration which helps these 

persons. The lactase enzyme is obtained from microbial sources e.g. Aspergillus niger.  

Another example is the use of enzymes to clear the turbidity in the fruit juices caused due to the 

presence of pectins and cell debris. Enzyme preparation containing pectin esterase, 

polygalacturonase, pectin lyase, and hemicellulase is added to the fruit pulp for the removal of 

pectins and other turbid-causing agents. 

The enzymes- glucose oxidase and catalase help to remove the glucose from the food stuff which 

increases the storability of these food items. The presence of glucose and oxygen causes the damage 

to these food items. The glucose from the egg white (used in baking) is also removed by using the 

same enzyme. The reaction is as follows:  

 

Glucose + O2-------------› Gluconic acid + H2O2 
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2H2O2--------------------›2H2O + O2 

Production of Edible Mushrooms  

Mushrooms are fungi (class- basidiomycetes and ascomycetes) which can be cultivated on large scale 

for human consumption. Out of 4000 species, 200 are edible out of which only 12 species are 

cultivated on large scale. Some of the common edible mushroom varieties are- Agaricus bisporus 

(button mushroom), Pleurotus ostreatus (Oyster mushroom), Volvariella volvacea (Chinese 

mushroom). The edible mushrooms contain 35-45% protein, 7-10% fats and free fatty acids, 5-15% 

carbohydrates and minerals in good concentration. Therefore, edible mushrooms are also called 

vegetable meat. Edible mushroom cultivation has become one of the examples where microbial 

culture is being used for direct human consumption. Cultivation of edible mushrooms has become one 

of the most important and profitable biotechnological industry all around the world. Mushrooms have 

a short life 8-12 hours and should be therefore stored at low temperatures of 2-50C. Some of the 

mushrooms are cultivated in the summer and rainy season such as Volirariella sp. Agaricus bisporus 

and Pleurotus sp grow well in winters.  

Process of mushroom production 

The production of mushroom involves solid-substrate fermentation which is basically carried out by 

using substrates like straw, sawdust, compost, wooden logs etc. The compost with desired 

formulation is prepared and sterilized and then spread into trays which are then transferred to 

production room. This is followed by inoculation with spawn. „Spawn‟ is the term used for the 

mushroom inoculums containing spores and/or small pieces of fruiting body. The culture is 

maintained at optimal growth conditions of temperature 150C and pH of 7.0. The humidity is 

maintained at 70-80% by watering the trays regularly. A single crop of mushroom is ready in 7-10 

days. It is possible to have 3-4 crops before terminating the production process.  

The outline of edible mushroom production 
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Microbial production of antibiotics 

The chemical substances that can kill microorganisms or inhibit their growth are called antibiotics. 

These antibiotics are produced by the microorganisms or can also be chemically modified to make 

semi-synthetic antibiotics. Around 10,000 different antibiotics are known and 200-300 new ones are 

being added each year. A great majority of antibiotics are produced by actinomycetes particularly of 

the genus Streptomyces e.g. tetracyclines, actinomycin D. Among the fungi, the two groups 

Aspergillaceae and Moniliales are important for antibiotic production e.g. penicillin, cephalosporin, 

griseofulvin. The antibiotics are now routinely used to fight infections and thereby have contributed in 

increasing the life span of individuals. 
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It is important to select a high yielding strain and a suitable fermentation medium for microbial 

antibiotic production. Since antibiotics are the secondary metabolites of an organism, it is necessary 

to limit the growth of the microorganisms and to divert the organisms from primary to secondary 

metabolism. This is usually done by designing the medium in such a way that a key nutrient is 

exhausted at the appropriate time, producing the desirable metabolic diversion.  

Based on their mode of action, they are classified in two groups : 

A) Broad spectrum antibiotics are those antibiotics that can control the growth of several unrelated 

organisms e.g. tetracyclines, chloramphenicol.  

B) Narrow spectrum antibiotics are those that are effective against selected species of bacteria e.g. 

penicillin, streptomycin. 

For the commercial production of antibiotics, batch or fed batch fermentation methods are used. A 

small sample of the cultured stock is selected and amplified by growth on solid surfaces or in liquid 

culture. Spores o microorganism are retained in suspension form. This suspension is transferred into 

a container suitable for attachment to the fermenter. The fermenters are usually made up of stainless 

steel and are fitted with two or three flat impellers to cause agitation of the broth. The optimum 

temperature for antibiotic growth is between 24-280C. The entire process takes place in sterile 

conditions for which continuously steam is used. Sometimes, considerable amount of foam is 

generated during fermentation (when proteinacious media is used). To control the foam, antifoam 

chemicals such as vegetable oils are added to the medium. 

 

The antibiotics are now being commercially produced world over. Antibiotics may be produced by 

microbial fermentation, or chemical synthesis, or a combination of both. The biotechnologists are 

making a lot of efforts to increase the fermentation yield and make profitable industrial ventures to 

obtain pure antibiotics. Among the various antibiotics, penicillin was the first product that was 

accidentally discovered by Alexander Fleming in 1928 from the fungus Penicillium notatum. 

Penicillins 

The basic structure of all the penicillins consists of a lactam ring and a thizolidine ring fused together 

to form 6-aminopenicillanic acid. Cloxacillin, ampicillin, floxacillin and azlocillin are some examples of 

semi-synthetic penicillins. The natural penicillins are effective against several Gram-positive bacteria 

by causing cell death by inhibiting the synthesis of cell wall (peptoglycans). However, natural 

penicillins are ineffective against microorganisms that produce beta-lactamase as this enzyme can 

hydrolyse penicillins e.g. Staphylococcus aureus. 
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Earlier Penicillium notatum was used for large scale production of penicillins however, now a days 

Penicillium chrysogenum and its improved mutant strains are preferred. Earlier the penicillin 

production was less than 2 untis/ml but with new strains, the production runs into several thousands 

of units/ml. 

Using genetic engineering, genetic manipulations have been carried out to substantially increase the 

penicillin production e.g. extra genes coding for the enzymes cyclase and acyltransferase have been 

inserted into P. Chrysogenum.  

Production process of Penicillin 

The penicillin production is an aerobic process therefore a continuous supply of oxygen to the growing 

cultures is a must. The growth phase is around 40 hours with a doubling time of 6-8 hours. After the 

growth phase is stabilized, the penicillin production exponentially increases with appropriate culture 

conditions. The penicillin production phase can be extended to 150-180 hours. During the entire 

process, pH is maintained at 6.5 and the optimal temperatures vary between25-270C. The culture 

medium consists of corn steep liquor (4-5% dry weight) and lactose for carbon source. The yeast 

extract, soy meal or whey is added to give good supply of nitrogen. Phenyl acetic acid or 

phenoxyacetic acid which serves as a precursor for penicillin biosynthesis is also continuously added. 

For efficient synthesis of penicillin, the growth of an organism from spores must be in a loose form 

and not as pellets. Near the completion of the fermentation process, the process of extraction of 

penicillin from the broth starts. The mycelium is removed by filtration and penicillin is recovered by 

solvent extraction using n-butylacetate or methylketone at low temperature (<100 C) and acidic pH 

(<3.0). Further, the penicillin containing solvent is treated with activated carbon to remove impurities 

and pigments. The recovery of penicillin is done by adding potassium or sodium acetate. The 

potassium or sodium salts of penicillin can be further processed to remove impurities by using dry 

solvents such as n-butanol or isopropanol. These steps help in raising the yield of penicillin 

production to almost 90%. After the removal of water, penicillin salts are crystallized and dried under 

pressure which can later be converted into pharmaceutical dosage forms.  

 

An outline of the flow chart for penicillin fermentation 



 180 

 

 

Tetracyclines 

 

Tetracyclines are broad spectrum antibiotics with widespread medical use. They are effective against 

Gram-negative and Gram positive bacteria, mycoplasmas, chlmydias rickettsias. Tetrcyclines inhibit 

the protein synthesis by blocking the binding of aminoacyl tRNA to ribosomes (A site). 

Chemically it is composed of a naphthacene ring-a four ring structure. The chlortetracycline and 

oxytetracycline are the two most commonly used in the treatment of human diseases. In 1945, the 

first tetracycline antibiotic was isolated from chlortetracycline from the cultures of Streptomyces 

aureofaciens. 

 

Using genetic engineering, high yielding strains of Streptomyces rimosus have been developed for 

increased synthesis of oxytetracycline. The biosynthetic pathway is very complex with almost 72 

intermediates formed during the course of biosynthesis of chlortetracycline. 
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Production Process of Chlortetracycline 

The ingredients like corn steep, liquor, soy flour or peanut meal is added to the fermentation medium 

as the suppliers of carbon and nitrogen. The addition of carbohydrates (glucose or starch) also helps 

in the good growth of the microorganisms and the production of antibiotic. To achieve higher yields 

and better production of chlortetracycline, the supply of ammonium and phosphate is maintained at 

low concentration. The optimum temperature for the growth is 27-300C, pH- 6.5-7.5 and aeration 

0.8-1.0 vvm. The duration of fermentation is around 4 days. To recover the antibiotic, the culture 

broth is filtered at the end of fermentation process to remove the mycelium. The filtrate is treated 

with n-butanol or methylisobutylketone in acidic or alkaline condition for extracting the antibiotic. The 

process of adsorption to activated charcoal is done to remove other impurities. After the elution of 

chlortetracycline, it is crystallized. 

The production chart for chlortetracycline 

 

QUESTION BANK 
                               VERY SHORT ANSWER QUESTIONS 

1. What do you mean by the term “organogenesis”?  

2. What is “cell totipotency”?  

3. Which substance is added to culture medium for callus induction?  

4. What do you mean by cell based therapy?  

http://www.biotechnology4u.com/question_bank.html
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5. What is MoAB?  

6. Indicate the major growth phases observed in animal cell cultures?  

7. Which are the most commonly used enzymes for separating cells in a given tissue for 

culture?  

8. What is Hybridoma technology?  

9. What are the two methods used for isolation of single plant cells?  

10.How does DMSO help in preserving animal cells?  

11.Which is the most commonly used plant culture media?  

12.What are cybrids?  

13.Name a few compounds used as cryoprotectants?  

14.Name the protective chemical in which the embryos are encapsulated in artificial seeds?  

15.What are the advantages of using established cell lines for research by the scientists?  

16.What is molecular breeding?  

17.Name the red algae from which the gelling agar is obtained.  

18.What is the use of “Fusogen”?  

19.Which property of the plant cells is exploited to culture plant cells?  

20.What is the name of the first genes available for genetic engineering of crop plants for 

pest resistance?  

21.What does the word “Flavr Savr” refers to?  

22.Name a fusogen used for protoplast fusion.  

23.Define “subculturing”.  

24.What are stem cells?  

25.What are “pomatoes”?  

26.Define “Restriction Enzymes”.  

27.What is the full form of RFLP?  

28.What are the fields in which Micro array technique is used?  

29.In which vector was the direct sequencing done?  

30.What is meant by SNP map? 

                                         SHORT ANSWER QUESTIONS 

1. What is the application of  

a) structural Proteomics,  

b) Functional Proteomics?  

2. What is a Recombinant DNA?  

3. Why don‟t the restriction enzymes destroy the DNA of the organism in which they are 

produced?  
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4. What function the enzymes DNA ligase perform?  

5. What are the essential features of a vector?  

6. What are „immunotoxins‟?  

7. What is the use of „drug designing‟?  

8. What is the advantage of using an „immobilized enzyme‟ over a „free enzyme‟?  

9. Discuss the use of molecular probes and antibodies in forensic science for identification 

of criminals.  

10.What are YACs and contigs? How do they help in making the molecular maps for animal 

genomes?  

11.What are monoclonal antibodies? What is the method to prepare monoclonal antibodies?  

12.What is „hybridoma technology”?  

13.What do you mean by the term “tissue engineering”?  

14.What is vector less gene transfer? What are the methods used to transfer genes directly 

in plants?  

15.How are virus- free plants obtained?  

16.What do you mean by term “embryo rescue”?  

17.Name two conditions necessary for maintaining animal cells in culture which are 

different from plant cell culture.  

18.What is the composition of nutrient media used for plant culture?  

19.What are cell lines? How are the growth characteristics of cell lines determined?  

20.What is the importance of karyotyping in established cell lines?  

21.What is the difference between primary cell lines and secondary cell lines?  

22.Explain how embryo rescue can be used to produce novel hybrids?  

23.Explain why Agrobacterium tumefaciens is known as “natural genetic engineer of 

plants”?  

24.What is the common strategy to produce transgenic crops with delayed ripening and 

longer shelf life of fruits?  

25.Why was it necessary to create a bioinformatics database?  

26.Name some of the database retrieval tools. What is their purpose?  

27.What is the BLAST family of search tools?  

28.Based on genomic studies, why do people say that different species and organism had a 

common ancestor 100 million years ago?  

29.What are the two techniques which help us to understand the gene expressed in a cell or 

tissue under different environmental conditions?  

30.What is the mode of action of tPA? How is it produced by animal cell culture technology? 
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                                           LONG ANSWER QUESTIONS 

1. What are the restriction enzymes and why are they so important in rDNA technology?  

2. What is intellectual property and what rights are available to protect it? 

3. What are the advantages of getting a patent?  

4. What are „biosensors‟? How are biosensors used for environmental monitoring and bio-

monitoring?  

5. What is biohydrometallurgy and biomineralization? How can microbes be used for 

extraction of metals and for inducting mineral deposits?  

6. Describe in detail, the role of biofertilizers and bioinsecticides in protecting the 

environment?  

7. What is metabolic engineering and how can it be used for overproduction of metabolites 

in plants?  

8. What do you understand by „protein engineering‟? What is the difference between 

„protein engineering‟ and „genetic engineering‟?  

9. What are “Transgenic plants”? How do we obtain transgenic plants?  

10.What is „molecular farming‟? How and which transgenic plants can be used as 

„bioreactors‟ for producing important drugs and chemicals?  

11.Write short notes on: a) virus mediated gene transfer, b) microinjection, c) 

electroporation, d) particle gun method.  

12.What are cybrids? How are they produced? Discuss the use of cybrids in crop 

improvement programmes.  

13.What is micropropagation? Describe the technique of micropropagation and discuss the 

different possible uses.  

14.What is somaclonal variation? Discuss the role that they play in crop improvement.  

15.What is gene therapy? What are the limitations and prospects of its use in medicine.  

16.What is the difference between “molecular farming” and “molecular pharming”? What 

useful products can be obtained by using transgenic animals as “bioreactors”?  

17.What are GM foods? What precautions one should observe regarding the safety of GM 

foods?  

18.What are the genetic engineering strategies to create (a) edible vaccines, (b) herbicide 

tolerant plants?  

19.What is explant culture? What are the steps involved in explant culture?  

20.What is direct gene transfer? What are the methods of direct gene transfer?  

21.Write a short note on “bioethics in animal genetic engineering”?  

22.What is meant by plant regeneration? Give the different pathways of plant regeneration.  
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23.What is “molecular breeding”? What types of markers are used in screening/selection?  

24.What are the essential features of a vector?  

25.Write a short note on FISH technique? How can FISH technique help in the detection of 

chromosomal abnormalities?  

26.What is “micro array technology?  

27.Write a short note on „genome sequencing project‟ and why is it essential for sequencing 

a genome?  

28.What are the different types of sequences entered into the database?  

29.What are the different methods for small scale sequencing of genome?  

30.How can we use comparative CDNA hybridization micro array method to differentiate 

between the normal cell and cancerous cells? 

                                        QUESTIONS AND ANSWERS 

 

- Sampale question paper 1   - Sampale question paper 11  

Question bank on various topics   

PLANT BIOTECHNOLOGY 

1. Who proposed the concept of the “cell theory”? 

The cell theory was proposed by Schleiden and Schwann.  

2. Define Cell-totipotency. 

It is defined as the ability of a plant cell to regenerate into whole plant.  

3. What is the basic technique in plant tissue culture? 

The property of cell totipotency is exploited to culture the plant cells.  

4. Which is the most commonly used culture medium for plant cells and tissues?  

The most extensively used nutrient medium is MS medium which was developed by Murashige 

and Skoog in 1962. 

5. Name the substance added to the culture medium to induce callus induction. 

Auxins 

http://www.biotechnology4u.com/question_bank_question_answer.html#Sampalequestionpaper1#Sampalequestionpaper1
http://www.biotechnology4u.com/question_bank_question_answer.html#Sampalequestionpaper2#Sampalequestionpaper2
http://www.biotechnology4u.com/question_bank_question_bank_on_various_topics.html
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6. Name a few compounds used as cryoprotectants. 

Dimethyl sulfoxide (DMSO), glycerol, peoline and mannitol. 

7. Name the bacteria known as natural genetic engineer of plants 

Agrobacterium tumefaciens is the bacteria known as natural genetic engineer of plants. 

8. What is the name of the first inter-genetic somatic hybrids between potato and tomato? 

The first inter-genetic somatic hybrids between potato and tomatoes are known as “Pomatoes” 

or “Topatoes”. 

9. Fill in the blanks  

(a) --------------- is the gas responsible for the ripening of fruits. 

(b) Golden rice is rich in -------------------- 

(c) ------------------refers to an unorganized mass of cells, which are generally 

parenchymatous in nature. 

(d) Breeding associated with molecular markers (nucleic acid) is known as --------------------- 

(e) Genetically engineered ------------- plants produced polyhydroxy butyrate globules in their 

chloroplasts. 

(f) ------------------ is the enzyme which inhibits pollen formation and hence prevents 

unnecessary pollination. 

Ans. (a) Ethylene, (b) Pro-vitamin A, (c) Callus, (d) Molecular Breeding, (e) Arabidopisis, (f) 

Barnase 

10.What are the uses of callus culture? 

Callus cultures are used for: 

(a) Plant regeneration 

(b) Preparation of single cell suspensions and protoplasts 

(c) Genetic transformations studies 

11.Write some uses of cell suspension cultures? 

The cell suspension cultures are used for:  

(a) Induction of somatic embryos/shoots 

(b) In vitro mutagenesis and mutant selection 
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(c) Genetic transformation 

(d) Production of secondary metabolites 

12.Define 

(a) Explant culture, (b) Callus culture. 

Explant Culture- The culture of the plant parts (explants) is known as explant culture. The 

explants can be any part of the plant like the piece of stem, leaf, cotyledon, hypocotyls etc. 

Callus culture- Callus refers to an unorganized mass of cells, which are generally 

parenchymatous in nature. Callus cultures are used for plant regeneration, preparation of 

single cell suspensions and protoplasts, and genetic transformations. 

13.What do you mean by in vivo gene banks and in vitro gene banks? 

In vivo gene banks have been made to preserve the genetic resources by conventional 

methods e.g. seeds, vegetative propagules etc. In vitro gene banks have been made to 

preserve the genetic resources by non conventional methods is cell and tissue culture 

methods. This ensures the availability of valuable germplasm to breeder to develop new and 

improved varieties. 

14.What is the technique of parasexual hybridization? 

The parasexual hybridization or somatic cell hybridization offers an alternative for obtaining 

distant hybrids with useful agronomic traits (known as somatic hybrids or parasexual hybrids) 

which would never be formed in nature through sexual fertilization. The protoplast is isolated 

from the two sources and is allowed to randomly fuse with each other. The required fusion 

products are selected either through visual selection, biochemical methods, and fluorescent 

dyes. 

15.What are the natural secondary metabolites produced from plants? 

Plants produce thousands of sophisticated chemical molecules. These include the chemicals 

that are required for the plant‟s basic metabolic processes such as alkaloids, resins, tannins, 

latex etc. Shikonin is obtained from Lithospermum erythrohizon is used as antimicrobial, red 

pigment used in lipsticks and dye for silk. Quinine is obtained from Cinchonal officinalis is used 

as antimalarial drug.  

16.“The Agrobacterium is considered as Natural Genetic engineer of plants.” Comment. 
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This bacterium is known as natural genetic engineer of plants since these bacteria have the 

natural ability to transfer T-DNA of their plasmids into plant genome upon infection of cells at 

the wound site and cause an unorganized growth of a cell mass known as crown gall. Ti 

Plasmids can be used as gene vectors for delivering useful foreign genes into target plant cells 

and tissues. The foreign gene is cloned in the T-DNA region of Ti – plasmid in place of 

unwanted sequences. 

17.What is direct gene transfer? What are the methods of direct gene transfer? 

In the direct gene transfer methods, the foreign gene of interest is delivered into the host plant 

cell without the help of a vector. The following are some of the common methods of direct 

gene transfer in plants: 

(a) Chemical mediated Gene transfer- Certain chemicals like polyethylene glycol (PEG) and 

dextran sulphate induce DNA uptake into plant protoplasts. 

(b) Microinjection- Here the DNA is directly injected into plant protoplasts or cells using fine 

tipped glass needle or micropipette. 

(c) Electroporation-In this case, a pulse of high voltage is applied for protoplasts/cells/tissues, 

which makes transient pores in the plasma membrane which facilitates the uptake of foreign 

DNA. 

(d) Particle Gun- In this method, the foreign DNA is coated (precipitated) on to the surface of 

minute gold or tungsten particles (1-3 micrometer) and bombarded (shot) on to the target 

tissue or cells using a particle gun (also called as gene gun/shot gun/micro projectile gun). 

18.What is the specialty of the plant bioreactor? 

Plant cells are cultured in specially designed “plant bioreactors” which essentially do not have a 

stirrer because plant cells are shear sensitive. In place of stirrer, gas is gently bubbled which 

provides stirring as well as meet the demand of a higher oxygen supply. 

19.What is Golden Rice? In what way it is different from the normal rice? 

Normal rice is very low in vitamin A. Prof. Ingo Potrykus and Dr. Peter Beyer developed 

genetically engineered rice known as Golden rice which is enriched in pro-vitamin A by 

introducing three genes involved in the biosynthetic pathway for carotenoid, the precursor for 

vitamin A. The seeds of Golden rice are yellow in color because of pro-vitamin A which is 

produced in the entire grain. 
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20.What is the name of the first genes available for genetic engineering of crop plants for pest 

resistance? 

The first genes available for genetic engineering of crop plants for pest resistance were „cry 

genes‟ (popularly known as Bt genes) from a bacterium Bacillus thuringensis. 

 

ANIMAL BIOTECHNOLOGY 

1. Which antigen is present on T-cells which cause graft rejection during transplantation? 

A surface antigen CD3 exposed on mature T-lymphocytes is responsible for allograft rejection. 

2. How does OKT3 help in transplantation? 

An antibody directed against CD3 surface antigen of T –cells, OKT3 (anti-CD3 Moab) removes 

antigen bearing cells from circulation and from the graft. 

3. Which are the most commonly used enzymes for separating cells in a given tissue for culture? 

Trypsin and collagenase  

4. Which is the first drug to be produced by mammalian cell culture? 

Tissue plasminogen Activator  

5. What do you mean by cell based therapy? 

The stem cell technology is used to replace damaged and dead cells to treat blood cancer, 

neuro and degenerative diseases etc. This is known as cell based therapy. 

6. Name a few medically important commercial proteins produced by animal cell culture. 

t-PA protein produced by CHO cells is used to treat heart attack. Factor VIII from CHO cells is 

used to treat Haemophilia A. FSH From CHO cells is used to treat fertility. 

7. What is the most distinct feature of animal cell culture? 

Animal cells can grow in simple glass and plastic containers. While growing microbial cells and 

plant cells, if the nutritive medium is changed and the cells are replenished with the culture 

medium, the cells will grow indefinitely. However, animal cells, depending on the tissue they 

have been isolated from can grow even in the best nutritive media to only limited generations. 

The animal cells in culture also exhibit contact inhibition. 
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8. Fill in the blanks: 

(a) ------------ was the first drug to be produced by mammalian cell culture. 

(b) ------------- are used for scaling up the production of suspension cells. 

(c) In----------- the cells adhere to the total curved surface of the microcarrier beads. 

(d) An------------- microscope is used for visualizing cell cultures in situ. 

(e) ------------------involves the storing of cells at very low temperature. 

(f) ---------------------is a highly effective therapeutic agent who reverses acute renal allograft 

rejection. 

(g) ------------------play a major role in rejecting foreign tissue in transplantation. 

(h) The animal cells in culture exhibit the phenomenon of --------------- 

(i) The maintenance of growth of the cells in culture medium is known as ------------------- 

(j) ------------------ are those cell lines which have a limited life span and they grow through a 

limited number of cell generations. 

(k) Cell lines transformed under in vitro culture conditions give rise to------------------- 

Ans (a) Tissue plasminogen activator, (b)Spinner cultures, (c) Roller bottles, (d) Inverted 

microscope, (e) Cryopreservation, (f) OKT3, (g) T cells, (h) Contact inhibiton, (i) primary cell 

culture, (j) Finite cell lines, (k) Continuous cell line  

9. What is a chimeric mouse? 

Embryonic stem cells are cell lines directly derived from the inner cell mass of fertilized mouse 

embryo with out the use of immortalizing or transforming agents. It fertilized mouse egg is 

grown in culture (in vitro fertilization), it is observed that after several steps of cleavage, the 

cells which are dividing get accumulated in one corner. These cells are called inner cell mass 

(ICM cells) cells. These cells could be maintained in tissue culture in the presence of irradiated 

fibroblast cells. It was observed that these cells could be used to create chimeric mice. In 

chimeric mice, it was possible to take ES cells from a black mouse and implant it into the 

embryo of an albino (white) mouse. The progeny so developed had skin colour of black and 

white (a chimera). 

10.What are the differences between plant cell culture and animal cell culture? 

The plant cells in culture can grow indefinitely if the nutritive media is constantly replenished. 

However, the animal cells, depending on the tissues they have been isolated from can grow 

even in the best nutritive media to limited generations. The animal cells also exhibit contact 

inhibition i.e. when cells grow and reach the walls of the container they are prevented from 

further growth. Another important feature of cell growth in culture is that their environment is 
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different from that in vivo. The other major differences include the absence of cell-cell 

interaction, cell-matrix interaction etc. 

11.What is Embryonic stem cell culture? 

Embryonic stem cells are cell lines derived directly from the inner cell mass of fertilized mouse 

embryo without use of immortalizing or transforming agents. If we fertilized a mouse egg and 

grow it in tissue culture, it is observed that after several steps of cleavage, the cells which are 

dividing get accumulated in one corner. These cells are called inner cell mass (ICM) cells. 

These cells could be maintained in tissue culture in the presence of irradiated fibroblast cells. 

These cells could retain the characteristics of the embryo founder cells, even after prolonged 

culture and extensive manipulation. The cells reintegrate fully into embryogenesis when 

returned to the early embryo. The cells would be used to create chimeric mice and to maintain 

a stable euploid karyotype. The cells would renew without differentiating in culture. 

12.How many categories of cell lines are available? 

The various types of cell lines are categorized into two types i.e. finite cell lines and continuous 

cell lines. 

(a) Finite cell lines- Finite cell lines are those cell lines which have a limited life span and they 

grow through a limited number of cell generations. Finite cell lines show the property of 

contact inhibition, density limitation and anchorage dependence. The mode of growth is in the 

monolayer form. The growth rate is slow and doubling time is around 24 to 96 hrs. 

(b) Continuous Cell lines- Cell lines transformed under in vitro culture conditions give rise to 

continuous cell lines. The various properties associated with continuous cell lines are, the 

ploidy- either aneuploid or heteroploid. There is no contact inhibition and no anchorage 

dependence. The mode of growth is either monolayer or suspension form. The growth rate is 

rapid and doubling time is 12 to 24 hours. 

13.What do you understand by the term hybridoma technology? 

Antibodies obtained from serum are a heterogeneous population of proteins released by 

different populations of B lymphocytes and therefore are known as polyclonal antibodies and 

bind very specifically to an epitope or an antigen. They are produced from antigen activated B 

lymphocytes cells that have been immortalized by hybridizing (fusing) them with a myeloma 

cell (cancerous lymphocyte). Ceaser, Milstein and George Kohler developed the immortalized 

hybridoma cell line by fusion of antibody producing B cells and cancerous cell (myleoma) in 

presence of polyethylene glycol (PEG). Thus the hybrid retains the ability of the B cells to 
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secrete antibody and the ability of the myeloma cell to grow indefinitely. The Hybridoma 

technology has created a revolution in the area of diagnostics and antibody based therapy. 

14.What is the importance of karyotyping in established cell lines? 

Once a cell has been established, its karyotype is determined. This will confirm the species of 

origin, at least for those cells karyotyped, and determine the extent of gross chromosomal 

changes in the line. Karyotypes may vary from being near normal tobeing aneuploid. While a 

normal karyotype is desirable, the presence of an abnormal karyotype is desirable, the 

presence of an abnormal karyotype does not preclude using the cells for in vitro studies, 

especially if it has been demonstrated that the cells retain the normal function expected of 

them. 

If a normal karyotype is required e.g. to create transgenic animals, then special care is taken 

in handling the cells to minimize chromosomal changes. The stability of the karyotype depends 

on the species from which they are derived, the growth conditions used, the way in which the 

cells are subcultured, and whether or not the cells are frozen.  

15.Differentiate between roller bottle and spinner cultures? 

In roller bottles the cells adhere to the total curved surface area of the microcarrier beads, 

thereby markedly increasing the available space for growth. These tissue culture bottles can be 

used in specialized CO2 incubators with attachments that rotate the bottles along the long 

axis. After each complete rotation of the bottle, the entire cell monolayer has transiently been 

exposed to the medium. The volume of the medium need only be sufficient to provide a 

shallow covering over the monolayer. 

Spinner Cultures- Spinner cultures are used for scaling up the production of suspension cells. 

They consist of a flat surface glass flask with a suspended central Teflon paddle that turns and 

agitates the medium when placed on a magnetic stirrer. Commercial versions incorporate one 

or more side arms for sampling and/ or decantation. The cells are not allowed to settle to the 

bottom of the flask and thus cell crowding occurs only at very high densities.  

16.What is the use of microcarrier beads? 

The microcarrier beads are used to increase the number of adherent cells per flask and are 

either dextran or glass based . they come in a range of densities and sizes. The beads are 

buoyant and therefore can be used with spinner culture flasks. The surface area available for 

cell growth on these beads in huge. 
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17.What functions are performed by LAF? How many types of LAFs are present? 

A LAF hood (Laminar Air flow hood) perform two functions- 

(i) to protect the tissue culture from contamination by protecting it from the operator (i.e. 

Sterile environment) 

(ii) to protect the operator from the tissue culture (in situation of potential infection risk) 

Depending on the nature of the cells and organisms being handled three types of culture hoods 

are available: 

Class I hoods give good protection to the operators and to a lesser degree, the cell culture. 

Class II hoods offer protection to both the operator and the cell culture. 

Class III hoods are used for work with highly pathogenic organisms.  

18.What are the drawbacks of using primary cell cultures? 

The drawbacks of primary cell culture are that they are time consuming and require use of line 

animals or fresh tissue. Also there can be considerable variation from one preparation to 

another particularly if prepared by different people. These difficulties can be overcome by using 

secondary cell cultures. 

19.Name the scale up methods used for (a) adherent cell cultures (b) suspension cultures. 

The scale up methods includes roller bottles with micro carrier beads for adherent cell cultures 

and spinner flasks for suspension cultures. 

20.What are the advantages of using established cell lines for research by the scientists? 

The advantages of using established cell lines is that their growth characteristics, media requirements and responses 

to selected reagents are established and therefore convenient for the scientist to use.  

QUESTIONS ON GENOMICS 

1. Which microorganism‟s genome was first sequenced? 

Haemophilus influenzae 

2. What is the field of genomic dealing with the sequence structure of DNA called? 

Structural genomics 

3. What are cDNAs spots on a glass slide used for expression studies called? 

Microarray  
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4. What are linear DNA sequences or clones having overlapping sequences called? 

Contigs 

5. What do EST stands for? 

Expressed Sequence Tags 

6. Based on genomic studies, why do people say that different species and organisms had a 

common ancestor 100 million years ago? 

The genome sequencing projects have revealed that the genomes of very different organisms 

e.g. mouse and man may be quite similar. 12% of the 18,000 worm genes encode proteins 

whose biological roles could be inferred from their sequence similarity to yeast genes and vice 

– versa i.e. almost a third of the 6000 yeast genes have functional equivalents in worm genes. 

It is estimated that the difference between human and chimpanzee genomes is only 1 to 3%. 

These similarities suggest that neither genome has changed much since we shared a common 

ancestor 100 million years ago. 

7. Differentiate between functional and structural genomics? 

Functional genomics- this is a field of study which co-relates the structure and sequence of the 

genome to its function. In this field the information provided by structure genomics is used to 

study the function of genes or protein in a systematic manner. 

Structural Genomics- In structural genomics, one studies the sequence-structure relationship 

of a genome. It represents an initial phase of genome analysis which involves creating high 

resolution genetic physical and transcript maps and ultimately sequencing the genome. 

Because of rapid advances in the field of proteomics the study of three dimension structure of 

all proteins has also become easier because of structural genomics. 

8. What causes genetic variations in individuals? 

The genetic variations are caused due to single nucleotide polymorphisms or SNPs which can 

occur both in the coding and non-coding regions of the genome. It is believed that SNPs occur 

at 1.6 million to 3.2 million sites in the human genome and may affect gene function, 

depending upon exact base change and where it occurs. 

9. If you are given a sequence with out any label, how will you find out whether it is a DNA 

sequence or RNA sequence or a protein sequence? 
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The usual approach taken by standard computer programs like sequence search programs scan 

the first 20 symbols. If the symbols encountered switch between any of the 4 base only, then 

the sequence at hand is taken as a DNA sequence. Instead of T if U is encountered, then it is a 

RNA sequence. But if the symbols switch between any of the 20 (other than 4), then it is taken 

as protein sequence.  

The usual approach taken by standard computer programs like sequence search programs scan the 

first 20 symbols. If the symbols encountered switch between any of the 4 base only, then the 

sequence at hand is taken as a DNA sequence. Instead of T if U is encountered, then it is a RNA 

sequence. But if the symbols switch between any of the 20 (other than 4),  

10.What is Human Genome Project? 

The Human Genome project officially started on 1 Oct, 1990 in the United States, as a 15 year 

programme to map and sequence the complete set of human chromosomes, as well as those 

of general model organisms. The strategy of this international project was to make a series of 

maps of each human chromosome at increasingly finer resolution. In this approach 

chromosomes were divided into smaller fragments that could be cloned and fragments wee 

arranged to correspond to their locations on a chromosome. After mapping, each of these 

ordered fragments would be sequenced. 

11.How can FISH technique help in the detection of chromosomal abnormalities? 

The application of FISH can be illustrated by taking an example of chronic mylegenous 

leukaemia (CML). It was observed from the karyotype analysis of the lymphocyte preparation 

made from blood samples of CML patients that there was a 9-22 translocation in the 

chromosome (Philadelphia chromosome). Although by counting the number of such cells it was 

possible to find out the severity of the disease, it was not an easy procedure. The regions on 

the chromosomes involved in translocation were identified on chromosomes 9 and 22 from the 

DNA library it was possible to pick up clones carrying the particular genes involved in CML. 

Using nick translation it was possible to fluorescently label chromosome 9 region with red 

colour and chromosome 22 region with green colour and prepare the probe. It was observed 

that when CML lymphocytes smeared cells were hybridized with the two probes in situ and 

when observed under fluorescent microscope, the cells, which were affected, appeared as red 

and green. 

12.What are the reasons for completely sequencing a genome? 
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The reasons for completely sequencing a genome are: 

a) it provides a base for the discovery of all inventory of genes. 

b) The sequence shows the relationship between genes. 

c) It provides a set of tools for future experimentation. 

d) The sequencing provides an index to draw and organize all genetic information about the 

organism. 

e) Ultimately the whole genome sequence becomes an archive for further containing all the 

genetic information required to make the organism. 

13.How can microarray be used for comparative studies? 

If one were to study the effect of certain drugs or say a cancerous cell so as to see which 

genes are activated or switched off vis-à-vis a normal cell one can use the Microarray 

technology as a comparative tool. Now in order to study the expression of different genes 

under different conditions one needs to look into the different mRNA population in the cell 

since it is the mRNA which gets converted into proteins. mRNA accounts for only 3% of the 

total RNA of a cell. The m-RNA is first converted into its cDNA by RT PCR since the mRNA is 

very unstable and prone to attack by RNase in vitro conditions. The cDNA is more stable. 

Reporter fluorescent molecules are tagged on to the cDNA. Two samples are taken one of a 

normal person and another of the cancerous person which is to be compared. The normal 

persons and the cancerous person‟s cDNAs are labeled with different (for example Red and 

Green) fluorescent dyes. The samples are then spotted on to the various DNA spots on the 

microarray. If there is a match i.e. the sample DNA hybridize with the DNA on the microarray 

then the spots whose mRNA is present at a higher level in one or the other cell population 

shows up as predominantly red or green. Yellow spots have roughly equal amounts of bound 

cDNA from each cell population. This way the whole genome can be monitored for expression 

studies on a single glass slide.  

14.What is molecular evolution? What are the observations regarding protein sequence variations 

vis-a vis evolution? 

Zucker Kandle and Pauling (1962) proposed a new approach of studying evolutionary relations 

using sequence variability. This initiated a new field called molecular evolution. The approach 

was based on the observation that functionality related homologous protein sequence were 

similar. It was observed that protein sequences undergo variation during evolution according 

to certain patterns such as: 

a) amino acids were not replaced at random but were altered with specific preferences e.g. 
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amino acids of similar physicochemical characteristics were preferred one over another. 

b) Some amino acids such as tryptophan, was generally not replaced by any other. 

c) Based on several homologous sequences, a point accepted mutation (PAM) matrix could be 

developed. 

15.What are the different areas which can be studied using microarray technologies? 

This technique can be used to study the following areas: 

1) Tissue specific genomes. 

2) Regulatory defects in a disease. 

3) Cellular responses to environment. 

4) Cell cycle variations. 

5) Discovering drugs. 

 

16.Write a short note on SNPs and their relevance as molecular tools? 

All human beings or Homo Sapiens share 99.8% of their genomic sequence i.e. only 0.2% of 

the sequence varies between different individuals. One of the most important variations, 

particularly, because of its use as a molecular tool are point mutation called as SNPs or single 

nucleotide polymorphisms which occur both in the coding and non coding regions of the 

genome. They occur in approximately, 1 in every 800 base pairs frequency. They occur when 

one base at a particular portion differs for different individual. These SNPs are proving to be 

excellent tools for DNA fingerprinting detecting susceptibility and predisposition to various 

diseases. Example: a single base difference in the ApoE gene is known to be associated with 

Alzheimer‟s disease.  

 

17.What is meant by SNP map? How many SNPs occur in the whole genome? 

The position of SNPs on human DNA is depicted by SNP map. Around 1.6 to 3.2 million sites. 

 

18.Give example of one disease, whose susceptibility has been located with the help of SNPs. 

Alzheimer‟s disease 
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19.In which direction is the DNA sequences always read? 

5‟--------3‟ directions 

20.What does the C-value paradox indicates? 

The C-value paradox indicates that despite the increasing complexity in higher animals, the 

number of genes does not increase likewise. 

Questions on Bioinformatics 

1. What is bioinformatics? 

Bioinformatics is the management and analysis of biological information stored in data bases 

especially in late 1980‟s when researchers started to use computers as central sequence 

repository, from where the data could be accessed remotely. 

2. What is Ref Seq? 

Ref Seq is a well verified database of mRNAs and proteins of human, mouse and rat. The data 

provided in Ref Seq has been used in many cases such as designing gene chips and describing 

the sequence features of the human genome. 

3. What is the BLAST family of search tools? 

The “BLAST” acronym stands for Basic Local Alignment Search Tool. A given sequence in the 

database using matrices that specify scores to either “reward” a match or “penalize” a 

mismatch. Top scoring matches are ranked to distinguish between a similarity due to ancestral 

relationship or due to random chance. True matches are further examined thoroughly with 

other details accessible through Entrez and other tools available at NCBI. 

4. What are the differences between directed and random sequencing? 

Directed Sequencing of BAC Contigs- BAC vectors are capable of carrying inserts as large as 

80-100 Kb. The vectors are used to make Genomic Libraries. The overlapping regions are used 

to assemble the various insets into continuous contigs. The individual contigs are then 

sequenced by breaking the DNA and cloning into smaller vectors. Since this is a stepwise 

directed method it is also called as Directed sequencing. 
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Random Shotgun Sequencing- In this method the genome is randomly broken up into sizes of 

2-10 kb range and inserted into a vector (plasmids). These are then sequenced and ordered 

with respect to each other with the help of overlapping or common sequences. 

5. What are database retrieval tools and what are its uses?Among the  

database retrieval tools are ENTREZ, taxonomy, BROWSER, LoCUS LINK. Entrez is an 

integrated database retrieval system. Through this system one can access literature (in the 

form of abstracts), sequences, and structures. Entrez is an excellent system for obtaining 

comprehensive information on a given biological question. The taxonomy browser provides 

information on taxonomic classification of various species. 

6. Mention all the databases and the type of information available on them? 

Database Information available 

EMBL (European Molecular Biology Laboratory) Nucleotide sequence 

SWISS-PROT Annotated protein sequence 

PDB (Protein Database) Three-dimensional structure of proteins 

Ribosomal RNA database rRNA subunit sequences 

PALI database Phylogenetic analysis and alignment of proteins 

7. What are the different types of sequences entered into the databases? 

Based on their origin the various DNA sequence entries into the databases can be classified 

into the following types: 

cDNA: Many sequences entered are originally cDNA sequences. While entering such sequences 

one has to mention this fact. Also this information is available when the sequence is retrieved. 

Thus these are expressed as part of the total sequences. 

Genomic DNA: Most sequences entered are Genomic DNA sequences. 

ESTs: Stands for Expressed Sequence Tags. These comprises of partial cDNA clones i.e. cDNAs 

sequence from one end. It has its own special database called the db EST. EST data can give 

information regarding the expression patterns by counting the number of ESTs corresponding 

to each gene divided by the total number of ESTs. 

GST: In Plasmodium falciparum the enzyme Mung Bean nuclease cuts between the genes. The 

digested DNA can be used to prepare genomic library. The sequence can be read from either 

ends as in ESTs. 

Organelle DNA: Eukaryotic cell possess cell organelles such as mitochondria, chloroplast. Since 
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they possess their own DNA which is different from the Genomic DNA one has to mention it 

specifically while entering such data. 

Other molecules such as tRNA and smaller RNAs are also entered into databases. 

8. Write short note on the nomenclature system used in Bioinformatics work? 

The nomenclature system that researchers use in bioinformatics work is based on the 

International Union of Pure and Applied Chemistry recommendations. This ensures uniformity 

of use across all the researchers. The main bases are represented by GATC. However, in 

certain experiments due to problems of sequencing the sequence identification is not clear at 

certain positions. In such cases if the ambiguity persists such that, for instance, the nucleotide 

cannot be differentiated as to whether it is G or C but one can be sure it is not A or T then the 

symbol used is S. Also since in most organisms DNA is double stranded one might face a 

problem if one starts encountering symbols that mean more than one base at a given position. 

In certain cases, the complimentary symbols are same as in the given strand because in both 

the cases they mean the same set of bases.  

9. How are the following bases represented? 

a) guanine, (b) adenine, (c) Thymine, (d) Cytosine, (e) Purine, (f) Pyrimidine, (g) Amino, (h) 

Keto, (i) Strong Hydrogen bonds, (j) Weak Hydrogen bonds, (not-G, H follows G in the 

alphabet, (l) not-A, B follows a in the alphabet, (m) not-T (not-U), V follows U in the alphabet, 

(n) not-C, D follows C in the alphabet, (0) Any base. 

Symbol Meaning Base (s) 

G  G Guanine 

A A Adenine 

T T Thymine 

C C Cytosine 

R G OR A Purine 

Y T C Pyrimidine 

M A C Amino 
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K G T Keto 

S  G C Strong (3 Hydrogen bonds) 

W A T Weak (2 Hydrogen bonds) 

H A C T Not-G, H follows G in the alphabet 

B G T C Not-A, B follows A in the alphabet 

V G C A 
Not-T (not-U),V follows U in the 

alphabet 

D G A T Not-C, D follows C in the alphabet 

N G A T C Any 

 

10.What kinds of analysis can be done using bioinformatics tools? 

Many kind of analysis can be made using various bioinformatics tools. These are as follows: 

a) Processing raw information- the bioinformatics tools are used to process the experimentally 

determined sequence/raw information into genes, the proteins encoded with their functions, 

the regulatory sequences, and inferring phylogenetic relationships. 

b) Genes- Gene prediction can be done by using computer programmes like GeneMark for 

bacterial genomes and GENSCAN for eukaryotes. 

c) Proteins- simple computer programmes are used to infer protein sequences from the 

predicted genes. 

d) Regulatory sequences- Bioinformatics tools can be used to analyse and identify the 

regulatory sequences. 

e) Inferring phylogenetic relationships- Information regarding the relationships between 

organisms can be obtained by aligning multiple sequences, calculating evolutionary distance, 

and constructing phylogenetic trees. 

f) Making a Discovery- using the bioinformatics tools and databases, the functions of unknown 

genes can be predicted.  
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11.What was the contribution of Margaret Dayhoff in the field of molecular evolution? 

Margaret Dayhoff observed that protein sequences undergo variation during evolution 

according to certain patterns. She noted that: 

- Amino acids were not replaced at random but were altered with specific preferences. For 

example, amino acids of similar physico-chemical characteristics were preferred, one over 

another. 

- Some amino acids such as tryptophan, was generally not replaced by any other. 

- Based on several homologous sequences, a point accepted mutation (PAM) matrix could be 

developed. This laid the first foundation for subsequent work on sequence comparisons using 

quantitative approaches.  

12.Who discovered the EST technique? 

Craig Venter and his research group.  

QUESTIONS ON BIOTECHNOLOGY AND SOCIETY 

1. What are IP and IPR? 

With the fast pace development in the field of biotechnology, the issues related to legal 

characterization and the treatment of trade related biotechnological processes and products 

are of immense importance. These are popularly known as Intellectual Property. Intellectual 

Property includes Patents, trade secrets, copyrights, and trademarks. In biotechnology, the 

intellectual property covers the processes and products which result from the development of 

genetic engineering techniques through the use of restriction enzymes to create recombinant 

DNA. 

Intellectual Property Rights (IPR) is a collective term applied to a number of different types of 

legal rights granted by each country. The right to protect this property prohibits others from 

making, copying, using or selling the proprietary subject matter. 

2. What are the advantages of getting a patent? 

The advantages of patents and other forms of IPR are:  

(h) These practices help in encouraging and safeguarding intellectual and artistic creations. 

(i) They help to disseminate new ideas and technologies quickly and widely. 

(j) They promote investment. 

(k) They help the inventor to provide the fruits and benefits of his creation and invention to the 

public. 
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(l) They provide increased opportunities for the distribution of the above effects across 

countries in a manner proportionate to national levels of economic and industrial development 

(OECD, Paris, 1989) 

3. What are breeder‟s right? 

The new crop varieties are developed and protected through “plant breeder‟s rights or PBRs. 

The PBRs ensures that the plant breeder who developed a particular variety gets the exclusive 

rights for marketing the variety. The following two major steps were taken in consideration of 

PBRs: 

(b) The Food and Agriculture Organisation (FAO) has an International treaty on plant genetic 

resources for food and agriculture. This treaty consists of a particular clauses which refers to 

operation of farmer‟s rights. 

(c) The „Plant Varietal Protection and Farmer‟s Rights Act 2001 agrees for the right of farmers, 

breeders, and researchers. The protection is provided by making compulsory licensing of 

rights, and inhibiting the import of plant varieties consisting of „genetic use of restriction 

technology‟ (GURT) e.g. terminator technology of Monsanto. 

Following conditions should be fulfilled to grant protection to the new varieties: 

a) the new variety must always be new i.e. it should not have ever been exploited 

commercially. 

b) It should be biologically distinct and possess different characters. 

c) The new variety of the plant must have uniform characters. 

f) The distinguishing character of new variety must be stable for generations. 

g) The new variety should have taxonomic validity i.e. systematic position, generic and species 

names etc. 

4. What is the general layout of a patent? 

A patent consists of three parts: the grant, specifications, and claims. 

The Grant- The grant is filled at the patent office which is not published. It is the actual signed 

document which is the agreement that grants patent rights to the inventor. 

Specifications- The specifications part is narrative and describes the subject matter and 

explains about the process of invention. It is published as a single document which is made 

public at a minimum charge from the patent office. 

The claim- The claim section specifically defines the scope of the invention to be protected by 

the patent to which the others may not practice. 

Reading a Patent 
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In order to file a patent, the documents required should have a specialized structure. An 

applicant should first file a patent in his or her own country and then at a later stage/date files 

in the international office. The application is prepared with a specific, clear and concise title. A 

patent attorney is appointed for the legal aspects of the patent whose job also involves filling 

the patent in the office of the Controller of Patents.  

5. Write down the full form of the following: (a) WIPO, (b) TRIPS, (c) GM, (d) PCT, (e) GURT. 

(a) WIPO- World Intellectual Property Organisation, (b)TRIPS- Trade related Intellectual 

Property rights, (c) GM- Genetically modified, (d) PCT- Patent Co-operation Treaty, (e) GURT- 

Genetic use restriction technology. 

6. What do you mean by patenting live forms? 

The EPO has suggested to patent the genetically engineered liveforms. “Onco mouse” is one of 

the examples of which initially the patent claims was rejected but on appeal the previous 

decision was overruled. Genetically engineered E.coli, in which human genes for insulin, growth 

hormone, t-PA etc have been introduced, have been patented in the USA. The transgenic 

herbicide and bollworm resistant cotton, and insect- resistant tobacco have been granted 

patents. Several countries such as Japan, USA, Europe, etc. have modified the patent laws 

stating that the transgenic plants and animals can be protected through patent claims. 

7. What are Trade secrets and Trademarks? 

Trade secrets relate to private proprietary information or physical material that allows an 

advantage to the owner. Trade secrets in the biotechnology field includes materials like 

hybridization conditions, cell lines, corporate merchandise plans, customer lists etc. It is 

sometimes difficult to maintain trade secrets in biotechnology due to its large degree of 

research component. 

If the trade secrets become public before the granted period, the intellectual is paid 

compensation and unauthorized users are punished by the Court.  

The Trademark relates to distinctive words or symbols applied to products or services by 

manufacturers and helps to distinguish the goods of different companies. In biotechnology, the 

laboratory equipments, and some of the vectors useful in recombinant research are known by 

their trademarks. The public makes use of these trade works in order to choose whose goods 

they will have to buy. Trademark laws vary in every country and through agreement it is 

ensured that the trademark of one country must be protected in another country. 
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8. What are the main areas of consideration for safety aspects in biotechnology? 

The main areas of consideration for safety aspects in biotechnology are the following: 

g) How to dispose off spent microbial biomass and purify the effluents from biotechnological 

processes? 

h) The toxicity of the allergy associated with microbial production. 

i) How to deal with the increase in the number of antibiotic resistant pathogenic 

microorganisms? 

j) How to evaluate the pathogenicity of the genetically engineered microorganisms to infect 

humans, plants and animals? 

9. Write short notes on PCT and Budapest treaty. 

The “Patent Co-operation Treaty”(PCT) was signed in 1970 and is administered by the World 

Intellectual Property Organization (WIPO) based in Geneva. Patent applications filed under 

PCTs are first processed by WIPO before being formally introduced into designated national 

systems. The patents granted by PCT are treated as International patent. The patent 

applications are processed by the WIPO which processes the patent application in an 

“International phase”. The international phase has concerns with: (a) formal preliminaries, (b) 

art search, (c) publication of patent application. 

The Budapest Treaty (1980) provides for the recognition of culture collections at International 

Depository Authorities (IDA), in any of which a new strain of microorganism can be deposited 

for the purposes of a patent application in any member state. The strains which can serve the 

purpose of scientific community or society are accepted. These can be procured if required in 

future to work in Industry or research. The strains which are deposited are allocated an 

accession number, accession date, source of isolation and specific function. The purpose of 

convention of Budapest Treaty was to provide International Recognition of Microorganisms‟ for 

the purpose of patent procedure. 

10.What is the role of copyright in biotechnology? 

The copyright protection is only a form of expression of ideas. The patents and trade secrets 

provide protection of only basic know how, whereas copyrights protect the expressed materials 

viz. materials in printed, video-recorded r taped form. In the field of biotechnology, copyright 

usually may cover DNA sequence data which may be published. Computer data bases, 

photomicrographs of DNA instruction manuals can also be copyrighted. 

11.Fill in the blanks 
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a) ------------- is a government issued document that provides the holder the exclusive rights 

to manufacture, use or sell an invention for a defined period. 

b)----------------- relates to work of literary or artistic craftsmanship, engineering drawings and 

software. 

c)--------------- relates to distinctive words or symbols applied to products or services. 

d) The structure of a patent has two parts--------------- and---------------. 

Ans 

(a) Patent, (b) Copyright, (c) Trademark, (d) Description, Claims  

                                                 SAMPLE QUESTION PAPER I 

1. Name two human diseases caused by the absence of a protein? (1)  

2. If a scientist is given a 200 Kb fragments of DNA to clone which vector will he prefer to use? 

(2)  

3. What is sparging? (1)  

4. Define “Subculturing”. (1)  

5. Which property of the plant cell is exploited to culture plant cells? (1)  

6. Give four advantages of Aqueous Two-Phase Partition Chromatography. (2)  

7. What is a Homologene? (1)  

8. A scientist needs to cut a DNA containing the palindromic sequence of GATC. Will he use a 

restriction endonulcease or DNase and why? (2)  

9. Why are antifoaming agents added in the microbiological cultures? (2)  

10.Give a few methods of concentration of protein. (3)  

11.Explain how embryo rescue can be used to produce novel hybrids. (3)  

12.Name two important products from animal cell culture technology. What are their  

functions? (2)  

13.How does the treatment with CaCl2 increase the competence levels of bacteria? (2)  

14.Suggest two methods of preserving microbial strains. (2)  

15.What do you man by term “Genomics”? (2)  

16.Indicate one application of site-directed mutagenesis. (2)  

17.What are the conventions adopted by the Database personnel to store nucleic acid data and 

protein sequence data with regard to the direction of the sequence? What is the basis of the 

convention? (3)  

18.A single E. Coli cell produces 10 molecules of a protein called repressor which has a molecular 

weight of 50,000 daltons. If the shape of the E. Coli cell resembles a cylinder of diameter 1 

micrometer and height 2 micrometer, Calculate the number of E. Coli cells required as starting 

material to purify 1 g of the repressor if the purification yield is only 70%. (3)  
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19.What is direct gene transfer? What are the methods of direct gene transfer? (5)  

20.Write a short note on protein based product. (5)  

21.Define the following: (a) Plasmid, (b) Restriction site, (c) Transformation, (d) Mutation, (e) 

Transfection (5)  

22.How can we use microbial cultures for the production of metabolites? (3)  

23.What is the possible benefit of embryonic stem cell technology? (3)  

24.What are the various measures taken to ensure protein stability during purification? (3)  

25.Write a short note on the bioethics in animal Genetic engineering. (5) 

                                           SAMPLE QUESTION PAPER II 

1. What is the carbon part of BCAA used as? (1)  

2. What function does the enzymes DNA Ligase perform? (1)  

3. Under what conditions, continuous culture is most suitable? (1)  

4. What are the single letter IUPAC codes for alanine, glycine, tryptophan, tyrosine, serine, 

methionine? (3)  

5. Who proposed the concept of the famous “cell theory”? (1)  

6. Define: Subunit, domain, and quaternary structure in proteins. (3)  

7. What is molecular evolution? What are the observations regarding protein sequence variations 

vis-à-vis evolution? (3)  

8. What are the DNA probes? (2)  

9. What is the consequence if a protein is incorrectly folded? Give an example to illustrate your 

answer. (2)  

10.Give two examples of plants grown using callus culture. (1)  

11.What would happen if naked viral DNA is introduced into a bacterial cell? (2)  

12.What are the differences between Batch culture and Fed Batch culture? (3)  

13.Differentiate between functional and structural genomics? (3)  

14.What are the disadvantages of using E. Coli for production of eukaryotic proteins? (3)  

15.Differentiate between roller bottle and spinner cultures? (3)  

16.Recombinant insulin is produced at 100 mg/L by E. Coli at a cell concentration of 1 g/L. 

Calculate the volume of reactor (size of fermenter) needed for producing 1 kilogram of insulin 

in these conditions. (3)  

17.How frequently will a sequence GATC occur in the human genome  

theoretically? (3)  

18.What is BLAST and what are the principles involved in it? (3)  
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19.Give the applications of the following: (a) Structural Proteomics, (b) Functional Proteomics, (c) 

Isoelectric Focussing, (d) Expression Proteomics, (e) Two-dimensional Gel Electrophoresis, (f) 

Edman Sequencing, and (g) Mass spectrometry.  

20.What are the conventions adopted by the Database personnel to store nucleic acid data and 

protein sequence data with regard to the direction of the sequence? What is the basis of the 

convention? (4)  

21.How can DNA cut with a staggered cutting enzyme joined (cloned)? (5)  

22.Write a short note on the history of bioinformatics?  

23.E. coli is a rod shaped bacteria about 2 micrometer long and 1 micrometer in diameter. The 

average density of a cell is 1.28 g/ml. Approximately 13.5% of the wet weight of E. coli is 

soluble protein. Estimate the number of molecules of a particular enzyme per cell if the 

enzyme has a molecular weight of 100,000 and represents 0.1% of the total soluble protein. 

(answer: 1626 molecules/cell) (5)  

24.Which types of dyes are used for DNA sequencing? (1)  

25.What is the use of Coulter counter? (1) 

                              QUESTION BANK ON VARIOUS TOPICS 

QUESTIONS OF GENERAL BIOTECHNOLOGY  

Q1What is biotechnology? What are the achievements of biotechnology? 

Q2 Write a short note on the global impact of biotechnology. 

Q3 Write a short note on History of biotechnology highlighting the contributions of various scientists. 

Q4 What is the difference between the traditional biotechnology and modern biotechnology? 

Q5 Write the full forms of the following terms: NBTB, DBT, OECD ICGEB. 

QUESTIONS ON BASIC CONCEPTS 

Q1What is PCR technology? What are its applications? 

Q2 What is restriction and modification system? 

Q3 Give a detailed account of Restriction endonucleases. 

Q4 What are plasmids? How do they work as cloning vector? 
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Q5 What is a cloning vector? Why are they necessary? 

Q6 Write short notes on: a) YAC vectors, b) pBR322, c) BAC vector, d) Cosmid vectors. 

Q7What is site directed mutagenesis? 

Q8 What is genomics? Give a brief account of genome sequencing project. 

Q9 What is the „microarray technique‟ used to differentiate a normal cell from a diseased cell? 

Q10 What do you mean by „complete genome sequencing‟? Name any two organisms whose genome 

has been sequenced completely. 

Q11 What is the advantage of using bacterial artificial chromosomes (BAC) in such sequencing 

programe? 

Q12 Write the procedure of gene cloning. 

Q13 What is gene prediction and gene counting? 

Q14 Write a short note on „proteomics‟. 

Q15 Write short notes on: SNPs, Functional genomics, Comparative genomics, Expression tag 

sequence, DNA microarray technology. 

Q16 Define the following: Plasmid, Restriction site, transformation, mutation, transfection. 

Q17 What are restriction enzymes? Why are they so important in rDNA technology? 

Q18 Enlist the various steps involved in rDNA experiment. 

Q19 What are the essential features of a vector? 

Q20 What does PCR stand for? What are the different steps involved in a PCR reaction? 

Q21 What is „Insertional Inactivation‟? 

Q22 What are the disadvantages of using E. coli for production of eukaryotic proteins?  

Q23 Differntiate between : a) Blunt ends and sticky ends, b) YAC and BAC, c) Genomic library and 

cDNA library, d) Microinjection and electroporation. 
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Q24 Write a short note on RFLP and indicate one of its important applications. 

Q25 What is site-directed mutagenesis? What are it‟s applications? 

Q26 What are the consequences of incorrect folding of a protein?  

Q27 Name two human diseases caused by the absence of a protein. 

Q28 What is „Proteomics‟? What are it‟s applications? 

Q29 Differentiate between protein engineering and genetic engineering. 

QUESTIONS ON BIOTECHNOLOGY AND MEDICINE  

Q1 What are monoclonal antibodies? How are they formed? 

Q2 What is antenatal diagnosis? What ate it‟s applications? 

Q3 Write short notes on the following: Gene therapy, genetic counseling, Genetic diseases, Genetic 

databank, Super bug. 

QUESTIONS ON ANIMAL BIOTECHNOLOGY 

Q1What are the requirements for animal cell and tissue culture? 

Q2 Write in details a note on animal cell culture medium, it‟s different ingredients and methods of 

sterilization. 

Q3 Discuss in detail different methods of disaggregation of animal tissue. 

Q4 What are the advantages and disadvantages of adding serum in the animal culture medium? 

Q5 What is the difference between cold trypsinization and warn trypsinization? 

Q6 What is immobilized cell culture? 

Q7 Write short notes on : Organ culture, Hybridoma technology, tPA, EPO, Somatic cell fusion, MoAB. 

Q8 Name two important products from animal cell culture technology. What are their functions? 

Q9 Write two important features of animal cell culture. Differentiate between primary and secondary 

cell cultures. 
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Q10 What are cell lines? How are the growth characteristics of cell lines determined? 

Q11 What is the importance of ph While culturing animal cells? How is the pH maintained in culture 

media? 

Q12 What are some of the characteristics features of normal and transformed cells? 

Q13 Discuss the role of serum in culturing animal cells. 

Q14 Differentiate between roller bottles and spinner bottles. 

Q15 How many haemopoietic cells are supposedly present in mouse? Also indicate how many RBCs, 

platelets, and B –cells are produced per kilogram body weight? 

Q16 How is erythropoietin produced by animal cell culture?  

Q17 What is the mode of action of tPA? How is it produced by animal cell culture technology? 

Q18 What are the applications of embryonic cell technology? 

Q19 Differentiate between monoclonal antibodies and polyclonal antibodies? Write the applications of 

monoclonal antibodies. 

Q20 What are the public concerns regarding the use of genetically engineered products. 

Q21 Briefly describe the equipments required for animal cell culture. 

Q22 Differentiate between finite cell lines and continuous cell lines. 

Q23 Write a brief note on bioethics in animal genetic engineering. 

QUESTIONS ON BIOTECHNOLOGY AND AGRICULTURE 

Q1 What is artificial insemination? Write in detail about semen storage and sperm sexing in animals. 

Q2 What is „multiple ovulation‟? In what ways it can be induced, and embryo transferred in animals? 

Q3 What do you mean by embryo splitting and implantation in animals? 

Q4 What is embryo cloning?  

Q5 What is nuclear transplantation in animals? 
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Q6 Write a note on cloning of embryonic stem cells. 

Q7 What are transgenic animals? Write in brief about transgenic mammals, sheep, and fish. 

Q8 What is molecular farming? 

Q9 What is the role of molecular markers in livestock improvement? 

Q10 Write a short note on „Dolly‟. 

Q11 Write a note on „transgenic breeding strategies and molecular markers‟. 

Q12 What is a chimeric mouse? 

Q13 Write a brief note on bioethics in plant genetic engineering. 

Q14 What are the genetic engineering strategies to create the following traits in transgenic crops: a) 

Herbicide tolerance, b) Abiotic stress, c) insect resistance, d) Virus resistance. 

Q15 What is the common strategy to produce transgenic crops with delayed ripening and longer shelf 

life of fruits. 

Q16 What is „Golden Rice‟? In what why it is different from the normal rice? 

Q17 Write briefly about the benefits of biodegradable plastics that are produced from GM plants. 

Q18 What are the advantages of using molecular markers in plant breeding selections over 

morphological and biochemical markers?  

Q19 How can genetically engineered microbes be used for increasing crop productivity and crop 

protection? 

Q20 What biotechnological strategies have helped us to obtain transgenic plants? 

Q21 How can transgenic plants be used in the detection and study of DNA sequences regulating gene 

expression? 

Q22Describe the various techniques utilized for introducing foreign DNA into plant cells. 

Q23 What is direct gene transfer? 
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Q24 Define the following: virus mediated gene transfer, microinjection, liposomes, electroporation, 

particle gun method, agroinfection 

QUESTIONS ON PLANT BIOTECHNOLOGY 

Q1Write brief history of development of in vitro techniques of plant cell culture.  

Q2 What are the requirements for establishing a tissue culture laboratory? 

Q3 Write a short note on the composition and preparation of culture medium for plant tissue culture 

medium. 

Q4 What is an explant? How will you induce callus from it? 

Q5 What is „organogenesis‟? What are it‟s applications? 

Q6 What are the applications and uses of root culture? 

Q7 Describe the process of preparing cell suspension. What are the benefits of using aqueous 

medium over solid medium. 

Q8 What is micropropagation? How is it different from vegetative propagation? 

Q9 Write the procedure of isolation of protoplasts from the plant cells. What are the applications of 

protoplast culture? 

Q10 Write a short note on pollen and anther culture. 

Q11 Why does a cultured anther permit pollens to develop embryos but not the cultured pollen 

grains? 

Q12 What is in vitro androgenesis? 

Q13 What is embryo culture and embryo rescue? 

Q14 What are somalclonal variations? What is it‟s significance in plant tissue culture? 

Q15 Describe how the technique of micropropagation has been applied in the area of horticulture and 

forestry? 
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Q16 What are secondary metabolites? How plant tissue culture has helped to obtain secondary 

metabolites? 

Q17 What are transgenic plants? Write in detail on selectable markers and their use in production of 

transgenic plants. 

Q18 Write a short note on molecular farming. 

Q19 What is „biotransformation‟? 

Q20 What are edible vaccines and edible antibodies? 

Q21Discuss the „bioethics in plant genetic engineering‟. 

Q22 What are molecular markers? Discuss in detail different types of molecular markers used in 

genome mapping. 

Q23 What do you know about variable numbers of tandem repeats (VNTRs) and SSRs? Write 

differences between them. How SSRs are used in genome mapping? 

Q24 What are quantitative trait loci (QTL)? Write their mapping by using molecular markers. 

Q25 How can you construct genetic maps of plants and animals using RFLP? 

Q26 What are the applications of RFLP and RAPD markers? 

Q27 Define the following: RFLP, RAPD, VNTR, YAC, QTL, Chromosome walking, PCR. 

Q28 What is meant by plant regeneration? Give different pathways of plant regeneration. 

Q29 Name a few useful secondary metabolites that can be produced through plant cell culture 

technology. 

Q30 The ‘Agrobacterium’ is considered as Natural Genetic Engineer of plants. Do you agree? 

QUESTIONS ON INDUSTRIAL AND MICROBIAL BIOTECHNOLOGY 

Q1What is fermentation? Discuss the role of microorganisms in fermentation process with suitable 

examples. 

Q2 What is the significance of microbial cultures? 
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Q3 Give a detailed account of batch culture and microbial kinetics in batch culture. 

Q4 What is down stream processing? What are the various steps involved? 

Q5 What is the „scale up of microbial process‟? 

Q6 What is a fermenter? How does it function? 

Q7 Discuss in brief the culture selection method of Penicillium. 

Q8 Write a short note on „Isolation and improvement of microbial strains‟. 

Q9What is Single Cell Protein (SCP)? How many types of microorganisms are used for the production 

of single cell protein product. 

Q10 Write a brief note on advantages of using single cell protein, and organic waste utilized for 

production of single cell protein. 

Q11 Discuss the nutritional value of single cell protein. 

Q12 What are edible mushrooms? What role could they play in facing the challenge of world food 

shortage? Discuss their nutritional status. 

Q13 What is a biocatalyst? What role does it play in biotechnology? 

Q14 What is immobilization of enzymes? What are the advantages of using them? 

Q15 Describe the role of „biosensors‟. 

Q16 What is bioconversion? 

Q17 Differentiate between Stirred tank and airlift bioreactor. 

Q18 How is continuous culture better than batch or fed batch cultures? 

Q19 Suggest two methods of preserving microbial strains. 

Q20 What are the functions of the microbial culture collections? 

Q21 What is lyophilization? Why are lyophilized cultures of microbes viable for several years? 

Q22 What is meant by „steady state‟ in relation to the growth of microbial cultures? 
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Q23 How is the large quantity of air required in industrial fermenters sterilized? 

Q24 What is biohydrometallurgy and biomineralization? How can microbes be used for extraction of 

metals and for inducing mineral deposits? 

QUESTIONS ON BIOTECHNOLOGY AND ENVIRONMENT 

Q1What is bioremediation? In what ways it is good for environmental clean up? 

Q2 What is „in situ bioremediation‟? 

Q3 Write a short note on „ex situ bioremediation „with special reference to composting. 

Q4 How can the bioremediation of xenobiotics be done? 

Q5 Define the following: Biosorption, bioaugmentation, biofiltration, bioleaching. 

Q6 What do you understand by the terms „in situ‟ and „ex situ‟ conservation? Discuss the different 

approaches used for in situ and ex situ conservation of plant and animal species in different parts of 

the world. 

Q7 Discuss the utility of micropropagation for reforestation of degraded lands. Describe the different 

steps involved in this technology. 

Q8 What is environmental biotechnology? Describe the areas covered under this subject and discuss 

their significance in the present-day concern about the degradation of environment. 

Q9 How can biotechnology be used in controlling pollution through the use of cleaner technology? 

Q10 What is the role of biotechnology in the treatment of industrial effeluents? 

Q11 How has the field of biotechnology been used for reclamation of toxic sites and for the removal 

of spilled oil deposits/disasters? 

Q12 How are biosensors used for ‘environmental monitoring’ and ‘biomonitoring’? 

QUESTIONS ON BIOTECHNOLOGY AND SOCIETY  

Q1 What do you mean by bio safety? Discuss in detail the biosafety guidelines and regulations for 

release of genetically engineered microorganisms. 

Q2 What is Intellectual property right? Discuss in detail the different forms of its protection. 
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Q3 What do you mean by „patenting the biological materials‟. 

Q4 Write short notes on the following: Patents, copyrights, Trade secrets and trade marks, Plant 

varitey protection, International status of Patents. 

Q5 Write the full forms of the following: GATT, TRIPS, WIPO, GMMS, GMP, GRAS. 

Q6 Describe the conditions, which need to be met, before a patent can be issued. How and to what 

extent, these conditions can be met for patentable living organisms? 

Q7 There has been concerns raised on the issue of patenting „live forms‟. Do you think the 

developments in biotechnology will make the patenting of live forms unavoidable? 

Q8 What are plant breeder‟s rights? How do they differ from patents? 

Q9 Discuss the international conventions and co-operations in the area of patency and patenting of 

biological material. 

Q10 What is intellectual property right and what rights are available to protect it? How do patents 

differ from other intellectual property rights (IPRs)? 

Q11 What do you mean by process patent and product patent? 

 

 

CAREER OPTIONS IN BIOTECHNOLOGY 

                                                          INTRODUCTION 

Biotechnology is one of the fastest growing field in the area of research and development. It has 

more than tripled in size in the recent years with avenues surpassing $ 30 billion.  

It is also called a technology of the future or technology of tomorrow because of it‟s unprecedented 

impacts on the human mankind and the universe as a whole. Due to it‟s interrelation with other fields 

such as industry, agriculture, computers etc, it is going to create amazing opportunities for 

manipulating the biological systems and thereby understanding the mysteries of fundamental life 

processes. 

http://www.biotechnology4u.com/Career_options.html
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  It is needless to emphasize that it is also going to offer tremendous career opportunities not only 

to the youngsters pursuing courses in biotechnology but also to the students of various related 

fields. 

                                                   PROFESSIONAL COURSES IN BIOTECHNOLOGY 

B.Tech. in Biotechnology (Bachelor of Technology) 

P.G. Courses in Biotechnology (Post Graduate courses) 

a) M..Sc. in Biotechnology (Masters of science in Biotechnology)  

b) M.Tech in Biotechnology (Masters of Technology in Biotechnology)  

c) M.Tech in Biomedical engineering 

Ph.D and Post Doctoral research in Biotechnology 

                                                     NATURE OF WORK IN BIOTECHNOLOGY 

It is mainly a research based field with lots of scope for research in the areas of medicine, 

agriculture, pharmaceuticals etc. A biotechnologist also can work in a pharmaceutical company which 

can engage him for research work or development of new drugs based on the principals of 

biotechnology. There is also scope for him in the field of marketing of biotechnological products. 

The area of research is very lucrative as there is lot of public funding available nowadays. Also a 

biotechnologist can earn good money from the patency rights of various products and processes. In 

the area of medicine and health, biotechnology is being used to improve the diagnosis methods, 

discover and develop new medicines for diseases like AIDS, cancer etc. A variety of new vaccines are 

also being developed for diseases which are now cause of concern in the world over e.g. some of the 

viral infections prevalent in tropical countries. 

A biotechnologist can work in the area of agriculture and animal husbandry where one can work on 

the improvement of agricultural output using tissue culture, checking the soil imbalance, improving 

the animal species using genetic breeding. Research is also on to develop environmentally friendly 

biochemicals and bioinsecticides. Besides this a biotechnologist can give authentification and do the 

testing of consumable items and skin products. 

A biostatistician is also a lot in demand in this field.  
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Another area which is fast merging and has an important role to play in biotechnology is the field of 

legal characterization and formulations of law pertaining to Intellectual property rights, Patents and 

Patency law, copyrights etc of biotechnological products. Hence a lawyer with an understanding of 

biotechnology and having a specialization in this field would be in great demand in the years to come. 

ELIGIBILITY 

The minimum eligibility for undergraduate courses in biotechnology is: 

Science student with mathematics / physics / chemistry / biology or agriculture at "O" and "A" levels. 

The eligibility for post graduate courses is: 

B.Sc. or B. Tech. in Sciences, / Marine biology / Animal husbandry / Veterinary sciences / Agriculture 

/ Biomedical engineering/ Biotechnology. 

To become a biostatistician, one can combine a master‟s degree in statistics with biotechnology. 

To enter in the field of “Bioinformatics” one should have a degree in computers or biometrics. 

                                   JOBS AVAILABLE IN BIOTECHNOLOGY 

Communications/media - reporting, writing, editing web site development 

Computers - data base development, bioinformatics etc 

Drugs and Pharmaceutical companies 

Engineering -working in bioprocess chambers, Instrumentation development, Fermentation 

technology 

Research  

  e.g. cancer, genetically linked diseases, AIDS 

Laboratories funded by public and private sectors 

Waste management, bio-monitoring bodies and pollution control boards 

Medicine - The medical genetics, genetic counseling, gene therapy and gene testing uses 

biotechnological tools. 

Energy Institutes 
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Food processing industry 

Bio-processing industry  

  e.g. enzyme technology, paper technology, metabolic engineering, protein engineering etc 

Agriculture and animal husbandry 

Legal field involving issues related to intellectual property rights, patency, copyrights related to the 

field of biotechnology. The issues related to Genetic and Paternity testing also requires the combined 

expertise of biotechnologist and a law expert.  

Millitary - With the fear of Biological warfare looming large on the human civilization, a 

biotechnologist is needed in pathogen identification, in the development of protection against the 

chemical and biological warfare, and in doing the risk assessment studies  

Crime and law - With the use of DNA finger printing in Forensic science it has become easy to 

create a data bank of the criminals and thereby catch the culprits faster. 

                                        CAREER OPTIONS/DESIGNATION 

Analyst 

Bioinformatics 

Biostatistician 

Corporate executive in Biotechnology company 

Environment/safety specialist 

Marketing manager 

Production in-charge in the Food, Chemical, Pharmaceutical Industry 

Quality Control officer 

Research Scientist in University, College, Research Institutes, Private centers 

Science writer 

Lawyers in corporate sectors and biotechnological companies 
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Medical nanotechnologists  

                                              ADDITIONAL INFORMATION 

Some of the companies with jobs in biotechnology 

a) Glaxo Smith Kline 

b) Zeneca 

c) Rhone-Poulene- Rorer 

d) CellTech 

e) British Biotechnology 

f) Xenova 

Some of the Indian companies with 

jobs in Biotechnology 

a) Hindustan Lever Ltd. 

b) Thapar Group 

c) Indo-American 

d) Hybrid seeds 

e) Biocon 

f) Hindustan Antibiotics 

g) Tata Engineering Research Institute 

h) Dr. Reddy‟s laboratory 

i) Reliance 

Some of the Top leading Biotechnology companies of the world 

a) Amgen, USA 

b) Genetech, USA 

c) Serono, Switzerland 

d) Biogen Idec, USA 

e) Genzyme, USA 

f) Chiron 

g) Gilead, USA  

h) CSL, Australia 

i) Cephalon  
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Some of the leading Institutes/ Universities doing top quality biotechnology research 

a) Harvard  

b) University of Tokyo 

c) University of London 

Some of the leading universities which produced maximum number of biotechnological 

patents  

a) University of Texas  

b) U.C. San Francisco 

c) John Hopkins 

d) Stanford 

e) Cornell Univ. 

Some of the leading universities/Institutes which transformed biotechnological research 

into commercial enterprises 

a) Massachusetts Institute of Technology 

b) University of California 

c) Stanford University 

d) Univ. of Florida 

e) Univ. of Minnesota 

f) Brigham Young Univ. 

g) Univ. of British Columbia 

h) Univ. of Michigan 

i) New York University 

Some of the Universities offering bioengineering or biotechnology at undergraduate level 

The University of the sciences in Philadelphia offers courses in Bioinformatics  

http://www.usip.edu/bioinformatics/ 

Chiang Mai University offers courses in Agro-Industrial Biotechnology programme 

http://www.chiangmai.ac.th/academicprogram.html 

http://www.usip.edu/bioinformatics/
http://www.chiangmai.ac.th/academicprogram.html
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University of Pennsylvania Center for Bioinformatics, University of Pennsylvania offers undergraduate 

programme in “Computational Biology” and “Mathematical Biology”. 

http://www.pcbi.upem.edu/ 

                  PROBLEMS/ DRAWBACKS IN PURSUING CAREER IN BIOTECHNOLOGY 

A disadvantage which some of the people aspiring for career in Biotechnology suffer is, that there are 

not very many openings and jobs for undergraduate degree holders. The undergraduate degrees do 

not provide any training in research methodology and generally the emphasis remains on research in 

theory form. Due to the lack of on hand laboratory training, the students are not trained enough to 

carry out meaningful research and laboratory experiments. The practical knowledge is a must for 

carrying out research. Hence the undergraduate courses should be designed in such a way that the 

students get enough practical experience and sufficient training in research methodology. 

 

There are very few companies which take graduates with no research experience. The remuneration 

offered at this level is also low. Therefore most of the students are left with no option but to go for 

post graduate courses.  

The post graduates and doctorate holders have a very bright future with numerous pharmaceutical 

companies, biotechnology research organizations etc. As these Institutes and organizations have lots 

of grants and easy flow of funds, this helps them to carry out their work in the field of their choice, 

which in turn gives job and personal satisfaction. 

                                                      TIPS FOR A GREAT CAREER IN BIOTECHNOLOGY 

As biotechnology is a multidisciplinary subject, it is advisable to pursue a cross-disciplinary education. 

The students can opt for different subjects, keeping in mind the area of biotechnology that they want 

to pursue later on. E.g. a combination of subjects like computers and life sciences can later on help in 

taking up the field of Bioinformatics.  

It is also advisable to gain work experience in the field related to biotechnology during the 

undergraduate or post graduate courses especially through internship or volunteer work. The 

aspirants can join an active research group working on a particular field/ or a private company 

(Pharmaceuticals, food etc) or work with a specific project. One can associate with the organizations 

working in this field e.g. IUCN, WHO etc also. This work experience will fill the gap of hands on 

practical laboratory experience and the study of theory. The candidates will also be able to choose 

clearly their area of interest for higher research. 

http://www.pcbi.upem.edu/
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