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PG COURSE CBCS FORMAT FOR M.Sc

| SEMESTER
SI.No. | Course | Name of the Course LTP Credits | CIA ESE | Total
Code Marks Marks

1. CC-01 | Core Course - | Cell 3:0:4 5 30+15 | 70+35 150
Biology

2. CC-02 | Core Course - Il 3:0:4 5 30+15 | 70+35 150
General Microbiology

3. CC-03 | Core Course - Il 3:0:4 5 30+15 | 70+35 150
Molecular Genetics

4, CC-04 | CoreCourse- IV 4:2:0 5 30+15 | 70+35 150
Biomolecules &
Analytical Techniques

5. AC-01 | Allied Course - | 2:0:0 2 15 35 50
Biostatistics

6. AC-02 | Allied Course - 1l Basic | 2:0:0 2 15 35 50
Bioinformatics
Total 24 700

Il SEMESTER

SI.No. | Course | Name of the Course LTP Credits | CIA ESE | Total

Code Marks Marks

1. CC-05 | Core Course -V 3.0:4 5 30+15 | 70+35 150
Biochemistry

2. CC-06 | Core Course - VI 3.0:4 5 30+15 | 70+35 150
Molecular Biology

3. CC-07 | Core Course - VII 3.0:4 5 30+15 | 70+35 150
Immunology

4, CC-08 | Core Course - VIII 4:2:0 5 30+15 | 70+35 150
Biophysics

5. AC-03 | Allied Course — 111 2:0:0 2 15 35 50
Research Methedology

6. AC-04 | Allied Course - IV 2:0:0 2 15 35 50
Advanced
Bioinformatics

7. Community Development 1 50 50
Program
Total \ 25 750




111 SEMESTER

SI.No. | Course | Name of the Course LTP Credits | CIA ESE Total

Code Marks Marks
1. CC-09 | Core Course IX—DSE | 3:0:4 5 30+15 | 70+35 150
Animal Biotechnology
2. CC-10 | Core Course X—DSE | 3:0:4 5 30+15 | 70+35 150
Plant Biotechnology
3. CC-11 | Core Course XI- 3:0:4/ 5 30+15 | 70+35 150

Genetic Engineering 4:2:0

4. EC-01 | Elective Course I- 4:2:0 5 30+15 | 70+35 150
Environmental
Biotechnology/
Food Biotechnology

5. AC-05 | Allied Course —V 2:0:0 2 15 35 50
Developmental Biology

6. OE Open elective 2:0:0 2 15 35 50
Industrial
Biotechnology

7. IR Internship Report 2 50 50
Total 26 750

IV SEMESTER

SI.No. | Course | Name of the Course LTP Credits | CIA ESE | Total

Code Marks Marks

1 CC-12 | Core Course XII 3:0:4 5 30 70 100
Bioprocess engineering
& Enzymology /
System Physiology

2 CC-13 | Core Course XIlI 4:0:0 5 30+15 | 70+35 150
DSE

Medical Biotechnology,
Bioethics, Biosafety

3. EC-02 | Elective Course Il 4:2:0 4 30+15 | 70+35 150
Clinical Biotechnology/
Cancer Biology

4. PR-01 | Project/ Viva Voce 12 12 50 150 200

Total 22 600

Grant Total 97 2800




| SEMESTER



Cell Biology

Objective: To understand the structures and purposes of basic components of prokaryotic and
eukaryotic cells, especially membranes, and organelles. And how these cellular components are
used to generate and utilize energy in cells.

TOPICS

DETAILS

HOURS

1. Cell Wall
and Cell
Membrane

Cell wall-ultra structure and function.
Cell Junctions, Cell adhesion and extra cellular matrix (ECM)
e Cell Junctions: Types, molecular basis and functions.
e Cell-Cell adhesion - Cadherins, Selectins, their
mechanisms and functions.
e ECM: Glycosaminoglycans (GAG), Collagens, Elastin,
Fibronectin, Basal- lamina, their structure and functions.
Cell Membrane: Structure and organization, functions,
Membrane transport systems: Principles of membrane transport;
Types of carrier proteins and active membrane transport (Na+
and K+ pump, Ca++ pump, H+ pump); lon channels - Family of
membrane transport proteins.

9

2. Cell organelles

Structure and functions of ER, Golgi complex, lysosomes,
peroxisomes, nucleus, ribosomes, mitochondria, chloroplast, and
vacuoles.

Protein sorting: Transport of molecules between nucleus and
cytosol; Transport of proteins to cellular organelles (ER,
Mitochondria, Chloroplast etc).

Intra-vesicular traffic: Transport vehicles, SNAREs, Clathrin
coat assembly; Transport from ER to Golgi and then to
lysosomes; endocytosis and exocytosis.

14

3. Cytoskeletal
structures and
motor proteins

Microtubules, microfilaments and intermediate filaments.
Molecular Motors: Kinesin, dynein and myosin.
Physiology of ciliary movement, sliding filament hypothesis

4. Chromosomes

Structure and Organization, Multiple strand, single strand and
nucleosome model.

Giant chromosomes -polytene chromosome and lamp brush
chromosome.

5. Cell cycle
and its control

Cell cycle and control of cell cycle —Cyclins and CDKs, Mitosis
and meiosis,

Regulation of cell cycle: Cyclins and CDKs- their types and
pathways. G1/S Check point and of G2/M Checkpoint

Cell senescence, necrosis and apoptosis: Intrinsic and extrinsic
pathway.

6. Cell signaling

Cell signalling- Autocrine, endocrine and paracrine, cell to cell
interactions. Signal transduction. (lon channel linked receptor, G
protein linked receptor and Enzyme linked receptors).

TOTAL HOURS

45




Learning Outcomes: Students will apply their knowledge of cell biology to selected examples of
changes or losses in cell function. These can include responses to environmental or physiological
changes, or alterations of cell function brought about by mutation.

References:

1.

2.
3.

4.

Molecular Biology of The Cell by Bruce Alberts, Alexander Johnson, Julian Lewis,
David Morgan, Martin Raff, Keith Roberts, and Peter Walter.

The Cell A Molecular Approach by Geoffrey M. Cooper, Robert E. Hausman.

Cell and Molecular Biology: Concepts and Experiments, by Gerald Karp, Janet
Iwasa, Wallace Marshall

Cell and Molecular Biology by E. M. F. De Robertis and Eduardo de Robertis

Practical - Cell Biology

NookrwbdPE

Study of Mitosis using onion root tips and effect of colchicine on cell division (2 units)

Study of Meiosis using Rheo discolor/ onion flower buds/grasshopper testes (1 unit)
Extraction of Mitochondria from liver cells (2 units)

Vital staining of Mitochondria (1 unit)

Localization of Barr body (1 unit)

Study of plasma membrane integrity by osmotic lysis and detergent lysis of cells (2 unit)
Extraction of chloroplast from plant tissue and determination of chlorophyll content (2

units)

Extraction and colorimetric estimation of enzymes from plant samples (superoxide dismutase &
peroxidase) (2 units)


https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AGerald%2BKarp
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AJanet%2BIwasa
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AJanet%2BIwasa
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AWallace%2BMarshall

General Microbiology

Objective: It describes diversity of microorganisms, bacterial cell structure and function,
microbial growth and metabolism, and the ways to control their growth by physical and chemical

means.

TOPICS DETAILS HOURS
1. Microbial Different types of classifications of microorganisms- 7
Taxonomy Bacteria - Bergey’s manual of systematic classification;
Molecular characterization - ribotyping;
Traceability of Microbial Strains
Virus; Fungi; Viroids; Prions
2. Prokaryotic and Virus - Structure, Growth cycle, Assay. 12
Eukaryotic Bacteria - Overview of structure, Structure of cell wall, Cell
microorganisms membrane, Internal Structures — DNA, plasmids, Ribosomes,
cytoskeleton, inclusions; external structure — fimbriae, pili,
S-layer, glycocalyx, flagella;Structure of Cyanobacteria —
Anaebena. Structure of proteobacteria - Rhizobium
Introduction. Protozoa (Plasmodium) and Fungi (Yeast)
Algae (Chlorella) Slime molds (Physarum)- structure and
reproduction.
3. Microbial Growth, | Growth and cell division, factors affecting bacterial growth- 11
Diversity, Control & | physical and chemical factors, sporulation in bacteria.
Methods in Physical-Pasteurization, radiation, heat and chemical-
Microbiology phenols. Halogens etc
Quorum sensing (Vibrio cholerae and bioluminescence)
Composition of culture media and its types-special purpose
and Selective media. Differential, Enrichment and microbial
assay media. Pure culture, Isolation of microbes using
Winogradsky coloumn.
4. Metabolic Different types of fermentation- Homo and Heterolactic 5
pathways specificto | fermentation, ED pathway, phosphoketolase pathway,
microbes glyoxylate cycle. Synthesis of peptidoglycan
5. Microbial Ecology | Ecology of microorganisms- symbiotic relationships, 6
Microorganisms in Nitrogen cycle, carbon cycle, phosphorus
cycle, iron cycle.
6. Disease causing Bacterial —Staphylococcal infections, Typhoid, TB; Fungal 4
microorganisms — Keratitis, Dermatitis, Viral — AIDS, Measles, Hepatitis
and their diagnosis.
TOTAL HOURS 45

Learning outcomes: The Curriculum helps to gather knowledge of industrial, biotechnological
and clinical applications of microbiology, and how the scientific method relates to the study and
understanding of microbiology historically and in modern day applications.

References:

1. Microbial Physiology and Metabolism by Caldwell D.R. 1995Brown Publishers.
2. Microbial Physiology by Moat A.G. and Foster J. W. 1999.. Wiley.

3. Microbial Diversity by Colwd , D. 1999, Academic Press.

4. Microbial Genetics by Maloy ET. Al. 1994. Jones and Bartlett Publishers.
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5. Molecular Genetics of Bacteria by J. W. Dale. 1994. John Wiley and Sons.

6. Modern Microbial Genetics. 1991 by Streips and Yasbin. Niley Ltd.

7. Medical Microbiology by Patrick R. Murray; Ken S. Rosenthal; Michael A. Pfaller
8. Microbiological Media by Ronald M. Atlas

9. Bergey's Manual of Determinative Bacteriology by John G. Holt

Practical - General Microbiology

Sterilization, Media preparation & Glycerol stock maintenance of bacterial cultures (1 unit)

Serial dilution and Culture characterization ( 2 units)

Study of bacterial Growth curve (absorbance) (2 units)

Nutritional requirement for growth of bacteria (C and N) (1 unit)

Staining techniques (Simple, negative, endospore, fungal, and Gram staining) (5units)

Bacteriophage isolation (2 units)

Biochemical characterization (IMViC, oxidase and Catalase Test, Hydrolysis test- starch and gelatin)

(6 units)
8. Antibiotic sensitivity (2 units)



Molecular Genetics

Objective: To offer a blend of classical genetics and modern genetic concepts.

TOPICS DETAILS HOURS

1. Principles in Genetics Mendel’s laws of Inheritance, Mendellian and Non- Mendellian 11
and Molecular basis of sex | inheritance patterns, Hardy-Weinberg Equilibrium, Sex
determination and dosage | determination in Drosophila and mammals, Secondary sex

compensation determination in mammals, Dosage Compensation in Drosophila
and mammals.
2. Genome organization Organization of E.coli genome. Mapping of and mapping of E.coli 7

chromosome. Common features of the genome of prokaryotes and
eukaryotes (esp Human genome), bacteriophage genome, Mapping
of T$ phage genome using mutants. Topological manipulation of
DNA. C-value paradox, concept of gene families.

3. Bacterial genetics Transformation, Conjugation and Transduction. 3

4. Genetic Recombination Homologous and Non-Homologous recombination, Different 8

models of Genetic Recombination (Single and Double stranded
breaks). Role of Rec A, Rec BCD, Ruv ABC in recombination.
Conservative Site-Specific Recombination in Lambda phage

5. Transposable genetic Introduction to Bacteria, Yeast, Drosophila, Maize Transposons. 6
elements Replicative and Non-replicative transposition. Role of transposase
and Resolvase. Controlling elements in transposition. Retro-
transposons.
6. Mutation Molecular basis of Mutation: Spontaneous and Induced, physical 5
and chemical mutagenesis. Role in evolution, adaptive mutations
in bacteria and viruses.
7. Detection of Mutagens & | Ame’s test, different approaches for the detection of unknown 5
mutations point mutations, DGGE, HET, SSCP, PTT, CFLP

TOTAL HOURS 45

Learning Outcomes: Students, at the end of this course should be able to not only define inheritance
patterns but also explain it from a molecular point of view. Students should be able to elucidate the process
of how the genotype translates into an observable phenotype.

References:
1. Principles of Genetics 7th Edition by Robert H Tamarin
2. Principles of genetics, 8TH ED by Gardner, M. J. Simmons, D. P. Snustad
3. Genes IX By Benjamin Lewin
Practical - Molecular Genetics
1. Culture and Maintenance of Drosophila and study of morphological features of normal
and mutants of Drosophila (2 units)
2. lIsolation and identification of auxotrophic mutants by replica plating technique (2 units)
3. Genetic Problems (1 unit)
4. Preparation of temporary mounting of polytene chromosome (2 units)
5. Induction of mutation by UV light in Escherichia coli and Assessment of photo
reactivation repair (3 units)
6. Extraction of acid soluble deoxynucleosides from yeast and estimation by DPA
method (2 Units)
7. Study of karyotype in plant material (Allium cepa) using acetoorcein
squash technique (1 Unit)
8. Evaluation of insecticidal activity of plant extracts on Drosophila larvae (2 units)




Biomolecules and Analytical Techniques

Objective: The module aims to provide practical experience in basic techniques in biomolecular

technologies and to provide an understanding of the theoretical basis of the techniques.

TOPICS DETAILS HOURS
1. Amino acids and Classification , Properties 6
Proteins Chemical reactions
Optical Properties of amino acids and proteins
Structural organization of proteins
2. Carbohydrates Classification, structure, Properties, Chemical reactions, 5
Derived sugars, Polysaccharides
3. Lipids Classification (simple, compound and derived lipids), 5
Properties, Chemical reactions, Role of lipids in biological
functions
4. Enzymes Classification, nomenclature, coenzymes 6
Kinetics of Enzyme catalysed reaction — Michaelis- Menten
equation, significance of Km and Vmax, Factors affecting
enzyme activity, Lineweaver -Burk plot, Mechanism of
enzyme action —Lock and key theory and Induced fit
hypothesis, Enzyme inhibition — reversible and irreversible
inhibitions. Allosteric regulation.
5. Purines Structure of nitrogenous bases, nucleosides and nucleotides. 3
and
pyrimidines
6. Isolation and General scheme for purification of proteins. Methods for 18
Separation of lysis of plant, animal and microbial cells. Use of detergents
Biomolecules in isolation of membrane proteins.
(proteins) Centrifugation: Principles, instrumentation and applications.
Types of centrifugation- density gradient centrifugation,
isopycnic and rate zonal centrifugation,
Basic principles: Adsorption chromatography, Partition
chromatography (Paper, TLC, ion-exchange, gel filtration,
affinity). Applications of chromatography.
7. Electrophoresis Principles, instrumentation, methods and applications of 9
and spectroscopy and | electrophoresis. (Poly acrylamide/ Agarose gel
spectrophotometry electrophoresis, use of SDS)
Electromagnetic radiation and interaction with matter,
Principles and applications of UV and visible
spectrophotometer.
TOTAL HOURS 52

Learning outcomes: The course helps students dealing with the use of biomolecules for the
development and application of analytical methods and devices.

References:

1.Instrumental Methods of Analysis. 6th Edition by H.H. Willard, L.L. Merritt Jr. and others.
1986. CBS Publishers and Distributors.




2.Instrumental Methods of Chemical Analysis. 1989 by Chatwal G and Anand, S. Himalaya
Publishing House, Mumbai.

3.A Biologists Guide to Principles and Techniques of Practical Biochemistry. 1975 by Williams,
B.L. and Wilson, K.

4.Spectroscopy. Volume 1. Edited by B.B. Straughan and S. Walker. Chapman and Hall Ltd.

5.Gel Electrophoresis of Proteins- A Practical Approach by Hanes. 6. Chromatography:
Concepts and Contrasts- 1988 by James Miller. John Wiley and Sons. Inc., New York.
7. Analytical Biochemistry by Holme.
8. Biophysical Chemistry by Upadhyay and Upadhyay



Biostatistics

Objective: This course is designed to provide a broad overview of biostatistics methods as well
as its applications commonly used for Biotechnological experiments.

TOPICS DETAILS HOURS

1. Univariate Data Types of data, summarization of data through frequency 7
Analysis distributions, bar diagrams and histograms.

Measures of central tendency — mean, median, mode.

Measures of dispersion — range, variance, standard

deviation, coefficient of variation.
2. Bivariate Data Scatter plot, Karl Pearson’s correlation, fitting linear 3
Analysis regression.
3. Probability and Probability - Basic terminology, classical definition, 6
Theoretical conditional probability, independence. Random variables —
Distributions discrete and continuous.

Binomial, Poisson and normal distributions-important

properties and problems.
4. Sampling Meaning. Probability and non probability sampling techniques 2

discussion through examples. Types of sampling - simple

random sampling, stratified random sampling, systematic

sampling and cluster sampling.
5. Testing of Random samples, parameter and statistic, types of hypothesis: 8
Hypothesis null, alternative, simple, composite, one-sided, two-sided,

types of errors, critical and acceptance regions. Large sample

test for proportion, equality of proportions, t-test for single

mean and equality of means, chi- square test for independence

of attributes, ANOVA for one-way classified data.

TOTAL HOURS 26

Univariate data analysis
Students should be able to: Construct and analyze diagrammatic and graphical displays to
summarised data. Compute and interpret measures of center and spread of data.

Bivariate data analysis

Students should be able to: Calculate, interpret and communicate the simple correlation and

simple linear regression.

Probability and Theoretical distributions
Students should be able to: Utilize basic concepts of probability to calculate, interpret and

communicate event probabilities. Determine the appropriate probability distribution based on
experimental conditions and assumptions to evaluate probability.

Testing of hypothesis

Understand the goal of hypothesis testing and the basic structure of a hypothesis test, basic
terminology including how to set up the null and alternative hypotheses, how to determine the
possible outcomes of a hypothesis test and how to decide between these possible outcomes.

Learning outcomes: The students will be able to

Explain and apply the fundamentals of applied statistical methodology
Use modern statistical software

Effectively communicate the results of a statistical analysis




References:
1. Statistics in biology, Vol. 1 by Bliss, C.1.K. (1967) Mc Graw Hill, NewY ork.
2. Practical Statistics for experimental biologist by Wardlaw, A.C. (1985).
3. Statistical Methods in Biology - 2000 by Bailey, N.T. J. English Univ. Press.
4. Biostatistics - 7th Edition by Daniel
5. Fundamental of Biostatistics by Khan
6. Biostatistical Methods by Lachin
7. Statisticsfor Biologist by CampbellR.C. (1974) Cambridge University Press, UK.



Basic Bioinformatics

Objective: To provide students with knowledge about fundamental concepts, big data analysis, tools
and databases predominantly used in bioinformatics.

TOPICS DETAILS HOURS
1. Introduction to Historical evolution of the concept of Bioinformatics & its 3
Bioinformatics, its significance;
History & Scope Technical definitions and aims of bioinformatics;
(Industrial & Tools in Bioinformatics: FASTA & ORF Finder;
Research) Current trends & scope of bioinformatics in industries and
research;
Applications & limitations of bioinformatics
2. Basics of Introduction to bioinformatics, data generation & types of 5
Bioinformatics & Big |iological information;
Data Analysis Big Data generation in biology (through techniques like

sequencing, NMR  spectroscopy, X-ray diffraction,
microarrays, etc.);

Concept of genome annotation & tools for gene identification
(GenScan, Grail, GenelD and Glimmer);

Types of nucleotide sequence information relevant to
bioinformatics (genomic DNA, cDNA, rDNA, ESTs, Genomic
Survey Sequences (GSSs)

3. Databases in Biological databases and their types with examples (NCBI, 8
Bioinformatics EMBL, DDBJ, PIR, SWISSPROT/ UNIPROT,
PDB, CATH, BLOCKS, TIGR, KEGG);

NAR Database

4. Sequence Alignment |Introduction to sequences, alignments and dynamic 5
programming;

Tools for pairwise (BLAST algorithm) and multiple sequence
alignments (Clustal W algorithm); PAM, BLOSUM, Gap, Gap
penalty;

Algorithms for Local and Global alignments (Smith-
Waterman & Needleman-Wunsch algorithms)

5. Phylogenetic Introduction to phylogenetic analysis and its applications; 4
Analysis Phylogenetic tree- its parts, types & approaches of
construction, UPGMA method,;

Best practices for phylogenetic analysis; Difficulties in

Phylogenetic Analysis
6. Protein Structure  |Protein sequencing & structure (secondary and tertiary) 5
Prediction prediction tools and methods; Structure alignment, validation,
refinement;
MALDI -TOF,;

A brief overview about CASP

TOTAL HOURS 30




Learning outcomes: Students get information about recent advances in genomics and structural biology and
acquisition of biological data available from Internet-accessible databases.

References:
> Bioinformatics. 1998 by Baxevanis.
» Bioinformatics 2000 by Higgins and Taylor OUP.
» The Internet & the new Biology: Tools for Genomics & Molecular Research by Peruski, Jr. & Peruske (ASM)
1997.
» Bioinformatics - A Practical Guide to the Analysis of Genes and Proteins. 2nd Edition by Baxevanis.
Bioinformatics: Sequence, structure and Data Bank: A Practical Approach by Higgis.
Bioinformatic Methods and Protocols - Misener.
Bioinformatics: Sequence and Genome analysis.

>
>
>
» Introduction to Bioinformatics by Altwood.
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Biochemistry

Objective: Through the application of biochemical pathways, students will study not only
concepts, principles, and various metabolic procedures that occur in the organism they will also
understand the vital role of biochemistry in medicine and how biochemistry principles are applied
in everyday professional practices.

TOPICS

DETAILS

HOURS

1. Bioenergetics

Principles of Bioenergetics: Laws of thermodynamics in
biological systems, Enthalpy, entropy, and Gibbs free energy,
Standard free energy change (AG®), Energy coupling in
metabolism, High-energy compounds (ATP, GTP, creatine
phosphate)

Biological Oxidation and Redox Reactions:
Oxidation—reduction reactions, Biological electron carriers
(NAD*/ NADH, FAD / FADHz, Cytochromes, Fe-S proteins,
Coenzyme Q), Role of redox reactions in metabolism

Electron Transport Chain (ETC): Components of mitochondrial
respiratory chain (complexes (I-1V)) and its organization,
Electron flow in mitochondria, Proton gradient formation.
Oxidative Phosphorylation: Chemiosmotic hypothesis, Proton
motive force, Fo—F1 ATP synthase mechanism, Regulation of
oxidative phosphorylation, Inhibitors and uncouplers of electron
transport

ATP Synthesis and Utilization: Structure and role of ATP,
rotational catalytic mechanism

Photosynthetic Bioenergetics: Photophosphorylation and Proton
gradient in chloroplasts

6

2. Protein &
Amino acids

Protein breakdown/proteolysis, Autophagy-Different Type,
Ubiquitin mediated proteolysis, Disposal of N in the urea cycle

Biosynthesis, degradation and regulation of essential amino
acids (Aromatic amino acids in detail) Central glutamine and
glutamic acid pathways

10

3. Carbohydrates

Metabolism and regulation of glycogenesis, Glycogenolysis,
Glycolysis, fermentation reactions, Gluconeogenesis, Krebs
cycle, HMP shunt and its significance. Anaplerosis. Starch
synthesis.

4. Lipids

Fatty acid synthesis and its regulation beta oxidation of
saturated and unsaturated fatty acids (mention odd chain),
Omega oxidation. Metabolism of ketone bodies. Synthesis of
phospholipids, Synthesis of cholesterol.

10

5. Photosynthesis

Introduction to photosynthesis. Light Reactions, Dark
reactions (Calvin Cycle), Photorespiration, C3, C4 Plants, CAM
Plants.

6. Metabolism of purines and pyrimidines — De novo and salvage pathways

TOTAL HOURS

45




Learning outcomes: Students will be able to apply knowledge of chemistry and biology to solve
biochemical problems; Possess a breadth of knowledge in organic, physical, and biochemistry, as
well as genetics, molecular biology and cellular biology; identify, formulate and solve complex
biochemical problems.

References:

1.Biochemistry by Stryer

2. Laboratory techniques in Biochemistry and Molecular Biology by Work and Work.
3. Principles of Biochemistry. by Horton

4. Biochemistry by Voet.

5. . Methods of Biochemical Analysis by David Glick, John Wiley and Sons, New York.
6. Biochemistry by Lehninger

Practical - Biochemistry
1. Partial purification of protein by solvent and salt precipitation from green gram and
estimation by Lowry’s method (2 units)
Amylase extraction, starch digestion & Zymogram analysis (2 units)
Glucose estimation by DNS method (1 unit)
Estimation of the Saponification value of different lipids (1 unit)
Denaturation of proteins by physical and chemical methods and qualitative assessment by
paper and thin layer chromatography & ion-exchange chromatography (2 units)
Biomarker estimation of TCA cycle (SDH)
Protein unfolding analysis by denaturation with urea (1 Unit)
Soil respiration as a biological indicator of soil biological quality (2 units)
Protein purification by Gel permeation (3 units)

ok own
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Molecular Biology

Objective: To clarify various molecular biological concepts that revolves around the DNA.

Sub topic Details Hours

1. Introduction History, Discovery of Nucleic Acids, Biochemical evidence | 1
of DNA and RNA as genetic material

2. Structure and Structure of DNA and RNA, Different forms of DNA (A- 7

Function of Nucleic | DNA, B-DNA, Z-DNA). Types of RNA and their

Acids functions. Base modification in RNA.

3. DNA Replication | DNA replication (3 types), Mechanism of DNA Replication,| 7
Regulation in Prokaryotes and Eukaryotes.

4. Transcription Types, Structure and function of RNA polymerases 8
Transcription in Prokaryotes and Eukaryotes (Transcription
factors, inhibitors of transcription), Post Transcriptional
modifications.

5.Translation Genetic code, tRNAs, ribosomes, Protein synthesis in 7
Prokaryotes and Eukaryotes, Post translational
modifications.

6. DNA Alterations of DNA molecule, Biochemical mechanisms 12

damage and (Photoreactivation, Mismatch, Excision, Recombination

Repair & and SOS repair)

Regulation of Gene )

expression General aspects of regulation, operon model.

Prokaryotes:- lac operon , trp operon. Levels of eukaryotic
gene regulation.
Transcription control by methylation, miRNA and siRNA

7. Hybridization Hybridization and Blotting techniques — Southern , Northern| 2

techniques with and Western Blotting

Applications

8. Introduction to Oncogenes and mechanism of metastasis, Tumour 1

cancer biology and | suppressor genes

Total Hours| 45




Learning Outcome: At the end of this course, students should be able to clearly understand the
molecular mechanisms of replication, transcription, translation, gene regulation and repair in
detail.

References:

1. Molecular Biology of the Cell, 4th edition by Bruce Alberts, Alexander Johnson, Julian
Lewis, Martin Raff, Keith Roberts, and Peter Walter.

The Cell, 2nd edition A Molecular Approach by Geoffrey M Cooper
Molecular Cell Biology by Lodish, Harvey; Darnell, James E.
4. Karp's Cell and Molecular Biology, 9th Edition by Gerald Karp, Janet Iwasa, Wallace

Marshall
5. Molecular Biology by Friefelder David

wn

Practical - Molecular Biology
1. Isolation of genomic DNA from bacteria (heat treatment protocol) (1 unit)
2. Isolation of genomic DNA from plant (C-TAB method) (1 unit)
3. Isolation of genomic DNA from Animal Tissues and analysis of DNA purity and
concentration by UV spectrophotometer (2 unit)
Estimation of DNA by Diphenylamine (1 unit)
Estimation of RNA by Orcinol (1 Unit)
Agarose Gel electrophoresis (1 unit)
Bacterial Conjugation (2 units)
Amplification of DNA using PCR (3 units)

N GRA



Immunology

Objective: The objective of this course is to learn about the structural features of the components
of the immune system as well as their functions, with the primary emphasis on the mechanisms
involved in immune system development and responsiveness.

TOPICS DETAILS HOURS
1. Components | Immune response : innate and acquired immunity, Cells and 07
of Immune Organs of the immune system
System
2. Antigens Antigen: properties of antigens, types, immunogens, haptens and 08
and Antibody | adjuvants. Epitope: concept of epitope; B-cell and T-cell epitopes.
Antibody: Basic structure, different classes and subclasses of
immunoglobulins-structure and functions, effector functions of
antibodies, antigenic determinants. Organization of
immunoglobulins: multigene segments, VJ and VDJ
recombination, P and N additions, class switching, affinity
maturation.
Monoclonal antibody: production and its applications
3. Complement | Components of Complement system, activation pathways, 05
system regulation of complement system, biological consequences of
complement activation
4. Antigen- Antigen-antibody reaction: Forces responsible for interactions: ag- 06
Antibody ab affinity and avidity cross reactivity, precipitation and
reaction and agglutination reactions. Methodologies: immuno-diffusion,
methods of immuno-electrophoresis, ELISA-different types: Sandwich, direct,
disease competitive and indirect methods, Western Blotting,
diagnosis Agglutination Inhibition tests, Immunofluorescence-
fluorochromes, direct and indirect methods
5. MHC Classification, Structure and function, MHC evolution and allelic 07
diversity, MHC polymorphism
6. Hyper Allergens, allergy and allergic reactions- Typel Immediate, Type 07
sensitivity 2- Ab dependent , Type-3- immune complex, Type 4-cell
mediated, Type -5 - stimulatory
7. Vaccines Types of vaccines and their immune response (live attenuated and 05
killed vaccines, sub-unit vaccines, recombinant vaccines, idiotypic
vaccines, DNA vaccines). Common immunization program
TOTAL HOURS 45

Learning outcome: Students will be able to
« Define and describe the principle features associated with the structure, development and
function of the immune system through theoretical and practical based knowledge

« Demonstrate the role of science and the scientific process in identifying the key

questions, issues and challenges associated with Immunology and immunity or human

diseases




References:
1.Immunology by Roitt | and Male Brostoff

2.Immunology by Kuby J

3.Immunology: A Textbook by C V Rao

4.Immunology, International Edition: With Student Consult Online Access by Male
5.Textbook of Basic and Clinical Immunology by Sudha Gangal

6.Basic Immunology :Functions and Disorders of the Immune System by Abul K. Abbas , Andrew H. H.,
Lichtman , and Shiv Pillai

Practical - Immunology
1. Perform differential count of WBC and isolation of blood PMN cells and determination
of phagocytic activity (2 units)
2. Separation of serum from whole blood, ammonium sulphate precipitation of
Immunoglobulins and estimation by Biuret method (2 units)

ELISA-Types (2 units)

Single Radial immunodiffusion. (1 unit)

Quantitative precipitin assay (1 unit)

Rocket Immunoelectrophoresis (2 units)

Widal and VDRL test (1 unit)

Demonstration of Haemagglutination using plant lectin (2 units)

N AW


https://www.amazon.com/Basic-Immunology-Functions-Disorders-Immune/dp/0323549438?tag=uuid10-20
https://bookauthority.org/author/Abul-K.-Abbas-MBBS
https://bookauthority.org/author/Andrew-H.-H.-Lichtman-MD--PhD
https://bookauthority.org/author/Andrew-H.-H.-Lichtman-MD--PhD

Biophysics

Objective: To study selected biological phenomena using physical principles by introducing the use
of physical methods in the study of biological systems, including macromolecules, membranes,
nerves, muscle, photosynthetic systems and visual systems.

TOPICS DETAILS HOURS
1. Physical Surface tension, diffusion, osmotic pressure. Sedimentation 7
characteristics of life | Mechanism of bond formation: Chemical and physical forces

and Principles of involved in bond formation — covalent, ionic, etc.

bond formation Vanderwal’s forces

2. Radioactivity and | Fundamentals of Radioactivity: Nature of radioactivity, Types of 10
Detection radiation: a (alpha), B (beta), y (gamma), Atomic structure and

Techniques in nuclear stability and excitation and ionisation, Units of

Biological Sciences |radioactivity (Curie, Becquerel)

Radioactive Decay Laws: Radioactive decay Half-life (t¥2) and
mean life, Mathematical relationship between decay constant
and half-life

Radioisotopes: Definition and properties of radioisotopes,
Commonly used radioisotopes in biology: Carbon-14 (*C),
Phosphorus-32 (32P), Sulfur-35 (**S), Iodine-125 (**1),
Production of radioisotopes (reactors and cyclotrons)
Measurement of Radioactivity: Principles of radiation detection,
Detection instruments: Geiger-Miller counter, Scintillation
counter (liquid and solid), Autoradiography, Efficiency,
background radiation, and quenching effects, Safety protocols
and radiation protection, Disposal of radioactive waste
Non-Radioactive Labeling Techniques: Concept and need for
non-radioactive alternatives, Fluorescent probes (e.g., FITC,
GFP)), Chromogenic compounds (colorimetric detection) ,
Chemiluminescent labeling , Comparison with radioactive
labeling (advantages & limitations)

Applications of Radioisotopes in Biological Sciences: Molecular
biology: DNA replication and hybridization studies, Metabolic
pathway tracing, Enzyme Kinetics studies, Medical applications:
Diagnostic imaging (PET), Radiotherapy, Agricultural and
environmental studies

3. Protein structure |Primary, secondary, tertiary and quaternary structure and their 8
determination characteristics

Determination of amino acid residues, Ramachandran’s plot,
NMR, X-ray crystallography, Mass spectroscopy
conformational analysis

4. Protein folding Thermodynamics of protein folding and protein stability Ligand 6
And Protein- Ligand |binding sites in immunoglobulin
interactions Substrate binding sites in serine proteases, Haem binding sites

Nucleotide binding sites
Binding sites for phosphoryl groups

5. Structural basis | Skeletal Muscle: Organization and Components: Structure of 6
for protein skeletal muscle: Muscle fiber, myofibrils, sarcomere
mechanism organization, Sarcomere components: Thick filaments (myosin),




Thin filaments (actin, tropomyosin, troponin complex), Banding
pattern (A-band, I-band, Z-line, H-zone, M-line)

Molecular Structure of Contractile Proteins: Actin: G-actin
and F-actin structure, Myosin: Structure of myosin head, neck,
and tail, ATPase activity and motor domain, Regulatory
proteins: Troponin (TnC, Tnl, TnT), Tropomyosin

Mechanism of Muscle Contraction: Sliding filament theory,
Cross-bridge cycle: ATP binding, hydrolysis, and force
generation, Structural changes during contraction

Calcium Regulation and Signal Transduction: Role of Ca?" in
muscle contraction, Sarcoplasmic reticulum and calcium release,
Troponin-tropomyosin regulation mechanism, Excitation—
contraction coupling

Bioenergetics of Muscle Contraction: ATP as an energy
source, Phosphocreatine system, Glycolysis and oxidative
phosphorylation in muscle, Energy efficiency and fatigue
Structural Basis of Protein Mechanism: Conformational
changes in myosin during force generation, Protein—protein
interactions (actin—-myosin binding)

6. Electrical Structure, potential and transport (active and passive) Na and K 3
Behavior of Cell pump, Ca**ATPase pump
membrane Different electrical signals in cell. Resting membrane potential—

and

Electrophysiology Voltage clamp studies.

ionic basis. Action potential- ionic basis, Patch clamp and

7. Analytical Fractional precipitation, Ultra filtration, Freeze drying Cryo 12

methods in analysis |electron microscopy
of biomolecules Ultracentrifugation GLC, HPLC

Capillary electrophoresis. Pulse field gel electrophoresis,
Isoelectric focusing
Atomic absorption spectroscopy, Spectrofluorimetry.

TOTAL HOURS 52

Learning outcomes: It helps in developing a conceptual framework for understanding the system
by identifying the key physical principles, relationships, and constraints underlying the system.

References:

1. Biophysics” by R Glaser

2. Biophysics: A Physiological Approach” by Patrick F Dillon

3. Fundamentals and Techniques of Biophysics and Molecular Biology” by Pranav
Kumar

4. Electrophysiology :Basics, Modern Approaches and Applications by Rettinger,
Jurgen, Schwarz, Silvia, Schwarz, Wolfgang

5. Anatomy, Skeletal Muscle by Heeransh D. Dave; Micah Shook; Matthew Varacallo.

6. Biophysical Chemistry by Upadhyay and Upadhyay




AC 03: Research Methodology 26 hrs

Obijectives

To enable the students to

Understand the methodology of research/ principles and techniques.
Develop skill in conducting research from planning to report writing.

Course outcomes: Enable students to identify the overall process of designing a research study from its inception to its report.
Students can select and define appropriate research problem, organize and conduct research in a structured manner. Also
enables students to prepare a project proposal, to write a research report, articles and thesis in a decipherable manner.

Unit | Introduction to Research

Meaning, definition, objectives and characteristics of research. Types of research- basic research
(fundamental research), applied research, action research, descriptive research, analytical research,
evaluation research, historical research, exploratory research, industrial research, development research.
4 hrs

Unit 11 Research Process

Research design, important experimental designs, sample design. Census and sample method; theoretical
basis for sampling, methods of sampling, size of sample, merits and limitations of sampling, sampling and
non-sampling errors, reliability of sampling.

Data and methods of data collection; types of data- primary and secondary data. Primary data collection
methods- direct personal investigation, direct oral investigation schedules and questionnaires, interviews
and type of interviews. Pre-testing and pilot study. 6 hrs

Unit 111 Measurement and scaling technique

Measurement in research; measurement scales- nominal scale, ordinal scale, interval scale, and ratio scale.
Sources of error in measurement.

Scaling- meaning, classification basis, important scaling techniques- rating scale, ranking scale, arbitrary
scale, summated scale. 4 hrs

Unit IV Intellectual Property Rights

Patenting - definition of patent. Patenting and fundamental research. Product and process patents, Patent
infringement, Copyright infringement and Trademarks. 2 hrs

UNIT-V: Scientific writing

Research resources: reviews, abstracts, books, journal and magazine articles- Exploration and
communication; Resources: online and print; Review of latest literature (peer reviewed). Logical format
for writing thesis and papers. Essential features of abstract, introduction, review of literature, materials
and methods, and discussion. Reference styles. Understanding Plagiarism: definition, unintentional
plagiarism and consequences; Collaborative work. 6 hrs

Unit 1V: Data analysis using Excel:

Analysis of quantitative data and effective presentation with tables, graphs etc., Use of Excel for
Formulae Function, Charts and Graphs, Table formula, t-test, Anova and Correlation. 4 hrs

References



a c w NN

9.

Research Methods for the Biosciences. Holmes, Moody & Dine. Oxford University Press.
Experimental Design for Biologists. David J. Glass. Cold Spring Harbor Laboratory.
Experimental Design for the Life Sciences. Ruxton & Colegrave. Oxford University Press.
Research Methodology, Kothari, C. R. (2005) New Delhi, Vikas Publication House.

Sucessful Scientific writing: A step-by- step Guide for Biomedical Scientists. 2nd ed. Matthews.
Cambridge University Press, 2001.

Green. R. H. Sampling Design and Statistical Methods for Environmental Biologists. John Wiley &
Sons, 1979.

Swain AKPC (2008), A Textbook Of Research Methodology, 1st Edition, Ludhiana, Kalyani
Publishers

Sunder rao and Richardb (2006), an introduction to bio statistics, a manual for students in health
sciences, 4" edition, New Delhi, Prentice Hall

Gupta S.P.,Statistical methods, 28" ed. Sultan chand and Co, New Delhi,1998.

10. Sinha, S.Cand Dhiman,A.K.(2002) Research methodology, Ess Ess Publication 2 VVolumes.



Advanced Bioinformatics

Objective: To provide an insight into the inherent structure of biological information and development of
computational approaches applied in the fields of protein structure prediction, Omics & drug discovery.

TOPICS DETAILS HOURS
1. Biomolecular Introduction to biomolecular visualization tools (their evolution 8
Visualization Tools && advantages; biomolecular basics of Coordinate system,
molecular Docking Cartesian coordinate system and their types);

Methods for presenting large quantities of biological data-
sequence viewers (Artemis, SeqVISTA), 3D structure viewers
(RasMol, RasMol, PyMol, Swiss PDB Viewer (DeepView),
Chime, Cn3D, ChemSketch, ChemDraw), Anatomical
visualization;

Molecular Docking (basics, approaches, glossary of
terminologies, mechanics & applications); Molecular docking
tool- AUTODOCK

2. QSAR Quantitative  Structure — Activity Relationship analysis- 5
definition, tools, need & applications, workflow, limitations &
advances;

High throughput screening, virtual screening and Lipinski's rule
of five (ADMET)
3. Introduction tontroduction to data mining & metadata research (medLine, 2

Metadata Research PubMed, OMIM, ENTREZ);

Indices, Boolean, Fuzzy & Neighboring search;

The challenges of data exchange, integration & standardization
4. The Expanding|introduction to Genomics: Genome Annotation & Assembly and 3
World of Omics &fStructural, Functional & Comparative Genomics;

Systems/ ComputationalTranscriptomics;

Biology Proteomics: Microarray technique, design & analysis;

Systems  biology: Introduction, associated disciplines,
Interactomics (PPI), Fluxomics, Biomics; Metagenomics:

Introduction, metagenome, shotgun metagenomics
(pyrosequencing), CHiP-Seq., Sequencing Technology and
ENSMBL;

Tools & applications
5. Chemi-informatics [Chemical databases: PubChem, CSD, ACD, WDI, ChemBank, 2
hazardous chemical database Cheminformatics tools for drug
discovery;
Chemical Structure Representation (SMILE & SMART)

Minor project 10

TOTAL HOURS 30




Learning outcomes: Students will be prepared for careers in academia and industry, and in particular to
deepen their knowledge in both the biosciences and computational sciences to apply this knowledge to
manage and analyze data in the Life sciences and to train them in research.

References:

> Proteome Research: New Frontiers in Functional Genomics: Principles and Practices.
Genomics: The Science and Technology behind the human project.
Protein Biotechnology. Edited by Felix Franks. Humana Press, Totowa, New Jarsey.
Protein Engineering: Principles and Practice by Cleland.

>
>
>
» Computer analysis of sequence data by Colte.
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OBJECTIVES:

Animal Biotechnology

e To help understand the culture techniques of animal cells and exploit it in the field of
tissue culture

e To enhance the genetic engineering skills with respect to animals

e To study the applications of animal tissue culture and transgenic technology

TOPICS DETAILS HOURS
1. Animal Introduction 6
Tissue Culture | Laboratory design, Equipments used
Requirements | Media: Natural, Defined media for cells and tissues-composition
and preparation
2. Types of Adherent, suspension, primary, secondary and Cell lines (finite, 11
cultures and continuous). Organ culture, (Examples - CHO, BHK, Hela,
stem cell Properties and Culture characteristics)
biology Embryonic and adult stem cells, potencylevelsand applications of
stem cells.
3. Sterilization | Heat based sterilization-Steam, Dry heat, Flaming, Incineration, 5
techniques Tyndallization
Chemical sterilization-Ethylene  oxide, Nitrogen dioxide,
Glutaraldehyde and formaldehyde, Hydrogen peroxide
Radiation  sterilization-Non-ionizing  radiation  sterilization,
lonizing radiation sterilization
-Sterile filtration
4. Cell Somatic cell hybridization methods and applications of somatic 4
hybridization cell hybrids
5. Assisted In vitro maturation of oocytes, In vitro fertilization and 7
Reproductive Cryopreservation
technology and | Multiple ovulation, Estrus synchronization, Embryo collection,
Embryo evaluation and transfer
biotechniques
in animals
6. Cloning Micromanipulation techniques, examples of cloned animals and 5
applications of Somatic cell cloning
7. Transgenic | Methods of transgenesis (DNA microinjection, Retroviral and 7
technology in | Embryonic stem cell methods) with examples of transgenic animals
animals developed for improved desired domestic characteristics (milk,
meat, egg, wool, silk), biomedical models and large scale
production of therapeutic proteins
TOTAL HOURS 45

Learning outcome: To develop the capabilities of knowledge ability, comprehension and
applications of animals in cell and tissue culture systems, and how cell and tissue culture
contributes to global sustainability. It will also develop the practical skills and confidence of
students to successfully culture animal cells and tissues and apply a conceptual understanding of
the genetic manipulation of animal cells and whole animals.



https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Heat
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Steam
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Dry_heat
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Flaming
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Incineration
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Tyndallization
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Chemical_sterilization
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Ethylene_oxide
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Nitrogen_dioxide
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Glutaraldehyde_and_formaldehyde
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Radiation_sterilization
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Non-ionizing_radiation_sterilization
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Ionizing_radiation_sterilization
https://en.wikipedia.org/wiki/Sterilization_(microbiology)#Sterile_filtration

References:

Animal Biotechnology by Ranga M M

Text Book of Animal Biotechnology by B Singh

Animal Cell Culture: Practical Approach by Masters JR W

Animal Biotechnology by R Sasidhara

Animal Biotechnology: Recent Concepts And Developments” by RamadasS

Principles&Practices Of Animal Tissue Culture by Gangal Sudha

Culture of Animal Cells: A Manual of Basic Technique and Specialized Applications, Sixth Edition by
R. lan Freshney

NogakowhE

Practical - Animal Biotechnology

Sterilization techniques and Media preparation —Natural and Synthetic (2 units)
Cell isolation techniques (mechanical and enzymatic) (2 units)

Primary explant culture (1 Unit)

Cell counting & Cell viability tests (Haemocytometer & Trypan blue) (2 units)
Subculturing by trypsinisation. (2 units)

Mitogenecity of Lectins and comparison with serum (2 units)

LDH leakage assay for cell integrity (2 units)

Cryopreservation of cells using glycerol ( slow freezing, snap thawing) (1 unit)
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https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22Gangal%2BSudha%22
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Plant Biotechnology

Objective: The program includes an introductory section on plant biotechnology and its
applications for agriculture and industry.

TOPICS

DETAILS

HOURS

1. Laboratory
organization and
media preparation

Instrumentation and laboratory set up.

Sterilization methods (media sterilization, explant sterilization
and maintenance of aseptic environment),

Media preparation: Media components

Procedure: inoculation, incubation, hardening.

06

2. Different types of
in vitro culture &
Plant

regeneration

Callus and Organ culture (vegetative and
reproductive), haploid culture.

Techniques of micro -propagation, Methods
and Stages.

Embryo rescue and germplasm conservation
Somatic embryogenesis and organogenesis,
somaclonal and gametoclonal variation.

12

3. Applications of in
vitro cultures

Protoplast isolation and fusion. Applications. Somatic
hybridization and production of cybrids asymmetric
hybrids.

Cell suspension culture and production of secondary
metabolites (Shikonin).

05

4. Plant molecular
Biology

Model systems: Arabidopsis and Rice;

Organisation of plant genomes: Unique DNA sequences,
types of repetitive DNA.

Plant chloroplast and mitochondrial genomes.

Use of plant molecular markers in agriculture.

Genetic and molecular analyses of transgenics

biosafety issues

05

5. Gene transfer in
plants

Marker genes: reporter genes and selectable markers.
Current status of plant viruses: Potential DNA
(Caulimoviruses and Gemini viruses) / RNA (BMV, TMV,
PV X) vector systems.

Genetic transformation methods in plants with one specific
example for each:

e Tiplasmid (binary and co-integrate vectors) vector
systems, protocols for transformation and
mechanisms of transformation.

e Direct DNA Transfer to plant — Target cells for
transformation, Particle Gun Method and
Electroporation.

10

6. Transgenic
plants for quality
improvement

Transgenic plants for quality- Resistance to biotic stress:

e Insect resistance (Bt genes from B. thuringiensis, ipt
gene from A. tumefacience, cholesterol oxidase gene
from Streptomyces fungus)

o Disease resistance (Antimicrobial proteins,
Engineering toxin insensitivity, Phytoalexins)

e Virus resistance (Coat-protein mediated cross
protection, Non structural protein mediated resistance,
Antisense and sense mediated resistance),

Resistance to abiotic stress: Proline, Glycine betain, Mannitol.

07




Herbicide resistance

Longer life of flower, flower colour and shape, male sterility.
Transgenic plants as bioreactors- vitamins, antibodies,
polymers and edible vaccines

Testing of transgenics, regulatory procedures for commercial
approval & Issues associated with transgenic plants.

TOTALHOURS | 45 |

Learning outcome: Helps students in developing molecularstrategies to support plant breeding
programs, including molecular biodiversity analysis, quantitative genetics and molecular marker-
trait associations.

References:

1.
2.
3.

Plant Molecular Biology by Don Grierson
Plant Biotechnology by H. S. Chawla
Principles of Plant Biotechnology by Phundan Singh

Practical - Plant Biotechnology

1.
2.

© 0o ~NO Ul k~w

Preparation of media (1 unit)
Cell Suspension Culture (Growth Kinetics)-Doubling Time and Micropropagation Multiplication rate
(1 unit)

. Organ culture (shoot tip, nodal) (4 units)

. Callus culture from leaf - initiation and regeneration (3 units)

. Suspension culture (1 unit)

. Extraction of secondary metabolites-ethanolic/ aqueous extract and biochemical characterization (2 units)
. Protoplast isolation and fusion (1 unit)

. Embryo culture (1 unit)

. Endosperm culture from Cucumber (2 Units)

10. Preparation of artificial seeds (1 unit)
11. Paper strip assay of pesticides (1 unit)



Genetic Engineering

Objective: To teach techniques commonly used to study, clone and express genes.

Sub topic

Details

Hours

1. Introduction to
genetic engineering -
Isolation of DNA,
RNA and Methods of
DNA transfer

Definition, aims and objectives of recombinant DNA technology.
History of development of Insulin as a commercial Product of
Genetic engineering

Isolation of RNA from Eukaryotes. Transformation

(Heatshock), Transfection,

Microinjection, Electroporation, Microprojectile, Liposome- Fusion
methods, Transformation and transfection efficiency.

04

2.Tools of r-DNA
Technology

Enzymes involved in r-DNA techniques: Restriction Endo nucleases, Exo
nucleases (lambda, Exonuclease I11), DNA Ligase, Use of Restriction
Linkers, Homo Polymer Tails and terminal transferase, DNA Polymerases
(Pol I, Klenow, Taqg Polymerase), DNases (I and 1), RNases (A,P, L, H),
Kinase, Alkaline phosphatase (CIAP), Reverse Transcriptase.

05

4., \Vectors

Different types of vectors - Cloning Vectors: Plasmid (pBR322, pUC
series), Phage based Vectors(lambda and M13), Cosmids, Phagemids
(pBluescript)

Expression vectors (pET), Cassette Vectors (rfA), Shuttle Vectors (pPIC):
Artificial chromosomes, YAC, BAC: Plant vectors, Animal viruses as
vectors SV40,Vaccinia Virus: Insect virus vectors Baculovirus,
Agrobacterium mediated plant cell infection

Promotors; lac, trp, lambda, hybrid tac etc.

10

5. Cloning Strategies

Basic Cloning Procedures- Vector preparation; Insert preparation-
restriction digest, PCR with adaptor primer. Ligation, Transformation.
Selection process for transformed cells, Final screening of
Recombinant cells, Shot Gun Cloning; cDNA Cloning Strategies
(cDNA cloning , cDNA Library synthesis), In vitro Transcription
and Translation Techniques (Rabbit Reticulocytes, Wheat Germ)
Screening a library (DNA hybridization, immunological assays and
Protein activity).

6. Techniques

PCR and its types - RT PCR — Reverse transcriptase PCR, Nested PCR,
Multiplex PCR, Arbitrary Primed PCR, Touch Down PCR, Real time PCR
DNA sequencing —

e Maxam—Gilbert sequencing

e Sangers Sequencing Next gen
Sequencing

e 454 Pyrosequencing

e [llumina,

e ABISOLID
Mapping (Physical)

e Restriction mapping

e Fluorescent in situ hybridization (FISH)

10




e Sequence tagged site (STS) mapping
Chromosome Walking, Micro array,
In vitro Mutagenesis Site-directed Mutagenesis (SDM) Yeast two

hybrid system
7. Genome editing Cre-Lox P and FLP-FRT SYSTEMS, Knockout animals CRISPR- Cas
techniques system, CRISPR-Cas9 mediated Gene Editing, TALENS
(Transcription activator-like effector nucleases ) mediated Gene 08
Editing, Zinc finger nuclease
Total hours 45

Learning outcome: At the end of this course, students should have the theoretical knowledge to
plan an experiment to clone, modify and/ or express any gene from an organism into any other
organism. Further, students will be up to date with the latest techniques used for studying
DNA/RNA/ Protein.

References:

1. Principles of Gene Manipulation and Genomics by by Sandy B. Primrose, Richard

Twyman , Bob Old

PRINCIPLES OF GENETICS, 8TH ED by Gardner, M. J. Simmons, D. P. Snustad

PCR Technology, Principles and Applications for DNA Amplification by Erlich, Henry

4. Next Generation Sequencing Technologies and Challenges in Sequence Assembly by
El-Metwally, M.Sc, Sara, Ouda, Osama M., Helmy, Mohamed

5. Next Generation Sequencing, Translation to Clinical Diagnostics. Editors: Wong, Lee-
JunC

wmn

Practical - Genetic Engineering
1. Basic Cloning Procedures (8 units)
e Preparation of competent cells and transformation of plasmid in bacterial cells
e Isolation of plasmid DNA from transformed bacteria and separation of plasmid
DNA on agarose gel
e Restriction digestion of plasmid DNA
e Preparation of vector DNA and insert DNA for ligation
e Ligation of vector and insert and analysis of ligands by agarose gel
electrophoresis
2. Prediction of parentage using RAPD for genotyping (3 units)
3. Expression of a cloned gene in E.coli (4 units)
4. Ni-NTA chromatography (1 unit)




Environmental Biotechnology

Objective: To provide an understanding of the scientific principles (atmospheric, hydrological,
geomorphological and ecological) that underpins current environmental issues and describes
existing and emerging technologies that are important in the area of environmental biotechnology.

TOPICS DETAILS HOURS

1. Introduction Definition & objective of Environmental Biotechnology, 3

Environment: basic concepts and issue
2. Environmental | Sampling (Air, Water, Soil). 7
Monitoring Bioindicators (Terrestrial & Aquatic),

Biosensors,

Biochips — A step towards biomolecular computer — possible

future applications
3. Methods Biological methods; Detection methods for DO, BOD, 10
of monitoring | Pathogen monitoring by heterotrophic plate count; Multiple
Pollution tube method; Membrane filtration methods; Other emerging (7

techniques such as enzyme detection, Gene probe technology

etc.

Biosensors for pollution

Chemical methods for pollution monitoring - Detection

methods for COD, pH, alkalinity, TSS, TDS, Total organic

carbon
4. Biodiversity Introduction-Definition: Genetic species and ecosystem 10
and its | diversity, Bio-geographical classification of India, Hot-spots of
conservation biodiversity, Biodiversity-loss and conservation

Threats to biodiversity : habitat loss, poaching of wildlife, man —

wild life conflicts, Endangered and endemic species of India

Global and National approach, Treaties — Kyoto protocol,

Montreal protocol Earth summits, Environmental priorities in (3)

India
5. Environmental | Definition of Environmental risk, risk assessment and risk 9
risk analysis management, Environmental Risk characterization

Basic steps in Environmental risk assessment - hazard

identification, dose- response assessment, exposure assessment
6. Water Rain water harvesting, watershed management, Ganga Action 6
conservation and | Plan, Water (prevention and control of pollution) act
Management
7. Novel Methods | Vermitechnology, Waste Water Treatment Using Aquatic 7
for Environment | Plants, Root Zone Treatment. Biodegradable and Ecofriendly 3
protection Products

TOTAL HOURS 52

Learning outcomes: The curriculum expected to help students to suggest biotechnological

solutions to address environmental issues including pollution, mineral resource winning,

renewable energy and water recycling.




References:
1. Environmental Biotechnology: Concepts and Application by Jordening H J and Winter J
2. Environmental Biotechnology by Bhattacharya B C and Banerjee R
3. Environmental Biotechnology: Basic Concepts and Applications by Indu Shekhar Thakur
4. Environmental Biotechnology by Perry L McCarty and Bruce E Rittmann
5. Environmental Biotechnology by S K Agarwal



Food Biotechnology

Objective: Teach fundamental principles and unifying concepts in the food biotechnology,
beginning with introducing biological concepts and end with specific areas of interest.

Nutraceuticals
and Functional
Foods

food additives, Purpose and importance in food processing and
preservation, Regulatory aspects (FSSAI), Safety evaluation and
Acceptable Daily Intake (ADI)

Pigments in Food: Definition and role of pigments in food
quality. Natural pigments: Chlorophylls, Carotenoids,
Anthocyanins, Betalains, Synthetic food colorants, Stability of
pigments (effect of pH, temperature, light, oxygen), Health
implications of natural vs synthetic pigments

Food Flavours: Definition and classification of flavours, Natural
flavours (essential oils, plant extracts), Artificial/synthetic
flavours, Flavor enhancers (e.g., MSG), Chemistry of flavour
compounds, Factors affecting flavour stability, Applications in
processed foods

Food Additives and Toxicants: Types of additives: Preservatives
(e.g., benzoates, nitrates), Antioxidants (e.g., BHA, Vitamin C),
Emulsifiers and stabilizers, Thickening agents

Food toxicants: Naturally occurring toxicants (e.g., cyanogenic
glycosides), Processing-induced toxicants (e.g., acrylamide),
Contaminants (pesticides, heavy metals), Health effects and risk
assessment, Methods of detection and regulation

Nutraceuticals: Definition and concept, Classification: Dietary
supplements, Herbal products, Functional ingredients (omega-3
fatty acids, probiotics, antioxidants), Role in prevention and
management of diseases: Cardiovascular diseases, Cancer,
Diabetes, Bioavailability and efficacy

Functional Foods: Definition and characteristics, Types: Fortified
foods, Enriched foods, Probiotic and prebiotic foods, Mechanism
of action in health promotion, Role in reducing nutritional
deficiencies

TOPICS DETAILS HOURS
1. Food Food Biotechnology-Definition, introduction, historical 6
Biotechnology and | background, scope and importance.
Relevance of Fermentation technology - Origin, scope, and development of
Fermentation fermented products, Primary feed stock, raw materials and

conversions, Fermented food and microbial starters,

Commercial potential, Food fermentation industries, their

magnitude, R & D innovations.
2. Enzyme in Food | Enzyme Technology - Production of enzymes - Amylase, 4
Biotechnology Protease, Lipase, Lactase and pectinases, Use of enzymes in food

& beverage industry.
3. Production of | SCP, SCO: substrates, nutritional value, harvesting Mushroom 5
microbial protein |culture, Different types of mushrooms.
4. Advanced Sampling techniques and theory and practice of chemical and 7
techniques of food | physical methods of food analysis for determination of food
analysis composition
5. Food Additives, | Introduction to Food Additives: Definition and classification of 10




6. Food Microbial growth pattern, Microbial examination of food, Types 12
Microbiology and | of microorganism normally associated with food-mold, yeast, and
Food Preservation |bacteria. Microorganisms in natural food products.

Biochemical changes caused by micro-organisms, deterioration of
various types of food products. Standards for different foods. Food
borne intoxicants and mycotoxins

Factors determining shelf life, Food Preservation Using
Irradiation, Food Preservation Using Irradiation heat, High
Pressure Processing, ultrasound in food technology, Natural
preservatives.

7. Application of|Food fermentation-Alcoholic beverages, cheese making, 8
biotechnology in|fermented soya based foods, vinegar.

food industries Acidulants-citric acid, lactic acid, tartaric acid. Vitamins-Vitamin,
riboflavin, vitamin B12, Amino acids-lysine, methoinine,
glutamate.

Sweetners-glucose syrup, High Fructose Corn Syrup (HFCS),
invert sugar.

TOTAL HOURS 52

Learning outcomes: The students will be with a solid academic foundation in the food
biotechnology with skills for further educational opportunities for careers in research, and teaching.

References:
1. Food Microbiology. 2nd Edition By Adams

2. Biotechnology: Food Fermentation Microbiology, Biochemistry and Technology. Volume 2 by
Joshi.

3. Fundamentals of Food Biotechnology by Byong H. Lee
4. Food Biotechnology By G. N. Foster, and S. C. Bhatia

5. Food Biotechnology (Food Science and Technology) 2nd Edition by Anthony Pometto , Kalidas
Shetty , Gopinadhan Paliyath and Robert E. Levin .
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Developmental Biology

Objective: The objective of this program is to acquire an increased level of understanding of
modern concepts and methodologies employed in genetic and developmental biological work.

To develop insight into the complexities of cell structure and function, the molecular events that
mediate cellular processes, their dynamic properties in living cells and how this contributes to the
functioning of the whole organism and its development.

TOPICS DETAILS HOURS

1. Basic concepts of |Potency, commitment, specification, induction, competence, 2
developmental determination and differentiation, morphogenetic gradients,
biology cell fate and cell lineages, stem cells.
2. Medical aspects in | Developmental Plasticity 2
developmental Medical Aspects of Developmental Biology
biology Aging, Apoptosis and Senescence
3. Differential gene | Differential Gene Transcription, 3
expression Genomic imprinting with suitable examples

Methylation Pattern and the Control of Transcription
4. Fertilization: Structure of the Gametes 8
Beginning a new Recognition of Egg and Sperm
organism Gamete Fusion and the Prevention of Polyspermy

The Activation of Egg Metabolism

Fusion of the Genetic Material

Rearrangement of the Egg Cytoplasm
5. The early Early Mammalian Development 8
development of Formation of the Neural Tube, Neural Crest and CNS
vertebrates Mesoderm Development

Endoderm Development
6. Model systems in | Drosophila-segmentation, 7
development C.elegans- vulva formation

Zebra fish-melanophore development

Arabidopsis thaliana-flower development (ABC model)

TOTAL HOURS 30

Learning outcome: Helps the student to;
o demonstrate a broad understanding of the key cellular and molecular mechanisms
underlying human and animal development
« perform and apply practical and laboratory techniques integral to the study of
developmental biology incorporating cellular, molecular and imaging techniques
« apply the concept of genetic and environmental impact to an understanding of congenital
abnormalities and predisposition to adult disease

References:

1. Developmental Biology by Scott F. Gilbert
2. Developmental Biology: A Very Short Introduction by Lewis Wolpert
3. Essential Developmental Biology by J. M. W. Slack




Open Elective
Industrial Biotechnology

Objective: To impart the knowledge on Historical overview of industrial Biotechnology,
production of some commercially important modern Bioproducts, Industrial Enzymes, Products
of plant and animal cell cultures and Production of recombinant proteins.

TOPICS DETAILS HOURS
1. Introduction Introduction to Industrial biotechnology 1
2. Alternate fuels | Fuels from agricultural wastes (cellulose / lignin) 6
Biodiesels ( plant/algae/ microbial source )
3. Microbial Alcoholic beverages (wine, beer), 7
Products Organic acids (Citric acid, lactic acid),
Antibiotics -Penicillin 4)
Nutraceutical products —vitamin B12.
Secondary metabolite — Capsaicin
4. Bioplastics Bioplastics uses (PHA, PHB). 3
5. Fermented Microbial Foods —Cheese, Baker’s Yeast, Single cell proteins 6
Foods (SCP) eg: Spirulina, Single cell Oils (SCO) eg: Polyunsaturated
fatty acids (PUFAS)
6. Enzyme Industrially important enzyme (amylase, acid and alkaline 7
Biotechnology phosphatase).
Applications of Industrial enzymes in food, pharmaceutical, 4)
detergent industry.
TOTAL HOURS 30

Learning outcome: Awareness of industrial biotechnology principles in chemical,
pharmaceutical, food, and agricultural industries.

References:

1. Manual of Industrial Microbiology and Biotechnology by Richard H Baltz and Arnold L

Demain

2. Industrial Biotechnology by D A Sawant
3. Handbook of Industrial Chemistry and Biotechnology by James A Kent
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Bio process Engineering & Enzymology

Objective: The programme is tailored to build strong fundamentals on core concepts such as reactor
design, process control, etc. The programme will help students acquire state-of- the-art knowledge in
topics such as metabolic engineering, synthetic biology, modelling of biological systems, plant cell

bioprocessing, etc.

TOPICS DETAILS HOURS
1. Introduction | Concept of Bioprocess engineering, Advantages of bioprocess over 4
to Bioprocess chemical process
Engineering, Isolation and improvement of industrially important strains. Design of
Media and fermentation media, inoculum development. Sterilization- Thermal
sterilization death Kinetics, sterilization of medium, air and fermentors.
2. Fermenters | Design of fermentor-criteria for ideal fermenter aeration, agitation, 6
valves, baffles, heat exchanges.
Types of Fermenter— tower fermenter, cylindro-conical vessels, air —
lift fermenter, deep-jet fermenter, the cyclone column.
Animal cell culture fermenter-stirred fermenter, hollow fiber
chambers, packed glass bead reactors. Membrane bioreactors
Cell immobilization techniques.
3. Types of Submerged fermentation, surface or solid substrate fermentation, batch 5
fermentation fermentation, continuous fermentation, and kinetics of fermentation
processes processes .Online acquisition: Bioprocess control and monitoring of
variables such as temperature, agitation, pressure,
pH, PID control, Use of computers in bioprocess control systems.
4. Upstream Scale- up and scale- down process 8
and Separation of cells: foam separation, flocculation, filtration,
Downstream centrifugation (Basket and bow! centrifugation),
processing Cell lysis methods: physical and chemical methods.
Large scale separation techniques - distillation, chromatography
techniques, membrane filtration, ultra filtration, reverse osmosis,
crystallization, spray drying drum drying, freeze drying.
Biosensors-construction and application
5. Introduction | Enzyme nomenclature & classification, general properties of 4
to enzymology, | enzymes- active site and specificity of enzymes.
Isolation and Extraction and purification of enzyme, enzymes as analytical reagents
assay of , Principle of enzymatic analysis (end point, kinetic and immunoassay
enzymes methods)
6. Theoriesof | Mechanism of catalysis (acid-base, electrostatic, covalent) Isozymes, 7
enzyme reactions catalyzed by enzymes without cofactors (ribonuclease),
catalysis, mechanism of action of co-enzymes (NAD*) metalloenzymes
Co enzymes (example which need Mg?*), monomeric enzymes (serine
and co factors | protease) and oligomeric enzyme(LDH).
7. Enzyme Kinetics of single substrate enzyme catalyzed reactions — Michaelis — 6
Kinetics Menton equation, Line weaver —burk plot, Eadee-Hofstee and

Hanes plot.

Kinetics of multi substrate enzyme catalyzed reactions — ping-pong
bi-bi mechanism, random order mechanism, compulsory —order
mechanism. Steady state Kinetics.




8. Enzyme Reversible and irreversible inhibitions 5
inhibitors Competitive inhibition, uncompetitive inhibition, non-competitive
inhibition, mixed inhibition, allosteric inhibition.

TOTAL HOURS 45

Learning outcomes: the student will be able to describe the materials and methods related to fermentation
processes, microbial growth and cultivation and sterilization. The student will be able to apply different
mathematical formulas for biocatalysts and for the bioreactor performance and use those to plan and
analyze bioprocesses. The student will also be able to produce, analyze and interpret data from
bioprocesses.

References:

1. Bioprocess Engineering by Shuler and Kargl.

2. Principles of Fermentation Technology, Stansbury, P.F., A. Whitaker and S.J. Hall, 1997
3. Bioprocess Technology by Anton Moser.

4. Bioprocess Technology. Front Cover. P. T. Kalaichelvan, 1. Arul Pandi.
5. Biochemical Engineering by James M Lee.

6. Bioprocess Engineering by Michael L Shuler / Fikret Kargi.

7. Bioprocess. Engineering. Principles by Pauline M. Doran.

8. Enzymes by T Palmer P L Bonner.

9. Enzymology by T. Devasena

10. Enzymology and Enzyme Technology by S. M. Bhatt

Practical - Bio process Engineering and Enzymology

Production of citric acid from Aspergillus niger and estimation (2 units)

Estimation of citric acid from fruit juices (1 unit)

Production and estimation of alcohol using Cerric Ammonium Nitrate (2 units)
Submerged fermentation technique (3 Units)

Isolation of amylase and urease(2 units)

Effect of enzyme concentration, temperature and pH on enzyme activity (amylase and
urease) (2 units)

7. Effect of substrate concentration on enzyme activity and Vmax and Km determination
(amylase and urease) (2 units)

8. Effect of Immobilization of enzyme on enzyme activity (amylase and urease) (2 units)

SurwndE



Clinical Biotechnology

Objective: To study scientific research and development in the pharmaceutical, diagnostic and
biotechnological industries and clinical application in the therapeutic and diagnostic fields.

TOPICS

DETAILS

HOURS

1. Introduction to
Clinical
Biotechnology &
Toxicology studies in
Biotechnology

Brief introduction to diseases, investigations and solutions.
Definition and scope of toxicology, History and branches
(environmental, forensic, medical, industrial)

Dose-response relationship and threshold concepts, LD50, ED50,
NOAEL, LOAEL

Types of Toxicants -chemical (metals, solvents, pesticides),
biological (toxins, venoms).

Routes of exposure: oral, inhalation, dermal, ADMET-
Absorption, distribution, metabolism (biotransformation),
excretion & toxicity.

Molecular and cellular mechanisms of toxicity: oxidative stress,
apoptosis, Necrosis.

9

2. Endemic,
Epidemics and
Pandemic
Management

Definitions: Endemic, Epidemic, Pandemic (one example
each), Epidemiological triad: Agent, Host, Environment,
Historical overview of major global outbreaks, Emerging and
re-emerging diseases

Disease surveillance systems (IDSP, WHO GISRS), Reporting
mechanisms (clinical, laboratory), Indicators of outbreak
detection

Roles & Responsibilities of CDC & WHO

3. Stem Cell
Biology
&Regenrative
Medicine

Definition and characteristics of stem cells,

Sources of stem cells, Stem cell niche and signaling pathways
regulating self-renewal and differentiation (Wnt, Notch,
Hedgehog),

Isolation and culture of embryonic and adult stem cells,
Maintenance of pluripotency in vitro,

Differentiation protocols for specific lineages (neuronal,
hematopoietic),

Ethical considerations and regulatory guidelines for human stem
cell research (ICMR, ISSCR),

Clinical case studies with stem cells: Regenerative Medicine,
spinal cord injury, diabetes, myocardial infarction,

Tissue engineering and organoid development and organ-on-
chip systems,

Role of scaffolds, growth factors, and bioreactors in tissue
regeneration,

Stem cell-derived exosomes and their therapeutic potential,
Ethical, legal, and social implications of stem cell use in humans

4. Drug discovery and
development

An overview of modern methods and principles, Different
domains and steps in drug discovery and development,
challenges in modern drug discovery

Classical targets in Drug Discovery

Protein structure, enzymes, G protein coupled receptors, lon
channels, membrane transport proteins (Transporters), Emerging
targets)

Assay Development

14




Creating high throughput screening assays for drug discovery,
developing biochemical assays to measure enzyme activity and
designing cell based assays to analyze cellular processes like
proliferation and apoptosis, Immunoassays like ELISA for
detecting specific proteins, ligand binding assays for protein-
ligand interaction and reporter gene assays to monitor gene
expression

Preclinical development

Principles of drug absorption, drug metabolism and distributic
absorption, metabolic stability, drug-drug interactions, plasma p.
assays, metabolite profile studies, Principles of toxicology, Pk
studies, Selection of animal model; Regulatory guidelines for|
PK/ PDI/TK, studies; Scope of GLP, SOP for conduct of clinic
clinical testing, control on animal house, report preparation a
documentation

Clinical Trials and Biomarkers,

Phases of Clinical Trails (I-1V), Translational Medicine and Bion
Definition of a Biomarker and Their Classification; Characteristic
of Biomarkers; the Practical Application of Biomarkers.

5. Drug manufacturing

Stages of drug manufacturing process

Stage 1- Synthesis and purification of the Active
Pharmaceutical Ingredient (API) -Raw Material Procurement,
Chemical Synthesis or Biotech Processing: Purification,
Crystallization and Drying, Quality Control

Stage 2: Drug Product (Formulation) Manufacturing
Formulation, Unit Operations, Quality Control & Assurance,
Packaging and distribution

Requirements of GMP implementation, Documentation of GMP
practices, CoA, Regulatory certification of GMP, Quality control
and Quality assurance, concept and philosophy of TQM, ICH
and I1SO 9000; ICH guidelines for Manufacturing,
Understanding Impurity, Qualification Data, Stability Studies

6. Fundamentals of
regulatory affairs and
ethics of clinical
research

Global Regulatory Affairs and different steps involved,
Regulatory Objectives, Regulatory Agencies; FDA guidelines
on IND and NDA submissions, Studies required for IND
and NDA submissions, drug use GCP and Requirements of
GCP Compliance, Ethical issues and Compliance to current
ethical guidelines, Ethical Committees and their set up, Animal
Ethical issues and compliance (Preclinical studies)

Clinical Data Management

TOTAL HOURS

52

Learning outcome: Equip students with the knowledge of genetic and molecular basis of
conditions and the physiopathology of the diseased human body, providing the requisite skills to
develop diagnostic pathways and curative strategies based on the use of biotechnology.

References:

1. Clinical Biotechnology by Seema J Patel

2. Assessing Genetic Risks Implications for Health and Social Policy . Institute of
Medicine (US) Committee on Assessing Genetic Risks; Editors: Lori B. Andrews,
Jane E. Fullarton, Neil A. Holtzman, and Arno G. Motulsky. Washington (DC):
National Academies Press (US); 1994.
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Objective: The subject will address the key molecular, genetic and cellular characteristics

Cancer Biology

of cancer.
Topics Details Hours
1. Introduction and o Definition, historical perspectives, and characteristics of 7
Cellular Basis of cancer cells
Cancer e Concepts of cell transformation, tumor progression, and
multistep carcinogenesis
o Types of cancers
 Distinction between benign and malignant growth
o Differences between normal and transformed cell physiology
(contact inhibition, growth factors, metabolism)
e Cell cycle checkpoints and deregulation in cancer. Telomerase
in cancer
2. Molecular and Mutation and genomic instability as the basis of cancer. 9
Genetic Basis of Cancer | Proto-oncogenes and oncogenes (Ras, Myc) etc.)
Tumor suppressor genes (p53, Rb)
DNA repair defects and cancer predisposition syndromes
Epigenetic regulation in cancer: methylation, histone
modification, miRNAs
Viral oncogenesis: HPV, HBV, EBV, HTLV-1
3. Signal Transduction | Cell cycle signaling: Cyclins, CDKs, and inhibitors 10
and Oncogenic Growth factors signaling in cancer: RTKs, MAPK, PI3K/Akt, and
Pathways JAK-STAT pathways
Crosstalk between signaling cascades
Apoptosis and its evasion in tumor cells
Role of NF-kB
4. Tumor Components of tumor microenvironment: fibroblasts, ECM, 8
Microenvironment, immune cells
Angiogenesis, and Mechanisms of tumor angiogenesis (VEGF signaling)
Metastasis Invasion—metastasis cascade and epithelial-mesenchymal
transition (EMT)
Role of extracellular matrix and proteases
Immune evasion and inflammation in tumor progression
5. Cancer Diagnosis, Molecular diagnostics: PCR, qRT-PCR, sequencing, liquid 10

Biomarkers, and
Therapeutic Strategies

biopsy, imaging techniques (X-rays, CT scans, MRI, PET scans
and ultrasound);

Tumor markers: CEA, AFP, PSA, CA-125

Cancer imaging and histopathology overview

Conventional therapies: surgery, chemotherapy, radiotherapy
(mechanisms and side effects)

Targeted therapy: tyrosine kinase inhibitors, monoclonal
antibodies

Immunotherapy: checkpoint inhibitors (PD-1, CTLA-4), CAR-T
cell therapy

Precision oncology and personalized medicine approaches,
Endocrine therapy




6. Emerging Concepts Cancer stem cells and tumor heterogeneity 8

and Experimental Role of exosomes and cell communication in cancer progression
Approaches in Cancer | Multi-omics in cancer (genomics, transcriptomics, proteomics,
Research metabolomics)

CRISPR/Cas9 and RNA interference in cancer research
Nanotechnology and RNA-based therapeutics

Cancer vaccine development (cervical cancer vaccine) and
combination therapies

Ethical issues and translational challenges in oncology research

Total Hours 52

Learning outcome: Students will gain an appreciation for the various approaches that have been used to
understand the biological processes that underpin cancer and be informed of the current biological paradigms
and challenges in cancer research and care.

e To provide new knowledge concerning cancer development and progression

e To develop new diagnostics and therapeutics

References:
1. The Biology of Cancer by Burch, P.
2. Cancer Biology by Raymond W. Ruddon Page
3. Molecular Biology of Cancer: Mechanisms, Targets, and Therapeutics 4th Edition by Lauren Pecorino

4. Oxford Textbook of Cancer Biology by Francesco Pezzella (Editor), Mahvash Tavassoli (Editor), David

J. Kerr (Editor)

5. An Introduction To Cellular And Molecular Biology of Cancer by Peter J Selby Margaret A Knowles
6. The Biology of Cancer by Robert A Weinberg

7. Principles of Cancer Biology by Kleinsmith

8. Biology of Cancer (Pearson Special Topics in Biology) by PALLADINO and PHILLIS

9. An Introduction To Cellular And Molecular Biology of Cancer by Peter J Selby Margaret A Knowles

10. The Biology of Cancer by Robert A Weinberg

11. Principles of Cancer Biology by Kleinsmith

12. Biology of Cancer (Pearson Special Topics in Biology) by PALLADINO and PHILLIS

13. An Introduction To Cellular And Molecular Biology of Cancer by Peter J Selby Margaret A
Knowles

14. The Biology of Cancer by Robert A Weinberg

15. Principles of Cancer Biology by Kleinsmith

16. Biology of Cancer (Pearson Special Topics in Biology) by PALLADINO and PHILLIS



Medical Biotechnology, Bioethics and Biosafety

Objective: To learn the principle in the development of diagnostics, therapeutic interventions,
drug delivery systems. Practical application of bioethics concepts and ethical evaluation of
Biotechnological innovations.

TOPICS DETAILS HOURS
1. Methods of Methods of DNA assay (DNA probes, Nucleic acid hybridization,), 06
DNA assay Karyotype analysis, FISH, CGH
and DNA DNA fingerprinting (RFLPs, SNPs, methodologies of genotyping —
profiling RAPD, AFLP and SNP typing-molecular beacons, OLA),familial
relationships(Mitochondrial DNA-maternal lineage) , applications
2. Detection General introduction to Biochemical disorders, Immune disorders 09
and diagnosis and Genetic disorders.
of Human Probes for diagnosis of infectious diseases (AIDS and HPV)
disorders Diagnosis of genetic diseases (Cystic fibrosis, sickle cell anemia,
diabetes)
Prenatal diagnosis of inborn errors of metabolism.
3. Regenerativ | Cell and Tissue transplantation(importance of HLA typing, 10
e Medicine, tests- Micro cytotoxicity and MLR, examples for cell and tissue
Medical transplantations-pancreatic cells, kidney, bone marrow), tissue
Products and engineering(scaffolds and cells-SCLP, materials for scaffolds),
Gene Therapy | Stem cell technology (adult and embryonic stem cells)
Medical products-Human protein replacements (Insulin, Factor
VI111), Therapeutic agents (TPA, Interferons) through recombinant
production, Artificial blood
Introduction to gene therapy-Ex vivo gene therapy (ADA, familial
hypercholesterolemia), In vivo gene therapy (cancer), Antigene
and anti-sense therapy (cancer).
4. Nano Introduction to Nano Biotechnology, Drug designing and delivery 02
Biotechnology | using Microspheres and nanoparticles.
5.Biosafety Overview of legal, social, economic, health and environmental 10
impacts of biotechnology research. Biosafety regulations for labs,
green house, field trials, biosafety committees, guidelines for
research in transgenic organisms, Importance of Public education in
transgenic technology research, animal containment and categories
of invasiveness, Ethical issues associated with GM food, Labelling
of GM food and GM crops, , Hazardous materials used in
biotechnology- handling and disposal, Radiation safety measues.
Good Manufacturing Practices (GMP) and Good Lab Practices
(GLP)
6. Intellectual Forms of IPRs, Patenting and the procedures involved in the 5
property applications for patents and granting of the patent, patent search,
rights patent cooperation treaty (PCT). Examples of patents in
Biotechnology, plant breeder’s rights
7. Bioethics in | Importance of detection of pre-symptomatic disease in health care, 10

Diagnosis and

therapeutics

Prenatal diagnosis and its ethical Fetal

sex
determination and its implications in India.

implications,

Ethical issues in stem cell research, testing of drugs in human
volunteers (clinical trials), use of animals in research, organ
transplantation and xenotransplantation.




TOTALHOURS | 52

Learning Outcome: To realize fast and meaningful benefits from medical biotechnology in areas
of molecular diagnostics, recombinant vaccines, and drug delivery systems. Acquaint Students
with the Biosafety measures in research practices and complex ethical issues in Biotechnology
research and health care.

References:
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