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Elements of BiotechnologyUnit 1
 B.Tech Biotechnology II
 Biotechnology
 Definitions
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• The Office of Technology Assessment of the United StatesCongress (dismantled in 1995) defined biotechnology as“any technique that uses living organisms or substancesfrom those organisms, to make or modify a product, toimprove plants or animals, or to develop microorganismsfor specific uses.”
 • The application of scientific and engineering principles tothe processing of material by biological agents to providegoods and services.
 • Integrated use of Biochemistry, Microbiology, Engineeringsciences in order to achieve technological application of thecapabilities of Microorganisms, cultured tissue cells andparts thereof.
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• Biotechnology applies scientific and engineeringprinciples to living organisms in order to produceproducts and services of value to society.
 • Biotechnology has been identified as one of thefrontline technologies today being developed and usedto understand and manipulate biological molecules forapplications in medical, agricultural, industrial andenvironmental sectors of the national economy.
 • A collective noun for the application of biologicalorganisms, systems or processes to manufacturing andservice industries.
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Biotechnology: Old and New
 I. What is Biotechnology?
 II. Ancient BiotechnologyA. History of Domestication and AgricultureB. Ancient Plant GermplasmC. History of Fermented Foods and Beverages
 1. Fermented Foods2. Fermented Beverages
 III. Classical BiotechnologyA. Biotech Revolution: Old Meets New
 IV. Foundations of Modern BiotechnologyA. Early Microscopy and ObservationsB. Development of Cell TheoryC. Role of Biochemistry and Genetics in Elucidating Cell Function
 V. Nature of the GeneA. Early Years of Molecular BiologyB. First Recombinant DNA Experiments
 1. Biotech Revolution: Breaking the Genetic CodeC. First DNA Cloning Experiment
 1. Cause for Concern? Public Reactions to Recombinant DNA Technology
 4
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I. What is Biotechnology?
 A. The Office of Technology Assessment of the United States Congress (dismantled in 1995) defined biotechnology as “any technique that uses living organisms or substances from those organisms, to make or modify a product, to improve plants or animals, or to develop microorganisms for specific uses.”
 B. Microorganisms, plants, or animals can be used, and products could be new or rare.
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C. Biotechnology is multidisciplinary, covering many areas:1. Cell and molecular biology.2. Microbiology.3. Genetics.4. Anatomy and physiology.5. Biochemistry.6. Engineering.7. Computer science.8. Recombinant DNA technology.
 D. Many applications of biotechnology:1. Virus-resistant crop plants and livestock.2. Diagnostics for detecting genetic diseases and
 acquired diseases.3. Therapies that use genes to cure diseases.4. Recombinant vaccines to prevent diseases.5. Biotechnology can also aid the environment,
 through bioremediation.
 6
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II. Ancient Biotechnology.A. History of Domestication and Agriculture
 1. Paleolithic peoples began to settle and develop agrarian societies about 10,000 years ago.
 2. Early farmers in the Near East cultivated wheat, barley, and possibly rye.3. Seven thousand years ago, pastoralists roamed the Sahara region (not then a
 desert) of Africa with sheep, goats, cattle, and also hunted and used grinding stones in food preparation.
 4. Early farmers arrived in Egypt six thousand years ago with cattle, sheep, goats, and crops such as barley, emmer (an ancient wheat), flax, lentil and chick-pea.
 5. Archaeologists have found ancient farming sites in the Americas, the Far East, and Europe.
 6. Not sure why peoples began to settle down and become sedentary:a) May be in response to population increases and the increasing demand for
 food.b) Shifts in climate.c) The dwindling of the herds of migratory animals.d) Early farmers could control their environment when previous peoples
 could not.7. People collected the seeds of wild plants for cultivation and domesticated
 some species of wild animals living around them, performing selective breeding (artificial selection).
 7
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B. Ancient Plant Germplasm
 1. Farmers, going back to ancient Egypt, saved seeds and tubers, and thus their genetic stocks, from season to season for thousand of years.
 2. Large-scale organized seed production did not begin until the early 1900s. Nikolai Vavilov (1887-1943), a Russian plant geneticist, developed the first organized, logical plan for crop genetic resource management.
 3. In 1959, the United States developed centers for germplasm storage, eventually developing the National Seed Storage Laboratory in Fort Collins, Colorado.
 4. Germplasm is in danger because of agricultural expansion and the use of herbicides.
 5. There is now a global effort to salvage germplasm for gene banks, led by the Consultative Group on International Agricultural Research (CGIAR), which has supported agricultural centers around the world since 1971.
 8
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C. History of Fermented Foods and Beverages1. Fermented Foods.
 a) Fermentation is a microbial process in which enzymatically-controlled transformations of organic compounds occur.
 b) Fermentation resulted in the production of foods such as bread, wine, and beer.
 c) Fermentation was practiced for years without any knowledge of the processes.
 d) Bread predates the earliest agriculture and was discovered when wild cereal grains were found to be edible.
 e) Fermented dough was discovered by accident when dough was not baked immediately and underwent fermentation, by using old, uncooked dough and yeast such as Saccharomyces winlocki.
 f) Egypt and Mesopotamia exported bread making to Greece and Rome, and the Romans were able to improve the technique, leading to the discovery of yeast’s role in baking by Pasteur and the production of baker’s yeast.
 g) The Chinese were also using fermentation by 4000 BC to produce things such as yogurt, cheese, fermented rice, and soy sauces.
 h) Milk has been a dietary staple since at least 9000 BC, producing things such as cheese, cream, yogurt, sour cream, and butter.
 i) Modern cheese manufacturing involves these major steps:Inoculating milk with lactic acid bacteria; Adding enzymes such as rennet to curdle casein (a milk protein); Heating; Separating curd from whey; Draining the whey; Salting; Pressing the curd; Ripening.
 9
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2. Fermented Beveragesa) Beer making may have begun as early as between 6000 and 5000 BC,
 using cereal grains such as sorghum, corn, rice, millet, and wheat.b) Brewing was considered an art until the fourteenth century AD, when it
 was recognized as a trade requiring special skills.c) Brewers knew nothing about the microbial basis of fermentation.d) In 1680, Anton van Leeuwenhoek looked at samples of fermenting yeast
 under a microscope.e) Between 1866 and 1876, Pasteur finally established that yeast and other
 microbes were responsible for fermentation.f) Wine was probably made by accident, when grape juices were
 contaminated with yeast and other microbes.
 10
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III. Classical Biotechnology
 A. Describes the development that fermentation has taken from ancient times to the present.
 B. Up to the present, classical and modern biotechnology has improved fermentation so that many new and important compounds can be produced.
 C. Brewers began producing alcohol on a large scale in the early 1700s:
 1. Top fermentation was first, and produced English, Dutch, Belgian, and red beers; it was made by a process where yeast rises to the top of the liquid.2. Bottom fermentation was developed in 1833, where the yeast remains at the bottom. Beers in the United States and Europe, as well as pale ales, are made in this fashion.3. E. C. Hansen developed brewing equipment in 1886 that is still in use today.4. In 1911, brewers developed a method for measuring the acid production during brewing to better control beer quality.
 11
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D. Vinegar is another product that shows progress in technology, by fermenting wine in special fermentation chambers and using Acetobacterbacteria (Figure 1.7).
 E. The amount of fermentation products increased from 1900 to 1940:1. Products such as glycerol, acetone, butanol, lactic acid, citric acid, and yeast biomass for baker’s yeast were developed.2. Industrial fermentation was established during World War I because Germany needed large amounts of glycerol for explosives.3. Aseptic techniques improved industrial fermentation by the 1940s, as well as the control of nutrients, aeration, methods of sterility, and product isolation and purification.4. World War II brought the age of the modern fermenter, also called a bioreactor, because there was a need to mass-produce antibiotics such as penicillin and others
 12
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F. Classical biotechnology produced chemical transformations that yield products with important therapeutic value:
 1. In the 1950s, cholesterol was converted to cortisol and the sex hormones by reactions such as microbial hydroxylation reactions (addition of an –OH group to cholesterol).2. By the mid-1950s, amino acids and other primary metabolites (molecules needed for cell growth) were produced, as well as enzymes and vitamins.3. By the 1960s, microbes were being used as sources of protein and other molecules called secondary metabolites (molecules not needed for cell growth).4. Today, many chemicals are produced:
 a) Amino acids (Table 1.4).b) Pharmaceutical compounds such as antibiotics.c) Many chemicals, hormones, and pigments. d) Enzymes with a large variety of uses.e) Biomass for commercial and animal consumption (such as single-
 cell protein).
 13
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G. Biotech Revolution: Old Meets New
 1. Fermentation and genetic engineering have been used in food production since the 1980s.
 2. Genetically engineered organisms are cultured in fermenters and are modified to produce large quantities of desirable enzymes, which are extracted and purified.
 3. Enzymes are used in the production of milk, cheese, beer, wine, candy, vitamins, and mineral supplements.
 4. Genetic engineering has been used to increase the amount and purity of enzymes, to improve an enzyme’s function, and to provide a more cost-efficient method to produce enzymes. One of the first produced was chymosin, which is used in cheese production.
 14
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IV. Foundations of Modern BiotechnologyA. Early Microscopy and Observations
 1. First compound microscope (with more than two lenses), made by Dutch spectacle-maker Zacharias Janssen in 1590, could magnify about 30 times.2. Robert Hooke, a physicist, examined thinly sliced cork and drew rectangular components, which he called cellulae (Latin for “small chambers”) in 1665 (Figure 1.8).3. Anton van Leeuwenhoek, a Dutch shopkeeper, saw living organisms in pond water and called them “animalcules” in 1676 (Figure 1.9); he saw bacteria in 1683.
 15
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B. Development of Cell Theory
 1. In 1838, Matthias Schleiden, a German botanist, determined that all plant tissue was composed of cells and that each plant arose from a single cell.
 2. In 1839, Theodor Schwann, a German physiologist, came to a similar determination as Schleiden, for animals.
 3. In 1858, Rudolf Virchow, a German pathologist, concluded that “all cells arise from cells” and that the cell is the basic unit of life. This solidified the cell theory.
 4. Before the cell theory, the main belief was vitalism: that the whole organism, not the individual parts, possessed life.
 5. By the early 1880s, microscopes, tissue preservation technology, and stains allowed scientists to better understand cell structure and function.
 16
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C. Role of Biochemistry and Genetics in Elucidating Cell Function
 1. Researchers in the 1800s believed that the living and non-living worlds were distinctly separate, and that the laws of chemistry only applied to the non-living world.
 2. In 1828, German chemist Friedrich Wohler obtained crystallized urea from ammonium cyanate in a laboratory, proving that an organic compound made by living organisms can be made from inorganic compounds in the laboratory.
 3. Between 1850 and 1880, Pasteur developed the process of pasteurization as a means of preserving wine by heating it before lactic acid (the main component in wine spoilage) could be produced.
 4. In 1860 Pasteur conducted an experiment that proved that spontaneous generation of organisms did not occur, proving that “all cells arise from cells” (Figure 1.10).
 5. In 1896 Eduard Buchner converted sugar to ethyl alcohol using yeast extracts, showing that biochemical transformations can occur without the use of cells.
 6. In the 1920s and 1930s, the biochemical reactions of many important metabolic pathways were established.
 17
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7. By 1935 all twenty amino acids were isolated.
 8. The ultracentrifuge was developed in the late 1920s, and ultracentrifugation methods were perfected by the 1940s.
 9. The first electron microscope had 400 times magnification, and was quickly improved through the 1950s.
 10. The study of the genetic nature of organisms was developed by an Austrian monk named Gregor Mendel, beginning in 1857, when he cross-pollinated pea plants to examine traits such as petal color, seed color, and seed texture.
 11. In 1869, Johann Friedrich Miescher, a Swiss biochemist, isolated a substance that hecalled nuclein from the nuclei of white blood cells. The substance contained nucleic acids.
 12. In 1882, German cytologist Walter Flemming described threadlike bodies that were visible during cell division, as well as the equal distribution of this material to daughter cells. He was actually viewing chromosomes during the process of mitosis (cell division).
 13. In 1903, Walter Sutton, an American cytologist, determined that chromosomes were the carriers of Mendel’s units of heredity by studying meiosis, which is the cell division that produces reproductive cells.
 14. Wilhelm Johannsen, a Danish botanist, named Mendel’s units of inheritance genes in 1909.
 18
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V. Nature of the GeneA. Experiments linked genes with proteins:
 1. George Beadle and Boris Euphrussi determined links between genes and enzymes through experiments with the fruit fly Drosophila.2. Another experiment determining the link between genes and enzymes was performed by Beadle and Edward Tatum with the bread mold Neurospora.3. Charles Yanofsky and others performed experiments with the bacterium Escherichia coli, showing that genes ultimately determined the structure of proteins.4. In 1928, British physician Fred Griffith performed an experiment using the bacterium Streptococcus pneumoniae:a) Used two strains of Streptococcus pneumoniae (Figure 1.11):(1) A virulent smooth strain (called S) with a gelatinous coat, lethal to mice.(2) A less virulent rough strain (called R) that has no coat, not lethal to mice.
 b) Griffith injected mice with heat-killed S bacteria and live R bacteria, and found that the mice still died and contained S bacteria inside of them.c) Was unsure of what changed R bacteria to S bacteria, which he called the “transforming principle.”
 19
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5. In 1944 Avery, MacLeod, and McCarty extended Griffith’s work to identify the“transforming principle” (Figure 1.12):
 a) Mixed the R strain with DNA from the S strain and isolated S bacteria.b) Added the enzyme deoxyribonuclease (DNase), which broke down DNA and prevented R bacteria from transforming to S bacteria.c) Proteases (enzymes that broke down proteins) did not inhibit transformation.d) DNA was determined to be the “transforming principle.”
 6. In 1952, Alfred Hershey and Martha Chase performed an experiment that determined once and for all that DNA is the genetic material (Figure 1.13):
 a) Conducted a set of experiments using T2 bacteriophage, a virus that infects bacteria.b) They radiolabeled the bacteriophage to follow their paths in virus infection:
 (1) Labeled the protein with radioactive sulfur (35S).(2) Labeled the DNA with radioactive phosphorus (32P).
 c) Bacterial cells were infected and put in a blender to remove phage particles.d) Analysis showed that the labeled DNA was inside of the bacteria.
 20
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7. James Watson and Francis Crick determined the structure of DNA in 1953, with help from:a) Rosaind Franklin and Maurice Wilkins provided X-ray diffraction data.b) Erwin Chargaff determined the ratios of nitrogen bases in DNA.
 8. Many experiments followed that determined how the information in the gene is used, such as the manipulation of enzymes involved in DNA replication, and DNA repair.
 9. Recombinant DNA technology revolutionized molecular biology by allowing scientists to cut and link different pieces of DNA, and place the new piece of DNA into a new host.
 10. Molecular biology became more advanced and led to advancements in medicine, agriculture, animal science, environmental science, bioethics, and patent law.
 21
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B. Early Years of Molecular Biology
 1. In the 1950s and 1960s research focused on two main questions:a) How does the DNA sequence of the gene relate to the sequence of amino acids that make up the protein?b) What is the cell decoding process that produces a protein from the information encoded by the gene?
 2. In 1956, experiments showed that the sequence of deoxyribonucleotides determined the information, or message, of DNA.
 3. In 1957, Matthew Meselson and Frank Stahl demonstrated the process of DNA replication.
 4. In 1957, Watson and Crick hypothesized that DNA bases determine the amino acid sequence of a protein.5. In 1960, RNA was discovered, and noted as a messenger between the nucleus and the ribosome.
 6. By 1966 the complete 64-triplet genetic code (Figure 1.15) was determined.
 22
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C. First Recombinant DNA Experiments
 1. In 1971, Paul Berg, Herbert Boyer, Stanley Cohen, Janet Mertz, and Ronald Davis, along with their colleagues, performed the first recombinant DNA experiments, manipulating DNA and placing them into bacteria.
 2. In 1972 at Stanford University, Paul Berg and his colleagues David Jackson and Robert Symons, along with Janet Mertz and Ronald Davis, joined two DNA molecules from different sources. They speculated that mammalian cells could be transformed and testedfor the activation of foreign genes.
 3. Mertz and Davis (Figure 1.17) used EcoRI and DNA ligase to combine pieces of DNA.
 4. Information regarding plasmid DNA was presented in a November 1972 meeting in Honolulu, Hawaii, where Mertz, Davis, Cohen, and Boyer presented their findings. Cohen and Boyer discussed a collaboration agreement where EcoRI would be used to generate DNA fragments for insertion into Cohen’s plasmids.
 5. Boyer later went to Cold Spring Harbor Laboratories and discovered that they were using a new technique called gel electrophoresis to separate DNA fragments.
 23
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6. Biotech Revolution: Breaking the Genetic Code
 a) In 1961, Marshall Nirenberg and J. H. Matthei made the first attempt to break the genetic code by using synthetic messenger RNA (mRNA) such as UUU, AAA, and CCC.
 b) Nirenberg and Severo Ochoa continued their work using AAA (lysine), GGG (glycine), and CCC (proline), determining more complicated codons, but not being able to determine the order of bases in the codons.
 c) Nirenberg and Philip Leder developed a binding assay that allowed them todetermine which triplet codons specified which amino acids by using RNA sequences that were made of specific codons.
 24
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D. First DNA Cloning Experiment
 1. Herbert Boyer, Robert Helling, Stanley Cohen, and Annie Chang worked tojoin specific DNA fragments in a vector and transform an E. coli cell, using EcoRI,DNA fragments, and plasmids that they generated such as pSC101 and pSC102.The technique was patented.
 2. Cohen and Chang soon learned that they could place bacterial DNA into anunrelated bacterial species, using from Salmonella and Staphylococcus in E. coli.
 3. By August 1973, Cohen, Boyer, Berg, Helling, Chang, Howard Goodman, andJohn Morrow transferred RNA genes from the frog Xenopus laevis into E. coli, andfound that the genes from other species could be transferred to bacteria.
 4. In November 1980, a patent for the basic methods of DNA cloning andtransformation was awarded to Boyer and Cohen, and a second patent granted therights to any organism that was engineered using the patented methods.
 25
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5. Cause for Concern? Public Reactions to Recombinant DNA Technology
 a) More than 30 years ago, recombinant DNA cloning methods sparked a recombinant DNA revolution with implications that provided much debate among scientists, ethicists, the media, venture capitalists, lawyers, and others.
 b) It was concluded in the 1980s that no disasters had occurred through the use of recombinant DNA technology, and that the technology does not pose a threat to human health or the environment.
 26
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c) However, concerns have focused on both applications and ethical implications:
 (1) Gene therapy experiments have raised the question of eugenics (artificial human selection) as well as testing for diseases currently without a cure.(2) Animal clones have been developed, and fears have been expressed that one day this may lead to human clones.(3) In agriculture, there is concern about genes from genetically modified cropplants that may cause problems such as herbicide-resistant weeds.(4) In 1984, a strain of the bacterium Pseudomonas syringae was going to be released into the environment but was protested by social activists.(5) Today, fears have focused on genetically engineered foods in the marketplace.This has forced companies to place a hold on plants ready for production and has resulted in the rapid growth of the organic food industry.(6) Progress continues in many areas:
 (a) Hundreds of genetically modified disease, pest, and herbicide-resistant plants are awaiting approval for commercialization.(b) Genes involved in disease are being identified. (c) New medical treatments are being developed.(d) Molecular “pharming,” where plants are being used to produce pharmaceuticals, is being developed.
 27
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History
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What is Biotechnology?
 Technology is a means of solving a problem
 It includes more than science – history-economics – math - society/issues
 Provides the foundation for improving our choices about health and community
 Biotechnology is defined by the US government as any technique that uses
 living organisms (or parts of organisms) to make or modify products, to improve
 plants and animals or to develop microorganisms for specific uses.
 29
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Traditional Biotechnology
 • Probably in use with the beginning of civilization.
 – Selective breeding of plants and animals like corn or wolves to dogs.
 – Use of microorganisms to make milk into cheese or yogurt or wheat to bread.
 30

Page 31
                        

Traditional Biotechnology
 – Use of microorganisms to make milk into cheese or yogurt or wheat to bread.
 – Beer made by the woman of the house like bead. Often drank three times a day. Sour tasting (Kirlin beer, dark and 10%)
 31
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Modern Biotechnology
 • Modern biotechnology deals more with the treatment of ailments and alteration of organisms to better human life.
 • Based on the possibility to change genetic information in the target organism for a desired direction.
 The Delaware Biotechnology Institute
 32
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BC Biotechnology
 • 300,000 BC fermentation of fruit and sap
 • 5000 BC– Greeks culture grapes and make wine
 • 4000 BC– Classical biotechnology: Dairy farming develops in
 the Middle East; Egyptians use yeasts to bake 50 kinds of leavened bread and to make wine.
 33
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BC Biotechnology
 • 4000 BC
 – In China, other fermentation processes are discovered, such as the use of lactic acid bacteria to make yoghurt and moulds to produce cheese, and the use of fermentation to make vinegar, soy sauce and wine.
 34
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Traditional Biotechnology
 • 3,000 BC - Peruvians select and cultivate potatoes.
 • 1540 AD – First Europeans introduced to potatoes
 35
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Traditional Biotechnology
 • 1750 BC – Babylonians & Sumerians brew beer
 • 1500 BC - Acidic cooking leads to sauerkraut and yogurt; Aztecs make cakes from Spirulina algae in lakes.
 Roman Wine bottle 550 AD
 36
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BC
 • 500 Chinese use moldy soybean curds to treat boils
 • 500 Europeans discover salting which leads to curing and pickling to preserve foods
 • 250 Greeks practice crop rotation to maximize fertility.
 • 100 Powdered chrysanthemum is used as an insecticide in China
 37
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Pasteurization
 • 1861 Pasteurization is invented by Louis Pasteur
 – Milk is heated above 145° F for at least 30 minutes, and then quickly cooled.
 38
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Mendel
 1865 - Austrian botanist and monk Gregor Mendel describes his experiments in heredity, founding the field of genetics
 39
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1800s
 1869 – Johann Friedrich Miescher discovers DNA in trout sperm
 1879 – Walther Flemming discovers chromatin in the nucleus that later come to be called chromosomes.
 1879 - William James Beal is credited with crossbreeding corn to make the first hybrid corn.
 1883 – Louis Pasteur and his colleagues developed the first crude rabies vaccine based on attenuated virus from desiccated nerve tissue. the first rabies vaccine is developed
 40
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First half of the 20th century
 • 1902 – the term immunology first appears
 • 1906 – the term genetics is introduced
 • 1907 – first in vivo culture of animal cells
 • 1909 – genes are linked with hereditary disease.
 • 1911 – first cancer-causing virus discovered
 41
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Origin of term
 • The term "biotechnology" was coined in 1919 by Karl Ereky, a Hungarian engineer.
 • Refers to agricultural processes like cheese, yoghurt, wine, beer and bread products.
 42
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First half of the 20th century
 • 1927 – Hermann J. Muller discovers that x-rays cause mutations.
 • In 1928 Alexander Fleming discovered penicillin and it was considered a medical miracle.
 43
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First half of the 20th century
 • 1942 – electron microscope used to identify a bacteriaphage.
 1944 – DNA is shown to be material substance in a gene.
 44
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1950 to 1960
 • 1951 Barbara McClintock discover transposable elements, or jumping genes in corn.
 • 1953 – James Watson & Francis Crick reveal the three dimensional structure of DNA.
 • Cell culturing techniques are developed.
 • 1957 – Sickle Cell Anemia shown to be the result of a single gene
 Barbara McClintock
 James Watson & Francis Crick
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1970s
 Dr. Stanly Cohen (left) and
 Dr. Herbert Boyer
 1975 - Colony hybridization and
 Southern blotting are developed for
 detecting specific DNA sequences.
 Simply a way to determine genomes.
 1973 – Cohen & Boyer
 perform the first successful
 recombinant DNA
 experiment using bacterial
 genes.
 46
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1970s
 • 1976 The tools of recombinant DNA are first applied to a human inherited disorder.
 • Molecular hybridization is used for the prenatal diagnosis of Alpha thalassemia (anemia).
 • Yeast genes are expressed in E. coli bacteria.
 47
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1970s
 • 1977 Genetically engineered bacteria are used to synthesize human growth protein.
 • 1978 North Carolina scientists Clyde Hutchinson and Marshall Edgell show it is possible to introduce specific mutations at specific sites in a DNA molecule.
 • 1979 The first monoclonal antibodies are produced.widely used as diagnostic and research reagents
 48
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1980
 •The U.S. Supreme Court, in
 the landmark case Diamond v.
 Chakrabarty, approves the
 principle of patenting
 genetically engineered life
 forms.
 •The U.S. patent for gene
 cloning is awarded to Stanley
 Cohen and Herbert Boyer.
 49
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1980s
 1981
 • The North Carolina Biotechnology Center is created by the state's General Assembly as the nation's first state-sponsored initiative to develop biotechnology. Thirty-five other states follow with biotechnology centers of various kinds.
 • The first gene-synthesizing machines are developed.
 • The first genetically engineered plant is reported.
 Wakame, the first
 mouse cloned
 50
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1980s
 • 1982 Humulin, Genentech's human insulin drug produced by genetically engineered bacteria for the treatment of diabetes, is the first biotech drug to be approved by the Food and Drug Administration.Prior was taken from dead pigs/cows.
 Humulin--synthetic insulin
 51
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1980s
 • 1983 The Polymerase Chain Reaction (PCR) technique is conceived. PCR, which uses heat and enzymes to make unlimited copies of genes and gene fragments, later becomes a major tool in biotech research and product development worldwide.
 •The first genetic transformation of plant cells by TI plasmids is performed.
 52
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1980s
 • 1984 The DNA fingerprinting technique is developed.
 • The first genetically engineered vaccine is developed.
 53
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1980s• 1986 The first field tests of genetically engineered
 plants (tobacco) are conducted.• Ortho Biotech's Orthoclone OKT3, used to fight
 kidney transplant rejection, is approved as the first monoclonal antibody treatment.
 The first genetically engineered human
 vaccine, Chiron's Recombivax HB, is
 approved for the prevention of hepatitis B.
 54
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1980s• 1987 Humatrope is developed for treating human growth hormone
 deficiency.
 • Advanced Genetic Sciences' Frostban, a genetically altered bacterium that inhibits frost formation on crop plants, is field tested on strawberry and potato plants in California, the first authorized outdoor tests of an engineered bacterium.
 55
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1980s
 • 1988 Congress funds the Human Genome Project, a massive effort to map and sequence the human genetic code as well as the genomes of other species. Started as a 15 years project but was completed in 13. Why?
 http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml
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1980s
 • Microorganisms are used to clean up the Exxon Valdez oil spill.
 • The gene responsible for cystic fibrosis is discovered.
 • Stem cell culture techniques developed
 57
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1990s
 • 1994 Genentech's Nutropin is approved for the treatment of growth hormone deficiency.
 • The first breast cancer gene is discovered.
 The BCRA1 molecule: Linked to breast cancer
 58
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1994 - The first full gene sequence of Calgene's Flavr Savr
 tomato, engineered to resist rotting, is approved for sale.
 Before Flavr Savr tomatoes were picked green and shipped.
 59
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1990s
 1995 - First full gene sequence of a living organism other than a virus is completed for the bacterium Haemophilus influenzae.
 Humans have 25,000 to 30,000 genes
 Fruit fly 13,000
 Estimated that 265 to 400 needed for viable life form
 We now know the complete DNA sequences for about a dozen bacteria
 Bacteria seem to need about 500 to 5000 genes to conduct their lives
 60
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1990s
 • 1995 The first baboon-to-human bone marrow transplant is performed on an AIDS patient.
 • The first full gene sequence of a living organism other than a virus is completed for the bacterium Hemophilus influenzae.
 Jeff Getty recieves
 baboon bone marrow
 transplant
 61
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1990s
 • Human skin is produced in vitro.
 • Embryonic stem cells are used to regenerate tissue and create disorders mimicking diseases.
 • The first complete animal genome for an elegans worm is sequenced Nematode.
 • A rough draft of the human genome map is produced, showing the locations of more than 30,000 genes.
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1990s
 • 1999 The complete genetic code of the human chromosome is first deciphered.
 • The rising tide of public opinion in Europe brings biotech food into the spotlight.
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2000 and Beyond
 • 2000 A rough draft of the human genome is completed by Celera Genomics and the Human Genome Project.
 • Pigs are the next animal cloned by researchers, hopefully to help produce organs for human transplant.
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• 2001 The sequence of the human genome is published in Science and Nature, making it possible for researchers all over the world to begin developing treatments.
 • Scheduled for 15 years took 13.
 • Identify all the approximately 20,000-30,000 genes in human DNA, down from 100,000.
 • Determine the sequences of the 3 billion chemical base pairs that
 2000 and Beyond
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2000 and Beyond
 • 2002 Scientists complete the draft sequence of the most important pathogen of rice, “rice blast” a fungus that destroys enough rice to feed 60 million people annually. Kills 150 million tons a year.
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2000 and Beyond
 • 2003 Dolly, the cloned sheep that made headlines in 1997, Dolly was the first successful clone of a mammal from an adult (udder) cell.
 • Sheep live 10-16 years
 • Dolly lived 6 years
 • Arthritis and progressive lung disease
 67
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Biotechnology: an interdisciplinary pursuit
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• Biotechnology is a priori an interdisciplinary pursuit.
 • In recent decades a characteristic feature of the development of science and technology has been the increasing resort to multidisciplinary strategies for the solution of various problems.
 • The term multidisciplinary describes a quantitative extension of approaches to problems that commonly occur within a given area.
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• It involves the marshalling of concepts andmethodologies from a number of separatedisciplines and applying them to a specificproblem in another area.
 • Unlike a single scientific discipline, biotechnologycan draw upon a wide array of relevant fields,such as microbiology, biochemistry, molecularbiology, cell biology, immunology, proteinengineering, enzymology, classified breedingtechniques, and the full range of bioprocesstechnologies.
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The interdisciplinarynature of biotechnology
 71

Page 72
                        

• A biotechnologist can utilise techniquesderived from chemistry, microbiology,biochemistry, chemical engineering andcomputer science.
 • The main objectives will be the innovation,development and optimal operation ofprocesses in which biochemical catalysis has afundamental and irreplaceable role.
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• Biotechnologists must also aim to achieve aclose working cooperation with experts fromother related fields, such as medicine,nutrition, the pharmaceutical and chemicalindustries, environmental protection andwaste process technology.
 • Biotechnology has two clear features:
 • its connections with practical applications andinterdisciplinary cooperation.
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• As stated by McCormick (1996), a formereditor of the Journal Bio/ Technology: ‘There isno such thing as biotechnology, there arebiotechnologies.’
 • There is no biotechnology industry; there areindustries that depend on biotechnologies fornew products and competitive advantage.’
 74

Page 75
                        

Types of companies involved with biotechnology
 • Therapeutics - Pharmaceutical products for the cure or control ofhuman diseases, including antibiotics, vaccines, gene therapy.
 • Diagnostics - Clinical testing and diagnosis, food, environment,agriculture.
 • Agriculture/Forestry/Horticulture - Novel crops or animal varieties,pesticides.
 • Food - Wide range of food products, fertilisers, beverages,ingredients.
 • Environment - Waste treatment, bioremediation, energyproduction.
 • Chemical intermediates - Reagents including enzymes, DNA/RNA,speciality chemicals.
 • Equipment - Hardware, bioreactors, software and consumablessupporting biotechnology.
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World markets for biological products in 1981
 Product Sales (US$ millions)• Alcoholic beverages 23 000• Cheese 14 000• Antibiotics 4500• Penicillins 500• Tetracyclines 500• Cephalosporins 450• Diagnostic tests 2000• Immunoassay 400• Monoclonal 5• Seeds 1400• High fructose syrups 800• Amino acids 750• Baker’s yeast 540
 • Steroids 500• Vitamins, all 330• Vitamin C 200• Vitamin B12 14• Citric acid 210• Enzymes 200• Vaccines 150• Human serum albumin 125• Insulin 100• Urokinase 50• Human factor VIII protein 40• Human growth hormone 35• Microbial pesticides 12
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Some unique features of biotechnology companies
 • Technology driven and multidisciplinary: productdevelopment can involve molecular biologists, clinicalresearchers, product sales force.
 • Must manage regulatory authorities, public perception;issues of health and safety; risk assessment.
 • Business climate characterised by rapid change andconsiderable risk – one biotechnology innovation mayquickly supersede another.
 • Biotechnology business growth highly dependent onventure capital – usually needs exceptionally high levelof funding before profit sales return.
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Distribution of research and development funding inindustrial biotechnology in the USA
 Plant agriculture
 13%Animal agriculture
 8%
 Chemical/Food 5%
 Others4%
 1%Energy/Environment
 Healthcare
 69%
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The main areas of application of biotechnology
 • Bioprocess technologyHistorically, the most important area of biotechnology (brewing,antibiotics, mammalian cell culture, etc.), extensive development inprogress with new products envisaged (polysaccharides, medicallyimportant drugs, solvents, protein-enhanced foods). Novelfermenter designs to optimise productivity.
 • Enzyme technologyUsed for the catalysis of extremely specific chemical reactions;immobilisation of enzymes; to create specific molecular converters(bioreactors). Products formed include L-amino acids, high fructosesyrup, semi-synthetic penicillins, starch and cellulose hydrolysis, etc.Enzyme probes for bioassays.
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• Waste technologyLong historical importance but more emphasis isnow being placed on coupling these processeswith the conservation and recycling of resources;foods and fertilizers, biological fuels.
 • Environmental technologyGreat scope exists for the application ofbiotechnological concepts for solving manyenvironmental problems (pollution control,removing toxic wastes); recovery of metals frommining wastes and low-grade ores.
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• Renewable resources technologyThe use of renewable energy sources, in particular lignocellulose, togenerate new sources of chemical raw materials and energy –ethanol, methane and hydrogen. Total utilisation of plant andanimal material. Clean technology, sustainable technology.
 • Plant and animal agricultureGenetically engineered plants to improve nutrition, diseaseresistance, maintain quality, and improve yields and stress tolerancewill become increasingly commercially available. Improvedproductivity etc. for animal farming. Improved food quality, flavour,taste and microbial safety.
 • HealthcareNew drugs and better treatment for delivering medicines to diseased
 parts. Improved disease diagnosis, understanding of the humangenome – genomics and proteomics, information technology.
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The biotechnology tree82
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Public perception of biotechnology
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Introduction
 • The implementation of the new techniques will bedependent upon their acceptance by consumers.
 • As stated in the Advisory Committee on Science andTechnology (1990) report Developments inBiotechnology: ‘Public perception of biotechnology willhave a major influence on the rate and direction ofdevelopments and there is growing concern aboutgenetically modified products. Associated with geneticmanipulation are diverse questions of safety, ethics andwelfare.’
 • Public understanding of these new technologies couldwell hasten public acceptance.
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• However, the low level of scientific literacy (e.g. in the USAwhere only 7% are scientifically literate) does mean thatmost of the public will not be able to draw informedconclusions about important biotechnology issues.
 • Until quite recently most biotechnology companiesconcentrated almost exclusively on raising financialsupport, research, clinical trials (if relevant),manufacturingproblems and regulatory hurdles.
 • Most companies, however, neglected certain essentialmarketing questions such as, who will be buying the newproducts and what do these people need to understand?
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• They must now seriously invest resources tofoster a better understanding of the scientificimplications of new biotechnology, especiallyamong the new generation.
 • What biotechnology needs with the public isdialogue! To ignore public understanding willbe to the industry’s peril!
 • Ultimately, the benefits of biotechnology willspeak for themselves.
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• The Eurobarometer poll, Europeans andBiotechnology in 2005, confirmed that mostEuropeans supported medical application ofbiotechnology when there were clear benefits forhuman health and also industrial applications.However, they were still expressing scepticismtowards agricultural biotechnology.
 • Surprisingly, consumers were more supportive ofthe use of GM plants for the production ofmedicines and pharmaceutical products. Stemcell research was strongly supported.
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• A dominant feature of public perception ofbiotechnology is the extraordinary low andnaive public understanding of the geneticbasis of life and evolution.
 • Does public concern really exist or is it largelythe manifestation of a lobby of knowledgeableopponents?
 • Does genetic engineering get a biased presscoverage?
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India and Biotechnology
 Indian Biotech SWOT analysis
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India - Fast pace Growth
 Largest democracy
 4th largest economy by PPP index
 6th largest energy consumer
 ForEx reserves skyrocket from US$ 42 bn (2001) to
 US$ 133 bn (February, 2005)
 GDP growth to continue between 6-8%
 3rd largest economy by 2050: Goldman Sachs
 Leading in IT & BPO
 Oil & Gas and Biotechnology sunrise industries90
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India - Leading the world
 Hero Honda - largest manufacturer of motorcycles
 Moser Baer - among the top three media manufacturers
 in the world
 Pharmaceutical Industry - 4th largest in world
 Walmart, GAP, Hilfiger sources more than
 USD 1bn worth apparel from India
 100 Fortune 500 have set R&D facilities in India
 including GE, Delphi, Eli Lilly, HP, Heinz and Daimler
 Chrysler
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India and Biotechnology Base
 • India is one of the emerging economies in the World.• Shifting focus to one of the most promising industry of the
 future: Biotechnology• Bio-diversity of India will be an advantage for Biotech
 companies.• Vast reservoir of scientific human resource with reasonable
 cost, wealth of R&D institutions, centers of academic excellence in Biosciences
 • Vibrant Pharmaceutical Industry and fast developing clinical capabilities collectively point to promising biotech sector
 • Over 300 companies and 241 institutions use some form of biotechnology in agricultural, medical or environmental applications.
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Core Areas of competence in India
 • Capacity in bioprocess engineering• Skills in gene manipulation of microbes and animal cells• Capacity in downstream processing and isolation methods• Skills in extraction and isolation of plants and animals
 products• Competence in recombinant DNA technology of plants and
 animals• Excellence in traditional and molecular marker assisted
 breeding of plants and animals• Infrastructure in fabricating bio-reactors and processing
 equipment
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Biotechnology Industry in India
 Quite nascent stage
 • Vast growth and opportunity
 • Over 300 registered biotechnology companies, out of which ~100 in are modern biotech sector
 – Twelfth most successful biotechnology sector in the world as measured by number of companies
 – 96 enterprises exclusively as Biotech companies, [after Australia (228) and China (136)]
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• Vaccines (new generation and combinations)–Bharat Biotech, Bharat Serum, Biological E,
 Haffkine Bio-Pharmaceutical, Panacea, Pfizer, Serum Institute of India, Shanta Bio-techniques, Smithkline Beecham and Wockhardt
 •Therapeutics–Biocon, Eli Lilly and Wockhardt•Diagnostics–Bharat Biotech, Qualigens Diagnostics, Span
 Diagnostics, J. Mitra and xCyton Diagnostics
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Examples of Indian Health Biotechnology Products
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Indian Biotechnology: Strengths
 •Human Resource: Trained manpower and knowledge base.
 •Academic Resource: Good network of research laboratories.
 •Industry Base: Well developed base industries (e.g. pharmaceuticals, seeds).
 •International Experts: Access to intellectual resources of NRI’s in this area.
 •Clinical Capability: Extensive clinical trials and research access to vast and diverse disease in the huge population.
 •Bio-diversity: India’s human gene pools and unique plant, animal & microbial diversity offer an exciting opportunity for genomic research.
 •Stem Cells Research: Several labs have commenced research in stem cells and have valuable stem cell lines.
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Indian Biotechnology: Weakness
 •Missing link between research and commercialization
 •Lack of venture capital
 •Relatively low R&D expenditure by industry
 •Image of Indian industry –doubts about ability of Indian products to meet International standards of quality
 98

Page 99
                        

Indian Biotechnology: Opportunities
 • Large domestic market
 •Large export potential
 •Low cost research base for international companies in comparison with other countries
 •Vast and diverse disease based patient populations provide unique opportunities for clinical research and clinical trials
 •Supportive Government policy on embryonic stem cells research provides a useful opportunity for International companies to pursue such research in India
 •Human bio-diversity provides unique research opportunity in genomics
 •Plant & microbial bio-diversity provides vast prospecting opportunities for new drugs
 •Conducive Government policy on GM crops provides useful opportunities for Agri-biotech companies
 99

Page 100
                        

Indian Biotechnology: Threats
 • Danger of anti-biotech propaganda gaining ground
 • Inadequate protection of Intellectual Property Rights (IPR), significant improvement remains in the areas of implementation and enforcement
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Key Methods of Doing Business in India
 •Set up joint venture companies to locally manufacture the product
 •Collaborative research
 •Contract research
 •Contract manufacturing
 •Technology transfer
 •Marketing arrangement for bio-supplies (appoint distributor/agent)
 •Clinical research
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Major Indian BT Institutions
 • DBT (started in 1985) is developing policy for India
 •Indian Council of Medical Research (ICMR)•Indian Council of Agricultural Research (ICAR)•Council of Scientific and Industrial Research (CSIR)•Department of Science and Technology (DST)• Association of Biotechnology Led Enterprise
 (ABLE)• Biotechnology Industry Research Assistance
 Council (BIRAC)
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Steps required
 • Developing diverse, collaborative relationships to strengthen its industry
 •Harmonizing standards with international standards in manufacturing and laboratory practices (ensuring foreign markets and enhancement of the industry’s global and local standing)
 •Cheaper labor, technical capacity and expertise may capture markets away from companies in the developed countries
 •Illustrates the importance of fostering a regulatory and IP environment (encouraging innovative startup companies)
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