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Dept. of Biotechnology & Bioinformatics 
JSS Academy of Higher Education & Research  

 

M.Sc., BIOTECHNOLOGY  

AY 2021-22  

Foreword 

Biotechnology plays an important role in the application of science and technology that 
applies biological systems, living organisms or their derivatives to make beneficial 
products for humanity. Exponential growth of the population has raised serious 
concerns over food production; medical and health care facilities; and pharmaceutical 
and therapeutics. Though high-throughput technologies have helped promote crop 
productivity and curb many diseases, there are still lots of food and health-related issues 
to be addressed. With the growing need for knowledge and technology to improvise 
existing food preservation methods, vaccine technology, basic understanding of 
diseases, novel therapeutics, etc., there is always a demand for skilled professionals in 
every field mentioned above. M.Sc., Biotechnology Programme is closely associated with 
the medical field and might lead to several breakthroughs in developing cost-effective 
treatment methods. The M.Sc., Programme in Biotechnology is oriented towards 
imparting skills that are required in areas such as Medical Biotechnology, Fermentation, 
Microbial Technology, Immunotechniques, Molecular Biology, Genetic Engineering, 
Plant Genetics, Cancer Biology, etc., that will serve to create generations of skilled 
professionals and also will address the problems locally through sustainable product 
development and entrepreneurship activities. 
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Course Overview 

Programme Objectives  

The biotechnology sector is one of the key sectors, which the Indian Government has 
been continuously promoting and is high on the policy agenda. As Biotechnology is one 
of the sectors expected to contribute significantly to Make in India, Skill India and Startup 
India sectors, offering quality Post Graduate Programmes will deliver the required 
manpower. With the above points in cognizance, M.Sc., Biotechnology aims to provide an 
advanced understanding of the modern-day Biotechnology's core principles and topics 
to acquire a specialized knowledge and training in the Life Science sectors. Another main 
objective is to create work force through skill development and entrepreneurship 
activities. The following are the objectives of the Programme.  

 To provide a deeper understanding of the principles and applications of biological 
sciences. 

 To demonstrate technical competence in the streams of plant, animal and microbial 
and medical biotechnology. 

 To provide research-oriented learning through interdisciplinary approaches and to 
impart skills to handle high throughput biological lab equipment. 

 To train the students to excel in life science sectors through continuous training, skill 
development and entrepreneurship activities. 

 To create strong research foundation and inculcate quality research ideas through 
in house /external dissertation. 

 To make the students take up social responsibility to solve the real time problems in 
the field addition to career development. 

 

Programme Outcomes (PO) 
 
Upon successful completion of the programme, students will be able to: 
 Demonstrate and execute experiments for investigating complex problems in 

biotechnology and allied fields. 
 Develop transgenic plants and produce plant products to meet the demand of food 

commodities. 
 Generate recombinant proteins for various therapeutic applications. 
 Apply creative thinking to come up with Start-ups. 
 Develop confidence and able to disseminate skills. 
 Adopt professional and ethical responsibilities. 
 Analyze societal, health, safety and legal issues. 

 

Eligibility 

A pass in Bachelor Degree (B.Sc./B.Tech/B.Pharm/MBBS) with science as a major subject 
from a UGC recognized institute or an equivalent accrediting Board. 
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M.Sc., BIOTECHNOLOGY 

 
SEMESTER I 

 
Sl. 
No. 

Study 
Components 

and Code 

 
 

Title of the Paper 

 
Hours of 

Instruction/ 
Week 

Examination  
Total 

Credit Duration 
in  Hours 

 
CIA 

Theory/ 
Practical 

Exam 

Max. 
Marks 

1 DSC 01 Cell and Molecular Biology 4 3 30 70 100 4 

2 DSC 02 Biochemistry 4 3 30 70 100 4 

3 DSC 03 Microbiology 4 3 30 70 100 4 

4 AECC Principles of Statistics 2 2 - 50  50 2 

5 SEC 01 Biological Techniques 2 2 - 50   50 2 

6 Practical 01 Cell and Molecular Biology 
and Biochemistry 

4 3 15 35  50  2 

7 Practical 02 Microbiology 4 3 15 35    50   2 

 Total Marks and Credits 500 20 

SEMESTER II 

1 DSC 04 Genetic Engineering & 
Applications 4 3 30 70 100 4 

2 DSC 05 Bioethics, IPR & 
Entrepreneurship 4 3 30 70 100 4 

3 DSC 06 Plant & Animal Physiology 4 3 30 70 100 4 
4 DSE 01a# 

     (Or) 
DSE 01b 
   (Or) 
DSE 01c 

Computational Biology  
(Or) 
Environmental Biotechnology 
(Or)  
Herbal Biotechnology 

4 3 30 70 100 4 

5 DSE 02a# 

     (Or) 
DSE 02b 
   (Or) 
DSE 02c 

2a. Genomics & Proteomics 
(Or) 
2b. Cancer Biology & Stem Cell 
Technology  
(Or) 
2c. Tissue Engineering & 
Regenerative medicine  

4 3 30 70 100 4 

6 SEC 02 Plant and Animal Tissue 
Culture 

2 2 - 50   50 2 

7 Practical 03 Genetic Engineering & 
Applications and Plant & 
Animal Physiology 

4 3 15 35   50 2 

8 Practical 04 IPR & Entrepreneurship   4 3 15   35   50   2 

 Total Marks and Credits 650 26 
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SEMESTER III 

 
Sl. 
No. 

Study 
Components 

and  Code 

 
 

Title of the Paper 

 
Hours of 

Instruction
/ Week 

Examination  
Total 

Credit Duration 
in  Hours 

 
CIA 

Theory/ 
Practical 

Exam 

Max. 
Marks 

1 DSC 07 Microbial & Bioprocess 
Technology 4 3 30 70 100 4 

2 DSC 08 Industrial Biotechnology  4 3 30 70 100 4 

3 DSC 09# Immunoinformatics 4 3 30 70 100 4 
4 DSE 03a# 

     (Or) 
DSE 03b 
   (Or) 
DSE 03c 

Computer Aided Drug Design  
 (Or) 
Agricultural Biotechnology 
 (Or) 
Medical Biotechnology 

4 3 30 70 100 4 

5 SEC 03# Research Design & Methodology 2 2 - 50 50 2 

6 Practical 05 Microbial & Bioprocess 
Technology  

4 3 15 35 50 2 

7 Practical  06 Immunoinformatics 4 3 15 35 50  2 

8  Internship - - - - 50 2 

 Total Marks and Credits 600 24 

SEMESTER IV 

 Dissertation 300 12 

 Total (Semester I to IV) 2050 82 

 
 
 
Abbreviations:  
DSC – Discipline Specific Core 

DSE – Discipline Specific Elective  

AECC – Ability Enhancement Compulsory Course 

SEC – Skill Enhancement Course 

# Students may choose any one elective course among the choice offered, specific to the 
discipline. Common papers for M.Sc., Biotechnology and Bioinformatics. 
*Project Proposal, Presentations, Teamwork and Professional Ethics, 
Industrial/Institutional Visits etc.  
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SEMESTER ONE 
 

DSC 01 - Cell and Molecular Biology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
UNIT I: 
Cellular Organization and Transport   
Cellular organization: Universal features of cells; Structure of prokaryotic and 
eukaryotic cells; internal organization of the cell - cell membrane and compartmentation 
in eukaryotic cells; membrane bound organelles - nucleus, endoplasmic reticulum, Golgi 
apparatus, vacuoles, mitochondria, peroxisomes, and chloroplasts; vesicular 
components – lysosomes and endosomes; endocytosis and exocytosis.  
Cellular Transport: Molecular mechanisms of membrane transport; Active transport - 
Na⁺/K⁺ pump, Ca2+ ATPase; passive transport – diffusion, osmosis; nuclear transport, 
transport across chloroplast and mitochondrial membranes; intracellular vesicle 
transport; movement of molecules across membranes – cotransport, uniport, symport, 
antiport, ion-gated and ligand gated channels.  
 

   UNIT II: 
Cell development and Reproduction 
Cellular processes, Regulation and Disorders: Cell cycle and its regulation - cyclins and 
cyclin dependent kinases (CDKs); Cell division - mitosis and meiosis; Cellular 
communications - cell receptors and trans-membrane signaling; cell motility and 
migration; cell death - different modes of cell death; dysregulation of cell cycle – Cancer, 
types of cancer, development and causes; Mutagenesis - tumor suppressor genes and 
oncogenes. 

No. of hours/week Credits 
4 4 

 
Course Objectives 
The objectives of this course are to impart knowledge and understanding of various 
biological processes as we go down the scale of magnitude from cells to organelles to 
molecules. It is also to impart the concepts of genetic material, central dogma, mutations 
and DNA repair. 
 
Course Outcomes 
After successful completion of the course, students will be able to: 
• Understand the basic structure of cell and their organelles. 
• Acquire knowledge on complex processes of cell cycle and its regulation. 
• Possess in-depth knowledge on the functioning of organelles. 
• Understand the concept of central dogma of life. 
• Understand biochemical synthesis and molecular processes that occur during cell 

growth. 
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Cell development and differentiation: fertilization and zygote formation; early and late 
embryonic developments – cleavage, blastula, gastrulation, and organogenesis; Stem 
cells and cell differentiation. 
    
UNIT III: 
DNA replication, Mutations and Repair 
DNA replication models – conservative, semi-conservative and dispersive; Prokaryotic 
and eukaryotic replication mechanisms, Enzymes and proteins of replication – DNA 
Helicases, Topoisomerases, Polymerases, Single strand DNA binding protein, Primase, 
and DNA Ligases; DNA mutations and Repair: Mutagens – physical and chemical agents; 
endogenous sources of DNA damage – hydrolysis, oxidation; exogenous sources – 
radiation, pathogens; DNA repair mechanisms - base excision repair (BER), nucleotide 
excision repair (NER), mismatch repair (MMR), homologous recombination (HR) and 
non-homologous end joining (NHEJ), SOS repair. 
 
UNIT IV: 
Gene Expression  
Transcription & Post-transcriptional regulation: Transcription – initiation, elongation 
and termination, Prokaryotic and eukaryotic RNA polymerases; Transcriptional 
regulation – promoters, enhancers, Transcription factors; post-transcriptional 
modifications – mRNA, tRNA and rRNA processing; RNA interference – siRNA, miRNA 
and shRNA. 
Translation & Post-translational regulation: Universal genetic code, codon degeneracy, 
wobble     hypothesis; translational machinery –tRNA, aminoacyl tRNA synthetases, 
Ribosomes (structure and assembly); Mechanism of translation – initiation, elongation 
and termination; post-translational modifications – proteolytic cleavage, Ubiquitination, 
Phosphorylation, Glycosylation; Protein targeting – signal peptides, protein export. 
       

   Recommended Textbooks and References: 
1. Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K., & Walter, P. (2008). Molecular   

Biology of the Cell (5th Ed.). New York: Garland Science.  
2. Lodish, H. F. (2016). Molecular Cell Biology (8th Ed.). New York: W.H. Freeman.  
3. Krebs, J. E., Lewin, B., Kilpatrick, S. T., & Goldstein, E. S. (2014). Lewin's Genes XI. 

Burlington, MA: Jones & Bartlett Learning.  
4. Cooper, G. M., & Hausman, R. E. (2013). The Cell: a Molecular Approach (6th Ed.). 

Washington: ASM; Sunderland.  
5. Hardin, J., Bertoni, G., Kleinsmith, L. J., & Becker, W. M. (2012). Becker's World of the 

Cell. Boston (8th Ed.). Benjamin Cummings.  
6. Watson, J. D. (2008). Molecular Biology of the Gene (5th Ed.) Menlo Park, CA: 

Benjamin/Cummings. 
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SEMESTER ONE 
 
 

DSC 02 - Biochemistry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
UNIT I– Carbohydrates  
Carbohydrates – Classification, polysaccharides - structure, properties and biological 
significance (E.g., Starch and cellulose). Integration of metabolic pathways to 
bioenergetics and regulation: Glycolysis, PDH complex and pathway of citric acid cycle, 
anapleurotic reaction, gluconeogenesis and pentose phosphate pathway, importance of 
NADPH. 
 
UNIT II– Amino Acids and Proteins 
Proteins - Peptide bond, conformational properties of polypeptides – Primary, 
secondary, tertiary and quaternary structures. Globular and fibrous proteins: Protein 
structure and functions of Myoglobin, silk fibroin, α-keratin, collagen, hemoglobin. 
Metabolism: General reactions of amino acid degradation- deamination, transamination, 
transdeamination, decarboxylation, Urea cycle, Metabolism of aromatic amino acids and 
histidine. Denaturation and renaturation of proteins-An overview. 
 
 
UNIT III– Lipids  
Lipids - Classification, structure and functions of storage and membrane lipids - triacyl 
glycerol, phospholipids, sphingolipids, cholesterol; prostaglandins, leukotrienes, 
thromboxane. Metabolism: Types of fatty acid oxidation, ß Oxidation of fatty acids, 
Energetics of beta-oxidation.  Biological functions of fat-soluble vitamin: Vitamins A, D, 
E and K. Water-soluble vitamins as coenzymes (e.g., Niacin, Biotin and Ascorbic Acid). 
 

No. of hours/week Credits 
4 4 

 
Course Objectives  
The objective of the course is to provide knowledge on various chemical processes 
associated with living cell machinery. In addition, it offers a clear-cut idea about molecular 
mechanisms, metabolic pathways and biochemical processes that regulate the production 
of energy for the functioning of cells. The course shall familiarize students on the complex 
structures of biomolecules, their synthesis, interaction and metabolism. 
 

   Course Outcomes: 
After successful completion of the course students will be able to: 
•understand the structures and functions of biological molecules and interactions 

between them. 
•gain sufficient insights into redox biochemistry. 
•acquire adequate knowledge on various pathways in intermediary metabolism and 

bioenergetics. 
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UNIT IV- Nucleic Acids 
 
Nucleic acid chemistry, purines and pyrimidines, base-pairing rules, Watson-crick 
model of DNA. Properties of DNA-denaturation, renaturation, melting temperature, 
hyperchromicity; Biosynthesis and degradation of purines and pyrimidines - De novo 
and salvage pathway, Disorders of purine and pyrimidine metabolism (Gout, Lysch-
Nyhan syndrome, Orotic aciduria).   
 
Recommended Textbooks and References: 
1. Nelson, D.L., Cox, M.M. Lehninger. (2017). Principles of Biochemistry 7th edition 

Pub WH Freeman Co. 
2. Elliott, W.H., Elliott, D.C. Biochemistry and Molecular Biology 3rd Indian edition, 

Pub. Oxford.    
3. Mathews, Van Holde and Ahern, Biochemistry by 3rd edition, Pub Pearson 

education  
4. Stryer, L. Biochemistry 4th Ed. W.H. Freeman and Co. NY. 
5. Kuchel, P.W., Ralston Schaums, G.B. Outlines of Biochemistry 2nd edition Pub: Tata. 
6. Voet, D., Voet J.G. (2004). Biochemistry 2nd Ed. 
7. Devlin, T.M. (1997). Biochemistry with clinical correlations, Wiley-Liss Inc. NY. 
8. Zubey, G.L. Parson, W.W., Vance, D.E. (1994). Principles of Biochemistry WmC 

Brown publishers, Oxford. 
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SEMESTER ONE 

 
 

DSC 03 - Microbiology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UNIT-I 
The beginning of microbiology: The discovery of the microbial world – Hook, Antony van 
Leeuwenhoek and Cohn; Contribution of Pasteur and Koch, development of pure culture 
methods; the enrichment culture methods. Methods in Microbiology: Pure culture 
techniques; the theory and practice of sterilization.  
 
UNIT-II 
Microbial diversity:  Criteria of bacterial classification, molecular taxonomy, characteristics 
of primary domains; Bergey’s Manual. Structure Prokaryotic cells, cell walls of eubacteria; 
flagella and motility, cell inclusions like endospores and gas vesicles. Archaea: Halophiles, 
methoanogens, thermophiles. Eukarya:  General characteristics and outline classification 
of Algae, fungi, and protozoa. Viruses: Bacterial, plant, animal and human viruses; 
classification and structure   
 
Unit-III 
Microbial growth: Growth curve, measurement of growth, synchronous growth, continuous 
culture, factors affecting growth like temperature, acidity, alkalinity, water availability and 
oxygen; culture collection and maintenance of cultures. Overview of basic metabolism and 

No. of hours/week Credits 
4 4 

 
Course Objectives 
This course provides the basics of classification of microorganisms, culturing methods 
and their control. The objective of this course is to impart knowledge on scope and 
relevance of microbes and microscopic examination. Further, this course exposes 
students to field of microbiology with special emphasis on microbial diversity, 
morphology, physiology and nutrition; methods for control of microbes and host-
microbe interactions. In addition, the course also imparts knowledge on microbial 
genetics and genetically modified microbes suitable for industries. 
 
Course Outcomes 
Students will be able to 
• maintain sterile conditions in microbiology laboratory. 
• understand the principles of microscopy. 
• understand the scope and historical developments in the field of microbiology. 
• identify and classify the microorganisms based on various attributes. 
• cultivate pure cultures using specific as well as enrichment media. 
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microbial nutrition: Metabolic diversity among microorganisms; chemolithotrophy; 
hydrogen-iron-nitrite-oxidizing bacteria; nitrate and sulfate reduction; methanogenesis 
and acetogenesis; fermentation, nitrogen fixation; hydrocarbon transformation. Microbes 
and environment: Nutrient cycles; microbial communication system; quorum sensing, 
microbial fuel cells; prebiotics and probiotics; vaccines. 
 
UNIT-IV 
Microbial diseases: Important infectious diseases caused by bacteria and viruses; 
tuberculosis, AIDS rabies pathogenic fungi, emerging and resurgent infectious diseases. 
Important diseases of plants. Chemotherapy/antibiotics: Types, mode of action, resistance 
to antibiotics. Genes, mutation and mutagenesis: UV and chemical mutagens; types of 
mutations; Ames test; Bacterial genetic system – transformation, conjugation, 
transduction; plasmids and transposons; heterothallism and parasexual genetic 
recombination in fungi. 

 
Recommended Textbooks and References: 
1. Michael T. Madigan , John M. Martinko , Kelly S. Bender. (2012). Brock Biology of 

microorganisms, 14th edition.  
2. Pelczar J and Chan ECS. (1998). Element of Microbiology 5th edition, MacGraw Hill 

New York. 
3. Schlegel HG. (1993). General Microbiology 7th ed, Cambridge Univ Press. 
4. Rosenberg E and Cohen IR. (1983). Microbial biology, Saunders Coll Pub. 
5. Stanier RY et al. (1990). The microbial world, 5th ed, Prentice Hall, New Delhi. 
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SEMESTER ONE 

 
AECC –  Principles of Statistics 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Unit I: Descriptive statistics 
 
Importance and Scope of Statistics, Data Types, Variables, Frequency Distribution, 
Graphical Representation Methods (Histogram, Bar Charts, Pie Charts), Measures of 
Center Tendency (Mean, Median, Mode,) and Dispersion (Standard Deviation, Variance) 
Advantages and Disadvantages. 
 
Unit II: Probability 
 
Basic Terminology: Trial, Events, Sample Space and Sample Points, Basic Laws of 
Probability, Types of Probability, Normal probability curve, Standard Normal 
Distribution, Bayes theorem - simple problems. 
 
Unit III: Sampling Methods 
 
Concept of Population, Sample, Sampling, Sample Size, Sampling Error, Advantages and 
Disadvantages of Sampling Method, Types of Random Sampling Methods – SRS, Stratified 
Random Sampling, Systematic Random Sampling and Cluster Sampling.  
 
Unit IV: Testing of Hypotheses 
 
Statistical Hypotheses-Null and Alternative, Level of Significance, Type I and Type II Error, 
P Value, Degrees of Freedom, Chi-Square Test, Student’s t Test: One Sample t Test and 
Paired and unpaired t Test, Analysis of Variance. Correlation-Karl Pearson’s and 
Spearman’s rank correlation.  Regression Analysis. 
 
 
 

No. of hours/week Credits 
2 2 

 
Course Objectives:  
 To train the students intensively in both theoretical and practical aspects of 

statistics, to bring them in contact with basic concepts and methods  
 To create a problem-solving attitude with the aid of statistical methodology. 

 
Course Outcomes:   
 
 Apply to construct frequency distribution and graphical methods.  
 To calculate and apply measures of location and measures of dispersion. 
 Perform Test of Hypothesis and understand the concept of p-values 
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Recommended Textbooks and References: 
  
1. Fundamentals of Biostatistics. Veer Bala Rastogi. Publisher: ANE Books. 2nd Edition, 
2009. 
2. Fundamentals of Mathematical Statistics, S.C. Gupta and V. K. Kapoor, Publisher: Sultan 
Chand & Sons (2014). 
3. Fundamentals of Statistics. S.C. Gupta. Publisher: Himalaya Publishing House Pvt. 
Ltd.Edition.7th Edition, 2012 
4. Introductory Statistics for Biology. R. E. Parker. Publisher: Cambridge University Press 
2nd Edition, 1991. 
5. Statistics for behavioral science. Chintamani Kar. Publisher: Dominant Publishers & 
Distributors (P) Ltd. (2015). 
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SEMESTER ONE 

 
SEC 01 - Biological Techniques 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
UNIT I: Separation techniques  
Centrifugation: Basic principle of centrifugation, RCF and other factors affecting 
sedimentation, Preparatory Vs analytical centrifuges, Types of centrifugation techniques 
– Density gradient, Differential centrifugation, Ultracentrifugation.  
Chromatography: History and basic principles of chromatography; Principle, 
instrumentation and applications of Planar – paper, TLC and column chromatography -
gas chromatography (GC), liquid chromatography (LC), HPLC – normal and reverse 
phase, Ion exchange chromatography (IEC), size exclusion chromatography (SEC), and 
chiral chromatography; Partition chromatography - Liquid-liquid and gas-liquid 
chromatography. 
 
UNIT II: Electrophoresis and blotting 
Electrophoretic Techniques: Basic Principles of Electrophoresis, Types of 
electrophoresis: free flow, capillary and zone electrophoresis. Theory, principles and 
applications of Paper, Cellulose acetate and Gel Electrophoresis, Isoelectric focusing, 
Specialized Electrophoretic techniques viz., Discontinuous gel electrophoresis, 
Immunoelectrophoresis, Gradient, 2-D gel and Pulse-field gel electrophoresis, High 
voltage electrophoresis.  Blotting techniques: southern, northern and western blotting. 
 
UNIT III: Spectroscopy  
Basics: Basic principles, Laws of absorption, Absorption spectrum, Chromophore 
concept. Theory, Principles, Instrumentations and Applications of UV-Visible and IR 
spectrophotometry, Fluorescence, NMR, Atomic absorption, Mass spectroscopy, Raman, 
CD, ORD and Flame spectrophotometry, Luminometry, Flowcytometry. 
 

No. of hours/week Credits 
2 2 

 
Course Objectives 
The course provides an in-depth understanding of various scientific instruments used 
for analysis. The objective of this course is to understand the scope of application, 
advantages and limitations of the various modern analytical and separation techniques. 

 
Course Outcomes:  
Upon successful completion of this course, the student will be able to 
 understand the principle involved in the functioning of various instruments and cause 

of uncertainties in instrumental measurements. 
 understand the advantages and limitations of various modern, analytical techniques. 
 have in depth knowledge about separation techniques. 
 make use of instrumental methods for solving complex biological problems. 
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UNIT IV: Radio-Isotopic Techniques  
History, Introduction to Isotopes and Radioactivity, Radioactive Decay, Production of 
Isotopes, Synthesis of radioactive compounds, Radioactive labelling procedures, 
Interaction of radioactivity with matter, Use of radio isotopes in Life Sciences, commonly 
used isotopes, Safety aspects. Detection and Measurement of radioactivity: Methods 
based upon Gas Ionization (ionization chambers, Proportional Counters and Geiger-
Muller counters), Photographic methods, Methods based upon Excitation (Scintillation 
counters and their types). Principles and applications of Tracer Techniques, 
Autoradiography and its applications. Immunotechniques – Radioimmunoassay, ELISA. 

 
Recommended Textbooks and References: 

1. Keith Wilson And John Walker. (2010). Principles and Techniques of Biochemistry 
and Molecular Biology, 7th edition, Cambridge University Press. 

2. Prakash S. Bisen, Anjana Sharma. (2013). Introduction to Instrumentation in Life 
Sciences, 1st edition, CRC press, Taylor & Francis Group. 

3. Rajan Katoch. (2011). Analytical Techniques in Biochemistry and Molecular 
Biology, Springer. 

4. Vasudevan Ramesh. (2019). Biomolecular and Bioanalytical Techniques- Theory, 
Methodology and Applications. 1st Edition, Wiley & sons Ltd. 

5. David L. Nelson, Michael M. Cox. (2021). Lehninger Principles of Biochemistry, 8th 
edition, W H Freeman & Co. 
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PRACTICALS/LABORATORY 
 

 
SEMESTER ONE 

 
 
Practical 01 - Cell and Molecular Biology and Biochemistry 
 
1. Smear preparation for microscopy and cytology. 
2. Microscopic analysis of cells. 
3. Mitosis. 
4. DNA isolation and quantification. 
5. Polymerase Chain Reaction.  
6. Agarose gel electrophoresis. 
7. Estimation of protein by Lowry’s method. 
8. Estimation of RNA by Orcinol method.  
9. Estimation of DNA by diphenyl amine method.  
10. Qualitative and quantitative analyses of carbohydrates.  
11. Determination of activity and specific activity of salivary amylase. 

 
   Practical 02 - Microbiology 

 
1. Sterilization, disinfection and safety in microbiological laboratory.  
2. Preparation of media for cultivation of bacteria.  
3. Isolation of bacteria in pure culture by streak plate method.  
4. Study of colony and growth characteristics of some common bacteria: Bacillus, E. coli, 
Staphylococcus, Streptococcus, etc.  
5. Preparation of bacterial smear and Gram’s staining.  
6. Enumeration of bacteria: standard plate count.  
7. Antimicrobial sensitivity test and demonstration of drug resistance.  
8. Maintenance of stock cultures: slants, stabs and glycerol stock cultures  
9. Determination of phenol co-efficient of antimicrobial agents.  
10. Determination of Minimum Inhibitory Concentration (MIC)  
11. Isolation and identification of bacteria from soil/water samples. 
 

  

No. of hours/week Credits 
2 2 
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Semester Two
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SEMESTER TWO 

 
DSC 04  – Genetic Engineering & Applications  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
UNIT I  
Introduction to genetic engineering/ Recombinant DNA technology. Tools for genetic 
Engineering: restriction endonucleases and methylases; DNA ligase, Taq polymerase, 
polynucleotide kinase, alkaline phosphatase; Reverse transcriptase, DNase, RNase, S1 
nuclease, Terminal transferase. Polymerase Chain Reaction (PCR). 
 
UNIT II  
Vectors and their types. Features of an ideal vector; MCS, selectable marker. Plasmids, 
Phage based vector, Cosmids, Phagemids. Cloning vector, Expression vector, Shuttle 
vector. Plant based vectors, Yeast vectors. Animal vectors. Restriction based cloning and 
Gateway based cloning. Insertion of foreign DNA into host cells; transformation, 
electroporation, transfection. pET-based vectors, Protein purification; His-tag.  
 
UNIT III 
Isolation of mRNA; Reverse transcription PCR and cDNA synthesis; cDNA and genomic 
libraries. Promoters used in expression vector and their types. Reporter genes. 
Transcriptional and Translational fusion. Protein-DNA interactions, Protein-Protein 
interactions. Probes - probe construction and labelling. DNA sequencing,  
 
UNIT IV  
Gene expression analysis; quantitative Real time PCR (qRTPCR), Southern hybridization, 
Northern blotting, Western blotting, DNA Microarray, RNA-seq. Arabidopsis as a model 
plant. Functional Characterization of genes. Knock-out and over expression of genes. 
Creation of transgenic plants and animals. Principle and application of gene silencing 
using RNAi. Genome editing using CRISPR/Cas9. 

No. of hours/week Credits 
4 4 

 
Course Objectives 
The objective of the course is to make the students familiar with the principles and 
concepts of genetic engineering, Illustrate the usage of molecular tools and techniques 
to create recombinant DNA products and introduce various applications of 
transgenics/Genetically Modified Organisms (GMOs) 
Course Outcomes 
On successful completion of this course, students will be able to 
 Gain knowledge on gene expression and regulations. 
 Analyze structure and organization of different vectors used in gene transfer. 
 Understand and handle enzymes used in gene manipulation. 
 Perform cloning methods, expression and detection of clones. 
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Recommended Textbooks and References  
1. Hartl, D. L. and E. W. Jones, 2002 Essential Genetics. 3rd ed. Jones & Bartlett, Sudbury, 

Massachusetts. 613 pp. 
2. Hartl, D. L. and E. W. Jones, 2004 Genetics: Analysis of Genes and Genomes. 6th Ed. Jones 

& Bartlett, Sudbury, MA. 854 pp. 
3. Conner, J. K., and D. L. Hartl, 2000 A Primer of Ecological Genetics. Sinauer Associates, 

Sunderland, Massachusetts. 304 pp. 
4. Epstein RJ (2002) Human molecular biology. Cambridge University Press, Cambridge. 
5. Gardner A, Howell RT, Davies T (2000) Biomedical sciences explained. Human 

genetics. Arnold, London. 
6. Lewin B (2000) Genes VII. Oxford University Press, New York. 
7. Strachan T, Read AP (2004) Human molecular genetics 3. Garland Science, New York. 
8. Mobile genetic elements-Shapilo/NY Academic press, Microbial genetics. Maloy SR. 

Friefelder /Jones and Bartlett pub., 1994. 
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SEMESTER TWO 

 
DSC 05 - Bioethics, IPR & Entrepreneurship 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT-I 
Nature and purpose of organization. Principles of organization, Types of organization. 
Departmentation Committees. 
Centralization Vs Decentralization of authority and responsibility. Nature and 
importance of staffing–Process of Recruitment and Selection. 
     
UNIT-II 
Ethical and moral issues in biological and biotechnological research. Relevance of 
regulation and control of research in biotechnology.  
Biosafety and research- general guidelines for recombinant DNA research activity 
Containment facilities and biosafety practices, Biological welfare and bioterrorism 
Intellectual property rights: Different types of intellectual property rights, patents-
International patents. Patenting procedures, patent applications, rules governing 
patenting; Biopiracy. Patent related litigations and Controversies (Neem, Basmathi, 
Turmeric and Coffee); Traditional Knowledge Digital Library (TKDL). 
Plant variety Protection, registration of new verities, rights and obligations, farmer’s 
rights, Traditional Ecological Knowledge; GMOs: GM plants, animals and microbes; GM 
foods and health.  
    
 

No. of hours/week Credits 
4 4 

 
Course Objectives 
 
The objective of the course is to impart knowledge on ethical practices appropriate to the 
work at all times and to adopt safe working practices relevant to bioindustries & research 
fields.  
 

Course Outcomes:  
Upon successful completion of this course, the student will be able to 
 
 gain awareness about Intellectual Property Rights (IPRs) to protect their ideas 
 devise business strategies by taking account of IPRs 
 assist in technology upgradation and enhancing competitiveness. 
 acquire adequate knowledge in the use of genetically modified organisms and its effect 

on human health 
 gain more insights into the regulatory affairs. 
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UNIT-III 
Institutions and Industries in Mysore, Chamarajanagar and Mandya; Food processing 
(Fish, Dairy, Bakery, Beverage, Fruit, Vegetable and Cashew), Breweries and Distilleries, 
Natural products (Wood, Rubber, Medicinal plants, Coir and Cashew shells), Plant and 
animal waste utilization (Biogas, Composting, Vermicompost and Tannery) 
Project planning and design: Aims and scope, Objectives, requirements and 
methodology, Planning, Economics, management and execution, Documentation and 
report preparation. 
Technological approach for commercial exploitation of biological materials/wastes: 
Case study (e.g. Plantation crop waste, Aquatic weeds, Kitchen / Garden waste, Shellfish 
waste and Cattle / poultry waste). 
 
UNIT-IV 
Intellectual Property Rights (IPRs): implications for India, WTO, WIPO, GATT, TRIPS. 
Patenting and the procedures involved in the application for patents and granting of a 
patent, compulsory licenses, patent search, Patent Cooperation Treaty (PCT), examples 
of patents in biotechnology, legal implications, traditional knowledge commercial 
exploitation, protection. Entrepreneurship – Potential entrepreneurship activities in 
biotechnology, product development, marketing, research and training units. Industrial 
licensing, venture capital, Biotechnology Industries in India and the potential job 
opportunities.  
 
 
Recommended Textbooks and References  

1. Biotechnology, Biosafety and Biodiversity, Sivamiah Shantaram, Jane F 
Montegomery. Oxford and IBH pub., New Delhi 

2. Biotechnology and Law- IPR vol. 1 & 2 by Iver P. Cooper, Clark Boardman Callaghan, 
1993. 

3. Principles of Management – P.C.Tripathi, P.N.Reddy – Tata McGraw Hill, 
4. Dynamics of Entrepreneurial Development & Management– Vasant Desai – 

Himalaya Publishing House. 
5. Entrepreneurship Development –Poornima.M.Charantimath – Small   Business 

Enterprises. Pearson Education – 2006 (2 & 4). 
6. Management Fundamentals – Concepts, Application, Skill Development – Robers 

Lusier Thomson  
7. Entrepreneurship Development – S.S. Khanka – S. Chand & Co. 
8. Management – Stephen Robbins – Pearson Education/PHI –17th Edition, 2003 
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SEMESTER TWO 

 
DSC 06 – Plant & Animal Physiology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT-I 
Mineral nutrition and Transport mechanisms: Macro and micronutrients of plants, 
mechanism of nutrient absorption by plants. Roles, deficiency symptoms and adaptive 
responses of plants to low nutrient stress.  
Transport processes - Absorption by roots, Transport of water through xylem – role of 
cavitation and embolism.  Transpiration and SPAC (Soil –plant-Atmosphere-Continuum), 
Pinocytosis, exocytosis, endocytosis CURL (Compartment of Uncoupling of Receptors – 
Ligand) concept. Aquaporins and phytosiderophore, Pathways of translocation, source 
and sink relationship, Phloem sap and pressure flow model for phloem transport.  
Transport signaling molecules. 
 
UNIT-II 
Plant growth hormones: Definition, biochemistry, biosynthesis, storage and transport, 
Mechanism of action & Physiological roles of Auxins, Gibberellins, Ethylene and 
Polyamines. Brassinosteroids, effect on growth & development, growth inhibitors – 
Abscisic acid, Morphactins, Jasmonic acid and Expansins. Horticultural importance of 
growth hormones. 

No. of hours/week Credits 
4 4 

 
Course Objectives 
 
To impart knowledge on the importance of plant growth hormones, mechanism of 
nutrient transport in plants. To introduce the role of photosynthetic enzymes in plant 
nutrition and growth. To provide basic knowledge on animal physiology including 
different functional systems such as circulatory, respiratory, digestive, excretory and 
other systems.  

 
Course Outcomes:  
 

Upon successful completion of this course, the student will be able to 
 
 gain an overall understanding of the importance of plant growth hormones 
 learn various pathways in plant nutrient transport 
 understand the mechanism of action of photosynthetic enzymes 
 understand the functional systems of animals 
 understand animal physiology and adaptation. 
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Photosynthesis: Photochemistry, General concept, Historical background, 
photosynthetic pigments, Light-harvesting complexes, Photo-oxidation of water, 
Mechanism of electron and proton transport. Carbon assimilation:  Calvin cycle (C3), C4 
cycle and CAM pathway. Photosynthetic efficiency of C4 plants, Regulation of Calvin’s cycle 
and RUBISCO. Photorespiration and its significance: absence of C2 pathway 
(Photorespiration) in C4 plants, CO2 and HCO3 – pumps. 
 
UNIT-III 
Physiological Basis of Animal System: Introduction: Meaning and scope of Animal 
physiology, Digestion and Excretion, Respiration, Circulation, Sensation, Endocrine 
system, Muscle contraction, and reproduction. 
 
UNIT-IV 
Regulation of physiological functions and adaptation: Effect of Temperature on 
biological system.  Temperature relations of Poikilotherms and homeotherms, acclimation 
and acclimatization to cold and heat.  Neuronal basis of thermoregulation. Adaptation: 
Adaptation to extreme environment - Desert, high altitude and salt tolerance. 
 
 
Recommended Textbooks and References  
 
1. Buchanan B. B., Gruissem W., and Jones R. L. (2000) Biochemistry and Molecular 

Biology of Plants. American Society of Plant Physiology, Maryland. 
2. Conn E.E. and Stumf P.K. 1992. Outlines of Biochemistry.  Wiley Eastern Pvt. Ltd. 
3. Taiz L. and Zeiger E 1998.  Plant Physiology. Sinauer Associates, Inc., Massachusetts.  
4. Zimmermann, M.H. and Milburn J.A. Transport in Plants I Phloem transport 

(Encyclopedia of Plant Physiology, New Series, Vol. I, Springer Verlag, New York. 
5. Chatterjee C C. 1985.Human Physiology. 11th ed. A.K. Chatterjee Publisher 
6. Murray R K Granner Darryl K Mayes Peter A Rodwell Victor W. 1999. Harper's 

Biochemistry McGraw-Hill Medical.  
7. Purohit S.S. Mathur S.K 1996 Biotechnology: Fundamentals and Applications. Vedhams 

Publishers, Jodhpur. 
8. . Chatterjee C C. 1985. Human Physiology. 11th ed. A.K. Chatterjee Publisher 
9. Murray R K Granner Darryl K Mayes Peter A Rodwell Victor W. 1999. Harper’s 

Biochemistry McGraw-Hill Medical. 
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SEMESTER TWO 
 

DSE 01a – Computational Biology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unit 1:  
Biological databases and data retrieval - Nucleotide databases (Genbank, EMBL, DDBJ), 
Sequence submission Methods and tools (Sequin, Sakura, Bankit), Sequence retrieval 
systems (Entrez & SRS), Sequence File Formats and Conversion tools, Protein (Swiss-Prot, 
TrEMBL, PIR_PSD, Expasy), Genome (NCBI, EBI, TIGR, SANGER), Derived Databases 
(Prosite, PRODOM, Pfam, PRINTS), Metabolic Pathway DB (KEGG, EMP, EcoCyc, BioCyc 
and MetaCyc). 
 
Unit 2: 
Pairwise sequence alignment: Similarity, Identity and Homology, Global Alignment, 
Local Alignment, Visual Alignment, Dynamic Programming, Heuristic approach, Database 
Search methods & tools, Scoring Matrices and Affine Gap costs, Detailed method of 
derivation of the PAM & BLOSUM Matrices, Differences between Distance & Similarity 
Matrix, Assessing the Significance of Sequence Alignments. 
 
Unit 3: 
Multiple sequence alignment: Significance of MSA, Various approaches for MSA 
(Progressive & Iterative), Profile analysis, Block analysis, Pattern searching, Motif 
analysis. Statistical methods for aiding alignment – Expectation Maximization, MEME, 
Gibbs Sampling, Markov Chains, Hidden Markov Models, Algorithm of HMM-based 
approaches, BaliBase-Scoring of MSA, PSI/PHI-BLAST. 

No. of hours/week Credits 
4 4 

 
Course Objectives 
The course is designed to provide an in-depth understanding of various nucleotide, 
protein and genome databases and know about the file formats, to understand pairwise, 
multiple sequence alignment, and the principle and to gain knowledge on approaches 
for gene prediction methods in prokaryotes and eukaryotes. 
 
Course Outcomes:  
 
Upon successful completion of this course, the student will be able to 
 understand the databases of nucleotides, proteins and genome 
 understand the different file formats to understand pairwise alignment 
 predict protein and gene interaction by using specific bioinformatics tools 
 gain insight into RNA secondary structure prediction & phylogenetic analysis 
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Gene prediction: Gene structure in Prokaryotes and Eukaryotes, Gene prediction 
methods, Neural Networks, Pattern Discrimination methods, Signal sites Predictions 
(Promoter, Splice, UTR, CpG-islands), Evaluation of Gene Prediction methods. 
 
Unit 4: 
RNA secondary structure prediction: RNA secondary structure prediction methods and 
its limitations, mfold method of Zuker, RNAfold program, Tertiary structures of rRNA, 
Applications of RNA structure modeling Phylogenetic Analysis: Concept of dendrograms, 
Strings and Evolutionary trees, Ultrametric trees and Ultrametric distances, Additive - 
Distance trees, Methods of Construction of Phylogenetic trees- Maximum Parsimony 
Method, Maximum likelihood method and Distance Methods, Reliability of trees. 
 
Recommended Textbooks and References 
1. A. Lesk (2002) Introduction to Bioinformatics (3rd Ed), Oxford University Press. 
2. D.E. Krane and M.L Raymer (2003)Fundamental concepts of Bioinformatics Pearson 

Education ISBN 81- 297-0044-1 
3. A.D. Baxevanis et al., (2005) Current Protocols in Bioinformatics Wiley Publishers. 
  



33

27 
 

 
SEMESTER TWO 

 
DSE 01b - Environmental Biotechnology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unit 1: Ecosystem  
 
Limiting factors, energy transfer and biogeochemical cycling in ecological systems; 
Response of microbes, plant and animals to environmental stresses; Concept of 
ecosystems and ecosystem management, Environmental problems- ozone depletion, 
green house effect, water, air and soil pollution, land degradation.  
 
Unit 2: Conservation of biodiversity  
 
In situ conservation: biosphere reserves, national parks, sanctuaries, sacred groves etc., 
Ex situ conservation: cryopreservation, gene bank, seed bank, pollen bank, sperm bank, 
DNA banks, tissue culture and biotechnological strategies. Species based approaches- 
social approaches, chipko movement, silent valley movement and environmental 
education. Biotechnology and intellectual property rights. 
 
Unit 3: Bioremediation  & Waste management 
 
GEMs in environment; Role of environmental biotechnology in management of 
environmental problems, Bioremediation, advantages and disadvantages; In situ and ex-
situ bioremediation; slurry bioremediation; Bioremediation of contaminated ground 
water and phytoremediation of soil metals; microbiology of degradation of xenobiotics.  

No. of hours/week Credits 
4 4 

 
Course Objectives: 
 
The main objective of this course is to make students realize the effects of environmental 
pollution on human life. Further, to create awareness on restoration of biodiversity for 
a better atmosphere and the role of Biotechnology in restoring the ecosystem. This 
course would help students to understand the applications of biotechnology in waste 
management and to instill creative thoughts to curb environmental disorders.  
 
Course Outcomes: 
  
Upon successful completion of this course, students will be able to 
 
 understand the role of biotechnology in addressing environmental issues 
 assess the role of microbes in waste management 
 possess in depth knowledge on biodiversity, its importance and conservation 
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Waste management - Sewage and waste water treatment and solid waste management, 
chemical measure of water pollution, conventional biological treatment, role of 
microphyte and macrophytes in water treatment; Recent approaches to biological waste 
water treatment, composting process and techniques, use of composted materials. 
Microorganisms & Agriculture – Microorganisms in Agricultural waste-water treatment, 
Vermiculture, Microbial pesticides.  
 
Unit 4: Biofuels and Metal biotechnology 
 
Biofuels and biological control of air pollution, plant derived fuels, biogas, landfill gas,  
bioethanol, biohydrogen; use of biological techniques in controlling air pollution; Removal 
of chlorinated hydrocarbons from air. Biotechnology application to hazardous waste 
management - examples of biotechnological applications to hazardous waste 
management – cyanide detoxification - detoxification of oxalate, urea etc. - toxic organics 
- phenols. Mining –heavy metals. Microbial transformation, accumulation and 
concentration of metals, metal leaching, extraction and future prospects. 
 
 

Recommended Textbooks and References  

1. Raman Kumar, Anil Kumar Sharma, Sarabjeet Singh Ahluwalia, 2017. Advances in 
Environmental Biotechnology. Springer Publications. 

2. Daniel Allen Vallero, 2010. Environmental Biotechnology: A Biosystems Approach, 
1st edition, Elsevier Publications. 

3. Virchow, D. 1998. Conservation & Genetic Resources, Springer – Verlag, Berlin. 
4. Groombridge, B (Ed.) 1992. Global Biodiversity – Status of the Earth’s Living 

Resources. Chapman & Hall, London. 
5. UNEP,   1995,   Global   Biodiversity   Assessment,   Cambridge   Univ.   Press, 

Cambridge. 
6. Gary K. Meffe & Ronald Carroll, C.1994. Principles of Conservation Biology, 

Sinauer Associates, Inc., Massachusetts. 
7. Sharma, P.D. 1990. Ecology and environment. Rastogi publications, Meerut. 
8. Verma P.S. and V.K. Agarwal. 1996. Principles of Ecology S. Chand. & co., New Delhi. 
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SEMESTER TWO 

 
DSE 01c - Herbal Biotechnology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Unit 1: 
Herbs as raw materials; Definition of herb, herbal medicine, herbal medicinal product, 
herbal drug preparation. Source of Herbs Selection, identification and authentication of 
herbal materials. Processing of herbal raw material. Pest and Pest management in 
medicinal plants: Biopesticides/Bioinsecticides. Indian Systems of Medicine a) Basic 
principles involved in Ayurveda, Siddha, Unani and Homeopathy b) Preparation and 
standardization of Ayurvedic formulations viz Aristas and Asawas, Ghutika, Churna, 
Lehya and Bhasma.  
 
Unit 2:  
Nutraceuticals - General aspects, market, growth, scope and types of products available 
in the market. Health benefits and role of Nutraceuticals in ailments like Diabetes, CVS 
diseases, Cancer, Irritable bowel syndrome and various Gastro intestinal diseases. Study 
of following herbs as health food: Alfaalfa, Chicory, Ginger, Fenugreek, Garlic, Honey, 
Amla, Ginseng, Ashwagandha, Spirulina Herbal-Drug and Herb-Food Interactions: 
General introduction to interaction and classification. Study of following drugs and their 
possible side effects and interactions: Hypercium, kava-kava, Ginkobiloba, Ginseng, 
Garlic, Pepper & Ephedra. 
 

 

No. of hours/week Credits 
4 4 

 
Course Objectives: 
 
This course is formulated with an objective to familiarize the students with the 
fundamentals of herbs, nutraceuticals and herbal cosmetics. Further, students will 
be educated on drug discovery from Indian herbs. 
 

Course Outcomes:  
 

Upon successful completion of this course, the student will be able to 
 
 acquire awareness on Indian herbs  
 grasp knowledge on growth and utilization of herbs for medicinal and 

cosmetic purposes 
 possess fundamental knowledge on drug discovery 
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Unit 3:  
General Introduction to Herbal drugs industry: Present scope and future prospects. 
A brief account of plant based industries and institutions involved in work on medicinal 
and aromatic plants in India. Herbal Cosmetics - Sources and description of raw 
materials of herbal origin used via, fixed oils, waxes, gums, colors, perfumes, protective 
agents, bleaching agents, antioxidants in products such as skin care, hair care and oral 
hygiene products. 
 
Unit – 4:  
Extraction of Phyto-pharmaceuticals – Infusion, Decoction, Digestion, Maceration, 
Percolation, Successive Solvent Extraction, Super Critical Fluid Extraction. Steam 
Distillation, Headspace Techniques, Sepbox, Selection of Suitable Extraction Process, 
Carbohydrates, Proteins, Alkaloids, Glycosides.  
Isolation of products: Adsorption, liquid-liquid extraction, aqueous two-phase 
extraction, membrane separation – ultra filtration and reverse osmosis, dialysis, 
precipitation of proteins by different methods. Crystallization, drying and lyophilization 
in final product formulation.  
 

  
References 

1. Textbook of Pharmacognosy by Trease & Evans.  
2. Textbook of Pharmacognosy by Tyler, Brady & Robber.  
3. Pharmacognosy by Kokate, Purohit and Gokhale  
4. Essential of Pharmacognosy by Dr.S.H.Ansari  
5. Pharmacognosy & Phytochemistry by V.D.Rangari  
6. Pharmacopoeal standards for Ayurvedic Formulation (Council of Research in Indian 

Medicine & Homeopathy)  
7. Mukherjee, P.W. Quality Control of Herbal Drugs: An Approach to Evaluation of 

Botanicals. Business Horizons Publishers, New Delhi, India, 2002. 
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SEMESTER TWO 

 
DSE 02a - Genomics & Proteomics 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
UNIT 1: Biological Databases, Sequence analysis and Gene Prediction   
 
Introduction to bioinformatics - classification of biological databases, Biological data 
formats, Application of bioinformatics in various fields. Introduction to Sequence 
alignment - Substitution matrices –PAM and BLOSUM. Pairwise alignment methods; 
Multiple sequence alignment methods. Evolutionary analysis: distances - clustering 
methods – rooted and unrooted tree representation – Bootstrapping strategies  
Categories of gene prediction programs – gene prediction in prokaryotes and 
eukaryotes. Prediction Algorithms. Promoter and regulatory elements in prokaryotes and 
eukaryotes. Prediction algorithms.  
 
Unit 2: Structural Bioinformatics   
 
Protein secondary structure prediction - for globular proteins and for transmembrane 
proteins. Coiled coil prediction. Protein tertiary structure prediction – methods – 
homology modelling, threading and fold recognition; ab initio protein structural 
prediction. CASP.  
 
Unit 3: Pharmacoinformatics  
  
Introduction To Drug Designing - Molecular targets, Characteristics of a drug compound, 
Drug discovery pipeline, Target identification & validation, Lead compound identification; 

No. of hours/week Credits 
4 4 

 
Course Objectives: 
 
To acquaint the student with various tools available for analyzing genomes and 
proteomes. Also to throw light on genomic & proteomic approaches utilized for various 
applications. 
 
Course Outcomes:  
 

Upon successful completion of this course, the student will be able to 
 
 explore various genomes sequenced 
 gain adequate knowledge on various tools available for annotation of genomes 
 utilize the principle of two- dimensional gel electrophoresis for analysis of various 

proteins 
 utilize the principle of mass spectrometry and micro array for analysis of proteins. 
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Serendipity, High throughput screening, Structure-based & ligand based approaches. 
Pharmacophore identification, QSAR method; ADME Predictions.  
 
 
Unit 4: Expression Bioinformatics  
  
DNA Microarray: cDNA Microarray technology, oligonucleotide Microarray technology, 
Microarray databases, Applications of microarrays. Microarray experimentation. An 
introduction to Microarray analysis. Image processing; Normalizing expression 
measurements, Cluster analysis- Hierarchical clustering, k-means clustering, Self-
organizing maps. CHIP-on-chip arrays. Protein Microarray 
 
Recommended Textbooks and References  
 

1. S. B. Primrose and R.M. Twyman “Principles of Genome Analysis and Genomics”, 
7th Edition, Blackwell Publishing, 2006. 

2. S. Sahai, “Genomics and Proteomics, Functional and Computational Aspects” 
Plenum Publication, 1999. 

3. Andrezej K Konopka and James C. Crabbe, “Compact Hand Book – Computational 
Biology”, Marcel Dekker, USA, 2004. 

4. Pennington & Dunn, “Proteomics from Protein Sequence to Function”, 1st edition, 
Academic Press, San Diego, 1996. 
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SEMESTER TWO 

 
DSE 02b - Cancer Biology & Stem Cell Technology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
UNIT-I 
Cancer Biology:  Introduction, historical perspective, classification, benign tumors vs. 
malignant tumors, Carcinogenesis, Cancer and the cell cycle, Hallmarks of cancer 
pathways for malignancy, Apoptosis, Genes and proteins as players in apoptosis, Growth 
factors, growth factor receptors (E.g., VEGF), DNA methylation, epigenetic silencing of 
suppressor genes. Angiogenesis, invasion and metastasis – An overview.  
 
UNIT-II 
The Genetic Basis of Cancer: 
Oncogenes: Tumor-Inducing retroviruses and viral oncogenes, Cellular homologs of viral 
oncogenes-The proto-oncogenes, Mutant cellular oncogenes and cancer, chromosome 
rearrangements and cancer; Tumor suppressor genes – Inherited Cancers and 
Knudson’s Two-Hit hypothesis, cellular roles of tumor suppressor proteins. Free 
radicals, antioxidants and metabolic oxidative stress and cancer, Genetic instability and 
epigenomic changes in cancer (DNA methylation, histone acetylation). 
 
UNIT-I 
Signal transduction: Apoptosis – Death receptors, caspases, Extrinsic and Intrinsic 
pathway, Angiogenesis – VEGF signaling pathway, Invasion and metastasis – Extra 
Cellular Matrix, Tumor Microenvironment, cell interactions, cell adhesion, Focal 
Adhesion Kinase. 

No. of hours/week Credits 
4 4 

 
Course Objectives: 
This course gives a wide outlook on cancer biology and knowledge on cell regulation 
under diseased conditions. Further, the subject would provide students the goals, 
practices and accomplishments of contemporary stem cell biology. This Course is 
intended towards providing basic knowledge of what are stem cells, their types, 
respective functions, regulation and their role in revolutionizing the concept of modern 
regenerative medicine. 
 
Course Outcomes:  
 
Upon successful completion of this course, the student will be able to 
 Understand the processes of cells becoming cancerous owing to cell cycle 

deregulation and environmental factors 
 Understand the genetic basis of cancer and key signaling pathways for targeted 

therapy. 
 Stem cell characteristics and their culture.  
 Therapeutic strategies for cancer and therapeutic applications of stem cells in 

diseased states. 
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Anti-cancer therapy – Epidemiology of predominant cancers, Chemotherapy, 
Immunotherapy, cancer genome anatomy project.  

 
UNIT-IV 
Stem Cells – Basics, Properties and Classification, Types of Stem cells – Hematopoietic 
Stem Cells, Mesenchymal Stem Cells, Embryonic Stem Cells, Fetal Stem Cells, Stem cells 
from adult organs. Principles of Isolation, Culture and Characterization of stem cells - 
Three-Dimensional Cell Culture, Organ Culture, Organotypic Culture.  Stem cell markers 
& their identification - growth factor requirements and their maintenance in culture - 
feeder and feeder free cultures, Plasticity, differentiation & trans differentiation of stem 
cells: Bone marrow – multipotent function. 
Applications of stem cells: Therapeutic applications - muscular dystrophy, 
neurodegenerative diseases, spinal cord injury, Applications of stem cells in cancer 
therapy.    

 
Recommended Textbooks and References  
1. Molecular biology of the cell – 5th Edition By Bruce Alberts, Alexander Johnson, Julian 

Lewis, Martin Raff, Keith Roberts, Peter Walter 
2. Text book of biochemistry for medical students – 7th Edition D.M. Vasudevan, S. 

Sreekumari, Kannan Vaidyanathan 
3. Genes IX.  By Benzamin Lewin. 
4. R. Lanza, J. Gearhart et al (Eds), Essential of Stem Cell Biology. (2009), Elsevier 

Academic press. 
5.  R. Lanza and I. Klimanskaya, Essential Stem Cells Methods. (2009), Academic Press 
6. J. J. Mao, G. Vunjak-Novakovic et al (Ed): Translational Approaches in Tissue 

Engineering & Regenerative Medicine 2008, Artech House, INC Publications.  
7. Robert Lanza et al. Principles of Tissue Engineering, 3rd Edition. Academic Press; 3 

edition (August 21, 2007)  
8. Stein et al. Human Stem Cell Technology and Biology: A Research Guide and 

Laboratory Manual.Wiley-Blackwell; 1 edition (January 4, 2011)  
9. Lanza et al. Handbook of Stem Cells, Two-Volume Set: Volume 1-Embryonic Stem Cells; 

Volume 2-Adult & Fetal Stem Cells (v. 1).Academic Press (September 28, 2004) 
10. Snustad and Simmons, Principles of Genetics. 7th Edition (2015), Wiley.  
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SEMESTER TWO 

 

DSE 02c - Tissue Engineering & Regenerative medicine 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

UNIT I              
Tissue Engineering: Introduction, Scope and recent development. Therapeutical 
applications - Cells as therapeutic agents. Cell numbers and growth rate. Measurement 
of Cell Characteristics - morphology, number viability, motility and functions. 
Measurement of Tissue Characteristics - appearance, cellular component, extra cellular 
membrane component, mechanical measurements and Physical Properties. 
 
UNIT II              
Tissue architecture – Types, Components, and dynamics. Tissue repair, engineering 
wound healing and Sequence of Events. Basic wound healing applications of growth 
factors: VEGF/angiogenesis, basic properties, Cell-matrix & cell-cell interactions, 
telomeres and self-renewal, Control of cell migration in tissue engineering. Tissue 
dynamics - Dynamic states of tissues, homeostasis in highly prolific tissues and tissue 
repair. Angiogenesis. 
 
UNIT III      
Biomaterials: Properties of biomaterials, surface, bulk, mechanical and biological 
properties. Scaffolds & tissue engineering, Types of biomaterials, Biological and 
synthetic materials, Biopolymers, applications of biomaterials, modifications of 
biomaterials, Role of nanotechnology. 
 
 
 

No. of hours/week Credits 
4 4 

 
Course Objectives: 
 
This course would help students to understand the applications and usage of stem cells 
in various therapies and would impart information regarding the development of 
various scaffolds and concepts of tissue engineering for various stem cell based 
therapies.  
 
Course Outcomes:  
Upon successful completion of this course, students will be able to 
 
 understand the role of various growth factors involved in tissue growth 
 assess the role of different biomaterials used for therapeutics 
 possess in depth knowledge on cutting edge technologies of tissue engineering. 
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UNIT IV      
Stem cells: Introduction, hematopoietic differentiation pathway potency and plasticity 
of stem cells. Embryonic stem cells, hematopoietic and mesenchymal stem cells, Stem 
cell markers, identification and analysis by FACS. Differentiation of stem cells. Stem cell 
systems - Liver, Neuronal stem cells, Types & sources of stem cell with characteristics: 
embryonic, adult, haematopoetic, fetal, cord blood, placenta, bone marrow, primordial 
germ cells, and Cancer stem cells induced pleuripotent stem cells. 
Stem Cell therapy. Molecular therapy. In-vitro Organogenesis. Neurodegenerative 
diseases. Spinal cord injury. Heart disease. Diabetes. Burns and skin ulcers. Muscular 
dystrophy. Orthopaedic applications. Stem cells and gene therapy. Physiological models. 
Tissue engineered therapies. Product characterization. Components. Preservation - 
freezing and drying. Safety, efficacy, patent protection and regulation of tissue-
engineered products. Ethical issues. 

 
Recommended Textbooks and References  

1. Meyer, U., Meyer, Th., Handschel, J., Wiesmann, H.P. (Eds.). Fundamentals of Tissue 
Engineering and Regenerative Medicine, 1st edition, Springer-Verlag Berlin 
Heidelberg, 2009 

2. Satya Prakash, Dominique Shum-Tim. Stem Cell Bioengineering and Tissue 
Engineering Microenvironment. 1st edition, World Scientific Pub Co Inc, 2011 

3. Anthony Atala, Robert Lanza, Tony Mikos, Robert Nerem. Principles of 
Regenerative Medicine. 3rd edition, Academic Press, 2018 
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SEMESTER TWO 

 
SEC 02 - Plant & Animal Tissue Culture 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT I 
Plant tissue culture: Importance of plant tissue culture & scope, culture media 
(composition and preparation). Types of culture –callus and suspension, meristem, root 
etc. In vitro differentiation, somatic embryogenesis and organogenesis, Micropropagation. 
Techniques for overcoming incompatibility barriers: Pollen culture, Anther culture, 
Embryo culture, Synthetic Seeds, Protoplast isolation and fusion. Conservation of plant 
materials- Cryopreservation, germplasm collection.  
 
UNIT II 
Applications of Plant Tissue Culture, Somaclonal variation and applications, Somatic 
hybridization and its applications, Virus free plants, DNA transformation methods in 
plants and applications, Hairy root culture, Secondary metabolite production. 
 
UNIT III 
Types of Animal cell culture, Organ culture, Primary explant cultures, Established cell 
lines, commonly used cell lines: origin and characteristics, Growth kinetics and cells in 
culture, Bioreactors for large scale culture of cells, Transplantation of cultured cells 
(Grafting). 

No. of hours/week Credits 
2 2 

 
Course Objectives 

The objectives of this course are to impart knowledge and understanding of various 
techniques involved in plant propagation and their application in agriculture. It also 
exposes the students to understand the importance of animal cell culture in research and 
medical applications. 

 
Course Outcomes 

Upon successful completion of this course, the student will be able to 
 

 acquaint with principles, technical requirement, scientific and commercial 
applications in Plant tissue culture technology   

 gain knowledge of how plants can be transformed with respect to pest resistance, 
and herbicide tolerance  

 support methodologies in animal tissue/cell culture, isolate animal tissues and 
prepare primary and secondary cell cultures 

 Understand applications of animal cell culture and its commercial value 
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UNIT IV 
Applications of animal cell culture, Limitations and ethical issues, Transfection, and 
transgenic animals, Expressing cloned products in animal cells. Over production and 
processing of chosen protein, Production of special secondary metabolites/ products 
(Insulin, growth hormone, interferon), Production of vaccines using animal cell culture. 
 
 

 
Recommended Textbooks and References  

1. Brown, T.A. (2020) Gene cloning- An Introduction, Eighth Edition, Wiley 
Publishers, USA.  

2. Freshney, R.I. (2006) Culture of Animal Cells – A manual of Basic Technique, Fifth 
Edition, A John Wiley and Sons Publication, New York.  

3. Freshney, R.I. (2010) Animal Cell Culture-A Practical Approach, sixth Edition, IRL 
Press, New York 

4. Gupta. P.K. (2012) Biotechnology and Genomics, First Edition, Sixth reprint, 
Rastogi Publication, Merut.  

5. Murray E.J (1991). Gene Transfer and Expression Protocols – Methods in Molecular 
Biology Vol.7. Humana Press,Totowa. 

6. Chawla, H. S. (2000). Introduction to Plant Biotechnology. Enfield, NH: Science. 
7. Razdan, M. K. (2003). Introduction to Plant Tissue Culture. Enfield, NH: Science. 
8. Slater, A., Scott, N. W., & Fowler, M. R. (2008). Plant Biotechnology: an Introduction 

to Genetic Engineering. Oxford: Oxford University Press. 
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PRACTICALS/LABORATORY 
 

 
SEMESTER TWO 

 
 
Practical 03 - Genetic Engineering & Applications and Plant & Animal Physiology 

 
1. Sequence analysis and Primer designing  
2. Polymerase Chain Reaction and analysis. 
3. DNA Finger printing 
4. Plasmid DNA isolation and DNA quantification. 
5. Agarose gel electrophoresis 
6. Transformation of plasmid to bacteria 
7. Determination of water potential of tissue by plasmolytic / gravimetric method. 
8. Estimation of mineral nutrient – phosphorous in plant tissue. 
9. Estimation of chlorophyll pigment concentration. 
10. Determination of epidermal cell density, stomatal index and stomatal frequency. 
11. Plant growth determination in Soil Vs Hydroponics growth systems 
12. Abnormal Urine Analysis 
13. Determination of Urine titrable acidity 
14. Estimation of blood glucose 

 
 
Practical 04 - IPR & Entrepreneurship  
 
 

1. Concept of Patent: Product / Process Patents & Terminology 
2. Duration of Patents - Law and Policy Consideration Elements of Patentability,- 

Novelty and Non-Obviousness (Inventive Steps and Industrial Application,  
3. Non- Patentable Subject Matter  
4. Procedure for Filing of Patent Application and types of Applications  
5. Procedure for Opposition 
6. Revocation of Patents  
7. Ownership and Maintenance of Patents  
8. Assignment and licensing of Patents  
9. Working of Patents- Compulsory Licensing  
10. Patent Agent- Qualification and Registration Procedure 

 
 

 
 
 

 
  

No. of hours/week Credits 
4 2 
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Semester Three
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SEMESTER THREE 

 
DSC 07 - Microbial & Bioprocess Technology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT-I 
Introduction: Scope and importance of bioprocess engineering technology, development 
and strain improvement of industrially important microorganisms.  
Bioreactors: Typical structure of advanced Bioreactor and their working mechanism; 
Design features; Heat transfer and Mass transfer; Specialised bioreactors- design and 
their functions; Airlift bioreactor, Tubular bioreactors, Membrane bioreactors, Tower 
bioreactors, Fluidized bed reactor, Packed bed reactors and Photo bioreactors.  
 
UNIT-II 
Fermentation media and Fermentation Process: Natural and synthetic media; Strategies 
for media formulation, sources of carbon, nitrogen, vitamins and minerals. Role of 
buffers, precursors, inhibitors, inducers and antifoam agents.  
Types of fermentation processs-submerged fermentation, surface or solid state 
fermentation, batch fermentation, continuous fermentation, kinetics of fermentation 
process, bioprocess control, monitoring of variables-temperature, agitation, pH and 
pressure. 
 
 
 

No. of hours/week Credits 
4 4 

 
Course Objectives: 
 
This course is formulated with an objective to familiarize the students with the 
Fundamentals of material balance, energy balance, media optimization techniques 
and various models of microbial growth. 
 

Course Outcomes:  
 

Upon successful completion of this course, the student will be able to 
 
 acquire awareness on various media optimization techniques.  
 grasp knowledge on sterilization methods 
 expertise in quantitative estimation of the biomass growth and product 

formation rate. 
 possess knowledge on mass and energy balances  

 



50

42 
 

UNIT-III 
Downstream processing: cell disruption, precipitation methods, solid-liquid separation, 
liquid-liquid extraction, filtration, centrifugation, chromatography, drying devices 
(Lyophilization and spray dry technology), crystallization, biosensors-construction and 
applications. Food processing: food preservation, and spoilage. Sterilization and 
pasteurization, canning and packing of foods.  Immobilization and Biotransformation; 
Methods of immobilization, adsorption, cross- linking, ionic bonding, entrapment, 
encapsulation; Advantages and industrial applications of Immobilization of enzymes and 
whole cells. Biotransformation of antibiotics, steroids and their applications. 
 
UNIT-IV  
Production of Industrially important products: Alcohol: Ethanol, glycerol, butanol; 
Acetone; Organic acids: citric, acetic, and gluconic acid; Amino acids: lysine, glutamic 
acid; Antibiotics: penicillin, streptomycin, tetracycline; Vitamins: riboflavin, Enzymes: 
amylase, protease, biodegradable plastic: polyhydroxyalkanoates (butyarate, 
propionate.); Recombinant protein- Insulin, hepatitis-B vaccine. Fermented foods-
sausages, olives, bread, idly and acidophilus milk.  
 

Recommended Textbooks and References  
1. Jackson AT., Bioprocess Engineering in Biotechnology, Prentice Hall, Engelwood 

Cliffs, 1991.  
2. Shuler ML and Kargi F., Bioprocess Engineering: Basic concepts, 2nd Edition, 

Prentice Hall, Engelwood Cliffs, 2002.  
3. Stanbury RF and Whitaker A., Principles of Fermentation Technology, Pergamon 

press, Oxford, 1997.  
4. Mansi EMTEL, Bryle CFA. Fermentation Microbiology and Biotechnology, (2nd Ed). 

Taylor & Francis Ltd, UK, 2007. Nd. 
5. Colin Ratledge and Bjorn Kristiansen, Basic Biotechnology, University Press. 2002. 

(Ed) Cambridge.  
6. Prescott, Sc and Dunn, C. Industrial Microbiology, McGraw Hill, New York. 1984. 
7. Michael, L. Shulers and Fikret Kargi. Bioprocess Engineering: Basic concepts (2nd 

Ed.) Prientice Hall Publishers. 2001.  
8. Paulins, M. D. Bioprocess Engineering Principles. John Wiley Publishers. 2003. 
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SEMESTER THREE 

 
DSC 08 - Industrial Biotechnology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT-I 
Isolation, screening and maintenance of industrially important microbes; microbial 
growth and death kinetics (an example from each group, particularly with reference to 
industrially useful microorganisms); strain improvement for increased yield and other 
desirable characteristics. 
 
UNIT-II 
Batch and continuous fermenters; modifying batch and continuous reactors: chemostat 
with recycle, multistage chemostat systems, fed-batch operations; conventional 
fermentation v/s biotransformations; immobilized cell systems; large scale animal and 
plant cell cultivation; fermentation economics; upstream processing: media formulation 
and optimization; sterilization; aeration, agitation and heat transfer in bioprocess; scale 
up and scale down; measurement and control of bioprocess parameters. 
 
UNIT-III 
Separation of insoluble products - filtration, centrifugation, sedimentation, flocculation; 
Cell disruption; separation of soluble products: liquid-liquid extraction, precipitation, 
chromatographic techniques, reverse osmosis, ultra and micro filtration, 
electrophoresis; final purification: drying; crystallization; storage and packaging. 
Isolation of microorganisms of potential industrial interest; strain improvement; market 
analysis; equipment and plant costs; media; sterilization, heating and cooling; aeration 
and agitation; bath-process cycle times and continuous cultures; recovery costs; water 
usage and recycling; effluent treatment and disposal. 

  

No. of hours/week Credits 
4 4 

 
Course Objectives 
The objective of the course is to expose the students to the industrial fermentation process. 
It deals with the production of commercially important metabolites and bioproducts like 
enzymes, recombinant proteins.  
 
Course Outcomes: 
Upon successful completion of the course, the students will be able to 
 explore the applications of traditional and modern biotechnology products such as 

cheese, vaccines, etc. 
 streamline the production process for obtaining primary and secondary metabolites. 
 operate fermenters and produce cellular products. 
 gain knowledge on production of vaccines and their importance. 
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UNIT-IV 
Production of recombinant proteins having therapeutic and diagnostic applications; 
production of vaccines; Production of monoclonal antibodies; Products of plants and 
animals obtained by modern biotechnology approaches. Production of industrial 
enzymes such as proteases, amylases, lipases and cellulases. Production of biopesticides, 
biofertilisers, biopreservatives (Nisin), cheese, biopolymers (xanthan gum, PHB), single 
cell protein and its uses. Cheese making by proteases and various other enzyme catalytic 
actions in food processing. 
 
Recommended Textbooks and References  
 
1. Casida Jr, L.E., “Industrial Microbiology”, 1st edition, New Age International (P) Ltd, 

2007. 
2. Presscott, Dunn, “Industrial Microbiology”, 1st edition, Agrobios (India), CBS 

Publication, 2004. 
3. Glazer, A.N and Nikaido, H. “Microbial Biotechnology”, W.H. Freeman & Company, 

NewYork.1 995. 
4. Wulf Cruger and Anneliese Crueger, “Biotechnology: A Textbook of Industrial 

Microbiology”, 2nd edition, Panima Publishing Corporation, 2004. 
5. A.H. Patel. “Industrial Microbiology”, 1st edition, MacMillan Publication, 2008. 
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SEMESTER THREE 

 
DSC 09 - IMMUNOINFORMATICS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UNIT I 

Immune system: overview of the immune system - Lymphatic system and Lymphoid 
organs. Cells of the immune system and their functions. Immune system - Innate and 
Acquired immunity. Innate immunity - Anatomical and Physiological barriers, Cells and 
processes of Innate immunity, Innate immune response, and their recognition structures. 
Acquired immunity – humoral and cell-mediated responses. Immunogens and Antigens: 
Requirements for immunogenicity; major classes of antigens; antigen recognition by B 
and T lymphocytes. Structures and Functions of T-Cells and B-Cells. 
 

UNIT II 
Immunotechniques: Production of polyclonal and monoclonal antibody. Affinity and 
avidity. Antigen - antibody interaction - precipitation reaction, agglutination reaction - 
Radioimmunoassay, ELISA and its types, Western Blot, Immunofluorescence, and 
Isolation of lymphoid cells from blood and lymphoid organs and analysis using flow 
cytometry. 
 

UNIT III  
Definition of Immunoinformatics – bioinformatics strategies for better understanding of 
immune function - structural features of MHC peptides-MHC peptide interaction 

No. of hours/week Credits 
4 4 

 
Course Objectives: 

 To integrate a simulation tool for immune system dynamics that is both patient and 
pathogen specific.  

 To provide molecular information and bioinformatics prediction methods to create a 
detailed computational model of the innate and adaptive immune response.  
 
Course Outcomes: 

 Upon successful completion of this course, students will be able to  
1. Understand the immune system, its components and their functions  
2. Know about various immunology-based techniques for analyzing antigen-antibody 

interaction. 
3. Gain insight into informatics-based approaches for prediction of allergen epitopes,  
4. Predict immunologically reactive epitopes and computational vaccine design using 

immunoinformatic tools. 
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parameters: a) interface area between peptide and MHC, b) intermolecular hydrogen 
bonds. Immunological databases – IMGT – IMGT-GENE-DB – IMGT-HLA IMGT/LIGM-DB - 
HaptenDB – EPITOME – dbMHC – JenPep 
 

UNIT IV  
Experimental and theoretical description of peptide-MHC binding, selection of epitopes 
using bioinformatics, prediction of proteasome processing, and TAP binding, Predictions 
of Class I and Class II MHC Epitopes, IEDB analysis Resource, CTLPred, Population 
Coverage analysis, Epitope conservancy analysis. Vaccine - Tools & servers for 
computational Vaccine design-from Genome to Vaccine. 
 

References: 

1.      Abbas AK, Lichtman AH, Pillai S. (2021). Cellular and Molecular Immunology. 10th edition, 
Elsevier Publication, Philadelphia (ISBN: 9780323757485). 

 2.      Delves P, Martin S, Burton D, Roitt IM. (2016). Roitt’s Essential Immunology. 13th Edition, 
Wiley-Blackwell Scientific Publication, Oxford (ISBN: 978-1-118-41577-1). 

3.      Jenni Punt; Sharon Stranford; Patricia Jones; Judy Owen. (2019). Kuby’s Immunology. 8th 
edition W.H. Freeman and Company, New York. 

4.      Kenneth M. Murphy, Casey Weaver. (2016). Janeway’s Immunobiology. 9th edition Garland 
Science Publishers, New York ISBN: 9780815345510. 

5.      Anil K. Sharma (2019). Immunology An Introductory Textbook. 1st edition Jenny Stanford 
Publishing (ISBN 9789814774512). 

6.    Flower Darren R. Bioinformatics for Vaccinology Publisher: UK, John Wiley & Sons Inc. 
2008. ISBN: 9780470027110.  

7.   Namrata Tomar (2020). Immunoinformatics. 3rd edition, Springer (ISBN 1071603884, 
9781071603888). 

8. Foundation Novartis. Immunoinformatics: Bioinformatic Strategies for Better 
Understanding of Immune Function. Publisher: Chichester, John Wiley & Sons Inc. 
2003. ISBN: 0470853565.  
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SEMESTER THREE 

 
DSE 03a – Computer Aided Drug Design 

 
 

 

 

 

 

 

 

 

 

 

 

UNIT I: Introduction to Computer Aided Drug Design (CADD), Stages of drug discovery 
and development, Role of bioinformatics in medicinal chemistry, Combinatorial 
chemistry, Chemogenomics & chemogenetics, applications of chemogenomics in drug 
discovery, Chemistry of target drug interactions, chemical descriptors, Chemogenomic 
approaches of target prediction, chemical databases. 
 
UNIT II: Introduction to molecular mechanics (MM), Basic concept of the force field in 
MM: The energy expression in MM-nonbonded interaction potential; H-bonding; 
Parametrization of a Force Field; Force field energies, Differences between spectroscopic 
and MM force fields, Classification and list of force fields presently in use, Applicability and 
limitations of a MM approach. 
 
UNIT III: Introduction to Molecular Modelling and Docking, Concepts of Molecular and 
Quantum Mechanics in drug design, Energy Minimization Methods (comparison between 
global minimum conformation and bioactive conformation), Types of molecular docking 
and drug receptor interactions, Homology modelling of proteins, History, and 
development of QSAR ,2D-QSAR, 3D-QSAR approaches, Statistical methods used in QSAR 
analysis. 
 
UNIT IV: CADD methods and strategies, Lead discovery, Computer Assisted Drug Design, 
Fundamentals and Application of CADD, Virtual screening, Structure-based ligand design, 
Prediction, and analysis of ADMET properties and its importance in drug design, 

No. of hours/week Credits 
4 4 

 
Course Objectives 
 
The objective of this course is to introduce softwares used in drug designing. The course 
is intended towards imparting knowledge and expertise in molecular modelling and 
dynamics. 
 

Course Outcomes:  
Upon successful completion of this course, the student will be able to 
 
 gain knowledge on molecular modeling 
 design drug molecules in silico 
 perform docking and analyse the drug interaction with receptors 
 acquire adequate knowledge in using various bioinformatics tools 
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Pharmacophore Mapping and Virtual Screening Concept of pharmacophore, identification 
of Pharmacophore features and Pharmacophore modelling. 

 

 
Recommended Textbooks and References  

1. Andrew R. Leach (2001) “Molecular Modeling – Principles and Applications”; Second 
Edition, Prentice Hall, USA  
2. Gasteiger Johann (2003) Chemoinformatics: A Textbook, Wiley, John & Son, ISBN13:  
9783527306817  
3. Schaum's Outline of Computer Graphics by Zhigang Xiang and Roy A. Plastock Second 
Edition, Mc Graw Hill, USA  
4. Fenniri, H. (2000) “Combinatorial Chemistry – A practical approach”, Oxford University 
Press, UK.  
5. Lednicer, D. (1998) “Strategies for Organic Drug Discovery Synthesis and Design”; Wiley 
International Publishers. 
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SEMESTER THREE 

 
DSE 03b - Agricultural Biotechnology 

 
 
 
 

 
 
 
 
 
 
 
 
UNIT -I 
Agriculture and food production. Problems in food production and suppy. Improvements 
of crops: Conventional breeding methods; Domestication, Selective breeding, Mutational 
breeding. Green Revolution: History, pros and Cons. Production of hybrids. Importance of 
male sterility in crop plants. 
 
UNIT -II 
Role of genetic engineering in agriculture. Introduction to biotic (Weeds, Pest, and 
Diseases) and abiotic (Drought, salt, heavy metals) stress in plants. Biological pest and 
disease control. Molecular biology of stress response in plants.  Importance of Model 
plants (Arabidopsis) in crop improvement. DNA delivery methods. Agrobacterium and Ti 
Plasmid. Analysis of transgenic plants. 
 
UNIT -III 
Transgenic plants in crop improvement. Transgenic plants resistance to biotic and 
abiotic stress.  Advantages and applications of transgenic plants. Role of Herbicides in 
weed control. Developing herbicide resistance crops. Genetic engineering of Insect 
resistance plants (Bt Cotton). Plants derived vaccines, modification of flower color, 
targeting transgenic product to chloroplast and mitochondria. 
 
UNIT - IV 
Management of Plant Virus Diseases. Gene silencing using RNA interference. Genome 
editing. Transgenic plants in quality modifications- Biofortification, Golden Rice. 
Improving quality of edible oils. Phytoremediation. Research and Career opportunities in 
Agriculture based industries and academic institutes. 
 
  

No. of hours/week Credits 
4 4 

Course Objectives 
This course aims to expose the students to understand the concepts of crop 

production and management to meet the food demand of ever-increasing population. It 
also introduces the students to modern biotechnological tools used in modifying the 
food crops for biotic and abiotic stress tolerance to increase the productivity. 
Course Outcomes 
The student will be able to: 
• Understand the basics of conventional plant breeding techniques 
• Know how to use different biotechnological tools for crop improvement. 
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References: 
1.   Biotechnology fundamental and application (4th edition) - S.S.Purohit. 
2.   Plant Biotechnology – B.D.Singh 
3.   Plants, Genes and agriculture by Maartein, J.Christpeels, David E.Sdava. 
4.   Crop Biotechnology by P.R.Yadav, Rajiv Tyagi. 
5.   Plant Biotechnology by Chawla. Gendel 
6.   Plant Breeding by BD Singh 
 
 
 
  



59

51 
 

 
SEMESTER THREE 

 
DSE 03c – Medical Biotechnology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT - I 
Tools of Medical Biotechnology – Biotechnological revolutions - Genomics, 
Biopharmaceuticals - insight into basic biology - Areas of application: Biotechnology in 
diagnosis and prediction of disorders; Approaches and limits. Role of biotechnology in 
healthcare.  
 
UNIT - II 
Human Diseases: Symptoms and treatment of the Genetically inherited diseases: PKU, 
Alkaptonuria, Galactosemia, VonGierke disease, Lesch-Nyhan syndrome, Gout, Sickle cell 
anemia, Beta Thalassemia and Diabetes. Evaluation of organ functions: liver, kidney, 
cardiac and gastric function tests. Significance of biochemical markers-amino 
transferases, creatine kinase, LDH, amylase and γ-glutamyl trans-peptidase.  
 
UNIT - III 
Molecular therapeutics: Drugs, drug receptors, Relationship between drug concentration 
and response, agonists, drug clearance, biological half-life, drugs accumulation, basic 
concepts of toxic effect. Gene therapy, barriers to gene delivery, overview of inherited 
and acquired diseases for gene therapy; Retro and adeno virus mediated gene transfer; 
Liposome mediated gene delivery. Cellular therapy; use of stem cells. Recombinant 
therapy; Erythropoietin; Insulin analogs and its role in diabetes. Streptokinase and 
urokinase in thrombosis.  
 
 

No. of hours/week Credits 
4 4 

 
Course Objectives 
 
The objective of this course is to impart knowledge on various human diseases and the 
role of biotechnology in medical field. Further, the course is intended towards exposing 
students to the recent developments in diagnostics and treatment strategies.  
 

Course Outcomes:  
Upon successful completion of this course, the student will be able to 
 
 gain awareness on genetic diseases 
 utilize the technologies to diagnose diseases 
 understand the significance of biological markers in disease diagnosis 
 acquire adequate knowledge in recent developments in vaccinology 
 gain knowledge in the field of nanobiotechnology and produce green nano substances. 
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UNIT - IV 
Recent developments in medical biotechnology –Pharming for human proteins and 
neutraceuticals. Biosensors in clinical diagnosis. Monoclonal antibodies for 
immunotherapy. Vaccine production - New developments. Tissue engineering and 
therapeutic cloning. 
Nanobiotechnology: Introduction, types and synthesis of nanomaterials, protein-based 
nano structures, DNA-based nanostructures. Applications of nanomaterials, 
nanobiosensors, drug and gene delivery, disease diagnostics and therapy, risk potential 
of nanomaterials. Application of nanotechnology in biomedical sciences - Green Nano 
substances. 
 
 
Recommended Textbooks and References  
1. Judit Pongracz and Mary Keen, Medical Biotechnology 1st Edition, Elsevier 

publications, 2008. 
2. Fundamentals   of   medical   biotechnology   by   Aparna   Rajagopalan, Ukaaz 

publications. 
3. S N Jogdand Medical Biotechnology 2nd Edition Himalaya publishers 2008. 
4. Keith Wilson & John Walker, Practical Biochemistry- 5th edition, Cambridge 

University Press, UK 2000  
5. Bartram G. Katzung, Basic & Clinical Pharmacology, 9th Edition, Mc Graw Hill 

Publications 2004  
6. Devlin TM, Text book of biochemistry with Clinical Correlations 5th edition 2002 
7. Richard B Silverman, Organic Chemistry of Drug design and Drug action Elsevier 

Science, Academic Press  
8. Warren Levinson, Ernest Jawetz, Medical Microbiology and Immunology: Examination 

and Board Review 7th edn. McGraw Hill Publications 2003  
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SEMESTER THREE 

 
SEC 03 – Research Design & Methodology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT - I 
Introduction – Research methods vs. Methodology. Types of research – Descriptive vs. 
Analytical, Applied vs. Fundamental, Quantitative vs. Qualitative, Conceptual vs. Empirical, 
concept of applied and basic research process, criteria of good research. Defining and 
formulating the research problem, selecting the problem, necessity of defining the 
problem, importance of literature review in defining a problem, literature review-primary 
and secondary sources, reviews, monograph, patents, research databases, web as a source, 
searching the web, critical literature review, identifying gap areas from literature and 
research database, development of working hypothesis. 
 
UNIT - II 
Research design: Meaning, Need, Features of Good Design, Concepts, Types. Basic 
principles of Experimental Design, various methods of Research. Survey, Philosophical, 
Historical, Experimental, Causal Comparative, Genetic, Case Studies. Tools for Data 
Collection: Collections of Primary Data, Collection of Data through questionnaire and 

No. of hours/week Credits 
2 2 

 
Course Objectives 

1. This course offers "An overview of research methodology including basic concepts 
employed in quantitative and qualitative research methods.  

2. This course introduces research methods as they apply to the higher education field 
of study. 

3.  This course provides a macroperspective of the methods associated with conducting 
scholarly research in all follow-on core, elective, quantitative and qualitative courses; 
and the PG dissertation. 

Course Outcomes 
On successful completion of this course, students will be able to 

 demonstrate knowledge of research processes (reading, evaluating, and 
developing);  

 perform literature reviews using print and online databases; 
 identify, explain, compare, and prepare the key elements of a research 

proposal/report;  
 define and develop a possible HIED research interest area using specific research 

designs;  
 compare and contrast quantitative and qualitative research paradigms,  
 describe sampling methods, measurement scales and instruments, and appropriate 

uses of each;  
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Schedules, other Observation Interview Methods, Collection of Secondary Data, Selection 
of appropriate method for data collection, Case Study, Focus Group Discussion, 
Techniques of developing research tools, viz. Questionnaire and rating scales etc. 
Reliability and validity of research tools. Accepts of method validation, observation and 
collection of data, methods of data collection, sampling methods, data processing and 
analysis strategies and tools, data analysis with static package (Sigma STAT, SPSS for 
student t-test, ANOVA, etc.), hypothesis testing. 
 
UNIT - III 
Introduction, overview and research misconduct, rules and regulations in India, data 
management, mentoring, mentor-mentee responsibilities, authorship guidelines, 
publication and peer review, intellectual property, plagiarism, patents, collaboration, 
reporting and representation research, representing images, bias, conflicts of interest, 
ethical use of animal subjects, protection of human subjects, stem cell ethics, Eco sourcing 
code of practice, radioactive, chemical and biohazard safety, waste management and 
disposal, social responsibility. 
 
UNIT - IV 
Meaning of Interpretation, Technique of Interpretation, Precaution in Interpretation, 
Significance of Report Writing, Different Steps in Writing Report, Layout of the Research 
Report, Types of Reports, Oral Presentation, Mechanics of Writing a Research Report, 
Precautions for Writing Research Reports, Conclusions. 
 
 
Recommended Textbooks and References  
1. Anthony, M., Graziano, A.M. and Raulin, M.L., 2009. Research Methods: A Process of 

Inquiry, Allyn and Bacon.  
2. Carlos, C.M., 2000. Intellectual property rights, the WTO and developing countries: the 

TRIPS agreement and policy options. Zed Books, New York.  
3. Coley, S.M. and Scheinberg, C. A., 1990, "Proposal Writing", Sage Publications.  
4. Day, R.A., 1992.How to Write and Publish a Scientific Paper, Cambridge University Press.  
5. Fink, A., 2009. Conducting Research Literature Reviews: From the Internet to Paper. 

Sage Publications  
6. Leedy, P.D. and Ormrod, J.E., 2004 Practical Research: Planning and Design, Prentice 

Hall.  
7. Satarkar, S.V., 2000. Intellectual property rights and Copy right. Ess Ess Publications. 
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PRACTICALS/LABORATORY 
 

 
 
SEMESTER THREE 
 
Practical 05 - Microbial & Bioprocess Technology  
 
1. Medium formulation for the growth of microbes in fermenter. 
2. Measurement of growth kinetics of microorganisms. 
3. Kinetics of growth in batch cultivation- estimation of Monod kinetic parameters. 
4. Effects of temperature on growth. 
5. Estimation of energy of activation and Arrhenius constant for microorganisms. 
6. Physical and chemical factors affecting the bacterial growth. 
7. Mechanical cell disruption by homogenization: determination of product release 

kinetics. 
8. Sonication of microbial cell suspensions and determination of product release 

kinetics. 
 

Practical 06 - Immunoinformatics 
 
1. Selection of animals, Preparation of antigens, Immunization and methods of bleeding, 

serum separation and storage  
2. Antibody titer by ELISA method  
3. Double diffusion, Immuno-electrophoresis and Radial Immunodiffusion 
4. Complement fixation test 
5. Isolation and purification of IgG from serum or IgY from chicken egg  
6. Immunoblotting  
7. Dot blot assays 
8. Blood smear identification of leucocytes by Giemsa stain  
9. Demonstration of Phagocytosis 
10. Antigen-Antibody interaction by immunoprecipitation assays 
11. ELISA 
12. Dot  Blot 
13. Immunoinformatics databases & tools: 1. IMGT & IEDB 2. BciPep, 3. Epitome, 4. CED, 

and 5. Ag-Ab Db 
14. Epitope prediction algorithms: 1. B-cell epitope predictions using sequence-based 

approaches, 2. B-cell epitope predictions using structure-based approaches and 3. T-
cell epitope prediction methods 

15. Vaccine design: 1. Pipeline & workflows and 2. Prediction of immunogenicity 
 

******** 

 

No. of hours/week Credits 
4 2 
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Semester Four
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Unit 3: 
Introduction, overview and research: 

Unit 4: 
Meaning of Interpretation: 

Recommended Textbooks and References 
 

 

 

 

 

 

 

 

 

 D’Angelo.

DISSERTATION

Course Type Marks
Credits

L T P C
Project 300 12

The student shall carryout, a semester long project work under the supervision/mentorship of 
identified guide (internal or external or both). The project work shall be compiled and submitted in 
the form of dissertation as per the format. The project work shall be original research work related to 
the programme or case studies that provide an analysis of specific research questions/socio-economic 
issues, etc. leading to a dissertation as partial fulfilment of the degree. 
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Question Paper Pattern
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I. LONG ESSAYS (Answer any TWO of the following)  2x15=30 Marks 

1.   

2.   

3.   

   

   

II. SHORT ESSAYS (Answer any FIVE of the following) 5x6=30 Marks 

4.   

5.  

6.   

7.   

8.   

9.   

10.   

  

III. SHORT ANSWERS (Answer all the following) 5x2=10 Marks 

11.   

12.   

13.   

14.   

15.   

 
*****  

 
  

MODEL QUESTION PAPER                                                                                                QP CODE:                                               
JSS Academy of Higher Education & Research, Mysuru 

(Deemed to be University) 
First Semester M.Sc., (Program) (RS-1) Examination - Year 

Subject: 
Note: Draw neat, labeled diagrams wherever necessary. 
Your answers should be specific to the questions asked. 

Time: 03 Hours Max Marks: 70 
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I LONG ESSAYS (Answer any TWO of the following)  2x10=20 Marks 

1.   

2.   

3.   

   

   

II SHORT ESSAYS (Answer any FIVE of the following) 5x4=20 Marks 

4.   

5.  

6.   

7.   

8.   

9.   

10.   

 
  

III SHORT ANSWERS (Answer all the following) 5x2=10 Marks 

11.   

12.   

13.   

14.   

15.   

 
*****  

 
 
 

MODEL QUESTION PAPER                                                                                                QP CODE:                                               
JSS Academy of Higher Education & Research, Mysuru 

(Deemed to be University) 
First Semester M.Sc., (Program) (RS-1) Examination - Year 

Subject: 
Note: Draw neat, labeled diagrams wherever necessary. 
Your answers should be specific to the questions asked. 

Time: 02 Hours Max Marks: 50 


