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UNIT 17 

BIOTECHNOLOGY 

A: Write short answers to the following questions. 

Q1: Write about any four products developed through fermentation? 

Ans: The process in which there is incomplete oxidation-reduction of glucose is called 

fermentation. 

Fermentation products: 

Traditionally only food and beverages products were produced by fermentation but now many 

other products like industrial chemicals are also being produces. This can be categorized as: 

a) fermented food 

b) industrial products. 

Fermented foods: 

Fermentation often makes the food more nutritious, more digestible and tastier. It also tends to 

preserve the food, lowering the need for refrigeration. The following groups are included in 

fermented foods. 

Cereal products: 

Bread is the commonest type of fermented cereal product. Wheat dough is fermented by 

S.cerevisiae along with some lactic acid bacteria. 

Dairy products: 

Cheese and yogurt are important fermentation products. 

Cheese formation: 

Cheese is formed when a milk protein is coagulated. This happens when the acid produced by 

lactic acid bacteria react with milk protein. 

Yogurt formation: 

Yogurt is made from milk by different lactic acid bacteria. 

Fruit and vegetable products: 

Fermentation is usually used, along with salt and acid to preserve pickle, fruits and vegetables. 

Beverages products: 

Beer is produced from cereal grains which have been malted, dried and ground into fine powder. 

Fermentation of the powder is done by yeast. This process breaks the glucose present in powder 

into pyruvic acid and then into ethanol. Grapes can be directly fermented by yeast to wine. 
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Q2: Name any four microorganisms used in biotechnology. Also name the process in which 

they are used. 

Products  Microorganism used  Some uses 

Formic acid Aspergillus  Textile dying, leather 

treatment, electroplating, 

rubber manufacture 

Ethanol  Saccharomyces Used as solvent, production 

of vinegar, production of 

beverages. 

Glycerol  Saccharomyces  Used as solvent, production 

of plastics, production of 

cosmetics, production of 

soaps, used in printing, used 

as sweetener 

Acrylic Acid Bacillus  Used in production of 

plastics. 

 

Q3: Why are vectors used in genetic engineering? 

Ans: Vectors are used in genetic engineering. In molecular cloning, a vector is a DNA molecule 

used as a vehicle to artificially carry foreign genetic material into another cell, where it can be 

replicated and/or expressed (e.g.- plasmid, cosmid, Lambda phages). A vector containing foreign 

DNA is termed as recombinant DNA. 

Reason: 

Genetic vectors are vehicles for delivering foreign DNA into recipient cells. Vectors can 

replicate autonomously and typically include features to facilitate the manipulation of DNA as 

well as a genetic marker for their selective recognition.  

Example: 

The most common vectors are DNA plasmids, viruses and artificial chromosomes. 

Q4: Write any five advantages of biotechnology in the field of agriculture.  

Ans: Advantages in the field of agriculture: 

Biotechnology has also revolutionized research activities in the area of agriculture. 

1. Vitamin A enriched rice: 

Genetically modified crops have enhanced nutritional value.  

Example: Vitamin A enriched rice.   
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2. More tolerant: 

Genetically modified crops are more tolerant to stresses such as drought, cold, heat etc. 

3. Resistance against herbicides: 

Herbicides resistance genes have been incorporated into many crops of soybean, corn, and 

cotton. Therefore, herbicides can be used around these plants to kill weeds without harming the 

crops. 

4. Resistance against viruses: 

Virus resistance trait have been introduced into many crops, including squashes, tomatoes, 

potatoes, tobacco etc. These plants are not affected by viruses and survive viral attacks.  

 

 

5. Resistance against insects: 

Widespread use of insecticides, fungicides and pesticides for crop production has damaging 

effects on environment. It is important to improve the control of pest by genetic mean. Genetic 

engineers have introduced pest resistance genes into several crops , including tomato and cotton. 

Such modified plants show resistance against pests. 

Q5: How is yogurt  produced through the use of biotechnology? 

Ans: The bacteria convert the lactose (milk sugar) to lactic acid, which thickens the milk and 

gives it the tangy taste characteristic of yogurt. The yogurt is then cooled and can be flavoured 

with fruit, sugar, other sweeteners or flavourings. Stabilizers, such as gelatin, may also be added. 

Method of yogurt production: 

The main (starter) cultures in yogurt are Lactobacillus bulgaricus and Streptococcus 

thermophilus. The function of the starter cultures is to ferment lactose (milk sugar) to produce 

lactic acid. The increase in lactic acid decreases pH and causes the milk to clot, or form 

the soft gel that is characteristic of yogurt. 
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Q6: The following diagram shows how a gene is transferred to bacterial cell. Identify the 

structures labelled as 1 to 5? 

Ans: 

 

B: Write detailed answers to the following questions: 

Q1: Write a comprehensive note on the procedure of recombinant DNA technology. 

Ans: Recombinant DNA technology: 

Direct manipulation of an organism’s genome by human using modern DNA  technology is 

called recombinant DNA technology. 

Recombinant DNA 

The DNA which is combination of genes from two different sources is called recombinant DNA, 

so this technology is called recombinant DNA technology.   

Genetic vectors: 

Genetic vectors are vehicles for delivering foreign DNA into recipient cells. Vectors can 

replicate autonomously and typically include features to facilitate the manipulation of DNA as 

well as a genetic marker for their selective recognition.  

Example: 

The most common vectors are DNA plasmids, viruses and artificial chromosomes. 

Procedure: 

Recombination occurs when two molecules of DNA exchange pieces of their genetic material 

with each other. Recombinant DNA technology is a technique where the selected DNA of one 

organisms(Donor) is introduced to combine with the DNA of another organisms called recipient 

DNA. As a result, the recipient organism acquires the genetic abilities of the donor.  
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Gene manipulation: 

Altering the genome of an organism by introducing gene of interest is known as gene 

manipulation or DNA recombinant technology. As this mechanisms has the ability to engineer 

new organisms, it is known as genetic engineering.  

 

Three ways of genetic recombination: 

Bacteria have found ways to increase their genetic diversity through three recombination 

techniques:  

6. Transduction 

7.  Transformation  

8.  conjugation. 

 

Example of genetic engineering: 

One of the most notable examples of recombination takes place during meiosis (specifically, 

during prophase I), when homologous chromosomes line up in pairs and swap segments of DNA. 

This process, also known as crossing over, creates gametes that contain new combinations of 

genes, which helps maximize the genetic diversity of any offspring that result from the eventual 

union of two gametes during sexual reproduction. 
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Q2: How are single cell protein produced and what is their significance? 

Ans: Single cell protein: 

The isolated proteins obtained from a variety of microorganism, which are used as a food or 

feed, are called single cell proteins.  

 

Example: 

Single cell proteins are obtained from various microorganisms such as: 

✓ Bacteria  

✓ Yeast 

✓ Algae 

✓ Filamentous fungi 

Production of SCP: 

The production of single cell protein takes place in a fermentation process. This is done by 

selected strains of microorganisms which are multiplied on suitable raw materials in technical 

cultivation process directed to the growth of the culture and the cell mass followed by separation 

processes. 

Significance: 

It has the following significance: 

• It is rich source of protein ( 60 to 72 percent ) , vitamin , amino acids , minerals and crude 

fibres. 

• It is popular health food. 

• It provides valuable protein rich supplement in human diet. 

• It lowers the blood sugar level of diabetics due to presence of gamma-linolenic acid. 

•  It  prevents the accumulation of cholesterol in human body. 

Q3: What is the fermenter and how does it work? 

Ans: Fermenter: 

Fermenter is a device that provides optimum environment to microorganism to grow into a 

biomass, so that they can interact with a substrate forming the product. 

Heart of industry: 

In fact, the fermenter constitute the heart of any industrial fermentation process. 

Types of fermenter: 

There are two types of fermenter: 

➢ Batch fermentation 

➢ Continues fermentation 
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Working of fermenter: 

Microbes can be used by industry for mass production of certain important chemical. 

• Vessel: 

A typical fermenter consists of a vessel which is made from stainless steel which does not 

corrode or affect the microbes or fermentation products. It can also be easily cleaned.  

 

• Microbes and nutrients: 

Microbes and nutrients are put into the fermenter and air is bubbled through so that the microbes 

can respire aerobically. As carbon dioxide builds up the gas outlet releases it to avoid  build up 

of pressure.  

• Water jacket:  

A water jacket surrounding the fermenter maintain an optimum temperature, so the proteins do 

not become denature.  

• Computer: 

Temperature, pH and oxygen probes are linked to a computer which monitor the condition inside 

vessel.   

• Paddle stirrer: 

Paddle stirrer ensure that the microbes, nutrients and oxygen are well mixed and distribute the 

heat evenly.  

• The product: 

The product is run off from the bottom. It is separated from the microbes and purified so that it 

can be sold or distributed. 
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Q4: Describe the advantages of using fermenters for getting products from genetically 

modified organisms. 

Ans: Fermenter: 

Fermenter is a device that provides optimum environment to microorganism to grow into a 

biomass, so that they can interact with a substrate forming the product. 

GMOs: 

Genetically modified organisms (GMOs) are living organisms whose genetic material has been 

artificially manipulated in a laboratory through genetic engineering. 

Advantages of using fermenters for getting products from GMOs: 

Fermenter is the large container in which population of microorganism are grown  to produce 

large quantities of products. Fermenters (also called bioreactor) provide suitable environment 

(temperature and pH etc) for quick metabolism in microorganisms. It provides a specialized 

medium in which all essential nutrients of microorganism are present. When raw material is 

added to the medium, microorganisms carry out metabolic reactions to make products. Fermenter 

are used for the manufacture of many product e.g. 

Medicines: 

• Antibiotics 

• Vaccines  
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• Interferon  

• Hormones etc. 

Enzymes: 

• Cellulose  

• Protease 

• Lipase  

Other product: 

• Ethanol 

• Lactic acid  

Q5: Describe how biotechnology is helping humankind in the field of food and health. 

Ans: Biotechnology:, 

The using of living organisms and their products for the welfare of human beings, other animals 

and crops is known as biotechnology. 

➢ Biotechnology for food: 

Food biotechnology is the use of technology to modify the genes of our food sources.  

It has the following uses: 

• More food, less land: 

Use of biotech plants can produce more food on less land, by reducing the amount of crops lost 

to disease and pests. 

• Reduce CO2  emission: 

It can reduce CO2 emissions from the farming process, the amount of pesticides used to produce 

foods, and in the future, the amount of water needed to grow crops. 

• Enhance air: 

Growing biotech crops can actually help enhance air, water and soil quality and overall 

sustainability. 

• Less pesticides: 

Agricultural biotechnology allows farmers to use less pesticide on their crops and helps reduce 

soil tillage, fossil fuel use, and runoff from farmers' fields. 
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• Use of Biotechnology to Improve Yield: 

 

Milk is of the food item used all over the world due to its nutritional value. Bovine Somatotropin 

is a hormone released by pituitary gland. It raises the milk production. Previously this hormone 

was extracted from brain of slaughtered calves. But that results in low quantity. Scientists inserted 

gene encoding bovine Somatotropin in Escherichia coli . Now this hormone is obtained in higher 

quantity. This hormone results in 10-12% rise in milk production. 

• Genetically modified food: 

✓ Soybean 

✓ Cotton 

✓ Potatoes 

✓ Papaya 

✓ Squash 

✓ Canola 

✓ Alfalfa. 

 

➢ Biotechnology for health: 

Healthcare biotechnology refers to a medicinal or diagnostic product or a vaccine that consists 

of, or has been produced in, living organisms and may be manufactured via recombinant 

technology. 

It has the following advantages: 

• This technology has a tremendous impact on meeting the needs of patients and their families 

as it not only encompasses medicines and diagnostics that are manufactured using a 

biotechnological process, but also gene and cell therapies and tissue engineered products.  

• Biotechnology offers patients a variety of new solutions such as: Unique, targeted and 

personalized therapeutic and diagnostic solutions for particular diseases or illnesses, an 

unlimited amount of potentially safer products, Superior therapeutic and diagnostic 

approaches, and higher clinical effectiveness because of the biological basis of the disease 

being known. 

• Development of vaccines for immunity, Treatment of diseases, Cultured Stem Cells and 

Bone Marrow Transplantation, Skin related ailments and use of cultured cell, Genetic 

Counseling, Forensic Medicine, Gene Probes etc. 

Example: 

✓ Gene Therapy 

✓ Pharmacogenomics 

✓ Biomedical Innovations 

✓ Monoclonal Antibodies 

✓ Viral Vector Manufacturing for Gene Therapies. 

 

 

 

 

 

 

https://www.omicsonline.org/open-access/efficacy-of-osteolaemus-tetraspis-pituitary-gland-apg-hormone-oninduced-spawning-of-clarias-gariepinus-2332-2608-1000177.php?aid=78172
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Topic wise question: 

Q1: What is biotechnology? 

Ans: Biotechnology: 

The using of living organisms and their product for the welfare of human beings, other animals 

and crops is known as biotechnology. 

Explanation: 

Biotechnology is being used sine prehistoric times. 

When man started to plant their own crops and to breed their own animals, they usually started 

biotechnology. 

They discovered the conversion of fruit juices into alcohol by fermentation. They also discovered 

the conversion of milk into cheese and yogurt. 

When the soft and spongy bread was made by the first maker then  they were acting as 

biotechnologist.  

Q2: What do you know about fermentation and its types? 

Ans: Fermentation: 

Fermentation is the chemical conversion of sugar solutions into ethanol and lactic acid in the 

absence of oxygen. 

Bacteria and yeast: 

Fermentation is done with the help of microscope such as bacteria and yeast. 

These microorganisms obtained energy during fermentation. 

Zymology: 

The science of fermentation is known as zymology. 

Fermentation products: 

Various fermentation products are: 

Yogurt, pickle, etc.  

Types of fermentation: 

Fermentation as a type of cellular respiration:  

a. Alcoholic fermentation by yeast cells: 

Alcoholic fermentation is two-step process. 
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Process: 

1st step: 

In this fermentation, the glucose molecule is first broken down into two molecules of pyruvic 

acid. This step is called glycolysis.  

2nd step: 

In the next step, pyruvic acid is further broken down into carbon dioxide and ethanol.  

Example: 

This fermentation occurs in yeast (Saccharomyces cerevisiae).  

Scientist use this process to produce alcohol during the making of alcoholic products, ethanol 

fuel and bread.  

 

 

b. Lactic acid fermentation by bacteria: 

Lactic acid is also takes place in two steps: 

Process: 

1st step: 

The first step is similar to alcoholic fermentation. The glucose molecule is broken down into two 

molecule of pyruvic acid. 

2nd step: 

In the second step, hydrogen is added to pyruvic acid (reduction), which changes it to lactic acid.  
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Example: 

This fermentation occurs in bacteria e.g.: 

✓ Lactobacillus  

✓ Streptococcus  

Lactic acid fermentation done by bacteria is used to turn milk into yogurt.  

 

Q3:What do you know about some fermentation products. 

Ans: There are the following fermentation product: 

Alocohol: 

Alcohol is made as a result of fermentation of a natural source of sugar with a catalyst, which is 

usually yeast. During fermentation, the carbohydrates(starch and sugar) are the main source 

which are converted into CO2 and ethyl alcohol. Alcohol is widely used in medicines. 

Say sauce: 

It is made by fermentation of soyabean by fungi. 

Chocholate: 

When cacao beans undergoes the process of fermentation then chocolate is produced.  

Many chemical products: 

Many chemical products are produced through the fermentation process e.g formic acid , 

glycerol and acrylic acid etc. 

Q4: What are the types of fermentation? 

Ans: Fermentation: 

Fermentation is the chemical conversion of sugar solutions into ethanol and lactic acid in the 

absence of oxygen. It is an anaerobic process in which energy can be released from glucose. 
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Types of fermentation: 

There are two types of fermentation. 

➢ Batch fermentation  

➢ Continues fermentation 

 

➢ Batch fermentation: 

In this process, the tank of fermenter is filled with the raw material to be fermented. The 

temperature and pH for the microbial fermentation is properly adjusted, and nutritive 

supplements are added. All the material are stem sterilized, the pure culture of 

microorganism is added to fermenter from a separate vessel. Fermentation proceeds and after 

the proper time contents of fermenter are taken out. Fermenter is cleaned and the process is 

repeated. Thus, fermentation is a discontinues process divided into batches.   

 

 
➢ Continues fermentation: 

In this process, the substrate is added to fermenter continuously at a fixed rate. This maintain the 

microorganisms in growth phase. Fermentation products are taken out continuously.  

The design and arrangement for the continues fermentation are more complex. 



   
 
 https://tehkals.com/ 

 

https://web.facebook.com/TehkalsDotCom 

 

 

Q5: What are the advantages of the fermenter? 

Ans: Advantages of the fermenter: 

There are the following advantages of the fermenter: 

• Fermenter have an auto control system so environmental changes cannot harm microbial 

growth. 

• Separation of product is easy and safe. 

• Inoculation of microbes is easy. 

• Wastage of material in handling is minimized by fermenter. 

• They can be installed with ease and take up very little space. 

• Single fermenter can be used for production of a wide range of products. 

• Fermenter enable the production of medical product, such as penicillin, insulin, 

erythromycin, streptomycin, griseofulvin (Antifungal antibiotic) and hundreds of others 

product from microbes. 

Q6: What is genetic engineering? Write its advantages and disadvantages. 

Ans: Genetic engineering: 

Genetic engineering is that are of biotechnology which includes DNA alteration, artificial 

manipulation and transfer of genetic material from one organisms into another organisms.  

Recombinant DNA technology: 

In genetic engineering the genes of different organisms are combined together which is known as 

recombinant DNA technology. The recombinant DNA technology is a technology where the 

selected DNA of an organisms is introduced with the DNA of another organisms.  

Advantages: 

✓ Several important species such as carrot, cabbage, citrus and potatoes can be grown from 

single cell. 
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✓ When a gene is introduced into a cell a clone of that cell can produce countless altered 

progeny.  

✓ Genes can be duplicated countless times to produce large quantities.  

Disadvantages: 

Most plant characteristic are polygenic and controlled by many genes such as growth rate, size of 

edible parts etc. So, it is very difficult to clone five or more genes which control a characters.  

Q7: What are various objectives or goals of genetic engineering? 

Ans: Main objective of genetic engineering: 

The main objective of genetic engineering are: 

• Identify and isolate genes that cause disease, with a view to repair or eradicate them so that 

their harmful effects are negated. 

• Find remedies and therapies to treat non-genetic diseases. 

• Develop more sophisticated and effective medicines through genetic engineering for example 

bio-engineered insulin and human growth hormones (somatotropin). 

• Genetically modified organisms (GMOs) are produced to enhance the food production. 

Genetically modified crops and cattle produce more food in lesser time. They are made 

disease resistant so that loses due to pathogens can be reduced. 

• Plants are genetically modified to get substances which they do not produce naturally such as 

antibiotic, certain protein, hormones, etc. 

Q8: What are the basic tools required for genetic engineering? 

Ans: Basic tools of genetic engineering: 

The following two enzymes which are used in genetic engineering are known as basic tools 

required for genetic engineering. 

➢ Restriction endonuclease  

➢ DNA ligase 

 

➢ Restriction endonuclease: 

Restriction endonuclease was discovered in 1970. They are used in cutting DNA at a specific 

site, so they are called molecular scissors. 

➢ DNA ligase: 

DNA ligase was discovered in 1966. It is used to join DNA fragments and are called a paste 

molecule. 

Q9: What are the basic techniques of genetic engineering? 

Ans: Basic techniques of genetic engineering: 

Basic techniques of genetic engineering are as follows: 
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➢ Isolation of gene of interest: 

The gene (DNA) of donor organisms or gene of interest is identified. It is then isolated from the 

chromosomes of the donor by using restriction endonucleases. 

➢ Making recombinant DNA: 

The gene of interest is attached to a suitable vector (cloning vector), to carry the gene to the host 

organism. 

Vector: 

The most common vector used in the genetic engineering is plasmids. It is extra chromosomal 

circular DNA of Escherichia coli. Bacteriophage (viruses that can enters bacteria) are also used 

as vector.  

Process:  

The DNA of the vector is cut into fragments by the restriction endonuclease. Using the enzyme 

DNA ligase, the DNA fragments of the donor and vector are joined together. As a result 

recombinant DNA is obtained. 

➢ Gene cloning: 

The recombinant DNA is introduced into the host bacterial cells. The host cell is treated with the 

enzyme so that their cell wall becomes permeable for the recombinant DNA. Each colony is 

grown separately to get a number of colonies having identical copies of recombinant DNA. This 

is called DNA cloning.  

As a result of the transfer of the donor’s genes into the bacteria, the bacteria are genetically 

modified. The start preparing the product by using the donor’s gene.  

Q10:  What are the achievements of genetic engineering in curing animal disease? 

Ans: Achievements in curing animal disease: 

Human insulin: 

Human insulin was the first genetic engineering  product. In 1982, the human gene for insulin 

was inserted into bacterium. Since then, the modified bacteria are providing large amounts of 

human insulin. 

Vaccine against hepatitis B: 

Vaccine against hepatitis B virus has been produced from yeast through genetic modification. 

Interferon (anti-virus protein): 

Interferon (anti-virus protein) is made in genetically modified bacteria. 

Vaccine against Foot and mouth diseases: 

Vaccine against Foot and mouth diseases are being developed for foot and mouth disease, a 

highly contagious viral diseases that infects cattle, sheep, and other animals. 
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Vaccine against Coccidiosis: 

Vaccine against Coccidiosis ( a parasitic disease of the intestinal tract of animals). This vaccines 

kills protozoan that causes caccidiosis. 

Treatment of Trypanosomiasis: 

Treatment of Trypanosomiasis ( sleeping sickness) may be possible through use of 

biotechnological techniques. Trypanosomiasis is a parasitic infection transmitted by a fly in 

humans and other animals. Genetic engineers are doing research to develop such proteins which 

can kill the parasites of these disease.  

Gene therapy: 

Gene therapy enables the treatment of genetic disorders. Through this technique genetic 

engineers treat genetic disorders by introducing a gene into the patient cell. It is being used to 

treat genetic disorders of the blood (e.g. thalassaemia).  

Animal cloning: 

Animal cloning has become possible due to biotechnology. Genetic engineers have successively 

cloned mice, sheep , cows and others mammals. The basic idea behind cloning of animals is to 

transfer the readymade DNA into the egg and create identical organism. In  this method, the 

genetic information from a cell of the animals to be cloned is transfer to an egg whose nucleus 

has been removed. Then the egg with the new genetic material is stimulated to divide and make a 

multicellular embryo. When this embryo is sufficiently developed , it is implanted into the uterus 

of a female host, who acts as its surrogate mothers. The rest of the developing of the embryo 

happens just like a normal organisms. When the development is complete the new animals is the 

exact cloned of the parent whose nucleus was used.  

Example: 

Dolly the sheep was cloned using this process by the Roslin Institute in Scotland in 1977.  

 

Q11: What are the drawbacks of using single cell protein? 

Ans: Drawbacks of using single cell protein: 
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There are the following drawbacks of using single cell protein: 

✓ The high nucleic acid content ( 4 to 6% in algae and 6 to 10% in yeast of SCP) can cause 

health problem like uric acid formation, kidney stones and rheumatism in human beings. 

✓ Toxic or carcinogens (cancer causing) substances absorbed from microbial growth substrate 

may be present. 

✓ The slow digestion of microbial cell in the digestive tract may cause vomiting, indigestion 

and allergic reaction. 

✓ High cost of production will also be a deciding factor in determining the ultimate place SCP 

in the human or animal diet. 

 


