
 1 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Prepared By 

Dr. Tarek ELBASHITI 

Assoc. Prof. of Biotechnology 
 

2016 

 

Department of Biology 

Biotechnology Program 

 

 

Introduction to Biotechnology 

BTEC2301 



 2 

                                    غزة-الجامعت اإلسالميت برنامج التكنولوجيا الحيويت-قسم األحياء 
 

 

 

 

 

 

 

  27/08/2015التاريخ:                       عبد القادر البشيتى             : الدكتور/ طارقدرس الم
 C529غرفت :                                                       يوميا 11-11  /الساعاث المكتبيت

Description: 

This course includes the fundamental aspects and principles of biotechnological 

processes. Definition, History, Introduction to processes and products, biotechnologically 

important microorganisms, primary and secondary metabolites, Strain Improvement, 

Recombinant DNA Technology, Bioprocess are covered. It also covers Batch and 

Continuous Systems, bioreactors: types, design, and operation, bioreactors: 

immobilization techniques, downstream processes. Medical, pharmaceutical, agricultural, 

environmental applications are discussed.    

The Plan:
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Definition of Biotechnology, Introduction to processes and 

products 
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History, Time line and Significance of Biotechnology 

 
3 
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Biotechnologically important microorganisms, primary and 

secondary metabolites 
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Plant and animal cell cultures 6 

 Strain Improvement, Recombinant DNA Technology 7 

Bioprocess. Batch Operations, Continuous Systems 8 
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Bioprocess: Heat transfer and sterilization, Oxygen supply, 

Mixing and Aeration  
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 Bioreactors: types, design, and operation 10 
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 Downstream Processes 12 

Agricultural applications & From Biomass to Fuels (Biomass 

and Ethanol) 
13 

Pharmaceutical, medical, warfare and Environmental 

Applications 
14 

Safety and Regulations 15 

Description and Plan of/ Introduction to 
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CHAPTER 1: What is biotechnology?  

We will start with the introduction to biotechnology and see how various people have 

given their own versions and meaning to biotechnology. This will enable you to 

understand the subject you have come here for and make your own opinion about it. This 

is to remind you that all of us here, have gathered to see how we can merge the qualities 

of mother nature with the intelligence of human brain and work for betterment of 

mankind. 

OBJECTIVES 

• Learn the definition of Biotechnology i.e. exactly what is biotechnology: 

• Its application in various fields. 

• The historical background of biotechnology. 

• Differentiating between the old and the new technologies. 

 

Defining Biotechnology 

BIOTECHNOLOGY IS UTILIZATION OF BIOLOGICAL SYSTEMS 

OR PART OF BIOLOGICAL SYSTEMS TO GET ANY PRODUCT 

OR SERVICE 

INTRODUCTION 

Biotechnology is the culmination of more than 8,000 years of human experience using 

live organisms and the process of fermentation to make useful products. Biotechnology 

can be viewed as a group of useful, enabling technologies with wide and diverse 

applications in the industry, commerce and environment. 

Historically, biotechnology evolved as an artisanal skill rather than a science, exemplified 

in the manufacture of beers, wines, cheese etc. Today biotechnology is applied to 

manufacturing processes used in health care, food and agriculture, industrial processes 

and environmental cleanup, among other applications. 

As an area of science, biotechnology is often defined as a combination of advances in our 

understanding of molecular and cellular biology, plant, animal and human genetics and 
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how the human immune system fights disease. The sections of this guide offer specific 

product descriptions and examples of how biotechnology is used in these different 

applications. 

Another prehistoric or ancient biotechnology is the use of yeast, a microorganism, to 

ferment fruit or grains to produce alcohol and use of other microorganisms to make 

cheese, yogurt, pickles, some sausages, etc. (Again, we started using these 

microorganisms long before the invention of the microscope, so of course we didn’t 

know they were microorganisms. 

It is the technological exploitation and control of biological systems and attempts have 

been made to define biotechnology and it has been interpreted in different ways by 

different groups of workers. However, the following definitions seem to be most 

appropriate. 

(i) The application of science and engineering in the direct or indirect use of living 

organisms, or parts or products of living organisms, in their natural or modified form. 

(ii) The integrated use of biochemistry, microbiology and engineering sciences in order to 

achieve technological (industrial) application of the capabilities of the microorganisms, 

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

(iii) The controlled use of biological agents such as microorganisms or cellular 

components for beneficial use (US National Science Foundation). 

Clearly what goes on in industry, is better defined as Process Biotechnology. This is 

simply described as a discipline which enables its exponents to convert raw materials to 

final products when either the raw material and/or a stage in the production process 

involves biological entities. Biotechnology in the broad sense, however, involves the 

cloners, the hybridisers and the molecular and cell biologists. It involves the conjoint 

interaction of two identifiable sub-components; bioscience and deposits are 

biotechnology. 

1. Biotechnology is also defined as the applications of scientific and engineering 

principles to the processing of material by biological agents to provide goods and 

services. 

2. The Spinks Report (1980) defined biotechnology as the application of biological 

organisms, systems or processes to the manufacturing and service industries. 
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3. United States Congress's Office of Technology Assessment defined biotechnology as 

any technique that used living organisms to make or modify a product, to improve plants 

or animals or to develop microorganisms for specific uses. The document focuses on the 

development and application of modern biotechnology based on new enabling techniques 

of recombinant-DNA technology. 

4. British Biotechnologist: Application of biological organisms, system or processes to 

manufacturing and service industries 

5. European Federation of Biotechnology: The integrated use of biochemistry, 

microbiology and engineering sciences in order to achieve technological (industrial) 

application of the capabilities of micro-organisms, cultured tissue cells and parts thereof. 

6. Japanese Biotechnologists: A technology using biological phenomena for copying and 

manufacturing various kinds of useful substances. 

7. US National Science Foundation: The controlled use of biological agents, such as 

microorganisms or cellular components for beneficial use. 

Under the convention on Biological diversity (5th June 1992) Biotechnology is defined 

as any technological application that uses biological systems, living organisms, or 

derivatives thereof to make or modify products or processes for specific use. 

Biotechnology is employing plant cells, animal cells and microorganisms not only to 

manufacture goods and medicines that are useful to mankind, but also to generate 

products and procedures which will improve the quality and health of livestock, 

agricultural crops and our environment at large. 

Biotechnology involves integration of such advanced disciplines as biochemistry, 

microbiology, genetics, chemistry, chemical engineering, process engineering and 

computer science. 

Red biotechnology is applied to medical processes. Some examples are the designing of 

organisms to produce antibiotics, and the engineering of genetic cures through genomic 

manipulation. 

White biotechnology, also known as grey biotechnology, is biotechnology applied to 

industrial processes. An example is the designing of an organism to produce a useful 
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chemical. White biotechnology tends to consume less in resources than traditional 

processes used to produce industrial goods. 

Green biotechnology is biotechnology applied to agricultural processes. An example is 

the designing of transgenic plants to grow under specific environmental conditions or in 

the presence (or absence) of certain agricultural chemicals. One hope is that green 

biotechnology might produce more environmentally friendly solutions than traditional 

industrial agriculture. An example of this is the engineering of a plant to express a 

pesticide, thereby eliminating the need for external application of pesticides. An example 

of this would be Bt corn. Whether or not green biotechnology products such as this are 

ultimately more environmentally friendly is a topic of considerable debate. 

Bioinformatics is an interdisciplinary field which addresses biological problems using 

computational techniques. The field is also often referred to as computational biology. It 

plays a key role in various areas, such as functional genomics, structural genomics, and 

proteomics, and forms a key component in the biotechnology and pharmaceutical sector. 

The term blue biotechnology has also been used to describe the marine and aquatic 

applications of biotechnology, but its use is relatively rare. 
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Origin of Biotechnology Old vs. New Technology 

The origin of biotechnology goes back to 6000 B.C with the story of the use of biological 

systems for the fulfillment of human needs, when Sumerians and Babylonians fermented 

a kind of beer. Beginning with fermentation of beer, the use of biological processes then 

experienced has undergone many changes over the centuries. 

But greatest revolution has taken place in the 1970's and 1980's, when a product of 

interaction between the science of biology and technology came into wider existence. 

This relationship thus got the name Bio- technology. 

The origin of biotechnology can be traced back to prehistoric times when microorganisms 

were already used for processes like fermentation, formation of yoghurt and cheese from 

milk, vinegar from molasses, production of butanol and acetone from starch by 

Clostridium acetobutylicum. 

Fast forward to modern biotechnology in the last few hundred years: Some of the 

most important modern biotechnologies were the development of vaccines and antibiotics 

such as the production of antibiotics like penicillin from Penicillium notatum. Jenner, 

1795, is credited with invention of vaccination in Western medicine. Jenner found (and 

published) that vaccination with cowpox virus makes people immune to smallpox, which 

is caused by smallpox virus (though of course the germ theory of disease and the concept 

of viruses did not come until much later). Sometime between 1795 and 1930, the cowpox 

virus used for vaccination against smallpox was replaced with vaccinia virus, a 

contaminant of unknown origin that is NOT the same as cowpox virus. The terms 

vaccinia and vaccination are based on the Latin name for cow (vacca).  

Example A recurring theme of this course is that technologies often have unanticipated 

adverse effects. The closest thing to smallpox virus that we know of is cowpox virus, 

suggesting that smallpox virus may have evolved from cowpox virus. Hence, smallpox, a 

disease that is estimated to have killed hundreds of millions of people in the last 500 

years, might be considered an adverse effect of the domestication of cattle & the 

invention of agriculture. Other diseases that might have come from cattle include 

tuberculosis and measles, which have also killed huge number of people. 
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With the discovery of Penicillin, the first antibiotic by Alexander Fleming around 1940; 

many other antibiotics were also found (i.e. the substances made by one microorganism 

to inhibit the growth of, or kill, other microorganisms). 

So why are we talking about a biotechnology revolution? 

In the 1960s and 70s, our knowledge of cell and molecular biology reached the point 

where we could begin to manipulate organisms at those levels. Essentially, we learned 

how to move genes around, at will. Manipulating organisms to our advantage is not new. 

What is new is how we are manipulating them. The key to new technology was 

recombinant DNA, and I think I remember that at first, the term biotechnology implied 

the use of recombinant DNA. But the meaning of the word has become broader by the 

use of cells and biological molecules to solve problems or make useful products. 

Nowadays it can mean almost anything that has to do with biology and technology. 

Defenders of the use of genetically engineered plants and animals are fond of the point 

that biotechnology (def. 1) is not new and of the idea that manipulating organisms to our 

advantage (by selective breeding) is not new. 

We will focus on other aspects of biotechnology i.e. human health, which experts 

estimate is the aim of more than 80% of biotech research funds (but that is difficult to 

measure). Biotechnology makes its contribution in all fields related to health care, 

especially in the fields of Microbiology, Genetics, Biochemistry and Immunology which 

have principal contribution to the medical field for many years. Biotechnology research is 

aimed towards: 

• Diseases caused by infective agents, including viruses 

• Diseases due to imbalance in body’s natural chemistry 

• Genetic disorders 

• AIDS, Tumor and Cancer Therapy 

• Organ Transplantation 

The numerous tools and sciences that are the basis for biotechnology are kind of 

overwhelming, but remember no one person knows everything about all of this which are 

also fundamental to success in biotechnology. Through the centuries with the increase in 

population of the world and consequently increase in the demand for food supply, various 

novel methods have been used to increase the production of food and also improve the 
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quality and there by fulfill the demands of the increasing population. Since plants are the 

key to life on earth, they directly supply 90% of human calorie intake, and 80% of the 

protein intake and the remainder being derived from animal products, although these 

animals have also derive their nutrition from plants. Of the three thousand plant species 

which have been used as food by man, the world now depends mainly on around twenty 

crop species for the majority of its calories, with 50% being contributed by eight species 

of cereals. Minerals and vitamins are supplied by a further thirty species of fruits and 

vegetables. Most important of the staple foods are the cereals, particularly wheat and rice, 

with more than one-third of all cultivated land used to produce these two crops. 

As the population continues to expand, there has been a concern over the large number of 

people that the world agriculture can support. It has been calculated that the earth can 

support about 15 billion people on a strictly vegetarian diet, or five billion on a mixed 

diet. 

The population is expected to be fifteen billion by 2025. The farming practices and crops 

cultivated today have developed over a relatively short time span. Crop plants of today 

have changed in a number of ways so that they now bear very little resemblance to their 

wild type ancestors. These changes have come about through selection, either conscious 

or unconscious, for traits which are advantageous to the people growing the crops. Thus 

modern wheat do not disperse their seeds or legumes do not have pods which burst open. 

Today, varieties are the result of generation of plants cultivated under ideal conditions 

from the man's point of view. 

From the beginning of crop cultivation to the late nineteenth century, all improvements in 

the species used were brought about by those who were directly involved, i.e. farmers 

themselves. In the following 100 years, the laws of genetic inheritance and rules 

governing species variation were laid down by Mendel, Darwin and others which 

redefined the breeding techniques by making them predictable and therefore quicker, 

more precise and more productive. Furthermore, despite the implementation of breeding 

techniques, the time taken to produce and test varieties is an important limiting 

consideration. 
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Similar to the improvements in plant production, there has been a considerable advances 

in animal production, such as breeding animals for disease resistance, high productivity 

of milk in bovine animals, etc. 

Microorganisms have been extensively used in various industries for the production of 

vaccines for various diseases, production of antibiotics, in fermentation processes etc. 

Biotechnology thus consists of a variety of techniques, designed to genetically improve 

and/or exploit living systems or their components for the benefit of man. In fact, 

biotechnology is the product of interaction between sciences of biology and technology. 

However, biotechnology got a boost in the 1970's with the discovery of restriction 

enzymes which led to the development of a variety of gene technologies and is thus 

considered to be the greatest scientific revolution of this century.  
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Biotechnology Present and Future 

 

The following are the Areas of applied biotechnology: 

In 1885, a scientist named Roux demonstrated embryonic chick cells could be kept alive 

outside an animal's body. For the next hundred years, advances in cell tissue culture have 

provided fascinating glimpses into many different areas such as biological clocks and 

cancer therapy. 

Monoclonal antibodies are new tools to detect and localize specific biological 

molecules. In principle, monoclonal antibodies can be made against any macromolecule 

and used to locate, purify or even potentially destroy a molecule as for example with 

anticancer drugs. 

Molecular biology is useful in many fields. DNA technology is utilized in solving crimes. 

It also allows searchers to produce banks of DNA, RNA and proteins, while mapping the 
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human genome. Tracers are used to synthesize specific DNA or RNA probes, essential to 

localizing sequences involved in genetic disorders. 

With genetic engineering, new proteins are synthesized. They can be introduced into 

plants or animal genomes, producing a new type of disease resistant plants, capable of 

living in inhospitable environments (i.e. temperature and water extremes,). When 

introduced into bacteria, these proteins have also produced new antibiotics and useful 

drugs. 

Techniques of cloning generate large quantities of pure human proteins, which are used 

to treat diseases like diabetes. In the future, a resource bank for rare human proteins or 

other molecules is a possibility. For instance, DNA sequences which are modified to 

correct a mutation, to increase the production of a specific protein or to produce a new 

type of protein can be stored . This technique will be probably play a key role in gene 

therapy. 

Lets look at the New technologies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Over the past few years a number of methodologies have come that would seem to have 

much more to offer in terms of advancing current research in the plant sciences, and 

exploiting the knowledge gained to develop new crops. 

NEW TECHNOLOGIES 

Fermentation Technology 

1. Health 

2. Food & Agricultural 

3. Agriculture 

4. Energy 

5. Chemical industries 

Enzymatic Engineering 

1. Food & Agricultural 

2. Energy 

Genetic Engineering and Cell Cultures 

1. Food and agriculture 

2. Health 
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The first of these areas is concerned with manipulation and subsequent growth of cells, 

tissues, organs and naked plant cells (protoplasts) in tissue culture. 

The second field is genetic engineering or recombinant DNA (rDNA) technology which 

has grown out very fast from the work initially carried out on microorganisms. With 

genetic engineering, scientists have more exact methods for breeding better livestock and 

crop varieties. 

This technology allows for the detailed manipulation of genes. These two areas of 

research have in recent years become associated with the general field of biotechnology 

and are potentially applicable to a wide variety of plant species, as well as offer a 

precision in manipulating genetic material. Recombinant DNA techniques in particular 

have already contributed much to the elucidation of basic mechanisms in plants at the 

molecular level. 

The term genetic engineering refers to a number of new techniques involving the transfer 

of specific genetic information from one organism to another. These techniques do not 

rely on sexual methods, but instead involve genetic manipulation at the cellular and 

molecular levels. These are the non-sexual methods for gene transfer. 

The technique includes recombinant DNA manipulations, monoclonal antibody 

preparation, tissue culture, protoplast fusion, protein engineering, immobilized enzyme, 

cell catalysis, sensing with the aid of biological molecules, etc. Biotechnology is still in 

the process of early development. Only in last fifteen years progress have been made by 

microbiologists and genetic engineers, and we are hopeful to solve many fold problems 

of the present day, specially energy and food crisis to cater the need of growing 

population of the world. 

Schematic distribution of the principal products of bio-industry 

Fermentation Technology 

1. Health: Antibiotics, vitamins, Enzymes, Amino acids, Polysaccharides (dextran), 

Nucleotides, Steroids, Alkaloids, Diagnostic reagents, etc. 

2. Food & Agricultural: Citric acid, Lactic acid, Gluconic acid, Malic acid, Amino acids 

Nucleotides, Enzymes, Biopolymers, etc. 

3. Agriculture: Biopesticides, improvement of varieties, etc. 

4. Energy: Ethanol, Acetone, Butanol, Biogas, etc. 
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5. Chemical industries: Chemistry of ethanol, Ethylene, Acetaldehyde, Acetone, Butanol, 

etc. 

Enzymatic Engineering 

I. Food & Agricultural: Isoglucose, Glucose syrup, etc. 

2. Energy: Ethanol 

Genetic Engineering and Cell Cultures 

1. Food and agriculture: Single cell protein, clones, etc. 

2. Health: Interferons, Hormones, Vaccines, Blood products, Monoclonal antibodies, 

antibiotics, etc. 

SUMMARY 

Biotechnology dates back to pre-historic times with the process of fermentation with the 

use of living organisms in the process of making wine, beer and bread. But now in the 

present times biotechnology has a different meaning which involves various advance 

techniques in industry processing using living organisms which are helpful to the welfare 

of mankind. 

EXERCISES 

1. Define ‘Biotechnology’ and describe in brief the various areas of interest. 

2. How do you differentiate between the Old and New Technology? What are their 

implications on the welfare of mankind? 

3. Give an account of some of the modern techonologies. 

BIBLIOGRAPHY 

1. Biotechnology. Fundamentals and Applications by S.S.Purohit, Agrobios , Third 

Edition 2002. 

2. Introduction to Plant Biotechnology by H.S.Chawla, Oxford and IBH 2000. 

Here you can find some related sites about definition of biotechnology: 

http://www.dupont.com/biotech/intro/science/definition.html 

http://research.uthct.edu/biotech/whatis.htm 

http://www.eurodoctor.it/biotech.html 
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CHAPTER 2 History, Time Line and Significance of Biotechnology 
 
 ‘Necessity is the mother of invention’. With each passing time, man worked upon his 

surroundings to exploit them. Let us now see how has biotechnology evolved through 

time and space. 

OBJECTIVES 

1. To study the historical background of Biotechnology. 

2. To learn the various inventions and discoveries in biotechnology by famous workers. 

 

Historical Background : Lets look at the history of biotechnology as to where was its 

origin. 

Introduction 

The oldest biotechnological processes are found in microbial fermentations, since 6,000 

B.C. The Sumerians were able to brew as many as twenty types of beer in the third 

millennium BC. In about 4000 BC. leavened bread was produced with the aid of yeast. In 

500 BC the first antibiotic-Moldy soybean curds used to treat boils (China). The last 

three decades have seen a very rapid rise in the number of plant scientists using the 

techniques of organ, tissue and cell cultures for plant improvement. The term "plant 

tissue culture" broadly refers to the in vitro cultivation of plants, seeds, plant parts 

(tissues, organs, embryos, single cells, protoplasts etc.) on nutrient media under aseptic 

conditions. 

During the 1800s, the cell theory, which states that the cell is the basic structural unit of 

all living creatures, was very quick to gain acceptance. However, the second portion of 

the cell theory that states that these structural units are distinct and potentially totipotent 

physiological and development units, failed to gain universal acceptance. 

However, in 1934, the pioneering work of growing excised roots of tomato in vitro for 

periods of time without theoretical limits was demonstrated by White (White, 1934). 

Initially, White used a medium containing inorganic salts, yeast extract and sucrose, but 

later yeast extract was replaced by three B-vitamins viz. pyridoxine, thiamine and 

nicotinic acid. 

In the same year, Gautheret was engaged in experimentation with excised root tips and 

the cultivation of cambial tissue removed under aseptic conditions from Salix capraea, 
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Populus nigra and other trees on Knop's solution containing glucose and cysteine 

hydrochloride and recorded that they proliferated for a few months. 

These studies continued, and in 1939, Gautheret, Nobecourt and White, independently 

published studies on the successful cultivation for prolonged periods of cambial tissues of 

carrot root (Gautheret, 1939), tobacco (White, 1939) and carrot (Nobecourt, 1939). These 

were the first true plant tissue cultures. All the three workers used meristematic cells to 

generate continuously growing cultures. 

From 1939 to 1950, experimental work with root cultures drew attention to the role of 

vitamins in plant growth and advanced the knowledge of the shoot-root relationship. 

During early 1950s, a number of lines of enquiry were initiated.  

Then comes the work of Miller and Skoog (1953) on bud formation from cultured pith 

explants of tobacco led to the discovery of kinetin. 

In 1952, Steward initiated work on cultured carrot explants and used coconut milk as a 

nutrient (Steward et al., 1952) that ultimately led to the discovery of embryogenesis 

(Steward et al., 1958). 

In 1953, Muir reported that if fragments of callus of Tagetes erecta and Nicotiana 

tabacum are transferred to liquid culture medium and the medium is agitated on a 

reciprocal shaker, then the callus fragments break up to give a suspension of single cells 

and cell aggregates (Muir, 1953). He further developed a nurse culture technique. 

An important technique of plating large number of single cells of higher plants was 

developed by Bergmann (Bergmann, 1960). 

The differentiation of whole plants in tissue cultures may occur via shoot and root 

differentiation, or alternatively the cells may undergo embryogenic development to give 

rise to somatic embryos. Differentiation of plants from callus cultures has often been 

suggested as a potential method for rapid propagation. Ball in 1946 successfully raised 

transplantable whole plants of Lupinus and Tropaeolum by culturing their shoot tips with 

a couple of leaf primordia. The practical usefulness of this technique is credited to Morel 

and Martin (1952), who for the first time recovered virus-free Dahlia plants. Morel 

(1960) also realized the potential of this method for rapid propagation of virus-free 

orchids. 
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The release of protoplasts from root tip cells using a fungal cellulase in 0.6 M sucrose 

was reported by Cocking in 1960. Protoplasts released by cell wall degrading enzymes 

have now been prepared from many plant tissues. The most universally used high-salt 

medium was developed by Skoog and his students (Murashige and Skoog, 1962). In 

addition to mineral salts, media contain an energy source, vitamins and growth 

regulators. 

In 1970s, restriction enzymes were discovered and technique was developed by" Lobban 

and Kaiser for joining the two restriction fragments by ligase. The 1980s saw the 

development of various genetic transformation techniques which revolutionized the 

rDNA technology and led to the development of transgenic plants for various crops. 

Lets look at some of the important contributions which are mentioned below: 

8000 B.C. - Humans domesticate crops and livestock. -Potatoes first cultivated for food. 

4000-2000 BC- Biotechnology first used to leaven bread and ferment beer, using yeast 

(Egypt). 

-Production of cheese and fermentation of wine (Sumeria, China and Egypt). 

Babylonians control date palm breeding by selectively pollinating female trees with 

pollen from certain male trees. 

500 BC First antibiotic-Moldy soybean curds used to treat boils (China)  

AD 100 -First insecticide-Powdered chrysanthemums (China). 

1322 -An Arab chieftain first uses artificial insemination to produce superior horses. 

1590 - Janssen invents the microscope. 

1663 - Hooke discovers existence of the cell. 

1675 - Leeuwenhoek discovers bacteria. 

1797 -Jenner inoculates a child with a viral vaccine to protect him from smallpox. 

1830 - Proteins discovered. 

1833 -First enzyme discovered and isolated. 

1860 Meischer discovers DNA. 

1865 Science of genetics begins: Austrian monk Gregor Mendel studies garden peas and 

discovers that genetic traits are passed from parents to offspring in a predictable way-the 

laws of heredity. 

1902 -First attempt of plant tissue culture (Haberlandt) 
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1904 -Nobbe and Hiltner obtain US patent for a carrier based inoculants of biofertiliser - 

Rhizobium 

1914 -Bacteria are used to treat sewage for the first time in Manchester, England. 

1919 -First use of the word "biotechnology" in print. 

1928 -Penicillin discovered by Alexander Fleming. 

-A small-scale test of formulated Bacillus thuringiensis (Bt) for corn borer control begins 

in Europe. Commercial production of this biopesticide begins in France in 1938. 

1933 -Hybrid corn, developed by Henry Wallace in the 1920s, is commercialized. 

1934 -Successful culture of tomato roots (White) 

1939 -Successful establishment of continuously growing callus cultures (Gautheret, I 

Nobecourt and White) 

1941 -The term "genetic engineering" is first used by Danish microbiologist A. Jost 

-The electron microscope is used to identify and characterize a bacteriophage. 

-Florey and Chain mass produced Pencillin from Pencillium notatum 

-Waksman isolates streptomycin 

1946 -Raising of whole plants of Lupinus and Tropaeolum by shoot tip culture (Ball) 

1947 -McClintock discovers transposable elements, or "jumping genes," in corn. 

1950’s -Discovery of interferons. -First synthetic antibiotic. 

1953 -Watson and Crick proposes double helical structure of DNA 

1959 -Regeneration of embryos from callus clumps and cell suspensions of Daucus 

carota (Reinert, Steward) 

1960 Enzymatic degradation of cell walls to obtain large number of protoplasts (Cocking) 

1961 -USDA registers first biopesticide; Bacillus thuringiensis, or Bt. 

1964 -Production of first haploid plants from pollen grains of Datura (Guha and 

Maheshwari. 

1965 -Harris and Watkins successfully fuse mouse and human cells. 

1970 -First achievement of protoplast fusion (Power et al.) 

1970 Discovery of first restriction endonuclease from Haemophillus inf1uenzae. It was 

later purified and named Hind-II ( Smith) 

1971 -Regeneration of first plants from protoplasts (Takabe et aI.) 
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1972 -Joining of two restriction fragments regardless of their origin produced by same 

restriction enzyme by the action of DNA ligase (Mertz and Davis) 

1972 -Development of a procedure in which the appropriate enzyme can be added to fill 

in any single stranded gap and the use of DNA ligase to join the two fragments thus 

giving rise to recombinant DNA (Lobban and Kaiser) 

1973 -Use of Lobban and Kaiser technique to develop hybrid plasmid-insertion - EcoRI 

fragment of DNA molecule into circular plasmid DNA of bacteria using DNA ligase 

(Boyer and Cohen) 

1974 -Discovery that the Ti plasmid is the tumor inducing principle of Agrobacterium 

(Zaenen et al.; Larebeke et aI.) 

1975 -The first monoclonal antibodies are produced. 

1976 -First sequencing of a specific gene. 

1977 -First expression of human gene in bacteria. 

1977 -Successful integration of the Ti plasmid DNA from A. tumefaciens in plant 

(Chilton et al.) 

1978 -Somatic hybridization of tomato and potato resulting in pomato (Melchers et. al.) 

1978 -Recombinant human insulin first produced. 

1979 -Human growth hormone first synthesized. 

-Techniques for rapid sequencing of nucleotides perfected. 

1979 Co-cultivation procedure developed for transformation of plant protoplast with 

Agrobacterium (Marton et al.) 

1980 -U.S. Supreme Court. approves patenting genetically engineered bacteria 

(Pseudomonas). 

1981 -First transgenic animals produced. 

1982 -First recombinant DNA vaccine for livestock developed. 

-First biotech drug approved by FDA: human insulin produced in genetically modified 

bacteria. 

1983 -The polymerase chain reaction (PCR) technique is conceived. 

1984 -Transformation of tobacco with Agrobacterium; transgenic plants developed (De 

Block et al.; Horsch et al.) 

1984 -The DNA fingerprinting technique is developed. 
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1985 -Genetic fingerprinting entered as evidence in a courtroom. 

1985 -Genetically engineered plants resistant to insects, viruses and bacteria are field-

tested for the first time. 

1986 -First genetically engineered vaccine for humans: hepatitis B. 

-First anti-cancer drug produced through biotech: interferon. 

1987 -Development of biolistic gene trasfer method for plant transformation (Sanl et al.; 

Klein et al.) 

1987 -First approval for field test of modified food plants: virus-resistant tomatoes, 

Frostban, a genetically altered bacterium that inhibits frost formation on crop plants field-

tested on strawberry and potato plants in California. 

1989 -Field testing of Bt cotton approved. 

-Plant Genome Project begins. 

1990 - First product of r DNA technology in the U.S. food supply-Chymosin enzyme for 

cheese- making introduced 

-The Human Genome Project is launched. 

-The first approved gene therapy on humans performed successfully on a 4- year-old girl 

suffering from an immune disorder. 

1994 -Approval of genetically engineered version of human DNAase, which breaks down 

protein accumulation in the lungs of Cystic Fibrosis patients. 

1997 -First animal cloned from an adult cell: a sheep named Dolly in Scotland. 

-First weed-and insect-resistant biotech crops commercialized; Roundup Ready soybeans 

and Bollgard insect-protected cotton. 

1998 University of Hawaii scientists clone three generations of mice from nuclei of adult 

ovarian cumulus cells. Embryonic stem cells were used to regenerate tissue 

-Japanese scientists clone eight identical calves using cells of a single adult cow. 

-A rough draft of the human genome map is produced showing the locations of more than 

30,000 genes. 

Also in the 1990’s 

-Genetically engineered biopesticide approved for sale in the US 

2000 -First complete map of a plant genome developed: Arabidopsis thaliana. 

-―Golden Rice" with high beta carotene content developed. 
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-Rough draft of the human genome sequence is announced. 

2001 -First complete map of the genome of a food plant completed: rice. 

-Scientific journals publish complete human genome sequence. 

 

SUMMARY We will summarize the important discoveries in biology / biotechnology. 

As we have seen the origin of biotechnology is dated back to 1200B.C. The progress of 

technologies have taken place through all these centuries and during this period new 

discoveries have been made in various fields by various workers. Also there is an 

increase in the number of bio-products, produced by various bioindustries. 

EXERCISES 

1. Give the significant discoveries in the time-line of the events of biotechnology. 

2. Write a brief note on the history and significant achievements in biotechnology.  

BIBLIOGRAPHY 

1. Biotechnology. Fundamentals and Applications by S.S.Purohit, Agrobios (India) 

, Third Edition 2002. 

2. Animal Biotechnology by M.M.Ranga, Agrobios (India), Third Edition 2002. 

For more information visit the following web pages: 

http://www.i-bio.gov.uk/UkBioportal/Beginners/html/biotechnology.html 

http://www.eurodoctor.it/biotech.html 

http://www.ncbiotech.org/aboutbt/main.cfm 

Biotechnology glossary: http://filebox.vt.edu/cals/cses/chagedor/glossary.html 

 http://home.earthlink.net/~corbley/glossary.html 
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CHAPTER 3: Industrial Statistics 

 

Objectives: 

1. To study the statistics of various biotech products that are being produced. 

2. Also to know the number of industries involved in the production of the products. 

3. To know the number of drugs and vaccines approved. 

4. To know the amount of finances involved in Biotechnology. 

5. Also to learn the industry sales of the biotech products. 

Biotechnology Industrial Statistics 

We will now discuss the industry statistics of biotechnology around the world as there are 

many national and international companies involved in production of biotechnological 

products. 

• More than 325 million people worldwide have been helped by the more than 155 

biotechnology drugs and vaccines approved by the U.S. Food and Drug Administration 

(FDA). Of the biotech medicines on the market, 70 percent were approved in the last six 

years. 

• There are more than 370 biotech drug products and vaccines currently in clinical 

trials targeting more than 200 diseases, including various cancers, Alzheimer's disease, 

heart disease, diabetes, multiple sclerosis, AIDS and arthritis. 

• Biotechnology is responsible for hundreds of medical diagnostic tests that keep the 

blood supply safe from the AIDS virus and detect other conditions early enough to be 

successfully treated. Home pregnancy tests are also biotechnology diagnostic products. 

• Consumers already are enjoying biotechnology foods such as papaya, soybeans and 

corn. 

Hundreds of biopesticides and other agricultural products also are being used to improve 

our food supply and to reduce our dependence on conventional chemical pesticides. 

• Environmental biotechnology products make it possible to clean up hazardous waste 

more efficiently by harnessing pollution-eating microbes without the use of caustic 

chemicals. 

• Industrial biotechnology applications have led to cleaner processes that produce less 

waste and use less energy and water in such industrial sectors as chemicals, pulp and 
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paper, textiles, food, energy, and metals and minerals. For example, most laundry 

detergents produced in the United States contain biotechnology-based enzymes. 

• DNA fingerprinting, a biotech process, has dramatically improved criminal 

investigation and forensic medicine, as well as afforded significant advances in 

anthropology and wildlife management. 

• There are 1,457 biotechnology companies in the United States, of which 342 are 

publicly held. 

• Market capitalization, the total value of publicly traded biotech companies at market 

prices, was $206 billion as of mid-April 2003. 

• The biotechnology industry has mushroomed since 1992, with revenues increasing 

from $8 billion in 1992 to $34.8 billion in 2001. 

• The U.S. biotechnology industry currently employs 191,000 people; that's more than all 

the people employed by the toy and sporting goods industries. 

• Biotechnology is one of the most research-intensive industries in the world. The U.S. 

biotech industry spent $15.7 billion on research and development in 2001. 

• The top five biotech companies spent an average of $133,600 per employee on R&D in 

2001. 

• The biotech industry is regulated by the Food and Drug Administration (FDA), the 

Environmental Protection Agency (EPA) and the Department of Agriculture (USDA). 

 

Industrial Statistics: 1992–2001* 

 

*Amounts are U.S. dollars in billions. 

Source: Ernst & Young LLP, annual biotechnology industry reports, 1993–2002. 
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Financial data based primarily on fiscal-year financial statements of publicly traded 

companies. 

Agricultural and Chemical Industries 

The bio-revolution resulting from advances in molecular biosciences and biotechnology 

has already outstripped the advances of the "Green Revolution." In the early 1960s, the 

pioneering studies of Nobel prize winner Norman Borlaug, using cross-breeding 

techniques based on classical genetics, offered for the first time a weapon against hunger 

in the countries of Latin America, Asia, and Africa. As a direct result of the 

comprehensive studies of Borlaug and his contemporaries, new wheat hybrids began to 

transform the harvests of India and China, although they had a relatively minor influence 

on agriculture in more temperate climates. 

There is little doubt that genetic manipulation will open more new doors in this field, and 

will dramatically alter farming worldwide. 

It does not require a crystal ball to imagine the potential of the immediate 

biotechnological future. From the advances in recent years, it is possible to extrapolate to 

a number of likely developments based on research now in progress. In the plant world, 

the 1978 development of the "pomato," a laboratory-generated combination of two 

members of the Solanaceae family (the potato and the tomato), was a significant advance. 

The Flavr Savr tomato was reviewed by the FDA in the spring of 1994 and found to be as 

safe as conventionally produced tomatoes. This is the first time the FDA has evaluated a 

whole food produced by biotechnology. 

Exciting prospects are likely to result from industrial-scale plant tissue culture. This may 

soon obviate the need for rearing whole plants in order to generate valuable commodities 

such as dyes, flavorings, drugs, and chemicals. Cloning techniques could prove to be the 

way to tackle some of the acute problems of reforesting in semi-desert areas. Seedlings 

grown from the cells of mature trees could greatly speed up the process. In the summer of 

1987, a Belgian team introduced into crop plants a group of genes encoding for insect 

resistance and resistance to widely used herbicides. This combination of advantageous 

genes could bring about a new era in plant protection. The crop can be treated safely with 

more effective doses of weed killer, and it is also engineered to be less susceptible to 

insect damage. 
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Dairy farming is also benefiting from advances in biotechnology. Bovine somatotropin 

(growth hormone) will enhance milk yields, with no increase in feed costs. Embryo 

duplication methods mean that cows will bear more calves than in the past, and embryo 

transfer techniques are enabling cattle of indifferent quality to rear good quality stock, a 

potentially important development for nations with less advanced agriculture. Genetic 

manipulation of other stock, such as sheep and pigs, appears to be feasible, and work is in 

progress on new growth factors for poultry. 

The outcome of this intense activity will be improvements in the texture, quality, variety, 

and availability of traditional farm products, as well as the emergence of newly 

engineered food sources. Such bioengineered super-foods will be welcomed, and will 

offer new varieties, and hence find new markets in the quality-conscious advanced 

countries. Despite the enormous potential gains, the economic consequences of possible 

overproduction in certain areas must also be faced. It will be essential for those 

concerned with making agricultural policies to keep abreast of the pace of modern 

biotechnology. Short-term benefits to the consumer of lower agricultural prices must be 

weighed against a long-term assessment of the impact of new discoveries on the farming 

industry. 

Medicine 

In the medical field, considerable efforts will be devoted to the development of vaccines 

for killer diseases such as AIDS. Monoclonal antibodies will be used to boost the body's 

defenses and guide anti-cancer drugs to their target sites. This technology may also help 

to rid the human and animal world of a range of parasitic diseases by producing specific 

antibodies to particular parasites. Synthesis of drugs, hormones, and animal health 

products, together with drug-delivery mechanisms, are all advancing rapidly. Enzyme 

replacement and gene replacement therapy are other areas where progress is anticipated. 

The next decade will see significant advances in medicine, agriculture, and animal health 

directly attributable to biotechnology. 

Mining and Waste Management 

The impact of the new technology will not, however, be confined to bio-based industries. 

Genetically engineered microbes may become more widely used to extract oil from the 
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ground and valuable metals from factory wastes. In short, the lives of every one of us will 

be influenced by biotechnology. 

 

SUMMARY The industrial statistics of biotechnology shows the trend in increase in the 

bioproducts through the years. This rise shows the advancement in all the fields of 

biotechnology especially in the field of agricultural biotechnology and in therapeutics. 

EXERCISES 

1. Give in brief the various industrial statistics on the biotech products . 

2. Write the industrial statistics in the field of environment. 

3. Financing of biotech industries. 

BIBLIOGRAPHY 

1. www.about.com.http//www bio.org-about bio-guide 1998-99 - Biotechnology 

2. www.about.com.http//www bio.org-about bio-guide 2000-statistics. 

3. www.industrial statistics Indian biotechnology –2003 html.com. 
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CHAPTER 4: How Biotechnology Works? 

As you know that biotechnology is a vast area of research, it has been used in almost all 

fields of biological sciences, a few to name are, in plants, animals, microorganisms, 

medicine, biochemical industries, etc. we will be studying the working of biotechnology 

in a few of the areas. Now we will see how biotechnology works in the respective fields. 

Objectives 

1. To study the way in which biotechnology works in various fields. 

2. To acquire the knowledge of various products that have been developed by the process 

of biotechnology involving various living organisms. 

3. To know the implications of biotechnology on the society. 

Do you know how biotechnology works? 

Biotechnology Works in the following areas 

• Health Care 

• Agriculture 

• Industry 

• Environment 

HEALTH CARE 

Medicines 

Vaccines 

Diagnostics 

Gene Therapy 

Other areas in health care are: 

Disease Targets 

Therapeutic Target 

Xenotransplantation 

Biotechnology in health care uses the human body's own tools and weapons to fight 

disease. Biotechnology medicines and therapies use proteins, enzymes, antibodies and 

other substances naturally produced in the human body to fight infections and diseases, as 

well as to correct genetic disorders. Biotechnology also uses other living organisms –

plant and animal cells, viruses and yeasts – to assist in the large-scale production of 

medicines for human use. 
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There are four primary areas in health care in which biotechnology is currently being 

used: medicines, vaccines, diagnostics and gene therapy. 

Medicines 

The human body naturally produces literally thousands of proteins that fight disease and 

control everything from blood sugar levels to human growth. The biotechnology 

medicines approved for use today are proteins that help the body fight infections or carry 

out specific functions. Currently, biotech medicines have been approved by the U.S. Food 

and Drug Administration (FDA) to treat anemia, cystic fibrosis, growth deficiency, 

hemophilia, leukemia, hepatitis, genital warts, transplant rejection and many forms of 

cancer. 

Vaccines 

Biotechnology contributes to human health through the development of new vaccines. 

Vaccines help the body recognize and fight diseases. Conventional vaccines use 

weakened or killed forms of a virus to introduce antigens, proteins on the surface of 

viruses that the immune system uses to identify the virus. The body then produces 

antibodies that build resistance to the disease. A biotechnology vaccine consists only of 

the antigen, not the actual virus. By isolating antigens and producing them in the 

laboratory, it is possible to make new vaccines that cannot transmit the virus itself. 

Currently, the FDA has approved the use of a biotech vaccine for hepatitis B. The 

vaccine is produced by inserting the gene responsible for producing the hepatitis antigen 

into yeast cells. During the fermentation process, which is similar to brewing beer, each 

yeast cell makes a perfect copy of itself and the antigen gene. The antigen is later 

purified. When injected into the body, the antigen stimulates the production of antibodies 

that combat the hepatitis virus. 

Researchers are also working on vaccines to combat influenza, AIDS and herpes viruses, 

to work against cholera and Rocky Mountain spotted fever and against several diarrhoeal 

diseases in humans and animals. 

Diagnostics 

Biotechnology diagnostics are used to detect a wide variety of diseases and genetic 

conditions. For example, donated blood is screened to protect the blood supply from HIV 

and hepatitis. Home pregnancy tests are also examples of biotech diagnostic products. A 



 31 

new blood test has been developed through biotechnology to measure the amount of low- 

density lipoprotein (LDL), or "bad" cholesterol, in blood. Conventional tests require a 

total lipid profile, including expensive tests for total cholesterol, triglycerides and high-

density lipoprotein cholesterol. The old tests also require a patient to fast 12 hours before 

a blood sample can be drawn. The new biotech test allows patients to be tested with one 

simple test that can measure LDL directly, without the need to fast. 

Gene Therapy 

Gene therapy is a promising technology that uses genes themselves as drugs to correct 

hereditary genetic disorders. In gene therapy, a faulty or missing gene can be replaced to 

correct a genetic cause of a disease. Gene therapy has been used, for example, to treat 

severe combined immunodeficiency disease (SCID), commonly known as the "bubble 

boy disease." 

Sometimes, in gene therapy, cells are removed from a patient, altered to correct a genetic 

defect or omission and put back into the body. Sometimes new cells are introduced to 

produce needed cell-growth factor or perform a beneficial cellular function. 

Disease Targets 

Biotechnology companies are currently working on treatments and cures for diseases that 

affect large numbers of people. The following are some of these diseases and treatment 

methodologies accompanied by the number of companies working on them: 

No. of companies working on the diseases 
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Source: The Biotechnology Industry Organization 
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Xenotransplantation 

Organ transplantation has been found to be an especially effective, cost-efficient 

treatment for severe, life-threatening heart, kidney, lung and other diseases. The demand 

for human organs for transplantation has far outstripped the available supply. The United 

Network of Organ Sharing (UNOS) found that, from 1988 to 1994, the waiting list for 

patients in the United States for organ transplants grew from 16,026 to 37,609, increasing 

at a rate of 22.4 percent per year. By the year 2000, UNOS predicts that there will be 

more than 60,000 people waiting for organ transplants. 

Organs from other species – pigs and other animals – are believed to be promising 

sources for donor organs for humans. This practice is called xenotransplantation. The first 

xenotransplant experiment was conducted in 1905. A French surgeon transplanted slices 

of a rabbit kidney into a human. The first experiments in transplanting chimpanzee 

kidneys into humans were conducted in 1963 and 1964. One of the patients who received 

the transplanted chimpanzee kidneys survived nine months. 

 

 

 

Transplanted heart valves from pigs are commonly used to treat different forms of severe 

heart disease in people. Encapsulated animal cells are also seen as a promising avenue of 
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research in treating diabetes, Parkinson's disease and acute pain accompanying certain 

drug therapies. In addition, medicines and other health products derived from fluids and 

tissues from cows have been used by millions of people for decades. 

Because of the large supply of pigs, the relative size and function of their organs to 

humans and extensive monitoring and ability to control disease in the swine population, 

pigs are believed to be one of the most promising sources of xenotransplant organs. 

The most significant obstacle to xenotransplantation is the human body's immune system 

protections against infection. When tissue not recognized as human is introduced into the 

body, hyperacute rejection occurs – the body cuts off the flow of blood to the donated 

organ. 

The most promising method for overcoming hyperacute rejection is believed to be 

genetic engineering. By inserting human genetic material into pigs or other donor 

animals, it is believed that the human body will recognize the new organ as human and 

begin to use it as its own. Several biotechnology companies are working on overcoming 

specific aspects of the xenotransplantation challenge. 

Agriculture 

Take a walk through the produce section of a supermarket today and you may see some 

interesting new products. Even if your visit is in the dead of winter, you might find red, 

vine-ripened tomatoes that rival the taste of a home-grown garden variety. Unlike the 

home-grown fruit, however, these tomatoes will stay fresh up to two weeks after they're 

harvested. 

A little farther down the produce aisle you may see baby whole carrots, sweet red mini-

peppers, nearly seedless green peppers and tastier cherry tomatoes, all just right for 

healthy, delicious snacks. 

All of these nutritious, high quality foods are products of a new approach to farming 

called biotechnology. Biotechnology is the next step in techniques, gained over centuries 

of experience, in improving plants and animals to produce better nutrition, flavor and 

yield. 

But that's only the beginning. Let's look ahead to what we'll find in our produce aisle in a 

few short years. In addition to several different brands of tomatoes that stay fresh longer, 

you may find longer-lasting strawberries, raspberries, broccoli and cauliflower. 
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You could also see seedless mini- melons, sweeter snap peas and potatoes that absorb 

less oil when cooked. Potatoes, sugar beets, melons, corn, bananas, pineapples and 

strawberries will also be naturally resistant to insect and plant viruses, all thanks to 

biotechnology. 

Elsewhere in both today's and tomorrow's supermarkets, many processed foods have 

been, or will be, improved through the use of biotechnology. Most of today's hard cheese 

products, for example, are made with a biotech enzyme called chymosin. This is 

produced by genetically engineered bacteria to be purer and more plentiful than its 

naturally occurring counterpart, rennet. 

Environmental Benefits of Agricultural Biotechnology 

Beyond biotechnology's agricultural and economic benefits, the industry offers great 

promise in increasing crop yields without greater reliance on traditional chemical 

pesticides. For example, proteins that are toxic only to certain insects, and harmless to all 

other animals and people, are produced by the Bacillus thuringiensis, or Bt ., bacterium, 

an organism that occurs naturally in soil. By transplanting the genes that produce those 

proteins into crop plants, we can make the plant toxic to pests that normally feed on it. 

This makes it possible to reduce our reliance on chemical pesticides. 

Other agricultural biotechnology products, like modified pulp trees for use in paper 

production, will allow manufacturers to use less water and other natural resources, and to 

produce less waste from the production stream, while producing higher-quality materials. 

Agricultural Biotechnology: Building on Centuries of Science 

Traditional agriculture has relied for centuries on crossbreeding and hybridization to 

improve the quality and yield of crops and to overcome natural obstacles such as plant 

viruses and pest infestations. Crossbreeding and hybridization involve the controlled 

breeding of plants and animals with desirable traits (or that lack undesirable 

characteristics) to produce offspring that have the best traits of the parent organisms. 

In today's world, virtually every plant and animal grown commercially for food or other 

applications is a product of crossbreeding and/or hybridization.. Unfortunately, these 

processes are often costly, time-consuming, inefficient and subject to significant practical 

limitations. For example, producing corn with natural resistance to certain insects could 

take dozens of generations of traditional crossbreeding, if it is possible at all. 
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In addition, some of the other methods for controlling challenges to a plant's survival 

(i.e., insects, plant diseases, viruses and weeds) can currently be addressed only through 

the use of chemical pesticides that may harm the environment. 

But there is another way. We can, for example, take the gene responsible for creating the 

chemical that makes the bacteria toxic specifically to the insect and transfer it to a plant. 

The plant's cells take up the new genetic information as their own and produce the 

protein, which protects it from the insect without the help of chemically based pesticides. 

Biopesticides, Herbicide Resistance and Natural Protections for Plants Biopesticides 

Several biopesticides are in use today. Biopesticides products are based on natural agents 

such as microorganisms and fatty acid compounds. They are toxic only to targeted pests 

(such as the European corn borer) and do not harm humans, animals, fish, birds and 

beneficial insects. In addition, because biopesticides act in unique ways, they can control 

pest populations that have developed tolerance to chemical pesticides. 

One of the most common microorganisms used in biologically based pesticides is the 

Bacillus thuringiensis, or Bt., bacterium. Several of the proteins produced by the Bt. 

bacteria, principally in the coating the bacteria forms around itself, are lethal to individual 

species of insects. By using Bt. bacteria in pesticide formulations, target insects can be 

eliminated without relying on chemically based pesticides. 

It is also possible to use pheromones in pest control. Pheromones are naturally occurring 

substances that insects produce to attract mates. In pest control, pheromones are used to 

attract insects away from crop plants. In recent years, for example, pheromone-based 

traps were used to control fruit fly infestations in California. European corn borers, one of 

the most prevalent pests, costs the United States $1.2 billion in crop damage each year. 

Herbicide Resistance 

Planting conditions good for crop plants will also sustain unwanted weeds that can reduce 

crop yield. To prevent this, herbicides are sprayed on crops. Often, herbicides must be 

applied several times during the growing cycle, at great expense to the farmer and 

possible harm to the environment. 

Using biotechnology, it is possible to make crop plants tolerant of specific herbicides. 

When the herbicide is sprayed, it will kill the weeds but have no effect on the crop plants. 
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This lets farmers reduce the number of times herbicides have to be applied and reduces 

the cost of producing crops and damage to the environment. 

Industry and Environment 

How do you think biotechnology is going to work in industry and the environment? 

The contributions that biotechnology has made to health care and agriculture have 

received much attention from the press and the public, but now society is beginning to 

see the benefits of biotechnology's "third wave" — industrial and environmental biotech. 

This third wave of biotechnology is already successfully competing with traditional 

manufacturing processes and has shown promise for achieving industrial sustainability. 

To industry, sustainable development means continuous innovation, improvement and 

use of "clean" technologies to make fundamental changes in pollution levels and resource 

consumption. An industrially sustainable process should, in principle, be characterized by 

1. reduction or elimination of waste. 

2. low consumption of energy and nonrenewable raw materials (and high use of 

carbohydrate feedstocks, such as sugars and starch). 

Biotechnology in industry employs the techniques of modern molecular biology to reduce 

the environmental impact of manufacturing. Industrial biotechnology also works to make 

manufacturing processes more efficient for industries such as textiles, paper and pulp, 

and specialty chemicals. Some observers predict biotechnology will transform the 

industrial manufacturing sector in much the same way that it has changed the 

pharmaceutical, agricultural and food sectors. Industrial biotechnology will be a key to 

achieving industrial and environmental sustainability. 

Material and Energy Inputs 

Manufacturing processes have long relied on petroleum, a nonrenewable resource that 

generates pollution and solid waste, as a source of material and energy. Biotechnology 

provides ways to produce leaner products and processes by reducing the use of petroleum 

inputs. Industrial biotechnology instead uses natural sugars as feedstocks. 

Through biotechnology, the use of renewable, biomass-based feedstocks will increase. 

Bio-feedstocks offer two environmental advantages over petroleum-based production: 

Production will be cleaner, in most cases, and less waste will be generated. When the 

biomass source is agricultural refuse, our gains double: We will enjoy all the advantages 
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of bio-feedstocks while reducing wastes generated from another human endeavor — 

agriculture. A final advantage of using plant biomass as feedstock is that as our crop of 

feedstock grows, it consumes CO2 — one of the greenhouse gases. 

Today at least 5 billion kilograms of commodity chemicals are produced annually in the 

United States using plant biomass as the primary feedstock. Biotechnology will also have 

an impact on two sources of energy: fossil fuels and new biomass-based fuels. 

Innovations wrought by biotechnology can help remove the sulfur from fossil fuels, 

significantly decreasing their polluting power. Using biomass for energy has the same 

environmental advantages as using biomass feedstocks, so government labs have devoted 

significant resources to research on recombinant technology and bioprocess engineering 

to improve the economic feasibility of biomassderived energy. 

Industrial Manufacturing Processes 

In addition to working toward sustainability by using biomass-based material and energy 

inputs, biotechnology offers us many options for minimizing the environmental impact of 

manufacturing processes by decreasing energy use and replacing harsh chemicals with 

biodegradable molecules produced by living things. 

Unlike many chemical reactions that require very high temperatures and pressures, 

reactions using biological molecules work best under conditions that are compatible with 

life — that is, temperatures under 100° F, atmospheric pressure and water-based 

solutions. Therefore, manufacturing processes that use biological molecules can lower the 

amount of energy needed to drive reactions. 

Manufacturing processes that use biodegradable molecules as biocatalysts, solvents or 

surfactants are also less polluting. Microbial fermentation systems have provided us with 

some very important industrial solvents, such as ethanol and acetic acid, for decades. 

Many surfactants used in chemical manufacturing processes are biological molecules that 

microorganisms produce naturally, such as emulsan and sophorolipids. 

Marine biotechnologists have recently discovered a surfactant produced by marine 

microorganisms that may replace chemical solvents. However, the biological products 

that offer us the greatest potential for decreasing the environmental impact of industrial 

manufacturing processes are the biocatalysts, which are living organisms or simply their 

enzymes. Some of the industrial enzymes are listed below. 
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Some Examples of Industrial Enzymes 

 

Enzymes 

 

Source or Type 

 

Applications 

 

Alpha-amylase 

 

Bacterial a-amylase (e.g., 

Bacillus subtilis), Fungal 

aamylase 

(e.g., Aspergillus niger), 

Alkaline a-amylase 

 

Textiles, starch syrups, 

laundry and 

dishwashing detergents, 

paper 

desizing, fermentation 

ethanol, 

 

ß-amylase  

 

From a strain of Bacillus Brewing, maltose syrup 

Cellulase  

 

 Dishwashing detergents, 

animal feed, textiles, 

bioenergy production 

ß-Glucanase  exo-ß-1,4-glucanase, endo-

ß-1,4-glucanase 

Brewing industry 

ß-Glucosidase   Transforms isoflavone 

phytoestrogens in soymilk 

Dextranase 

 

Made by various 

microorganisms (e.g., 

Leuconostoc mesenteriodes) 

 

Hydrolyzes the 

polysaccharides dextran 

 

Dextrinase (almost 

identical to aglucosidase) 

 

 Cleaves dextrin into two 

molecules of glucose 

 

a-Galactosidase 

(melibiase) 
 

 

 Could increase yield of 

sucrose; potential use in the 

beet sugar industry 

Glucoamylase  Aspergillus niger, 

Rhizopus, Endomyces 

Manufacture of dextrose 

syrup and high-fructose 

syrup 

Hemmicellulase/Pen 

tosanase/Xylanase 

Thermomyces lanuginosus, 

Penicillium simplicissimum 

 

Baking, fruit juice 

manufacture, wood pulp 

processing 

, 

Invertase 

 

 Manufacture of invert syrup 

from cane or beet sugar (use 

is minor) 

 

Lactase 

 

Kluyveromyces lactis, 

Aspergillus oryzae, Bacillus 

 

Eliminates lactose from 

dairy foods 

 

Naringinase  Debitter citrus peel 
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Pectinase 

 

 Fruit processing 

 

Pullulanase 

 

Klebsiella aerogenes, 

Bacillus 

acidipullulyticus, Bacillus 

subtilis 

 

Antistaling agent in baked 

goods 

 

Proteases 

 

 Brewing, baking goods, 

protein processing, distilled 

spirits, laundry and 

dishwashing detergents, 

lens cleaners, leather and 

fur, chemicals 

 

Acid proteinase 

 

Endothia parasitica, 

Rhizopus, Aspergillus 

niger, A. oryzae 

 

Baking, improves dough 

handling 

Alkaline protease  Bacillus subtilis, Bacillus 

licheniformis 

Detergents, leather and fur 

Lipases and 

Esterases 

 

Phospholidases, pregastric 

esterases, phosphatases 

 

Cleaners, leather and fur, 

dairy, chemicals 

 

Alcohol dehydrogenase Saccharomyces cerevisiae, 

Thermoanarobium brockii 

 

Chiral synthesis of 

chemicals 

Amino acid oxidase Porcine kidney, snake 

venom 

Chiral resolution of racemic 

amino acid mixtures 

Catalase 

 

Aspergillus niger 

  

Desugaring of eggs 

 

Chloroperoxidase Algae, bacteria, fungi, 

mammalian tissues 

 

Steroid synthesis 

 

Source: Diversa & Novo Nordisk 2003 Biotechnology Industry Organisation 

 

Biocatalysts 

Industrial biotechnology companies develop new enzymes, biocatalysts, to be used in 

manufacturing processes of other industries. Enzymes are proteins produced by all living 

organisms. In humans, enzymes help digest food, turn the information in DNA into 

proteins, and perform other complex functions. Enzymes are characterized according to 

the compounds they act upon. Some of the most common enzymes are proteases, which 
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break down protein; cellulases, which break down cellulose; lipases, which act on fatty 

acids and oils; and amylases, which break starch down into simple sugars. 

Industrial biotechnology companies look for biocatalysts with industrial value in the 

natural environment; improve the biocatalysts to meet very specific needs, using the 

techniques described below; and manufacture them in commercial quantities using 

fermentation systems similar to those that produce human therapeutic proteins or bulk 

yeast for the brewing and baking industries. In some cases, genetically altered microbes 

(bacteria, yeast, etc.) carry out the fermentation. In other cases, either naturally occurring 

microbes or microbes genetically modified with other techniques are the production 

organism. 

Since the dawn of life, microbes have adapted to every imaginable environment. No 

matter how harsh the environment, some microbe has found a way to make a living there. 

Life in unusual habitats makes for unique biocatalysts, and the great majority of that 

biochemical potential remains untapped. Fewer than 1 percent of the microorganisms in 

the world have been cultured and characterized. Through bioprospecting, scientists are 

discovering novel biocatalysts that will function optimally at the relatively extreme levels 

of acidity, salinity, temperature or pressure found in some industrial manufacturing 

processes — hence the name extremophiles. 

Information from genomic studies of microbes is helping researchers capitalize on the 

wealth of genetic diversity in microbial populations. Researchers use DNA probes to fish, 

on a molecular level, for genes that express enzymes with specific biocatalytic 

capabilities. Once snared, such enzymes can be identified and characterized for their 

ability to function in industrial processes, and if necessary, they can be improved with 

biotechnology techniques. 

Renewable Energy 

Some business leaders and government officials are beginning to discuss ways to move 

toward a biobased economy in which agricultural operations will be the energy and 

natural resource fields of tomorrow. 

Green Plastics 

Biotechnology also offers us the prospect of replacing petroleum-derived polymers with 

biological polymers derived from grain or agricultural biomass. Cotton genetically 
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modified to contain a bacterial gene produces a polyester-like substance that is 

biodegradable and has the texture of cotton, but is warmer. 

Nanotechnology 

Remember the movie Fantastic Voyage, in which technology existed to shrink a full-size 

submarine and its human passengers to microscopic size? Today, industrial biotech 

companies are embarking on their own fantastic voyage into the submicroscopic worlds 

of biotechnology and nanotechnology. There, they are exploiting the physio-chemical 

activities of cells to accomplish tasks at nano (10
–9

 meters) scale. 

Some are taking genomics and proteomics one step further and exploring how to apply 

this knowledge gained in the organic world to the inorganic world of carbon and silicon. 

For example, Genencor International and Dow-Corning have partnered to combine their 

respective expertise in protein-engineered systems and silicon. Their strategic alliance 

seeks to apply the biotech business model to a third outlet of creativity where products 

can be developed for other companies based on specific needs. 

Such convergence of biotech and nanotech promises to yield many exciting and diverse 

materials and products. In the area of photonics lies the potential for developing new 

micro-optical switches and optical micro-processing platforms. In the field of catalysis, 

the use of inorganic carbon or silicon substrates embedded with biocatalysts has high 

commercial potential. 

Environmental Biotechnology 

Environmental biotechnology is the use of living organisms for a wide variety of 

applications in hazardous waste treatment and pollution control. For example, we are 

using a fungus to clean up a noxious substance discharged by the paper-making industry. 

Other naturally occurring microbes that live on toxic waste dumps are degrading wastes, 

such as polychlorobiphenyls (PCBs), to harmless compounds. Marine biotechnologists 

are studying ways that estuarine bacteria can detoxify materials such as chemical sea 

brines that cause environmental problems in many industries. 

Environmental biotechnology can more efficiently clean up many hazardous wastes than 

conventional methods and greatly reduce our dependence for waste cleanup on methods 

such as incineration or hazardous waste dump sites. 

Environmental engineers use bioremediation in two basic ways. 
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• They introduce nutrients to stimulate the activity of bacteria already present in the soil 

at a hazardous waste site, or 

• they add new bacteria to the soil. 

 

MTBE (Methyl Tertiary Butyl Ether) 

One discovered environmental problem is a prime candidate for a bioremediation 

solution. The U.S. Environmental Protection Agency (EPA) has announced it intends to 

ban the use of the gasoline additive methyl tertiary butyl ether (MTBE). MTBE is an 

ether that easily migrates to public drinking water supplies and causes contamination 

problems. MTBE contamination has become a significant environmental problem in the 

northeastern states and in California. 

Biotechnology offers a potential solution to this problem. Companies involved in 

environmental biotechnology are developing biological systems that use naturally 

occurring microorganisms to degrade and remove MTBE that has already polluted 

underground drinking water supplies. 

Environmental Monitoring 

The techniques of biotechnology are providing us with novel methods for diagnosing 

environmental problems and assessing normal environmental conditions so that we can 

be better-informed environmental stewards. Companies have developed methods for 

detecting harmful organic pollutants in the soil using monoclonal antibodies and the 

polymerase chain reaction, while scientists in government labs have produced antibody-

based biosensors that detect explosives at old munitions sites. Not only are these methods 

cheaper and faster than the current laboratory methods that require large and expensive 

instruments, but they are also portable. Rather than gathering soil samples and sending 

them to a laboratory for analysis, scientists can measure the level of contamination on site 

and know the results immediately. 

What are the Industries That Benefit from Biotechnology? 

The chemical industry: using biocatalysts to produce novel compounds, reduce waste 

byproducts and improve chemical purity. 

The plastics industry: to decrease the use of petroleum for plastic production by making 

"green plastics" from renewable crops such as corn or soybeans. 
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The paper industry: to improve manufacturing processes, including the use of enzymes 

to lower toxic byproducts from pulp processes. 

The textiles industry: to lessen toxic byproducts of fabric dying and finishing processes. 

Fabric detergents are becoming more effective with the addition of enzymes to their 

active ingredients. 

The food industry: for improved baking processes, fermentation-derived preservatives 

and analysis techniques for food safety. 

The livestock industry: adding enzymes to increase nutrient uptake and decrease 

phosphate byproducts. 

SUMMARY The working of biotechnology in various field have been observed. The 

various procedures of its working has been studied. With the advancement of 

biotechnology we can see how the progress in the fields of pharmaceuticals, health care, 

gene therapy, agriculture, industry and environment. 

 

EXERCISES 

1. Write short note on production of enzymes. 

2. How a biotech drug is developed. 

3. What are biocatalysts. 

4. List a few of the important approved biotechnology drugs. 

5. How agricultural biotech is regulated. 

6. How biotechnology works in industry. 

7. Write a note on the biotechnological applications in environment. 

BIBILIOGRAPHY 

www.about.com ,http//www.bio.org-about bio-guide 1998-99 - Biotechnology Pg1 

html.com. 
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CHAPTER 5: Biotechnologically important microorganisms, primary 

and secondary metabolites 

                                     Microbial Systems 

                                     Product classification 

                                     Advantages of microbial systems 

1. Microbial Biotechnology;  

Microbial Biotechnology 

small bugs, big business. The economic power of the microbe 

improvement of bacterial strain and fermentation process 

 Microbial Systems 

Microorganisms 

Bacteria  

  belong to kingdom Monera  

  are procaryotes, genetic material is not surrounded by a special nuclear 

membrane  

  single celled organisms  

  their shape may be coccus, bacillus, spiral, square, star shaped and individual 

bacteria may form chains, clusters, pair etc. 

 

 

 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap2/organism.html#bac
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap2/micropro.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap2/advan.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap2/microbial%20biotech.pdf
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap2/small%20bugs,%20big%20business.%20The%20economic%20power%20of%20the%20microbe.pdf
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap2/improvement%20of%20bacterial%20strain%20and%20fermentation%20process.pdf
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap2/organism.html#bac
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A typical bacterial cell is shown below. 

 

 

Scanning electron micrograph of E.coli 

  generally reproduce by binary fission          

  some bacteria use organic compounds, some use inorganic compounds for 

nutrition, others make photosynthesis to manufacture their own food  

  important tool for recombinant DNA technology  

Fungi  

  belong to kingdom Fungi  

  are eucaryotes, genetic material surrounded by nuclear membrane  

  include unicellular yeast, multicellular molds and large multicellular mushrooms  

  reproduce sexually or asexually  

  absorb dissolved solutions of organic compounds from environment  

  good source for enzymes, polysaccharides, lipids or other valuable bioproducts.  

  used to supply human and animal diet with its high protein content and vitamins 

(single cell proteins, SCP)  
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Protozoa  

  belong to kingdom Protista  

  are eucaryotes  

  unicellular  

  movement through pseudopods, flagella or cilia  

 

  reproduce sexually or asexually  

  feed upon bacteria and small particulate nutrients, some are part of normal 

microbiota of animals  

Algae  

  some belong to kingdom Protista, some belong to Plantae  

  are eucaryotes  

  reproduce sexually or asexually  

  photoautotrophs; they use light as source of energy and use CO2 as source of C, 

produce O2 and carbohydrates  

  good source for enzymes, pigments, lipids etc.  

Viruses  

  have DNA or RNA as genetic material  

  obligatory intracellular parasites, they multiply inside living cells.  

  for multiplication, they invade host cell and by directing its metabolic machinery 

synthesize viral nucleic acids and enzymes.  
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  are used for vaccine production and serve as vectors for gene transfer  

 

Some examples to substances synthesized by microorganisms: 

Industrial chemicals  

Chemicals Microbial sources 

Ethanol Saccharomyces 

acetic acid  Acetobacter 

Glycerol Acetobacter 

Isopropanol Clostridium 

Acetone Clostridium 
 

Enzymes  

Enzymes 
microbial 

sources 

alpha amylase 
Bacillus 

licheniformis 

Cellulases 
Phanerochaete 

chrysosporium 

Lipases 
Aspergillus 

niger 
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Amino acids  

amino acids Microbial sources 

L-Arginine 
Brevibacterium 

flavum 

L-Leucine 
Brevibacterium 

lactofermentum 

L-Phenylalanine 
Brevibacterium 

lactofermentum 

L-Serine 
Corynebacterium 

hydrocarboclastus 

L-Tryptophan 
Brevibacterium 

flavum 
 

Antibiotics  

Antibiotics 
microbial 

sources 

Cephalosporin C 
Cephalosporium 

acremonium 

Chloramphenicol 
Streptomyces 

venezuelae 

Penicillin 
Penicllium 

chrysogenum 

Tetracycline 
Streptomyces 

aureofaciens 
 

Pharmacologically important compounds 

Compounds Microbial source 

Dopastin Pseudomonas sp. 

Esterastin 
Streptomyces 

lavendulae 

Naematolin 
Naematoloma 

fasciculare 

Phialocin 
Phialocephala 

repens 
 

Polymers  

polymers 
microbial 

source 

Cellulose Acetobacter sp. 

Dextran Acetobacter sp. 

Xanthan 
Xanthomanas 

campestris 
 

Food and Beverages  

Products microbial source 

Bread Saccharomyces cerevisiae 

beer and wine Saccharomyces cerevisiae 

Soy souce Aspergillus oryzae 

Yoghurt Lactobacillus and Streptococcus 
 

Single cell proteins  

product (biomass) microbial source substrate used 
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Saccharomycodes 

lipolytica 
Saccharomycodes lipolytica n-alkenes 

Fusarium graminearum Fusarium graminearum polysaccharides 

Pruteen 
Methylophilus 

methylotrophus 
methanol 

Algae Algae from CO2 /sunlight    
 

Microbial products can be classified as:  

1. The microbial cells themselves; biomass production. 

2. Primary metabolites; which are produced by cells to live and grow. 

Alcohol, amino acids, nucleotides, fats, vitamins and enzymes are 

examples of commercially important products  

3. Secondary metabolites; are not necessarily required for life. Antibiotics 

and various alkaloids are the most important secondary metabolites  

Advantages of microbial systems: 

 growth is fast 

 mass cultivation is possible in large fermenters 

 medium can be designed with cheaper components. 

 genetic manipulations are widely and easily performed. 

For more information: 

http://www.agen.ufl.edu/~chyn/age4660/4660demo.htm 

http://helios.bto.ed.ac.uk/bto/microbes  

http://filebox.vt.edu/cals/cses/chagedor/index.html 

 

 

 

http://www.agen.ufl.edu/~chyn/age4660/4660demo.htm
http://helios.bto.ed.ac.uk/bto/microbes
http://filebox.vt.edu/cals/cses/chagedor/index.html


 51 

CHAPTER 6 : Plant and animal cell cultures 

Cells from intact plants or animals can be grown in in vitro culture media containing 

nutrients and growth factors.  

 Plant cell culture products include alkaloids, resins, tannins, sterols, volatile oils 

which have wide industrial uses (pharmaceuticals, cosmetics, agrochemical, foods 

and food additives)     

Some examples of plant products are shown below: 

PRODUCT PLANT SOURCE 

  Antimicrobial  

    Antibacterial 

    Antifungal 

    Antiprotozoal 

    Antiviral 

        

       Lithospermum  

       Ruta  

       Cinchona  

       Phytolacca 

  Food Flavours 
  Asparagus, onion, mustard, Cinchona, 

Capsicum 

  Insecticides   Derris, Pyrehrum, Lonchocarpus, 

  Cosmetics   Jasmin sp., Lawsonia alba, Pimenta acris, 

  Sweeteners   Glycyrrhiza, Stevia, Hydrangea 

  Vitamins   Various 

  Pharmaceuticals  

    Anticholinergic 

         

       Atropa 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap3/index.html
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    Antimalarial 

    Cardiotonic 

    Antileukaemic 

       Cinchona 

       Digitalis  

       Catharanthus roseus  

 Growth of mammalian cells in culture enables production of enzymes 

(collagenase, asparaginase, rennin, tyrosine hydroxylase etc.), hormones (growth 

hormone, insulin, calcitonin, erythropoietin, thyroxine, follicle stimulating 

hormone etc.), interferon, factor VIII (used for treatment of hemophilia) and 

vaccines (rabies, HSV, measles, mumps etc.) which have great influence on world 

public health.  

Answer: Viruses that are used for viral vaccine production are needed to grown on 

mammalian cell culture.<>  

If the productivity of animal cell or plant cell culture is below the desired level & quality, 

genetic manipulations (via recombinant DNA techniques) can be applied to increase 

yield. For example, using viruses (adenovirus, SV40 or derivatives) foreign genes may be 

introduced into animal cells. 

Plant Tissue Culture: 

Types of Plant Tissue Culture 

Plant tissue culture, which covers all types of aseptic plant culture should be used as a 

restricted sense and it is possible to distinguish it into various types of cultures. 

• Seed Culture : Culture of seeds in vitro to generate seedlings/plants 

• Embryo Culture : Culture of isolated mature or immature embryos. 

• Organ Culture: Culture of isolated plant organs. Different types can be DO, the 

distinguished, e.g. meristem, shoot tip, root culture, anther tissue culture 
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• Callus Culture: Culture of a differentiated tissue from explant allowed to 

dedifferentiate in vitro and a so-called callus tissue is produced. 

• Cell culture: Culture of isolated cells or very small cell aggregates remaining dispersed 

in liquid medium 

• Protoplast culture: Culture of plant protoplasts, i,e., cells devoid of their cell walls. 

• Anther culture: Culture of anthers. 

HOW ARE TRANSGENIC PLANTS PRODUCED? 

1 .Agrobacterium tumefaciens is used to introduce foreign genes into plants. DNA 

fragment which contains the desired gene is introduced into Ti plasmid by genetic 

engineering and plants are infected.  Introduction of the Ti plasmid into plant cells give 

rise to plant tumors which are called Crown Gall Tumors. Then, these tumor cells contain 

foreign gene inserted into Ti plasmid. Afterwards, gall cells are grown in culture 

producing plantlets. Finally, they are transferred to soil and grow to form mature plants, 

of which all cells contain the desired gene. 
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2. Using Biolistics 

The "Biolistic Particle Delivery System, is sometimes referred to as a gene gun. The 

gene gun propels tiny gold or tungsten particles (1µm in diameter) coated with DNA into 

the plant tissue. The particles penetrate the rigid cell wall of many of the plant cells in the 

tissue, and deliver DNA containing the genes of interest inside. Those cells which 

incorporate the new DNA into their genome are selected and allowed to grow into full 

transgenic plants. 
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3. Using Electroporation 

Normally, incubating DNA in a solution with plant cells will not result in the plant cells 

taking up the DNA. This is because each plant cell is surrounded by a cell membrane and 

a cell wall, which are barriers to penetration by the DNA. 

 

 

 

However, when short, high intensity electrical pulses are applied to plant cell protoplasts 

(plant cells with their cell wall removed but which still have a cell membrane), small 

pores form in the cell membrane. These pores are large enough to allow the DNA in the 

solution to penetrate the cells. After the pulses, the pores close, trapping the new DNA 

inside the cell. A small number of the cells in the solution will not only take up the DNA, 

but will also incorporate the DNA into their genome. Those cells are selected and 

allowed to grow into transgenic plants expressing the desired gene. 
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4. Using Microinjection 

This is a method also employed in producing transgenic animal cells. The DNA is first 

incubated with liposomes. Liposomes are small, hollow spheres of fatty molecules that 

are capable of carrying DNA inside of them. When the liposomes are incubated with 

DNA under specific conditions, the DNA is absorbed. Liposomes containing plasmid 

DNA are called lipoplexes..The lipoplexes are subsequently injected into a plant cell, 

thus introducing the new DNA into that cell. If the new DNA is incorporated into the 

cell's genome, it is allowed to grow into the desired transgenic plant. 
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5. Direct Transformation 

Transformation using direct methods was accomplished soon after the first 

Agrobacterium-mediated transformation. These methods use protoplasts (cells after the 

removal of the cellular wall) as targets for transformation. This is a simple method that 

consists of adding great amounts of transgenic plasmids to a protoplast culture, which 

guarantees that a small proportion of the protoplasts will be taken up (assimilated) by the 

plasmids. The assimilation rate can be increased with the addition of polyethylene glycol 

(PEG) or the use of an electric discharge (electroporation). No barrier to direct 

transformation has been detected, indicating that this method can be used with virtually 

any species. The problem with this method lies in the difficulty of regenerating a whole 

plant starting from protoplasts. Therefore, it has not been used as widely as the other 

methods. 

Microbial systems or cell cultures? 

Some biological compounds can be manufactured either using microbial systems or cell 

cultures. If the compound is complex like some hormones and blood factors, many steps 

are required for their production, animal cell culture may be more useful for such 

manufacturing purposes. On the other hand, animal cells are fragile, difficult to handle, 

easily contaminated, grow slowly and require expensive media. Therefore, for highly 

specific production of selected proteins genetically modified bacteria are more 

advantageous. However, post translational modifications like proteolytic cleavage, 

glycosylation, acylation are not performed by bacteria. Moreover, there are other 

disadvantages; endotoxins might be produced, products are intracellularly located and so 

they should be extracted from lysed cells. 

TRANSGENIC ANIMALS  

DEFINITIONS  

Transfection specifies the introduction of a DNA segment, either naked or integrated 

into a vector, into the animal cell. It may be of two types:  

Transient transfection: in this, the transgene is lost from the daughter cells.  

Stable transfection: the transgene is retained and expressed in the daughter cells.  
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Transgenic animal contains in its genome, a gene or genes introduced by one or the 

other technique of transfection.  

Transgene: is the gene introduced by transfection.  

 

OBJECTIVES OF GENE TRANSFER  

• Genes have been transferred and expressed into cultured cell lines to obtain the 

proteins encoded by them  

• Quality improvement in terms of higher yield of milk, meat, wool etc  

• Genes are transferred with a view to obtain a large scale production of the proteins 

encoded by these genes and secreted into their milk, urine or blood of these 

animals. Such animals are also called as bioreactors and the approach is called as 

molecular farming.  

• This method also aims at alleviating or even eliminating the symptoms and 

consequent miseries of genetic diseases. This is termed as gene therapy.  

 

How Are Transgenic Animals Developed?  

Animals are made up of billions of cells. Producing a transgenic animal, which has the 

same new piece of DNA incorporated into each of its cells, seems at first glance to be a 

highly time-consuming process! Luckily, scientists can take advantage of a fundamental 

property of animal development: all the cells in a given animal can be traced back to one 

cell. In other words, every animal began as one cell, which divided over and over again to 

finally produce the billions of cells which make up that animal.  

 

 

Therefore, to ensure that every cell in an animal contains the same new piece of DNA, 

scientists add the DNA to the one celled entity before it starts dividing.The new DNA 
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becomes incorporated into the cell's genome, and will theoretically be present in all the 

cells that make up the animal.  

Developing transgenic animals is more complex than generating transgenic bacteria or 

plants. Transgenic bacteria are fairly easy to produce, as they are unicellular. This means 

that the difficulty encountered with transgenic multicellular organisms of making sure 

that the new DNA is present in all of the organism's cells is avoided. For many plant 

types, plant biotechnologists can cause any transgenic plant cell to grow into a transgenic 

plant. However, transgenic animals must be generated by altering germ cells. Germ cells 

(like egg and sperm cells) are the only animal cells capable of giving rise to new 

offspring. Other cells in an animal (called somatic cells,like blood, skin, brain or heart 

cells) are not capable of giving rise to whole new animals.  

One way to produce a transgenic animal is to use microinjection. The new DNA is 

injected directly into a fertilized egg cell (called a zygote) before it starts dividing. The 

new DNA gets incorporated into a chromosome in the nucleus, and will therefore be 

present in every cell of the resulting animal. The new DNA will also be present in the 

resulting animal's germ cells, meaning that the new DNA will be passed on to many of 

that animal's offspring.  
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CHAPTER 7: Strain Improvement 

A. Old Technologies 

Mutation and selection  

Mutations;  

 can occur spontaneously or can be induced by chemical and physical agents 

 involves change in the genetic material, might cause reduction, enhancement or 

loss of gene activity  

In order to isolate mutants selection system is required. Nutritionally defective, resistant, 

temperature sensitive and similar types of mutations that are used in basic research are 

relatively simple. The establishment of selection system for mutations which aim to 

improve the yield in the production of given primary and secondary metabolites or 

certain enzymes is more complicated 

For example, we need special bacteria to degrade specific pollutant substance. In nature, 

many spontaneously mutated strains of these bacteria with different degrading 

capabilities exist. To find the most efficient one among them, we can grow them on 

selective media, which contain increasing concentrations of pollutant. Most of bacteria 

might well grow on 1-2% concentration of this substance. However, as the concentration 

increase, the number of surviving bacteria will decrease. The concentration of the toxic 

pollutant could be gradually increased in the growth medium thus selecting the most 

resistant ones. This method is called acclimatization. Finally the ones, which are the 

most effective in metabolizing this pollutant, will remain. 

Chemical mutagens (alkylating agents, base analogues, deaminating agents) or physical 

mutagens (UV, X-rays etc.) could be used for increasing the mutation rate of bacteria. 

Then we can select the ones with desired properties. 

 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/old/index.html
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B. New Technologies 

1. Recombinant DNA Technology 

2. Hybridoma Technology 

3. Bioprocess Technology 

1. Recombinant DNA Technology 

a. Definition of DNA and genes 

DNA is a natural substance inside a living cell that provides the cell with a set of 

instructions in the form of a genetic code  

 carries genetic information from one generation to next  

 is polymer of nucleotide subunits; each nucleotide consist of a sugar 

(deoxyribose), a phosphate group and a nitrogen containing base (adenine, 

guanine, cytosine or thymine)  

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/recomb/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/hybridoma/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/recomb/recomb.html
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Long DNA molecule is subdivided into discrete regions, which are responsible for 

particular inheritable traits. These regions are called as genes.   

Genes  

 are units of heredity  

 genetic information of genes translated into specific proteins  
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Additional Links; 

http://library.thinkquest.org/20994/data/index2.html 

http://vector.cshl.org/ 

b. Recombinant DNA Procedure 

Recombinant DNA Technology enables isolation of genes from an organism, this gene 

can be amplified, studied, altered & put into another organism  

Recombinant DNA Technology covers the following procedure: 

Cutting of donor DNA : Restriction endonucleases cut DNA molecule at 

specific sites and desired fragment is isolated by gel electrophoresis. 

   Among restriction endonucleases, Type II endonuclease have cutting sites same or 

close to recognition sites. Some of the restriction endonucleases like SmaI, HindII, cleave 

DNA producing blunt-ended fragments. Others, like EcoRI, HindIII, cut DNA creating 

fragments with sticky ends, that is single stranded complementary (cohesive) ends. Their 

recognition sequences are generally palindromic i.e. sequences are read identically when 

both strands are followed in the 5' to 3' direction.     

 

EcoRI recognition sequences and restriction sites. 

http://library.thinkquest.org/20994/data/index2.html
http://vector.cshl.org/
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/recomb/recdna2.html
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Cloning of a gene: DNA fragment which wanted to be cloned, is joined to one of 

vectors (plasmid, phage, cosmid). For this purpose, vector and donor DNA are first 

cleaved with the same restriction endonuclease, or with the ones producing the same 

ends. Then using DNA ligase, DNA fragment and vector DNA is joined. If fragment has 

no sticky ends, homopolymer tailing or linker DNA segments can be applied for this step. 

Transformation: Recombinant vector is put into suitable host organism, like; 

bacteria, yeast, plant or animal cells, by several physical or chemical methods. 

Transformed cells are identified by several ways. Insertional inactivation (of antibiotic 

resistant genes on plasmids), nucleic acid hybridization, labeled Ab's for specific 

proteins (immunological test) are helpful for screening recombinant colonies. 

Recombinant DNA molecule construction and usage in transformation 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/recomb/hybrid.html
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Nucleic acid hybridization  

Probe is nucleic acid sequence of the gene of interest, can be whole or partial 

sequence, can be RNA or DNA 

If nucleic acid sequence of interested gene is known, synthetic probes can be designed 

easily, also amino acid sequence is used for probe preparation. If protein sequence is not 

known, probe preparation is possible as shown below: 

 

  

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/recomb/hybrid.html


 67 

C. Vectors; carry new DNA fragments into host. 

Plasmids  

 small, circular, dispensable genetic elements, found in most prokaryotic and some 

eukaryotic species  

 have replication origin and can replicate autonomously in the host cell  

 can be beneficial to host cell, since it can provide drug or heavy metal resistance 

or produce some toxic proteins  

 artificial plasmids can be constructed with useful characteristics of natural 

plasmids for the purpose of cloning.      

    Desirable characteristics of artificial plasmids; high copy number, non-conjugative, 

carry at least two selection markers (one of them carry restriction site for enzyme), have 

more than one unique restriction site, accomodate large DNA fragment  

 

pBR322 is one of the most widely used vector. It carries two antibiotic resistance genes: 

ampicillin and tetracycline. If foreign DNA is inserted into one of the restriction sites in 

the resistance genes, it inactivates one of the markers. This can be used for selection of 

recombinants.  
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pUC18 is a derivative of pBR322. Tet
r
 gene is replaced by lacz' gene, which contains a 

part of gene coding for lactose metabolizing enzyme and the lac promoter. A multiple 

cloning site (MCS) or polylinker, carrying sites for many different restriction 

endonucleases, has been inserted into lacz'. Therefore, a large number of enzymes can be 

used for construction of recombinant plasmids. 

Phages  

 viruses of bacteria  

 consist of a molecule of DNA or RNA and protein coat  

 bind to receptors on bacteria and transfer genetic material into the cell for 

reproduction  

 can enter a lytic cycle which leads to lysis of host cell and release of mature phage 

particles or they can be integrated into host chromosome as prophage and 

maintained (lysogeny).  

    Phage lambda has double stranded DNA, around 48.5 kbp, some segments of which 

are dispensable and replaceable by exogenous DNA. There are 12 nucleotides long, 

single stranded, 5' projections at each end, called as cos sites. They are complementary in 

sequence. When it is injected into host cell, phage DNA circularize by means of these 

sequences.  
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    By mixing purified phage heads, tails and bacteriophage lambda DNA, infective 

particles can be produced in reaction tube, this is called as in vitro packaging. During 

packaging, DNA sequences between two cos sites are packed into phage heads. 

Cosmids  

 are artificial vectors prepared by DNA segments from plasmids and phages  

 replicate in the host cell like plasmids at a high copy number  

 like phage vectors, contain cos sequences, in vitro packaging is possible  

 transformation efficiency is higher than plasmid vectors since transformation 

occurs by infection.  

 carry a selectable genetic marker and cloning sites  

 ~40 kb fragments can be inserted between cos sites  

A cosmid cloning system is shown in figure.  

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/recomb/cosmid.html
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d. Cloning and expression vectors  

Vectors used for Recombinant DNA Technology can be categorized as cloning and 

expression vectors.  

In cloning vectors aim is to increase the copy of foreign gene in the host organism. 

However, purpose of using expression vectors is to synthesize specific protein from 

inserted DNA fragment.  

During expression of genes, mRNA is processed by eucaryotic systems via splicing, 

polyadenylation and capping, which are not performed by procaryotic species. 

 

For expression of eucaryotic genes in procaryotic systems cDNA is used, since no 

processing is possible like eucaryotes. 

Preparation of cDNA is showed as animation here. 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/recomb/express.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap4/new/recomb/cdna.html
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Bacteria as host organism have its own control regions (operator, promoter etc.) for 

transcription and translation. To increase expression of desired gene; 

-strong promoter should be choosen, 

-distance between the Shine Dalgarno sequence and initiator codon should be optimized  

-control over expression should be possible; for example, if PL promoter of phage lambda 

is used, it is possible to shift between gene expression and growth, by changing the 

temperature between 42 and 28 
o
C 

Additional Links: 

http://www.bmb.psu.edu/simpson/02METHOD/METHOD.HTM 

Potential of Transformation 

The objectives of variety development through biotechnology are the same as 

conventional genetic improvement. Most of the desired traits are improved yields, 

increased vigor, pest resistance, and nutritional quality. However, biotechnology allows 

the development of varieties with traits that cannot be developed by conventional 

breeding. 

http://www.bmb.psu.edu/simpson/02METHOD/METHOD.HTM
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Addition of New Functions 

Altered Forms of Enzymes 

The introduction of genes coding for a structurally modified enzyme can result in its 

insensibility to certain chemicals or environmental conditions. For example, the herbicide 

glyphosate blocks the biosynthesis of aromatic amino acids. The introduction of a gene 

that codes for a modified form of the enzyme EPSP (5-enolpyruvyl-shikimate-3-

phosphate synthase) results in resistance of the herbicide glyphosate. 

Overproduction of Proteins 

The introduction of several copies of a gene or the use of a strong promoter can result in 

the overproduction of the protein. This can be used in some nutritional applications or for 

disease resistance when certain proteins are needed to fight disease. 

Silencing of Endogenous Genes 

Partial or total suppression of gene expression can be obtained by RNA antisense 

technology. This technology consists of the introduction of a gene in the reverse 

orientation in relation to the original sequence. When transcribed, this produces a 

polynucleotide complementary to the original gene. The mRNA of the gene of interest is 

complementary to the introduced gene, resulting in the formation of a double helix RNA 

that blocks the translation process. Theoretically, the antisense mRNA can be used to 

inhibit the expression of any gene. 

New Traits 

Genes of other species can be introduced in the target species, making traits available in 

one species available to any other. Several possibilities exist, including these: 

 Metabolism: Transfer of genes from nitrogen-fixing species to grasses. 

 Biopesticides: The Bt gene was transferred from the bacterium Bacillus 

thuringiensis to corn, cotton, and other crops. 

mk:@MSITStore:E:/أ.%20أشرف/Prentice%20Hall%20PTR%20-%20Understanding%20Biotechnology.chm::/0131010115_gloss01.html#gloss01entry09
mk:@MSITStore:E:/أ.%20أشرف/Prentice%20Hall%20PTR%20-%20Understanding%20Biotechnology.chm::/0131010115_gloss01.html#gloss01entry09
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Disease Resistance 

An example is barley resistance to Barley Yellow Dwarf Virus (BYDV), which resulted 

from the introduction of the gene that codes for the envelope protein of BYDV into 

barley. 

Male Sterility 

The introduction of male sterility genes can increase the rate of cross-fertilization in a 

self-pollinated species. 

Bioremediation 

Introducing genes that code for the capability of absorption of heavy metals or the 

capability of metabolizing pollutant residues could have important applications in 

biodegradation. 

Pharmaceuticals 

The introduction of genes that code for production of substances with therapeutic 

properties can be used for the production of medicines. 

Alteration in the Individual's Architecture 

Altering flowering time, plant architecture, or coloration might have important 

applications in ornamental plants. 

2. Hybridoma Technology 

What are monoclonal antibodies? 

Antibodies are the most important elements of the humoral immune system, which 

comprises soluble proteins that help to defend against foreign entities like 

microorganisms. Antibodies are produced and secreted by B-lymphocytes. 
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Antibodies belong to a group of serum proteins known as immunoglobulins, which are 

complex molecules that recognize, combine with and neutralize the effects of antigens; 

an antibody, in turn, is an immunoglobulin that binds specifically to a particular structural 

component (epitope) of an antigen, which can be almost any foreign component. The 

antibody is generated naturally under conditions such as infection, or by immunizing an 

animal with a high-molecular-weight substance (macromolecule) that contains an 

epitope.  

Most foreign particles have a number of antigenic sites against which antibodies can be 

generated. Therefore, in practice, a heterogeneous population of antibodies is formed. It 

is very difficult to separate these antibodies and conventional antisera contain a mixture 

of antibodies. Each antibody is known to be produced by a different line of B-cells. As a 

result, if a single cell line could be cloned, it would be possible to generate a single, 

unique antibody specific for a single antigenic site. Hybridization of B-cells with 

myeloma cells provides maintenance of these antibody producing cells in vitro. 

Hybridomas have the ability of secreting antibodies like B-cells and growing indefinitely 

like myeloma cells. 

How monoclonal antibodies are made are illustrated in figure 



 76 

Immunization of animals with antigen is performed by mixing microgram quantities of 

immunogen with an adjuvant (aluminum salts) and then injecting this mixture to animal. 

When the relative concentration of antibodies of desired specificity in the serum, is 

judged to be nearly optimal, the spleen of animal, which contains a large number of 

plasma cells is dissociated into single splenocytes by mechanical or enzymatic methods. 

Then lymphocytes are mixed with myeloma cells and exposed briefly to high 

concentrations of PEG. 

The myeloma cell line used in the procedure is unusual in two ways: They do not produce 

antibodies, and it is a mutant, called HGPRT
 -

, that can not synthesize the enzyme, 

hypoxanthine-guanine phosphoribosyl transferase (HGPRT) or TK 
-
 that can not 

synthesize the enzyme thymidine kinase. These enzymes are necessary to convert 
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hypoxanthine or thymidine into nucleotides. For selection, hypoxanthine aminopterin 

thymidine (HAT) medium is used. HAT medium contains hypoxanthine, thymidine, and 

drug, aminopterin, which blocks nucleotide synthesis pathways. Since the myeloma cells 

lack enzymes indicated above, all cells that fail to fuse to a normal B cell die in HAT 

medium. Moreover, lymphocytes with a finite life span in culture will soon die. Surviving 

hybridomas will be the ones, which inherit the HGPRT or TK gene from the normal B-

cell and the cancerous property of immortal growth from the myeloma cell. Then, 

mixture is diluted so that each well of microtitre plate contains one or a few clones. 

Finally, these clones are screened to find those that inherited the antibody genes of 

normal B cell and are secreting monoclonal antibodies that can bind to the immunizing 

antigen. 

Applications of monoclonal antibodies 

Diagnostic purposes  

cancer,  

Abnormal proteins produced by cancer cells (tumor markers) are recognized by  

monoclonal antibodies specific for them. Locating and sizing of tumor, determining 

suitability for MAb therapy, monitoring response to therapy is possible via MAb's. 

infectious diseases, 

Bacterial and viral (coat or membrane) proteins are recognized by MAb's 

blood group testing, 

Blood group antigens are recognized by MAb's 

pregnancy testing, 

MAb's used in order to detect human chorionic gonadotropin (HCG) hormone produced 

in pregnant women 
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- Vaccine production 

Passive immunization for immunodeficient or immunosupressed peoples. 

- Tumor therapy 

Different agents like; isotopes, drugs, toxins and enzymes can be attached to monoclonal 

antibodies which are directed to malignant tissue.  

- Drug targeting 

Drugs are encapsulated by synthetic vesicles (liposomes) and MAb's which are specific 

for target tissue, are embedded on this vesicles. Therefore drug does not affect other cells. 

- Purification of molecules, which are found at very low quantities in organisms 

MAb's specific for a chemical of interest are immobilized, then, the mixture of chemicals 

is passed over them and the desired chemical remains bound to MAb's 

- Cell sorting and cell biology 

T and B cells can be differentiated according to different proteins on them. 

Advantages of monoclonal antibodies:  

very specific, 

homogeneous, 

not variable, does not vary from animal to animal, 

can be produced as much as it needed, 

do not need to start with pure antigen 
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Disadvantages: 

specificity is problem for diagnostic purposes, 

it takes long time 
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CHAPTER 8 : Bioprocesses 

                                Biotechnological process (flow chart) 

                                    Definition of Bioreactor 

                                    Batch operations, continuous systems 

 

Biotechnological process (flow chart) 

*In order to view this page better, prefer 1024 x 768 windows size. 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap5/bioreac.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap5/fermenter.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap5/batch/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap5/bioreac.html
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Definition of Bioreactor 

BIOREACTOR IS A CONTAINER IN WHICH SUBSTRATE WILL 

TURN INTO PRODUCT BY THE ACTION OF BIOCATALYST. IT 

CAN BE DESCRIBED AS THE HEART OF A BIOPROCESS SINCE 

CONVERSION OCCURS HERE.  

 

 

 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap5/fermenter.html
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FERMENTATION 

The conventional definition of fermentation is breakdown of larger molecules into 

smaller and simple molecules using microorganisms. In biotechnology fermentation 

means any process by which microorganisms are grown in large quantities to produce 

useful materials. 

In anaerobic organisms, ATPs are generated by oxidation of organic compounds in 

absence of oxygen and this process is called as anaerobic respiration or fermentation. 

Earlier, the process of fermentation was used mainly for the production of alcohol but 

with the development of genetic engineering, its utilization is made in the production of 

many compounds like vaccines, antibiotics and enzymes. 

The commonly used species of microorganisms employed for the production of various 

useful products are: 
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1) BACTERIA (Acetobacter Lacti, Bacillus subtilis, Bacillus polymyxa, Acetobacter 

woodi, Clostridium, Pseudomonas denitrificans) 

2) ALGAE (Spirulina maxima, Chlorella sorokiniana, Sorokiniana plantensis) 

3) FUNGI (Aspergillus oryzae, Aspergillus niger, Candida utilis, Gibberella fujikuroi, 

Saccharomyces lipolytica, Rhizopus nigricans, Trichoderma viridae) 

4) ACTINOMYCETES (Nocardia mediterranei, Streptomyces griseus, Streptomyces 

noursei) 

 

 

 

CULTURING THE MICROORGANISMS 

After isolation of microorganisms, they are grown on culture medium. The microbes 

grow on the culture medium provided that the medium contains all the necessary 

nutrients and the environmental conditions are favorable. 

CULTIVATION TECHNIQUES 

Solid substrate process using fungal sources is preferred and which is most commonly 

used and can produce enzymes of industrial use, but the solid substrate process also 

produces commercial extracellular enzymes, which are produced by the solid substrature 

process. 

SOLID SUBSTRATURE FERMENTATION 

Solid Substrature method of producing fungal enzymes have long standing application. 

The process involves growth of filamentous fungus on the moist wheat or rice bran with 

added nutrient salts as substrates to produce amylases, proteases, pectinases and 

cellulases. The control of pH, temperature and humidity of such a process is very 

difficult. 

The mode of bioprocess operation: 

1. Batch operations  

In batch operations, first reactor is filled with medium and then inoculated with 

biocatalyst (enzyme or cells). Reaction proceeds, substrate is consumed and products are 

formed. Finally reactor is opened, product is taken and purified.  

Q. Differentiate between Bacteria, viruses and fungi on the basis of their 

reproduction? 
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 Once operation started there is no inlet or outlet component. Contents are mixed 

to provide homogenity. However, if it is aerobic system there should be gas inlet 

(aeration) and gas outlet (exhaust). Therefore this system is not exactly batch 

because there is gas flow, it is semi-batch operation.  

 Between each batch run, operation stopped in order to harvest products. This is 

called as "down" time. During down time bioreactor is emptied, cleaned, 

sterilized and refilled. This lowers the efficiency of operation.  

Growth kinetics of batch culture 

The number of living cells varies with time in a batch system as shown below: 

 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap5/batch/equation.html
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1. LAG phase : The time taken by microorganism to adjust or adapt to the medium to 

which it is inoculated. The lag phase should be reduced as much as possible to avoid the 

wastage of time and also to reduce the consumption of medium prior growth to keep the 

microbes viable. 

Number of bacteria does not change with time in lag phase. 

 

 

Answer: Bacteria adopt itself to reactor conditions during lag phase. For the efficiency of 

system this time should be kept shorter. Nutrient composition of medium, age of bacteria 

and size of inoculum affect the length of lag phase. Rich medium and middle aged 

bacteria are preferred for shorter lag phase. 

2. EXPONENTIAL/LOG PHASE: the microbes grow in an exponential manner 

consuming the nutrients present in the medium. 

Number of bacteria increases exponentially in log phase. 
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where; 

 

3. STATIONARY/DECELERATION PHASE: As the level of nutrients gets reduced 

or exhausted in the medium, the growth of culture gradually slows down. This may also 

occur due to accumulation of toxic metabolites, which inhibit the growth. There is no net 

change in number of bacteria with time in stationary phase. Bacteria divide but also die at 

equal rate. Most of the important biological products (especially secondary metabolites 

like antibiotics) are produced during this phase. 

 

Answer: When essential nutrients are depleted or toxic wastes are accumulated, culture 

go into stationary phase. 

4. DEATH/DECLINE PHASE: When the nutrients in the medium exhaust completely 

and accumulation of toxic materials takes place; the death of the microbial cells takes 

place. 

 Number of bacteria decreases with time. 

 

 

During log phase the number of organisms in the reactor at any time t can be calculated, 

by using rate equation shown below:  
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This rate equation can be integrated: 

 

 

 

   

  

  

  

  

according to last  equation, 

number of bacteria in the 

reactor at any time t during 

log phase can be 

calculated, as it is seen in 

the graph.   

 

 

 

Doubling time: time required for doubling the number of bacteria in the reactor. 
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Therefore; 

 

 can be calculated from this equation when td is determined experimentally.  
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 Answer: This situation is called diauxic growth, which is caused by shift in metabolic 

patterns in the middle of the growth. After one carbon source is utilized, the cell divert its 

energy for synthesizing the enzymes necessary to utilize the other carbon source. 

Therefore, a second lag phase is observed. For example, in the figure below, there are 

two carbon sources in the medium: glucose and xylose. Initially glucose utilization is 

preferred by the cell, then xylose is utilized. 

     

Monod's equation relates growth rate to limiting substrate concentration 

The general goal in making medium is to support good growth and to synthesize products 

at high rates. This does not necessarily mean that all nutrients should be supplied in great 

excess. Excessive concentrations of a nutrient can inhibit or even poison cell growth. 

Moreover, if the cells grow too extensively, their accumulated metabolic end products 

will often disrupt the normal biochemical processes of the cells. It is a common practice 

to limit total growth by providing only a limited amount of one nutrient in the medium.  

If the concentration of one essential medium constituent is varied while the 

concentrations of all other medium components are kept constant, the growth rate 

changes in a hyperbolic fashion. 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap5/batch/equation4.html
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A functional relationship between specific growth rate   and essential compound's 

concentration was proposed by Monod. 

 

where; 

 

 

  

If several growth limiting nutrients included ; 
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2. Continuous operations 

In continuous operations, there is a continuous medium flow through the reactor. 

Incoming stream (feed) contains the substrate and leaving stream (effluent) contains the 

product.  

This method involves continuously feeding fresh sterile medium to the culture while at 

the same time removing the same volume of broth (biomass). Thus, a constant volume of 

culture can be maintained indefinitely, in a steady state. 

 

 

 Enzyme or cells can be immobilized inside the reactor, therefore they do not need 

to be added in the feed and also they don't leave the reactor in the effluent. There 

are several immobilization methods (will be explained in coming chapters). 

Continuously Stirred Tank Reactor 

 

where; 
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 There are two assumptions for continuous operations:  

            1- Mixing is vigorous such that concentrations are uniform throughout the reactor. 

            2- Effluent composition is same with reactor contents. 

        Such continuous configurations for cultivation of microorganisms are called 

chemostat.  

 After system operated, conditions in the vessel does not change through time, this 

is called as steady state. 

 In steady state continuous operations, there is no accumulation of components, 

because volumetric rates of feed and effluent are equal. 

        Otherwise;   more feed than effluent = accumulation 

                          more effluent than feed = depletion of source 

In the steady state where all concentrations within the vessel are "independent of time", 

the mass balance can be applied to any component of the system: 

Rate of addition to the system - rate of removal from system + rate of production 

within the system = 0 
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Advantages and disadvantages of batch and continuous operations 

BATCH SYSTEMS CONTINUOUS SYSTEMS 

easy to operate and control - 

genetic stability of organism could be 

controlled if it is genetically engineered 

biocatalyst.  

degeneration of biocatalyst 

lower contamination risk higher contamination risk is a disadvantage 

non-productive down time is a 

disadvantage 
efficient, higher productivity 

batch to batch variability is problem 

product is obtained with uniform 

characteristics; quality of the product is 

almost same from time to time 

accumulation of inhibitory products is  

problem 
no accumulation of inhibitory products 

continuous systems are more efficient than batch operations, batch systems are 

preferred especially for pharmaceutical products because of ability to control 

bioreactor much closely; including the genetic stability of the organism used, if it's 

modified by rDNA techniques. 
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Example reactor for continuous operations; 

1. Air Lift Fermenter. 

 

2. Plug Flow Tubular Reactors 

 

Assumption: velocity is constant at every point in the cross section of the reactor, like a 

plug, there is no variation of axial velocity.  

  

 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap5/batch/airlift.html


 96 

3. Tower Reactors 

      

As it can be seen from the figure above, in tower reactors medium and gases 

moves upward, due to action of pump at the bottom. Concentration of 

microorganism is high at lower parts of the bioreactor due to gravity, whereas 

lower at the top of the bioreactor.  

At the top, reactor expands, increasing the cross sectional area, but lowering the 

pressure of liquid. This prevents microorganism (like yeast) escape from 

reactor, while product (such as beer produced by yeast) is taken outside. 

Foaming may be a problem caused by proteins in the medium, if it becomes 

excessive microorganisms and medium might escape with exhaust gases. In 

this case antifoaming agents are used. These agents can be chemical agents 

(lard oil, polymethylsiloxane, polyethylene glycol etc.) or mechanical foam 

breakers. 
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CHAPTER 9 : Bioprocess Principles 

                                    Heat transfer and sterilization 

                                    Oxygen supply and mass transfer 

                                    Mixing and aeration 

Heat transfer 

Heat transfer is important for maintenance of optimum reaction temperature and 

sterilization of fermentation systems.  

Heat transfer rate is proportional to heat transfer coefficient, contact area and 

temperature. This relation is shown by equations below. 

 

If volume of system is V, 

 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap6/heat/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap6/oxygen/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap6/mixing/index.html
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Metabolic heat of cells and frictional heat (due to mixing of reactor) cause an increase in 

system temperature to a level beyond optimum range for the system. This heat should be 

removed from the system. For cooling, spraying of water on to outside of bioreactor, 

cooling coils and jackets are used. 

With water spraying to control T is difficult, also saturation of environment with steam 

will reduce cooling efficiency and will enhance microbial growth. It is only suitable for 

well ventilated environments. 

In cooling coils and jackets water is circulated, heat transfer rate can be adjusted by 

changing the flow rate of the water. If flow rate increased, cooling water warmed less and 

the difference between medium and cooling water increases, therefore heat transfer rate 

increases. Cooling coils have better transfer rate than jackets, whereas crowding inside 

vessel, corrosion and precipitation of salts on coils are problems of this type. 

For sterilization of medium, bioreactor and other equipment (pipes, valves...) system is 

heated up to certain temperature, held at that temperature for sometime (to allow killing 

of all unwanted organisms) and cooled to reaction temperature. 

For continuous operations medium and bioreactor are sterilized separately. Medium 

components are sterilized in separate sterilization unit and then filled into empty sterile 

reactors. If medium components are heat labile other sterilization methods can be used 

for them and they can be added separately to the reactor. Therefore, culture medium is 

damaged less with separate sterilization. In addition, energy consumption reduced, since 

to reach higher temperatures with empty reactor takes less time. Separate sterilization has 

disadvantage of contamination during transfer from sterilization unit to the bioreactor. 

Moreover, using another vessel will increase the cost of operation, in separate 

sterilization. 

During sterilization of empty bioreactor there should be no air pockets, dirties. Reactor 

should be round edged to prevent accumulation of materials. If sterilization with 

chemicals is preferred no chemical should remain after sterilization. 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap6/heat/sterile.html
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Sterilization with chemicals 

Suitable for empty vessels, examples of some chemicals used for sterilization are given 

below;  

 ethylene oxide  

 formaldehyde  

 ß-propiolactone  

 hypochlorite  

 quaternary ammonium compounds (QAC)  

 sulphur dioxide  

Among these, ethylene oxide is explosive and leaves thin layer on surfaces like 

formaldehyde. ß-propiolactone is carcinogenic, sulphur dioxide is corrosive substances. 

Sterilization with filtration 

Sterilization using filters can be applied for medium components and air. Medium should 

be homogeneously mixed; there should be no suspended solid particles, which might clog 

the filter. To get rid of dust and dirt coarse filters are used. To remove small sized 

organisms like viruses and bacteria fine filters are used, with desired pore size. For 

example to remove bacteria 0.5 µ diameter filters are used.  

Flow chart of continuous sterilization (sterilization of medium little by little 

continuously) is given here. 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap6/heat/cont.html
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Such kind of system is less costly since most of the heat is recovered in heat recovery 

unit. 

 

 

For batch in-situ sterilization or separate sterilization can be preferred. In-situ sterilization 

may cause corrosion or undesired reaction of medium components. However, it is safer 

than separate in terms of contamination.  
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Death kinetics  

 

 

If death rate graph is non-linear like this, it might be spore forming bacteria, like some 

Bacillus sp. 
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Death rate graph is linear for non-spore forming bacteria. 

 

Since several species are killed during sterilization, such behaviour is observed: 

 

Success of sterilization depends on;  

 number and type of microorganisms  

 pH  

 size of suspended particles  

Oxygen Transfer 

For aerobic fermentation, oxygen is essential requirement. 1 m
3
 aqueous culture medium 

contains about 7-8.10
-3

 kg dissolved oxygen. For concentrated microbial population, this 

amount of oxygen is depleted only in a few seconds. For this reason, oxygen should be 

supplied continuously, it should be dissolved in liquid, enough gas-liquid mass transfer 
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(transfer of O2 or other gases, from one concentration to another) should be achieved and 

dissolved gas should be transferred to organism.  

 

Resistance (gas film, liquid films and gas liquid interface) in oxygen transfer pathway is 

shown above. 

Factors affecting oxygen transfer: 

Bioreactor 

diameter 

capacity 

power 

aeration rate 

aeration system 

 

nutrient solution 
density 

viscosity 
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composition of nutrient salts 

 

structure of microorganisms   

antifoaming agent   

Temperature   

  

Antifoaming agents decrease surface tension, reduce  .  

Aeration of filamentous fungi or agglomerated cells are hard.  

If aeration rate increases too much or decreases, efficiency of aeration decreased, bubbles 

may stick to impeller. 

As temperature increases, dissolved oxygen decreases, therefore temperature should be 

adjusted optimally. 

Increasing pressure cause an increase in gas solubility. Liquid head is pressure due to 

water itself. At deeper parts of fermenters more oxygen is dissolved, at higher parts less 

O2 is dissolved. 

Mixing is helpful in aeration. In continuous reactors, when medium is added, quick 

mixing is needed, otherwise they are excluded from reactor. 

 Mixing 

Mixing is necessary to: 

Maintain homogenity, 

Attain rapid dispersion and mixing of components injected into fermenter, 



 105 

Enhance heat transfer and temperature control, 

Enhance mass transfer. 

Vortex is not good for mixing, it cause fluid turn in the reactor as a whole without 

mixing. To prevent vortex, baffles are used. 
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CHAPTER 10 : Bioreactors: types, design, operation  

                                    Design of bioreactors and operation 

                                    Types of bioreactors in terms of design 

                                    Materials for bioreactor construction 

                                    Immobilization 

                                    Ancillary units 

Design of bioreactors and operation 

Choice of bioreactors should be done according to these criteria; 

1-prefer a reactor, which you have experienced before 

2-be simple, make no more complications than necessary, because purpose is to lower 

cost of production. 

3-main demand is sterile conditions. To maintain sterility, keep valves, pumps, joints, 

probe insertions, sample ports, gas inlets as few as possible. Stagnant regions, air pockets, 

pipe branches, crevices increase risk of contamination. 

Total capacity of the plant determined by expected demand of product and productivity. 

high volume intermediate value 
amino acids, organic acids, 

polymeric substance 

high volume  low value methanol, ethanol, beer 

low volume high value drugs, antibiotics 

System can be designed with one or two large reactor, or several small units. Initial cost 

of first type is less than the other, whereas if any problem occurs in one of the reactors 

operation stops. Second type's disadvantage is that more utility is needed for operation.  

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap7/design.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap7/typeofreac.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap7/material.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap7/immobilization.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap7/ancillary.html
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    SUBMERGED REACTORS 

Reactors with mechanically moved devices   

Mechanically stirred 
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Mechanically stirred draught tube reactors 

 

Gas aspiring reactor 

 

Stirred cascade reactor 

 



 109 

Paddle reactor 

 

  

Power input by liquid circulation    

Plunging jet bioreactor 
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Power input by gas compression   

Single stage buble column 

 

Single stage air lift tower loop reactor  

Figure 1. 

 

   

Single stage air lift tower loop reactor  

Figure 2. 
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SURFACE REACTORS 

Fluidized bed reactor 

 

Immersing surface reactor 

 

 

Materials for bioreactor construction 

While deciding on construction material of bioreactor these properties of material should 

be taken into account: 

mechanical properties 
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corrosion resistance 

ease of fabrication 

availability  

cost 

If aseptic conditions are not necessary for operation (like in the case of bakers' yeast) 

concrete, brick or glass reinforced plastics can be used as construction materials. If 

aseptic conditions are considered as necessary, stainless steel is one of materials 

preferred. It is strong; no other supporting material is needed for construction. However, 

it is more expensive and it is more difficult to fabricate. Thin chromium oxide film on 

surface, 3% Molybdenum in alloy provides resistance to corrosion, oxidation and 

reduction. To provide stabilisation of chromium oxide film titanium and niobium is 

included in alloy. 18/8 stainless steel which contains 18% chromium and 8% nickel can 

also be used as construction material. In addition mild steel can be used for bioreactor 

construction, if lined with glass, synthetic resin, rubber or stainless steel layer. These 

additional materials are used for protection of steel. 

Immobilization 

Immobilization, which restrict the freedom of movement of enzymes and provides 

physical support for cells, can be achieved by several ways. 
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Adsorption to insoluble organic and inorganic support 

like cellulose, dextran, nylon and bentonite is mediated 

by ionic, hydrophobic or hydrogen bonds. Adsorption is 

easily achieved by mixing together the biocatalyst and a 

support, but also desorption occurs after the changes in 

pH, substrate concentration and ionic strength. Since 

existing surface chemistry between biocatalyst and 

support is used, little damage to cells and enzymes is 

done. 

It's simple, cheap and quick to immobilize cells or 

enzymes with this method, it does not cause chemical 

changes on support or biocatalyst. Moreover, reversibility 

of adsorption reaction allows regeneration of support with 

enzyme or cell. However, there are some disadvantages 

like nonspecific binding, overloading on support and 

leakage of enzymes/cells which cause contamination of 

product. 

  

 

Covalent attachment to chemically activated supports is 

the most widely used way of immobilizing enzymes. It 

occurs via activation of functional groups present on 

surface of support by specific agent and then addition of 

enzyme to form covalent bond with support.  

As a result of activation, functional groups become 

electrophilic (electron deficient) and react with electron 

donating functional groups of amino acids on surface of 

enzyme. Amino (NH2) group of lysine or arginine, 

carboxyl (CO2H) group of aspartic acid and glutamic 
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acid, hydroxyl (OH) group of serine and threonine are 

examples of amino acid functional groups 

Polysaccharide polymers; cellulose, dextran, starch, 

agarose, porous silica, porous glass are examples to these 

supports. 

  

   

 

  

Containment of biocatalyst behind a barrier is called 

encapsulation. Synthetic membranes, which allow free 

movement of substrate and products, preventing leakage 

of enzymes and cells can be made from nylon, cellulose 

nitrate etc. In addition encapsulation in liposomes is 

possible. There are some problems associated with 

encapsulation, for example, if products accumulate 

rapidly in membrane, they may cause rapture of 

membrane. 

   

 

Cells or enzymes can be entrapped in synthetic polymers 

during polymerization of monomers. Calcium alginate, 

chitosan, cellulose acetate, collagen, carrageen agarose 

can be used as matrix for entrapment.  
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Self aggregation is joining of cells or enzyme forming 

large complex structure, it can occur naturally (mycelial 

pellets or microbial flocs) or can be artificially induced 

and involve covalent bond formation between cells by 

means of chemical reagents (glutaraldehyde 

crosslinking). 

 Advantages and disadvantages of biocatalyst immobilization are shown below: 

Advantages of immobilization  

 reuse or continuous use of biocatalyst is possible,  

 biocatalyst does not contaminate the product,  

 substrate is equally supplied to each immobilized enzyme or cell,  

 generally stability of biocatalyst increased,  

 multienzyme systems can be developed  

Disadvantages of immobilization  

 enzyme activity may be lost by immobilization  

 extra cost  

 biocatalyst bound to solid support occupies larger volume in fermenter.  

Ancillary units 

sterilization  
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cooling of nutrient medium 

inoculum preparation 

air compression 

air sterilization 

safe dispersion of exhaust gas 

safe discharge of end products 

seperation facilities 

steam  

cooling water 

pH control fluids 

foam control 
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CHAPTER 11 : Downstream processes 

Downstream processes 

After growing the cells in bioreactor, the product is extracted and purified with a process 

called downstream processing. It consists of initial separation of liquid and solid phase 

of reactor broth, followed by concentration and purification of the product. Stages of 

downstream processing are shown in the table. 

pretreatment  

   cell disruption  

   sterilisation  

   flocculation: aggregation of 

cells  

solid/liquid separation  

   filtration  

   sedimentation  

   centrifugation  

concentration  

   solubilization  

   extraction  

   thermal processing; 

evaporation, freeze 

concentration  

   membrane filtration  

   precipitation; using 

ammonium sulphate, ethanol 

etc.  

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap8/index.html
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purification  

   crystallization  

   adsorption  

   chromatography; adsorption, 

ion- exchange,  affinity, high 

pressure liquid (HPLC)   

formulation  

 drying   

 extrusion  

 granulation  

 tabletting  

With more efficient, rapid, cheaper downstream operations, loss of desired product is 

reduced and higher yields of product with required purity and quality is obtained. 

Therefore, improvements in downstream processing will benefit the overall efficiency 

and cost of processes. 
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CHAPTER 12: Applications of Biotechnology 

                            a) Pharmaceutical and Medical Biotechnology 

                             b)Food Biotechnology 

                            c) Environmental Biotechnology         

                            d) Industrial Biotechnology 

                            e) Biosensors and Biochips 

a) i. Pharmaceutical applications 

By recombinant DNA technology these products are produced in large amounts 

Human insulin 

Composed of two polypeptide chains linked with disulfide bonds.  

Secreted from pancreas, islets of Langerhans 

Have role in blood glucose level regulation, controller of organic 

metabolism 

Diabetics (people who suffer from diabetes mellitus) inject 

themselves with insulin, to keep their blood sugar levels under 

control. 

Interferon 

immune regulation proteins, secreted by various cell types in 

response to infection by a virus, inhibits viral replication.  

used in cancer therapy and used as weapon against some viral 

infections 

Growth hormone 

Produced by the pituitary gland at the base of brain  

Vital for growth and development 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/pharmaceut/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/food/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/environment/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/industrial/index.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/biosensor/index.html
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Deficiency cause dwarfism, if lack is diagnosed early, giving extra 

growth hormone might be helpful 

There are trials for treatment of osteoporosis, burns, wounds, bone 

fracture using growth hormone 

HSA (Human 

Serum Albumin) 

long peptide, 585 aa long  

used for blood shock 

Neuroactive 

peptides 

act at the same receptors with some opiate drugs (morphine, 

codeine)  

opiates - reduce pain (endorphin, enkephalin are naturally occurring 

opiates) 

to be used in analgesic, anesthetic, memory attention, mental 

depression, senility, Parkinson 

Lymphokines 

proteins produced by lymphocytes  

enhance or restore the capacity of immune system to fight against 

infectious diseases or cancer 

Interleukin-2 is produced by genetic engineering in large quantities 

Antihemophilic 

factor 

to treat hemophilia (type A and B hemophilia caused due to absence 

of clotting factors VIII and IX) 

Thrombolytic and 

fibrinolytic 

enzymes 

thrombosis is blockage of blood vessels; it causes heart attacks, 

brain strokes.  

Plasminogen activators like streptokinase and urokinase could be 

used as therapeutic agents to induce higher levels of plasmin and to 

dissolve these clots. 

Tissue plasminogen activators (tPA) preferentially activates the 
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plasminogen in clots. 

Antibiotics 

are substances obtained from fungus or other microorganisms, 

inhibit growth of other microorganisms.  

they might prevent protein synthesis (streptomycin), construction of 

cell wall of bacteria (penicillin, cephalosporin) or block other 

mechanisms to kill microorganisms 

resistance to antibiotics is a problem. Solutions are; finding new 

antibiotics and altering genes responsible for antibiotic production 

in bacteria or fungi by genetic engineering. 

Monoclonal 

antibodies 

injection of antibodies is used for passive immunization but have 

low efficiency due to short life and if virus alters its antigenic sites 

frequently.  

also used for diagnostic purposes, drug targetting, tumor therapy 

Vaccines 

aim of vaccine is to evoke antibody production against antigenic 

sites on virus or pathogenic bacteria, without inducing disease.  

they are killed or attenuated organisms to make them unpathogenic. 

Vaccines prepared in this way always carry risk because may 

involve trace amounts of alive pathogenic organisms. 

Recently subunit vaccines are produced with rDNA techniques 

which involves the synthesis of coat proteins or small peptides of 

pathogenic organism having antigenic properties. This type of 

vaccines does not carry any risk, also they could be stored longer 

times. 

Probes of rDNA 

technology 

DNA probes are short fragments of DNA that can be designed to 

bind other pieces of DNA very specifically.  

might be used to detect the existence of a virus or bacterium in 

blood of patient or to detect any genetic defect 
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Additional Links; 

http://www.accessexcellence.org/AB/GG/monoclonal.html 

http://www.techniclone.com/techprod.htm 

http://www.boku.ac.at/iam/poster/media.htm 

 

ii. Medical Biotechnology 

DISEASE TARGETS 

We would look into various diseases and see how they are can be manipulated using gene 

therapy.  

GENE THERAPY is an approach to preventing and/or treating disease by replacing, 

removing or introducing genes or otherwise manipulating genetic material. Examples 

include adding a gene to a cell to produce a specific missing protein, using antisense 

molecules to prevent viral replication, and altering CD4 cells to make them resistant to 

HIV infection. Genes may be introduced by direct injection or using a harmless viral 

vector to deliver genes into cells.  

The basic concept underlying gene therapy is that human disease might be treated by the 

transfer of genetic material into specific cells of a patient in order either to replace a 

defective gene or to introduce a new function to the cell.  

Replacement gene therapy is generally used for the treatment of inherited diseases such 

as cystic fibrosis or muscular dystrophy, where the disease is caused by an incorrectly 

functioning gene. The introduction of a novel gene into a patient's cells to produce a new 

function in that cell can be used in the treatment of more complex diseases such as 

cancer, AIDS or cardiovascular disease.  

What is gene therapy and what are its objectives?  

 

 

 

 

http://www.accessexcellence.org/AB/GG/monoclonal.html
http://www.techniclone.com/techprod.htm
http://www.boku.ac.at/iam/poster/media.htm
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CYSTIC FIBROSIS AND INHERITED DISEASES  

The replacement of inherited defective genes is, perhaps, the most obvious use of gene 

therapy. The aim of gene therapy is to replace a missing or defective gene that is 

responsible for the disease in order to restore normal function. The ultimate aim is the 

permanent correction of the disorder, possibly by integration of the gene into stem cells. 

A major limitation to this type of treatment is the problem of gaining access to the 

relevant tissues. For this reason, the early gene replacement strategies have focused on 

readily accessible tissue such as muscle, lung, blood and bone marrow.  

Blood cells and bone marrow are associated with a number of relatively common genetic 

diseases and as such are a major target for gene therapy. Gene transfer into lymphocytes 

or haemopoetic stem cells potentially allows the treatment of a variety of diseases 

including immune deficiency disorders such as adenosine deaminase deficiency (ADA-

SCID); storage disorders such as Gaucher’s disease and haemoglobinopathies such as 

sickle cell anaemia and the thalassemias. The only clinical trials involving gene transfer 

into lymphocytes have been concerned with the correction of ADA-SCID, a very rare 

immune deficiency syndrome, and most work has concentrated on transfer of genes into 

stem cells.  

Cystic fibrosis is the most common inherited genetic disease in Europe and the United 

States. A mutation in the cystic fibrosis transmembrane conductance regulator (CFTR) 

gene results in the production of an abnormal protein that does not properly control the 

flow of chloride ions across membranes. The major clinical manifestation of this disease 

is in the airway epithelia, resulting in chronic inflammation with subsequent damage to 

the lung tissue. The average life expectancy of patients with CF is around 30 years and 

this has stimulated great interest in its treatment with gene therapy. The non-functioning 

protein results in a build-up of mucous in the lungs with subsequent inhibition of gas 

transfer and a deterioration in the function of the epithelial cilia. Life expectancy is 

generally around 30-40.  

Another, relatively common, genetic disease that has the potential to be treated by gene 

therapy is Duchenne muscular dystrophy (DMD). Most effort to replace the defective 

DMD gene has concerned an ex vivo strategy to transfect isolated muscle cells with 

multiple copies of the DMD gene and re-implant the cells back into the patient’s muscle. 
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There has so far been little work on the in vivo delivery of the DMD gene as there are few 

vectors suitable for the efficient delivery of genes into muscle cells in vivo and ensure 

tissue specific expression.  

How are genes transferred into cells so that gene therapy can take place?  

CARDIOVASCULAR GENE THERAPY  

There are a number of cardiovascular diseases that are investigation for possible 

treatment with gene therapy. For example familial hypercholesterolaemia might be 

treated by transferring the gene encoding for the low density lipoprotein receptor into 

hepatocytes in order to reduce the level of serum cholesterol. Other strategies for the gene 

therapy of cardiovascular disease include inhibiting smooth muscle cell proliferation, that 

might lead to stenosis, following balloon angioplasty and stimulation of vascular growth 

to overcome ischaemia.  

CANCER GENE THERAPY  

Cancer is the second commonest cause of death in the industrialised world. In the UK 

over a third of people will develop cancer at some point in their lifetime, and around half 

of cancers are not curable using the traditional treatments of surgery, radiotherapy or 

chemotherapy. Gene therapy has emerged as a potential alternative to the existing 

treatments, and its potential is such that protocols for the treatment of cancer now account 

for over 80% of the gene therapy clinical trials. There are numerous approaches to using 

gene therapy to treat cancer, and some of these are outlined below.  

Immunotherapy The immunotherapy approach to cancer gene therapy is one in which 

the immunogenicity of tumours is increased by causing the local production of 

immunomodulatory agents such as cytokines (interleukin-2 or granulocyte macrophage 

colony stimulating factor for example) or by increasing the level of MHC antigen 

expression . Increasing the immunogenicity of tumours may then lead to an antitumour 

response. Because immunity is a systemic reaction, this immune reaction could 

potentially eliminate all the tumour cells in the body, including sites of metastatic 

deposit.  

Gene Directed Enzyme Pro-drug Therapy (GDEPT) The introduction of genes that 

encode enzymes capable of converting pro-drugs to cytotoxic drugs is the basis of the 
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GDEPT approach to cancer gene therapy. A relatively harmless pro-drug can be 

administered to a patient following the transfection of some tumour cells with genes 

encoding enzymes that will activate the pro-drug in situ to form a cytotoxic drug that will 

kill the tumour cell. This approach may be considered as using gene therapy to improve 

upon conventional chemotherapy. The local expression of an activating enzyme ensures 

that the peripheral toxicity often associated with chemotherapy is reduced. The use of a 

relatively harmless pro-drug ensures that high doses can be administered to the patient, 

resulting in high concentrations of the cytotoxic drug being produced in vicinity of the 

tumour.  

There are several GDEPT systems available for use in gene therapy. The enzymes 

nitroreductase, thymidine kinase and adenosine deaminase can be used to convert the 

pro-drugs CB1954, ganciclovir and 5-FC respectively into cytotoxic drugs . Following 

the death of the tumour cell, the cytotoxic drug may be able diffuse into neighbouring 

cells and kill them, a phenomenon known as the bystander effect. The bystander effect 

ensures that it is not necessary to transfect all of the cells in the tumour, indeed it has 

been shown that 100% cell death can be achieved in vitro following transfection of only 

10% of the cells.  

Insertion of tumor suppressor genes Many tumours lack functioning tumour suppresser 

genes that might be able to prevent further tumour growth, and even promote apoptosis of 

the tumour cells leading to tumour recession. Insertion of a gene encoding a tumour 

suppresser protein such as p53 may be able to restore the ability of the cells to keep the 

tumour in check. The p53 protein is responsible for arresting cell cycle following DNA 

damage via upregulation of p21, coding for an inhibitor of cyclin-dependent kinases, 

upregulation of bax and down-regulation of bcl-2. It is also involved in apoptosis. It has 

been shown that efficient delivery and expression of the wild-type p53 gene can cause 

regression in established human tumours, prevent the growth of human cancer cells in 

culture or render malignant cells from human biopsies non-tumourigenic in nude mice. 
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iii. Biological warfare 

Biological warfare also known as germ warfare, is the use of any pathogen (bacteria, 

virus or other disease-causing organism) or toxin found in nature, as a weapon of war. It 

is meant to incapacitate or kill an adversary. It may also be defined as the material; or 

defense against such employment. 

The creation and stockpiling of biological weapons was outlawed by the 1972 Biological 

Weapons Convention (BWC), signed by over 100 countries. The BWC remains in force. 

The rationale behind the agreement is to avoid the devastating impact of a successful 

biological attack which could conceivably result in thousands, possibly even millions, of 

deaths and cause severe disruptions to societies and economies. Oddly enough, the 

convention prohibits only creation and storage, but not usage, of these weapons. 

However, the consensus among military analysts is that, except in the context of 

bioterrorism, biological warfare is of little military use. 

As a tactical weapon, the main military problem with a biological warfare attack is that it 

would take days to be effective, and therefore, unlike a nuclear or chemical attack, would 

not immediately stop an opposing force. As a strategic weapon, biological warfare is 

again militarily problematic, because it is difficult to prevent the attack from spreading, 

either to allies or to the attacker, and while an attack is taking effect, the opponent can 

undertake massive retaliation. 

Biological warfare took three main forms: 

• deliberate poisoning of food and water with infectious material 

• use of microorganisms, toxins or animals, living or dead, in a weapon system 

• use of biologically inoculated fabrics 

Ideal characteristics of biological weapons are high infectivity, high potency, availability 

of vaccines, and delivery as an aerosol. 

Diseases most likely to be considered for use as biological weapons are contenders 

because of their lethality (if delivered efficiently), and robustness (making aerosol 

delivery feasible). 

The biological agents used in biological weapons can often be manufactured quickly and 

easily. The primary difficulty is not the production of the biological agent but delivery in 

an infective form to a vulnerable target. 
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For example, anthrax is considered an effective agent for several reasons. First, it forms 

hardy spores, perfect for dispersal aerosols. Second, pneumonic (lung) infections of 

anthrax usually do not cause secondary infections in other people. Thus, the effect of the 

agent is usually confined to the target. A pneumonic anthrax infection starts with ordinary 

―cold‖ symptoms and quickly becomes lethal, with a fatality rate that is 80% or higher. 

Finally, friendly personnel can be protected with suitable antibiotics. 

A mass attack using anthrax would require the creation of aerosol particles of 1.5 to 5 

micrometres. Too large and the aerosol would be filtered out by the respiratory system. 

Too small and the aerosol would be inhaled and exhaled. Also, at this size, 

nonconductive powders tend to clump and cling because of electrostatic charges. This 

hinders dispersion. So, the material must be treated with silica to insulate and discharge 

the charges. The aerosol must be delivered so that rain and sun does not rot it, and yet the 

human lung can be infected. There are other technological difficulties as well. 

Diseases considered for weaponization, or known to be weaponized include anthrax, 

Ebola, Bubonic Plague, Cholera, Tularemia, Brucellosis, Q fever, Machupo, Coccidioides 

mycosis, Glanders, Melioidosis, Shigella, Rocky Mountain Spotted Fever, Typhus, 

Psittacosis, Yellow Fever, Japanese B Encephalitis, Rift Valley Fever, and Smallpox. 

Naturally-occurring toxins that can be used as weapons include Ricin, SEB, Botulism 

toxin, Saxitoxin, and many Mycotoxins. The organisms causing these diseases are known 

as select agents. Their possession, use, and transfer are regulated by the Centers for 

Disease Control and Prevention’s Select Agent Program. 

Identification of bioweapons 

The growing threat of biowarfare agents and bioterrorism has led to the development of 

specific field tools that perform on-the-spot analysis and identification of encountered 

suspect materials. One such technology, being developed by researchers from the 

Lawrence Livermore National Laboratory (LLNL), employs a ―sandwich immunoassay‖, 

in which fluorescent dye-labeled antibodies aimed at specific pathogens are attached to 

silver and gold nanowires. Researchers at Ben Gurion University in Israel are developing 

a different device called the BioPen, essentially a ―Lab-in-a-Pen‖, which can detect 

known biological agents in under 20 minutes using an adaptation of the ELISA, a similar 

widely employed immunological technique, that in this case incorporates fiber optics . 
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b) Food Biotechnology 

        i. Improving crop plants 

        ii. Edible microbes 

        iii. Examples of foods and beverages 

i. Improving crop plants 

World population is growing by millions every year and feeding people becomes very 

difficult. There are many factors that contribute the growth of crop plants like weather, 

soil conditions, pest infestations and irrigation. For generations, farmers have been 

selecting and breeding crop plants, which produce more food with traditional 

biotechnology. Today with modern biotechnology improvement of quantity and quality 

of food resources is possible.  

Incorporation of genes for insect resistance and herbicide resistance will minimize insect 

damage to crops, allow treatment with larger doses of  herbicides (used for effective 

weed control). The gene required for production of a toxin lethal to insects has been taken 

from bacteria Bacillus thuringiensis. Toxin effectively brings about the demise of 

caterpillars and it is not harmful to other vertebrate and invertebrate species. This gene 

has been cloned and introduced into plants, ensuring crop protection from insect damage. 

Most cereals are deficient in essential amino acids, like lysine, which are building blocks 

to make human protein. By altering DNA sequences or introducing novel genes coding 

for amino acids essential in our diet, more nutritious seeds and grains can be obtained. 

Plants need N, which is a key constituent of proteins, DNA and RNA. Animals acquire 

their nitrogen by eating plants or other animals, but plants get nitrogen from soil. If 

nitrogen is fixed in the form of ammonia or nitrates, plants can use it for growth. Adding 

nitrogen-containing fertilizers to the soil is expensive; in addition when it rains fertilizer 

is washed into rivers causing pollution, fish toxicity, formation of carcinogenic 

substances in drinking water. Farmers have used peas, beans, soybeans and clover to 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/food/foodbiotech.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/food/eatingmicrobes.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/food/wine_making.html
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restore soil fertility after growing a crop like wheat. We now know that many leguminous 

plants have a symbiotic association in their roots with nitrogen fixing bacteria of genus 

Rhizobium. These bacteria take nitrogen from air and fix it into a form that plant use it. 

However, majority of cereals like wheat, barley, rice don't have such association. By 

genetic engineering of such cereal crop or nitrogen fixing bacteria, it may be possible to 

develop a symbiotic relation between them. Another approach may be introduction of 

nitrogen fixing genes (nif genes) of bacteria to plant. Research is in program with the aim 

of effective transfer and expression of nif genes in crop plants using Ti plasmid of 

Agrobacterium tumefaciens. 

Different plant cells without their cell walls (protoplast) can be fused together forming 

hybrid plants. For example, protoplast of normal potato plant (producing potatoes we eat) 

and wild potato plant (resistant to Potato Leaf Roll Virus) can be fused, so produced new 

plant have good points of normal potato plant and resistance to virus. 

Scientists are studying to produce plants surviving in climates where they do not 

normally grow. In future, it might be possible to grow plants that could stand the lack of 

water (desiccated soils often contain high concentration of salts and metals toxic to plant 

growth) or excess heat. In this way biotechnology may help to feed people in some 

regions of Africa. 

Genetic engineering is therefore resulting in improvements in yield hardiness, resistance 

to disease of crop plants and may lead to introduction of new kinds of plant foods. 

ii. Edible microbes 

Eating microbes, which at first sound not very appetizing, is not a new idea. Aztecs were 

preparing cakes from algal slurry (Spirulina maxima) extracted from lakes. In modern 

times, the use of microbes or SCP (single cell proteins) by which microbes are used to 

provide a source of food or food supplement to animal or human consumption, began in 

Germany during World War I, when there was a shortage of food. Yeast were grown in 

large quantities to add into soups and sausages for warring armies. SCP is of great 
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nutritional value because of high protein content, it also contains vitamins and other 

chemicals contributing diet. 

Pruteen is a high quality protein used in animal feeds. It is produced by Methylophilis 

methylotrophus with continuous operation from methanol. For rapid growth of bacteria 

water, ammonia, mineral salts and air is supplied to the fermenter. Clearly the economic 

viability of such product is depend on the cost of raw materials. 

Another SCP product is prepared from the fungus Fusarium (mycoprotein), it contains 

45% protein, 13% fat, is high in fiber. It's as nutritious as meat and cholesterol free. Since 

fungus can utilize a wide range of carbohydrate sources (potato, wheat, starch etc.) this 

gives advantage to process, it can be adapted to local conditions. 

 

 A dish made with "Quorn" myco-protein, which is produced by biotechnology 

An exciting prospect for future is, usage of industrial waste products as nutrient source 

for microorganisms to produce SCP. Hydrolysed wood wastes of forestry, the waste from 

paper making mills are the examples of such waste products of industry. 

Background is photograph of the mould Fusarium. 

iii. Examples of foods 

Cheese making 

Cheese making requires formation of curd, which is the result of coagulation of casein 

and other milk proteins. The enzyme rennin, which occurs naturally in the stomach of 
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calves, is used to produce cheese. Acidic environment requirement of this enzyme is 

provided by lactic acid bacteria found in milk. Then, curds are allowed to ripen and 

mature. Ripening is very complicated process and varies according to type of cheese 

being made (hard or soft). Variations in cheese types are also due to different 

microorganisms used (naturally found or commercially produced). Some types of cheeses 

are inoculated with certain mold cultures like Penicillium roqueforti which gives blue 

color and unique taste to cheese.  

Biotechnology has provided more pure and economical source of enzyme rennin. 

Scientist have isolated the gene responsible for rennin production and reproduce it in 

bacteria. This process eliminated the need for extracts from calves' stomachs. 

C. Environmental applications 

One of the most demaging effects of industrialisation is pollution. Microbes can be used 

to metabolize unwanted waste and even produce something useful. They can be used for 

extraction of oil and minerals. In addition biotechnology can be used for new production 

processes that are less polluting than the traditional ones.   

1. Sewage treatment 

In sewage disposal, microorganisms are used to purify waste water by breaking down a 

variety of solids contained in effluent. Following microbial treatment, water suitable for 

release to rivers is produced. Beside organic and inorganic components, pathogenic 

microorganisms may be contained in effluent; therefore waste water treatment also 

provides elimination of these microorganisms. Suspended solids first settle out, then the 

liquid waste is transferred to aeration tanks where aerobic decomposition process occurs. 

3
o
 processing is done if dischargable water is required. It includes precipitation, filtration 

and chlorinating to decrease inorganic nutrients (nitrate and phosphate) level in the 

effluent. Separated solids (sludge) are either disposed or send to a digester where anoxic 

decomposition takes place. For digestion step, beside microorganisms, enzymes like 

cellulase, lipase, protease can be added.  
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The purposes of digestion are:  

 to reduce the volume of solids to be discarded  

 to reduce the odor coming from organic materials and pathogens  

 production of methane (with anaerobic biodegredation) which can be used as fuel  

Simple processing (composed of 1
o
, 2

o
, 3

o
 processing and digestion steps) in water 

treatment plants is shown in figure: 

 

It is very difficult to remove the water, which attached to molecules, flocculent 

compounds cause small particles to get together, can be used to increase settlement rate 

of solids in the waste. They are different kinds of compounds like iron salt, activated 

silica and aluminum salt.  

Microorganisms living in nature have developed efficient mechanisms for consuming and 

making use of natural wastes. Bacteria such as Pseudomonas break down a variety of 

products including hydrocarbons.  However, wastes generated by man's manufacturing 

and agricultural activities require mixture of microbes and enzymes. Scientist 
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investigating ways of developing biocatalysts by recombinant DNA technology to deal 

with such kind of waste. For example, plasmids from different strains can be added to 

single cell and single bacterium (super strain) may gain the ability to use all types of 

hydrocarbon. In figure, use of microbes to remove oil spills is shown. 

 

Toxic Waste Treatments: Toxic substances arise in the environment due to chemical 

industries. Some of them are biodegradable, can be removed by the action of 

microorganisms. For example, degradation of benzene, toluene, naphthalene is performed 

by Pseudomonas species. Long chain alkanes, aromatics are metabolized by Bacillus 

species. Streptomyces species are used to degrade diazinon, phenoxyacetates. 

Pollution Control (water and soil): Xenobiotics which are chemically synthesized 

compounds (not natural) can be degraded by some microorganisms. For example 

pesticides (herbicides, insecticides, fungicides) can be used by some soil bacteria as 

electron donor and carbon source. Their decomposition time affected by environmental 

factors like temperature, pH, aeration which have influence on metabolism of bacteria. In 

addition xenobiotics are disappeared not only by the action of bacteria, but also by 

chemical breakdown, volatilization or leaching.  
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To remove heavy metal contamination caused by lead, zinc, mercury, copper, cadmium, 

iron etc. specific proteins are used. Metallothioneins, are proteins which have high 

affinity to metals. They are immobilized on solid supports and metals in the solution are 

trapped by metallothioneins. This method is also used in mining to concentrate metals 

from dilute metal solutions 

2. Microbial Mining 

Leaching is solubilization of mineral from soil. Some microorganisms, which live in 

mines, can be used for this purpose. Thiobacillus ferroxidans obtains energy by oxidizing 

sulfide minerals and aid solubilization of metals. For example, it produces soluble iron 

sulfate and sulfuric acid by oxidation of iron sulfide.  Sulfate and sulfuric acid attack the 

surrounding rocks and dissolve metals. 

Like iron, copper and uranium readily leached using microbes and cobalt, nickel, 

molybdenum has potential to be leached by microbial ways. During leaching of copper, 

copper sulfate, which is very soluble, is formed by oxidation of copper sulfide by 

bacteria. 

One of the mechanisms for oxidation of copper ore is use of ferric ions (Fe
+3

) (formed by 

bacterial oxidation of pyrite which can be found in almost any ore). Reaction of CuS with 

ferric iron cause solubilization of copper. Ferrous, which is also produced in the reaction, 

is reoxidized to ferric iron by Thiobacillus ferroxidans, so can be reused for oxidation of 

copper. Process continues in this way.  

 

This copper sulfate is carried through the rocks with the help of sprayed acidic water. For 

recovery of copper, metal solution is passed over iron pieces; copper is deposited on iron. 

Water is recycled back to leach dump again. 
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3. Enhanced oil recovery 

Most oil is found as a coating on grains of rock, it is not found in big pools under the 

ground. Water is too thin to push out this oil, so something thicker is required. Xanthan 

gum, a polysaccharide of bacterial origin is the answer. It is added to water and pumped 

into the ground close to oil wells. This loosens the oil clinging to rock particles. Then 

water thickened with xanthan gum is pumped again, acting like a piston, push the oil-

water-gum mixture towards the oil well. 

Another biological solution of oil recovery problem is the production of CO2 by 

microorganisms to repressurize the well. Microorganism used for this purpose should be 

thermotolerant and barotolerant (i.e. they should survive at high temperatures and 

pressures), beside producing great amounts of CO2. Moreover, they should not give too 

much demage to oil. In addition, microorganisms which are naturally found in the oil 

well, can be stimulated with the injection of nutrients. When they divide enough, they 

will push the oil out. Finally, surfactants and emulsifiers produced by bacteria are used 

for oil recovery to allow the pumping of oil to surface.  

Additional Links; 

http://www.nalusda.gov/bic/bio21/environ.html 

http://www.nalusda.gov/bic/bio21/environ.html
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d. Industrial Biotechnology 

       i. Industrial Enzymes 

        ii. Energy 

i. Industrial Applications of Enzymes 

Application Enzymes Use 

Baking  industry 

-amylase  

proteinase 

to catalyse conversion of 

starch to sugar in flour  

to lower protein level of 

flour 

Brewing industry 

enzymes produced during beer 

production from grains  

enzymes produced industrially: 

amylases, glucanases, proteinases 

  

to catalyse conversion of 

starch in grain to sugar that 

can be utilized by yeast.  

  split polysaccharides and 

proteins in the malt, provide 

removal of cloudiness 

during storage, production 

of low calorie beer, improve 

filtration characteristics 

Dairy industry 

rennin  

lipases 

lactases 

to produce cheese  

to enhance ripening of blue-

mould cheese 

to catalyse breakdown of 

lactose to glucose and 

galactose 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/industrial/enzyme.html
https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap9/industrial/ethanol.html
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Detergents 

proteinases  

amylases 

for presoak conditions and 

for direct liquid applications  

to remove resistant starch 

residues 

Leather industry Trypsin 

for bating (bating is removal 

of certain  protein 

components to achieve 

soft, pliable leather) 

Textile industry amylase, bacterial enzymes for desizing 

ii. Energy 

The prevalence of non-renewable fossil fuels (coal, petrol and oil), as energy source can 

not continue, because it is depleted and becomes more expensive. Biotechnology is used 

for generating new sources of energy like ethanol, methane and hydrogen. Usage of 

ethanol as a fuel have some advantages over other conventional fuels; its energy is 

efficient, there is no production of carbon monoxide during combustion, therefore it is 

less polluting the environment. It can be produced by chemical process (with hydration of 

ethylene) or by traditional fermentation techniques. Second way is common in 

developing countries, since cheap raw materials are available there. Raw materials can be  

 starch containing cereal grains (corn, wheat, barley etc.), starchy roots of potatoes, 

milling products like wheat flour,  

 cellulosic materials like wood, waste paper, sawdust, forest residue,  

 sugar containing substrates like sucrose, molasses, sugar beet, sugar cane, 

glucose, whey etc.  

Sugar cane is the principle crop, which has been grown in Brazil for ethanol production. 

Sugar cane requires little pretreatment to make available the necessary fermentable 

sugars to the microorganisms and this lowers the cost of process. (Use of additional 
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chemicals, facilities and energy for pretreatment increases the cost of process). Besides 

using cheaper substrate, other ways of improving  alcohol fermentation process (with 

genetic engineering) are investigated. Production of microorganisms having increased 

tolerance to high alcohol concentrations, high temperatures and  organisms with 

improved fermentation speed and efficiency, are objectives of such investigations. 

Flow diagram for ethanol production is shown below: 
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Other possible sources of energy are methane and hydrogen gases.  
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Methane is made from waste materials such as sewage by the action of methane 

producing bacteria and produced in intestine of animals by enteric bacteria . It can be 

used for generation of mechanical, electrical and heat energy.  

Hydrogen has considerable potential as an ideal fuel, because raw material is water that 

covers most of the world and it causes no pollution. When it burned, it forms water and 

regenerate the raw material. Hydrogen could be stored in fuel cells in the form of 

electrical energy. There are a number of ways to produce hydrogen (photosynthetic 

bacteria, biophotolysis of water, fermentation). Research is on way to overcome technical 

difficulties of large-scale hydrogen production and increase efficiency.  

e) Biosensors 

Biosensors are devices used to measure low levels of biological materials. High 

specificity of enzyme actions, antibodies, membrane receptors makes them suitable to be 

used as sensors. In medicine, biosensors will help doctors in making rapid diagnosis, and 

they will enable scientist to diagnose rare diseases. Small quantities of substances in 

blood, like drugs, sugars, urea, cholesterol can be detected by biosensors. For example, 

drug abuse assessments can be made with the assist of biosensors, detecting the specific 

drug. 

Key components of a biosensor is shown in figure. The substance to be detected passes 

through outer membrane, which can be thin protective membrane or gel. This gives 

stability and prevent fouling of device. Enzymes, antibodies or whole cells can be used as 

sensing agents. Interaction of substance with sensor may cause change in temperature, 

mass, electrical current or production of gas or new chemicals. Such kind of signals are 

converted to electrical signals by means of suitable transducer. They can be further 

amplified to desired level by amplifier and finally, output signals are displayed in a 

variety of means.   
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For example, glucose oxidase is an enzyme used for detection of blood glucose levels. 

This detection is important for diabetic patients, since they regularly inject themselves 

with insulin to keep blood glucose level under control. If this biosensor is coupled to 

insulin infusion pump, insulin concentration in blood can be maintained at appropriate 

level without injection of insulin regularly. 

Typical Enzyme Biosensors 

Substrate Enzyme Stability Response time 
Range of 

Detection 

Glucose Glucose oxidase 50-100 days 10 sec 
3.10

-6
 - 2.10

-3
 

M 

Uric acid Uricase 120 days 30 sec 
5.10

-3
 - 5.10

-5
 

M 

Cholesterol 

Cholesterol 

oxidase/cholesterol 

esterase 

30 days 2 min 10
-2

 -3.10
-5

 M 
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CHAPTER 13 : Safety and regulations 

Safety and Regulations 

Experiments in biotechnology must be carefully controlled to protect both the 

environment and our well being. Different processes in biotechnology requires different 

levels of sterility and containment. For wastewater treatment, required sterility and 

containment levels are quite low, since it relies on enrichment of microorganisms found 

in nature and performed in open tanks. Production of SCP requires high sterility and low 

containment levels. Escape of microorganisms, which are acceptable for human or animal 

consumption does not matter, but high sterility must be maintained. If genetically 

engineered microorganisms are used, the highest levels of sterility and containment are 

required. For example, escape of genetically altered bacteria which naturally live in 

human like E.coli may cause widespread disease. Engineering bacteria so that they can 

not live outside of laboratory might prevent such consequences or suicide plasmids, 

whose genetic material falls apart after the organism has completed its intended task, can 

be used. Indeed, most biologist now agree that there is not much difference between a 

microbe that received a DNA fragment artificially and a microbe that acquired the same 

DNA portion through natural mechanisms of gene transfer 

In addition when transformed microbes or plants are introduced into the environment new 

questions about safety arises. For example pernicious weeds can be accidentally created. 

A plant which is herbicide resistant, frost tolerant, draught resistant might spread quickly 

on land. It would be difficult to eradicate it and it might perturb natural balances of 

environment. 

Some countries have developed regulations about controlling genetic engineering, 

handling of genetically engineered organisms, use of novel foods and food ingredients, 

safety of medicines, protection of workers in this area etc. National Biosafety Comittee 

(NBC), International Centre for Genetic Engineering and Biotechnology, National Center 

for Genetic Enginnering and Biotechnology (BIOTEC), Advisory Committee on Novel 

Foods and Processes (ACNFP), The Food Safety Unit of WHO and OECD (Organisation 

https://online.metu.edu.tr/netclass/courses/BIO427/lectures/lecture/chap10/index.html
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for Economic Cooperation and Development) are some examples of organizations 

responsible for implementing the biosafety quidelines all over the world. 

You can visit Biosafety Information Network and Advisory Service (BINAS) of United 

Nations Industrial Development Organization (UNIDO) for more information. 
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