
M.Sc. Biotechnology  

Program Educational Objectives (PEOs) 

 PEO 1: Exhibit strong biotechnological competence in providing solutions to societal 

problems 

 PEO 2: Implement innovative skills for sustainable development in health, agriculture 

and environment 

 PEO 3: Develop professional and ethical values for research 

Program Outcomes (POs) 

Graduates will be able to: 

 PO 1: Acquire problem solving and enterprise skills that contribute to productive and 

innovative outcomes. 

 PO 2: Develop and update domain knowledge relevant to the chosen field to succeed in 

highly competitive and rapidly changing work environments. 

 PO 3: Utilize the acquired knowledge leading to innovation and entrepreneurship in 

order to eliminate the problems of the society. 

 PO 4: Design and conduct experiments, demos, create models to analyze and interpret 

data. 

 PO 5: Perform experiments related to scientific and computational theories and conceive 

potential technological applications. 

 PO 6: Execute collaborative research and scientific communication through projects, 

internship and on-site training. 

 PO 7: Implement solution for social, economic, environmental and other critical issues 

faced by the community at the local, national and global levels. 

Program Specific Outcomes (PSOs) 

 PSO 1: Apply the knowledge of biotechnology towards development of products and 

processes for sustainable development 

 PSO 2: Demonstrate industry relevant skills to address issues pertaining to food, water 

healthcare and renewable energy 

 PSO 3: Exhibit professional and ethical values in academic, industry and research 
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No. Code L T P 

1 20BT3002 Genetic Engineering and Recombinant Products 3 0 0 3 

2 24BT3002 Bioprocess Modelling and Simulation 3 0 0 3 

3  Elective III  3 0 0 3 

4  Elective IV  3 0 0 3 

5 24BT3003 
Advanced Process Equipment Design and Drawing 

Lab 
0 0 4 2 

6 24BT3004 Genetic Engineering Lab 0 0 4 2 

7 
ITP3901/ 

MP3951 
Industrial Training/ Mini Project 0 0 4 2 

8  Audit course 2  2 0 0 0 

  Total 14 0 12 18 

SEMESTER III 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1  Elective V  3 0 0 3 

2  Open Elective  3 0 0 3 

3 24BT3998 Project – Phase I 0 0 20 10 

  Total 6 0 20 16 

SEMESTER IV 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 24BT3999 Project – Phase II 0 0 32 16 

  Total 0 0 32 16 

 

M.Sc. (Biotechnology) 2024 Batch 

PROGRAMME STRUCTURE 

Sl. No. Category Credits 

1 Professional Core Courses 42 

2 Professional  Elective Courses    24 

3 Online Courses  2* 

4 Industrial Training and Mini Project (1+1) 2 

5 Project  20 

6 Audit Courses (non-credit) 

  Total Credits 90 

*The students will earn 2 credits through online courses between 1
st
 and 3

rd
 Semester (both inclusive) 

COURSE COMPONENTS 

Table 1 

PROFESSIONAL CORE COURSES 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 24BT3015 Biochemistry  4 0 0 4 

2 24BT3016 Plant Secondary Metabolites and Pharmaceutics 4 0 0 4 

3 24BT3017 Molecular Biology and Cell Signaling 4 0 0 4 

4 24BT3018 Microbiology and Molecular  Genetics 4 0 0 4 

5 24BT3019 Animal Biotechnology and Immunology 4 0 0 4 

6 24BT3020 Research Methodology  2 0 0 2 

7 24BT3021 Bioprocess and Downstream Processing 4 0 0 4 

8 24BT3022 Molecular Medicine and Diagnostics 4 0 0 4 

9 20BT3004 Biochemical Analysis Lab 0 0 4 2 

10 20BT3005 Animal and Plant Tissue Culture Lab  0 0 4 2 

11 24BT3023 Microbial Technology Lab 0 0 4 2 

12 24BT3004 Genetic Engineering Lab 0 0 4 2 
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13 24BT3024 Bioprocess and Downstream Processing Lab 0 0 4 2 

14 20BT3061 Immunological Techniques Lab 0 0 4 2 

  Total    42 

15 ITP3903 Industrial Training 0 0 2 1 

16 MP3953 Mini Project 0 0 2 1 

17 24BT3034 Project  0 0 40 20 

  Grand Total    64 

Table 2 

PROFESSIONAL ELECTIVE COURSES 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 24BT3025 Industrial Biotechnology 4 0 0 4 

2 24BT3026 Pharmaceutical Technology and Clinical Trial  3 0 2 4 

3 24BT3027 Bioinformatics and Basics of R programming 3 0 2 4 

4 24BT3028 Next Generation Sequencing  Data Analysis 4 0 0 4 

5 20BT3022 Introductory AI in Biotechnology 3 0 0 3 

6 20BT3030 Genomics and Proteomics 3 0 0 3 

7 20BT3032 Entrepreneurship and Management 3 0 0 3 

8 24BT3029 Algae  Biotechnology  3 0 2 4 

9 24BT3030 Metabolic Engineering for Industrial Production 4 0 0 4 

10 24BT3031 Tissue Engineering and Stem Cell Technology  4 0 0 4 

11 24BT3007 Agricultural and Food Biotechnology 3 0 0 3 

12 24BT3013 Nanobiotechnology 3 0 0 3 

13 24BT3014 Advanced Environmental Biotechnology 3 0 0 3 

14 24BT3009 Bioethics and Biosafety  3 0 0 3 

15 24BT3032 
Human Anatomy, Physiology and Health 

Education 
4 0 0 4 

16 24BT3033 Vaccine Technology 4 0 0 4 

Table 3 

AUDIT COURSE (MANDATORY COURSES) 

Sl.  

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 18VE3001 Value Education 2 0 0 0 

 

SEMESTER WISE CURRICULUM 

SEMESTER I 

Sl. 

No. 
Course Code Course Title 

Hours / Week 
Credits 

L T P 

1 24BT3015 Biochemistry  4 0 0 4 

2 24BT3017 Molecular Biology and Cell Signaling 4 0 0 4 

3 24BT3018 Microbiology and Molecular  Genetics 4 0 0 4 

4 24BT3019 Animal Biotechnology and Immunology 4 0 0 4 

5 24BT3020 Research Methodology  2 0 0 2 

6 20BT3004 Biochemical Analysis Lab 0 0 4 2 

7 24BT3023 Microbial Technology Lab 0 0 4 2 

  Total    22 

SEMESTER II 

Sl. 

No. 
Course Code Course Title 

Hours / Week 
Credits 

L T P 

1 24BT3021 Bioprocess and Downstream Processing 4 0 0 4 

2 24BT3016 Plant Secondary Metabolites and Pharmaceutics 4 0 0 4 

3  Elective –I 4 0 0 4 

4  Elective –II 3 0 1 4 

5  Elective –III 4 0 0 4 

6 20BT3005 Animal and Plant Tissue Culture Lab  0 0 4 2 
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7 24BT3024 Bioprocess and Downstream Processing Lab 0 0 4 2 

8  Audit Course 2 0 0 0 

9 MP3951 Mini Project 0 0 2 1 

  Total    25 

SEMESTER III 

Sl. No. 
Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 24BT3022 Molecular Medicine and Diagnostics 4 0 0 4 

2  Elective –IV 4 0 0 4 

3  Elective –V 4 0 0 4 

4  Elective –VI 3 0 1 4 

5 24BT3004 Genetic Engineering Lab 0 0 4 2 

6 20BT3061 Immunological Techniques Lab 0 0 4 2 

7 ITP3902 Industrial Training 0 0 2 1 

  Total    21 

SEMESTER IV 

Sl. 

No. 

Course 

Code 
Course Title 

Hours  / Week 
Credits 

L T P 

1 24BT3034 Project - - 40 20 

  Total - - 40 20 

 

LIST OF NEW COURSES 

Course Code Course Title L T P C 

24BT2001 Introductory Biotechnology 3 0 0 3 

24BT2002 Chemistry of Biomolecules Lab 0 0 2 1 

24BT2003 Analytical Techniques in Biotechnology 2 1 0 3 

24BT2004 Microbiology 3 0 0 3 

24BT2005 Basics of Industrial Biotechnology 3 0 0 3 

24BT2006 Microbiology Lab 0 0 3 1.5 

24BT2007 Bioanalytical Techniques Laboratory 0 0 3 1.5 

24BT2008 Bioprocess Principles 3 0 0 3 

24BT2009 Molecular Biology 3 0 0 3 

24BT2010 Immunology 3 0 0 3 

24BT2011 Genetic Engineering 3 0 0 3 

24BT2012 Bioprocess Engineering 3 0 0 3 

24BT2013 Metabolic Engineering 3 0 0 3 

24BT2014 IoT in Biotechnology 2 1 0 3 

24BT2015 Principles of Plant Biotechnology and Applications   3 0 0 3 

24BT2016 Advances in Animal Biotechnology 3 0 0 3 

24BT2017 Good Manufacturing and Laboratory Practices 3 0 0 3 

24BT2018 Plant and Animal Tissue Culture Lab 0 0 4 2 

24BT2019 Downstream Processing 3 0 0 3 

24BT2020 Environmental Biotechnology 3 0 0 3 

24BT2021 Concepts of Bioinformatics 2 0 2 3 

24BT2022 Bioethics, IPR and Biosafety 3 0 0 3 

24BT2023 Downstream Processing Lab 0 0 3 1.5 

24BT2024 Stem Cell Technology 3 0 0 3 

24BT2025 Tissue Engineering 3 0 0 3 

24BT3001 Advances in Biopolymer and Applications 3 0 0 3 

24BT3002 Bioprocess Modelling and Simulation 3 0 0 3 

24BT3003 Advanced Process Equipment Design and Drawing Lab 0 0 4 2 

24BT3004 Genetic Engineering Lab 0 0 4 2 

24BT3005 Enzyme Technology and Industrial Applications 3 0 0 3 

24BT3006 Microbial Biotechnology 3 0 0 3 

24BT3007 Agriculture and Food Biotechnology 3 0 0 3 
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Course Code 
Advanced Environmental Biotechnology 

L T P C 

24BT3014 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Analyze environmental problems and find solutions through innovations. 

2. Develop bioreactors and biotreatment methods of industrial wastewater. 

3. Apply novel technologies for remediation of environmental pollution.  

Course Outcomes: 

The students will be able to: 

1. Create an awareness of professional responsibility towards protecting the environment. 

2. Assess environmental issues involved engineering and resources projects. 

3. Apply the natural and engineered bio-treatment methods to remediate the pollutants.  

4. Develop treatment methods and create awareness about opportunities in environmental 

management. 

5. Asses challenges for bioremediation and biodegradation process. 

6. Analyze the opportunities for incorporating environmental quality into products, processes and 

projects. 

Module: 1 Environmental Pollution 8 Hours 

Air pollution- natural and anthropogenic sources of pollution, transport and diffusion of pollutants; 

Methods of monitoring and control of air pollution, SO2, NOx, CO, suspended particulate matter; Water 

pollution – Types, sources and consequences of water pollution; Soil pollution- analysis of soil quality; 

Industrial waste effluents and heavy metals and their interactions with soil components; Marine pollution - 

sources of marine pollution and its control; Effects of pollutants on human beings, plants, animals and 

climate.  

  

Module: 2 Bioreactors for Wastewater Treatment 8 Hours 

Design and evaluation of suspended growth reactors, Activated sludge, Biological nutrient removal, Bio 

filtration, Aerobic digestion, Anaerobic processes and lagoons; Design and evaluation of attached growth 

reactors, Trickling filter, Rotating Biological Contactor, Fluidized bed biological reactors, Up flow 

anaerobic sludge blanket reactor, Hybrid reactor, Sequential batch reactor; Techniques for evaluating 

kinetics and stoichiometric parameters. 

  

Module: 3 Biotreatment of Industrial Wastewater  7 Hours 

Wastewater treatment of effluents from dye, tannery, dairy and food industries; Wastewater treatment of 

effluents from pharmaceutical, distilleries, polymer, electrochemical industries; Wastewater treatment of 

effluents from explosive, pesticide and petrochemical industries; Treatment of industrial gaseous pollutants 

and Vocs; Medical waste and solid waste management. 

  

Module: 4 Bioremediation and Biodegradation  8 Hours 

In situ, ex situ and engineered bioremediation; Microbial interaction with metallic elements, metal toxicity, 

molecular mechanism of metal resistance and metal extraction; Biodegradation of xenobiotic compounds 

(Lignin, Hydrocarbons, Detergents, Dyes and pesticides). Methods and strategies of application 

(biostimulation, bioaugmentation) – examples; Bioremediation of metals (Cr, As, Se, Hg), radionuclides 

(U, Te), organic pollutants (PAHs, PCBs, Pesticides, TNT etc.); Technological aspects of bioremediation 

(in situ, ex situ); Application of bacteria and fungi in bioremediation: White rot fungi vs specialized 

degrading bacteria; Phytoremediation.  

  

Module: 5 Biomass and Biofuels  7 Hours 

Industrial processes involved for the production of Biofuels: Biogas; bioethanol; biodiesel; biohydrogen, 

Microbiologically enhanced oil recovery (MEOR); Bioleaching of metals; Production of bioplastics; 

Production of biosurfactants: bioemulsifiers; Paper production: use of xylanases and white rot fungi.  

  

Module: 6 Novel Biotechnology Methods for Pollution Control  7 Hours 

Application of nanobiotechnology in environment: microplastics, nanoplastics, Vermitechnology; 
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Genomic tools in bioremediation; Aerobiotechnology; Development of biodegradable and ecofriendly 

products; Biosensor; Quorum sensing; Biotechnology in reduction of CO2 emission.  

Total Lectures 45 Hours 

Text Books 

1 
Metcalf & Eddy, (2013). Waste Water Engineering Treatment, Disposal and Reuse, McGraw Hill, 

ISBN: 9780071008242. 

2 Prescott, Harley & Klein, (2014). Microbiology, McGraw Hill, ISBN: 9780072951752. 

Reference Books 

1 Jogdand, S.N. (2012). Environmental Biotechnology. Himalaya Publishing House, New Delhi. ISBN: 

2 
Rao, M. N., Sultana, R., & Kota, S. H. (2016). Solid and hazardous waste management: science and 
engineering. Butterworth-Heinemann. ISBN: 9780128098769. 

3 
Sanchez, G., & Hernandez, E. (Eds.). (2023). Environmental biotechnology and cleaner bioprocesses. 

CRC Press. ISBN: 9781000938692. 

4 

Sangeetha, J., Thangadurai, D., David, M., & Abdullah, M. A. (Eds.). (2016). Environmental 

Biotechnology: Biodegradation, Bioremediation, and Bioconversion of Xenobiotics for Sustainable 

Development. CRC Press. ISBN: 9781315342054. 

5 
Thakur, I. S. (2011). Environmental Biotechnology: Basic Concepts and Applications, 2/e. IK 

International Pvt Ltd. ISBN: 9789380578477. 
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Course Code 
Biochemistry 

L T P C 

24BT3015 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Analyze how structure, properties related to function of various biomolecules. 

2. Evaluate structure of biomolecules which are involved in metabolic pathways  

3. Demonstrate the significance of biomolecules 

Course Outcomes: 

The students will be able to: 

1. Acquire knowledge on structure, properties and biological functions of  carbohydrates, lipids and 

proteins 

2. Assess the significance of nucleic acid structure, properties and functions  

3. Apply the knowledge on the significance of Vitamins and mineral functions 

4. Analyze the metabolic pathways of synthesis and degradation of biomolecules 

5. Differentiate the clinical and biological significance of biomolecules 

6. Compare the biomolecules and understand their specific roles in biological system 

Module: 1 Carbohydrates 13 Hours 

Classification, structure, properties and functions of carbohydrates: Monosaccharides, Disaccharides, 

Oligosaccharides-examples; Isomerism of monosaccharides, Polysaccharide – classes- homo and hetero 

polysaccharides-Mucopolysaccharides and Complex carbohydrates, Conjugated carbohydrates, glycolysis, 

TCA cycle, Pentose Phosphate Pathway, bioenergetics and oxidative phosphorylation 

  

Module: 2 Fatty Acids and Lipids  13 Hours 

Fatty acids- basic structure, types, properties, functions and essential fatty acids; ketone bodies, Classes, 

structure, properties and functions of lipids: Simple lipid-fat and wax, Compound lipid-Phospholipid, 

sphingolipid, ether lipid and glycolipid, Derived lipids-Sterols, prostaglandins, fat soluble Vitamins.  

Biosynthesis and degradation of fatty acids, biosynthesis and biodegradation of triacylglycerol, Inborn 

errors of lipid metabolism. 

  

Module: 3 Amino Acids, Peptides and Proteins  13 Hours 

Amino acids-  classification, properties; Essential amino acids; Peptide bond, significant natural and 

artificial peptides –examples; Proteins- structure / conformation levels-primary, secondary, tertiary and 

quaternary, Functions and classification of proteins. Biosynthesis of aromatic amino acids-tyr,trp,phe, 

biodegradation of leucine, isoleucine and threonine,  Biodegradation of proteins and urea cycle,.   

  

Module: 4 Nucleotides and Nucleic Acids  10 Hours 
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Nucleotides- composition, structure, properties and functions; Nucleic acids- types (RNA, DNA), DNA 

structure-Chargaff’s rule on DNA base composition, unusual forms of DNA, RNA types, structure and 

functions, biosynthesis of purines and pyrimidines and its degradation, Inborn errors of nucleic acid 

metabolism - Review. 

  

Module: 5 Vitamins   6 Hours 

Vitamins: classification (A, D, E, K, and B-complex members), basic structure, source, daily requirement, 

functions and deficiency symptoms,  

  

Module: 6 Minerals – Functions and Disorders 5 Hours 

Minerals: classification- macro elements and microelements, sources, biochemical functions, dietary 

requirements and deficiency disorders, review on vitamins and mineral supplementations. 

Total Lectures 60 Hours 

Text Books 

1 
Stryer, L., Berg, J. M., Tymoczko, J. L. & Gatto Jr. G. J. (2019). Biochemistry, 9th Edition, Kindle 

Edition. 

2 
Lehninger, A. L, Nelson D. L & Cox, M. M. (2017). Principles of Biochemistry, Freeman 

Publishers, New York, seventh edition.  

Reference Books 

1 
Murray R.K., Granner B.K., Mayes P.A. & Rodwell V.W. (2018). Harper’s Biochemistry, Prentice 

Hall International, 31
st
 Edition. 

2 
Pahwa, S. (2018). Conceptual Review of Biochemistry, 1st Edition, CBS Publishers & Distributors 

Private Limited, India, ISBN: 9789386827241. 

4 Jain & Jain (2016). Biochemistry, Chand publication, Revised Edition. 

5 Satyanarayana, U. & Chakrapani, U. (2013), Biochemistry, 4
th
 Edition, Elsevier, UK. 

5 

Varki. A., Cummings, R.D., Esko, J.D., Freeze, H.H., Stanley, P., Bertozzi, C.R., Hart G.W., & 

Etzler M.E. (2009). Essentials of Glycobiology, Second edition; Published by Cold Spring Harbor 

Laboratory Press, New York,  
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Course Code 
Plant Secondary Metabolites and Pharmaceutics 

L T P C 

24BT3016 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Classify the myriad of different secondary metabolites produced by plant 

2. Analyze the biosynthesis and metabolic engineering of plant secondary metabolites  

3. Formulate various products and their dosage forms 

Course Outcomes: 

The students will be able to: 

1. Compare major plant secondary metabolites and its uses. 

2. Illustrate the biosynthesis and regulation of plant secondary metabolites  

3. Apply the different methods of production of secondary metabolites. 

4. Design biochemical pathways for improved secondary metabolite production.  

5. Categorize the pharmaceutical procedures for preformulation studies  

6. Examine the development of formulation and dosage forms  

Module: 1 Plant Secondary Metabolites 9 Hours 

Secondary Metabolites of Plants and their Role: Overview, Primary Vs Secondary Metabolites, Terpenes, 

Phenolic compounds, Sulphur containing secondary Metabolites, Nitrogen containing secondary 

metabolites, Functions of Secondary Metabolites. Main classes of Secondary metabolites in plants. 

  

Module: 2 Biosynthesis and Regulation of Secondary Metabolite  9 Hours 

Integration of primary and secondary metabolism. Shikimate pathways for alkaloid biosynthesis. MEP 

pathway of terpenoid biosynthesis. Biosynthesis of flavonoids. Regulation: metabolic channeling, 

compartmentalization, cross-talk/exchange of intermediates between biochemical pathways. Secondary 

metabolites in plants: main classes, Phytochemical analysis for secondary metabolites. Pharmacological 

activities 
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Module: 3 Production Technologies 9 Hours 

Biotechnological Production of secondary plant metabolites: Tissue cultures, organ cultures, hairy root 

cultures. Endophytes in production of secondary metabolites; Bioreactors for scaling up of secondary 

metabolites. Precursors and elicitors. Production of pharmaceutically important secondary metabolites 

such as Taxol and Camptothecin 

  

Module: 4 Metabolic Engineering of secondary metabolic pathways 11 Hours 

Cloning and characterization of enzymes of the Shikimate and MEP pathway; functional genomics 

approaches for improvement of secondary metabolite production. Metabolic engineering of yeast for the 

production of plant secondary metabolites, such as flavonoids, terpenoids and plant-origin alkaloids in 

yeasts. 

  

Module: 5 Pharmaceutics – Preformulation Studies 11 Hours 

Goals of preformulation, preformulation parameters, methodology, Solid state properties, Solubility and 

Partition coefficient, drug excipient compatability. Excipients used in pharmaceutical dosage 

forms:Properties and selection criteria for various excipients like surfactant, viscosity promoters, diluents, 

coating materials, plasticizers, preservatives, flavours and colours 

  

Module: 6 Powder and Liquid Dosage Forms 11 Hours 

Formulation development and manufacture of powder dosage forms for internal and external use - 

inhalations dosage forms. Formulations, production and evaluation of tablets and capsules. Recent 

advances in formulation and manufacturing of monophasic dosage forms. Recent advances in formulation 

and manufacturing of suspensions and dry syrups 

Total Lectures 60 Hours 

Text Books 

1 
Shukla, Y. M. (2009). Plant Secondary Metabolites, New India Publishing Agency, ISBN-10: 

8190851225, ISBN-13: 9788190851220,  

2 
Verpoorte, R., Wilhelm Alfermann, A. (2000). ―Metabolic Engineering of Plant Secondary 

Metabolism‖. Springer Science and Business Media. 

Reference Books 

1 
Seigler, D. S. (2012). Plant Secondary Metabolism, Springer Science and Business Media, ISBN: 

0412019817, 9780412019814. 

2 
Liberman, H.A., & Lachman, L. (2002). Pharmaceutical dosage forms: Disperse systems, vol I, II & 

III. 

3 Carstensen, J.T. (1972). Theory of Pharmaceutical systems, Academic press New York and London.  

4 
Prasad, K., Siddiqui, M.D., Wasim, M. & Bansal, W. (2021). Plant Secondary Metabolites, Volume 

II. CRC Press. 

5 
Uddin, R. Pathak, M. K. & Dev, R. (2021). Pharmaceutical Biotechnology, .IP Innovative 

Publication Pvt. Ltd.  
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Course Code 
Molecular Biology and Cell Signaling 

L T P C 

24BT3017 4 0 0 4 

Course Objectives: 

Enable the students to:  

1. Apply principles  of molecular biology 

2. Analyze gene expression and Cell signaling mechanisms and their regulation 

3. Examine recent trends in biomedical research 

Course Outcomes: 

The students will be able to: 

1. Apply the knowledge in DNA replication, transcription, translation  and Cell signaling  

2. Demonstrate the process of gene expression and its regulation in prokaryotes and eukaryotes 

3. Illustrate the gene expressions in cancer  

4. Compare and contrast the different molecular  processes in gene expression, signaling processes 

and cancer development mechanism 
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5. Analyze the emerging molecular targeted therapies 

6. Apply the knowledge of cell signaling with carcinogenesis 

Module: 1 DNA Replication, Repair and Recombination  15 Hours 

Unit of replication, enzymes involved, replication origin and replication fork, fidelity of replication, 

Process of chromosome DNA replication in prokaryotes and eukaryotes, Plasmid replication, Viral 

replication, extrachromosomal replicons, DNA damage and repair mechanisms-mismatch, 

photoreactivation, SoS, homologous and site-specific recombination. 

 

Module: 2 Gene Expression  12 Hours 

RNA synthesis and processing - transcription factors and machinery, RNA polymerases, formation of 

initiation complex, capping, elongation, and termination, RNA processing, RNA editing, splicing, and 

polyadenylation,  Protein synthesis and processing - Genetic code,  aminoacylation of tRNA,  Ribosome, 

Initiation, elongation and termination, translational inhibitors, Post- translational modification of proteins. 

  

Module: 3 Regulation of Gene Expression  8 Hours 

Role of Promoters, Enhancers, Silencers in gene regulation. Regulation in Phages - Lytic and Lysogeny. 

Regulation in Bacteria – operons. Regulation in Eukaryotes - role of chromatin in gene expression and 

gene silencing (RNA interference). Epigenetic modifications 

  

Module: 4 Cell Signaling and Cellular Communication  10 Hours 

Hormones and their receptors, cell surface receptor, signaling through G-protein coupled receptors, 

Enzyme linked receptor mediated signal transduction pathways, second messengers, General principles of 

cell communication, cell adhesion and roles of different adhesion molecules, gap junctions, extracellular 

matrix. 

  

Module: 5 Molecular Basis of Cancer  9 Hours 

Oncogenes, tumor suppressor genes, Principles of carcinogenesis, Molecular pathology of carcinogenesis,  

Cancer and the cell cycle, virus-induced cancer, metastasis, apoptosis. Cancer Angiogenesis. 

  

Module: 6 Review on Recent Advances in Research  6 Hours 

Molecular signal targeted therapy, Molecular imaging of cancer, Molecular marker based diagnosis of 

cancer, Recent Nobel prize awarded in molecular biology/physiology and cell signalling. 

Total Lectures 60 Hours 

Text Books 

1 Lodish, H., Berk, A. & Matsudaira, P. (2017). Molecular cell biology', WH Freeman & Company, 

New York, 6th edition.  

2 Cooper, G. M.  & Hausman, R. E. (2015). The Cell: A Molecular Approach, Fifth Edition, ASM Press 

and Sinauer Associates, Inc., USA.  

Reference Books 

1 Hyde, D. R. (2010). Genetic and Molecular Biology', Tata McGraw Hill Publications, New Delhi. 

2 Alberts, B., Johnson, A., Lewis, J. & Raff, M. (2012). Molecular Biology of the cell, fifth edition, 

Taylor and Francis group.  

3 Lehninger, A. L., Nelson D. L. & Cox, M. M. (2017). Principles of Biochemistry, Freeman 

Publishers, New York, Seventh edition. 

4 Friefelder, D. (2008). Molecular Biology, Narosa Publ. House. 6
th
 edition. 

5 Weinberg, R. A. (2014). The Biology of Cancer, Garland Science, 2
nd

 edition. 
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Course Code 
Microbiology and Molecular Genetics 

L T P C 

24BT3018 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Demonstrate conventional and molecular characterization of microorganisms. 

2. Illustrate the role of microbes in health care, agriculture and environment 

3. Assess the importance of genetic composition in microbial inheritance and mutations 

Course Outcomes: 
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The students will be able to: 

1. Illustrate the classification, diversity, and ubiquity of major categories of microorganisms 

2. Compare the structural, physiological differences of microorganisms and their growth control 

3. Evaluate the interactions between microbes, hosts and environment. 

4. Illustrate prokaryotic, eukaryotic genome organization and the process of replication 

5. Examine the epigenetic effects of transposons in genes of interest 

6. Assess the causes and consequences of mutations on microbial evolution and the generation of 

diversity 

Module: 1 Microbial diversity and Molecular Taxonomy  8 Hours 

Bergey’s system of classification– Classification of Bacteria, Fungi, and Viruses; Determinative 

bacteriology (Phenetic approach), Systematic bacteriology (Phylogenetic approach), Chemotaxonomy, 

Numerical Taxonomy, Polyphasic approach; Methods to study microbial community: DGGE, SSCP, T-

RFLP.  

  

Module: 2 Microbial Physiology and Metabolism  10 Hours 

Morphology, structure and functions of prokaryotic and eukaryotic cells, Transport of solutes across the 

membrane, Physical methods of microbial control - heat, low temperature, high pressure, filtration, 

desiccation, osmotic pressure, radiation and Chemical methods of microbial control - disinfectants, types 

and mode of action, Assessment of chemical disinfectant, Aerobic respiration (TCA, ETC). Anaerobic 

respiration - Denitrification – nitrate as electron acceptor, Sulfate reduction – sulfate as electron acceptor , 

Acetogenesis – carbon dioxide as electron acceptor, Methane oxidising and Methanogenic bacteria, 

Quorum sensing: Vibrio Fischer, virulence-Pseudomonas aeruginosa, Staphylococcus aureus 

  

Module: 3 Clinical, Agricultural and Environmental Microbiology  12 Hours 

Bacteriology: Gram positive organisms - Morphology, cultural characteristics, pathogenicity and 

laboratory diagnosis of Staphylococcus aureus, Mycobacterium tuberculosis. Gram negative organisms:- 

Morphology, cultural characteristics, pathogenicity and laboratory diagnosis of E. coli, Salmonella typhi. 

Mycology: General properties and approaches to laboratory diagnosis. Candida albicans, Aspergillosis. 

Parasitology: Life cycle, Pathogenicity and laboratory diagnosis of Entamoeba histolytica, Plasmodium 
vivax; Virology: Pathogenesis and laboratory diagnosis- DNA containing animal viruses : Adeno viruses,  

RNA containing animal viruses: Corona virus, Ebola virus, Antibiotics and their targets, Human 

Microbiome-gut microbiota, Microbes and Agriculture: Symbiotic Nitrogen fixation Rhizobium, 

Cyanobacteria (Anabaena, Azolla etc.), Mycorrhizae; Environmental Microbiology: Xenobiotic degrading 

consortia, Bioremediation. 

  

Module: 4 Genetics of Bacteriophages and Yeast  10 Hours 

Genetics and bacteria and bacteriophages: Mapping of genes in bacteria and phage chromosome by 

classical genetic crosses; fine structure analysis of a gene; gene complementation and other genetic crosses 

using phenotypic markers. Yeast genetics: Meiotic crosses, tetrad analyses, non-Mendelian and Mendelian 

ratios, gene conversion, models of genetic recombination, yeast mating type switch 

  

Module: 5 Transposons and Epigenetic  10 Hours 

DNA-based Transposons in bacteria, Eukaryotic Transposons (DNA-based), Retrotransposons and 

Retroviruses (eukaryotes); Epigenetic's: RNA-based silencing, X-chromosome inactivation, transcriptional 

memory, silencing of ancient transposons 

  

Module: 6 Microbial Genetics and Mutation  10 Hours 

Luria and Delbruck‟s Fluctuation Test; Types: Spontaneous mutations – nonsense, missense, frame-shift 

mutations, insertion, deletion, duplication, repeat expansion; Induced mutagenesis - Physical agents (UV, 

X-Rays), Chemical agent (Base analogs: direct mutagenesis; Nitrous acid: deaminates C to produce U and 

guanine analog; Alkylating agents (indirect mutagenesis); Intercalators: insertion and deletion mutations 

Total Lectures 60 Hours 

Text Books 

1 Prescott, L. M., Harley, J.P. & Klein, D.A. (2001). Microbiology, 3rd Edition, Wm. C. Brown 

Publishers. 

2 Madigan, M. K. Bender, D. Buckley, W. Sattley, & D. Stahl. (2018). Brock Biology of 

Microorganisms 15
th

 Edition. Pearson Education. 
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Reference Books 

1 Streips U.N. & R.E. Yasbin, (2002). Modern Microbial Genetics, 2nd edition; Wiley Publishers. 

2 Lim, D. (2001).  Microbiology, Second Edition, WCB-Mc Graw Hill. 

3 Weaver, R. E. (2012). Molecular biology. 5thedition. McGraw Hill, New York.  

4 Lewin, B., Jocelyn Krebs, Stephen T. Kilpatrick &Elliott S. Goldstein, (2011). Lewin's GENES X, 

Volume 10, Jones & Bartlett Learning. 

5 Stackebrandt, E. (2006). Molecular identification, systematics, and population structure of 

prokaryotes. Springer-Verlag Berlin Heidelberg.  
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Course Code 
Animal Biotechnology and Immunology 

L T P C 

24BT3019 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Analyze principles of animal biotechnology 

2. Apply knowledge in animal breeding 

3. Assess advancement in immunology and immunotechnology 

Course Outcomes: 

The students will be able to: 

1. Examine the process of cryopreservation of embryos and embryo sexing 

2. Analyze concepts in animal biotechnology and its importance in livestock improvement 

3. Assess the genetic defects in animal embryos through molecular techniques. 

4. Analyze cellular and molecular basis of immune responsiveness through antigen and antibody 

interactions 

5. Assess the roles of the immune system in both maintaining health and contributing to disease, 

6. Demonstrate a capacity for problem-solving about immune responsiveness. 

Module: 1 Embryo Cryopreservation 9 Hours 

Introduction to Animal Biotechnology, Cryopreservation of Sperms, Ova of livestock, Artificial 

Insemination, Super Ovulation, In Vitro fertilization, Culture of embryos, Cryopreservation of Embryos, 

Embryo transfer, Embryo splitting, Embryo sexing. Preimplantation genetic testing. 

  

Module: 2 Germplasm Preservation and Livestock Improvement      11 Hours 

In situ and ex situ preservation of germplasm, In utero testing of foetus for genetic defects, pregnancy 

diagnostic kits, anti-fertility animal vaccines, Genetic characterization of livestock breeds, Marker assisted 

breeding of livestock, Cross breeding in cattle, Development of genetically controlled laboratory animals: 

Rules for nomenclature, in bred strains, outbred stocks, mutant stocks. 

  

Module: 3 Transgenic Animals 10 Hours 

Development of genetically controlled laboratory animals, Gene targeting and production of Knock out 

animals: Homologous recombination and Cre LoXP system, Expression of therapeutic proteins in animals, 

Animal model for diseases, Detection of meat adulteration using DNA based methods. Ethical issues in 

Animal Biotechnology. 

  

Module: 4 Antigen-Antibody Interaction 10 Hours 

In vitro antigen-antibody reactions, Isolation of antibodies, assays for complement, immune-

electrophoresis, ELISA, RIA and immune-blotting, Immunofluorescence, Immunohistochemistry, Flow 

cytometry & sorting, T & B cell subset analysis. 

  

Module: 5 Antibodies 10 Hours 

MAb through hybridoma technology, MAb without hybridoma technology, viral transformation of B cell 

line, plant as expression systems: Plantibodies in human and animal health, Production of abzymes, 

immunotoxins, chimeric antibodies, bi specific antibodies, diabodies, tetrabodies, intrabodies, 

Immunotherapy, Antibody drug conjugates. 

  

Module: 6 Immunity and Infection Mechanism 10 Hours 

Tissue injury and Inflammation, Immunosuppression, Immunological Tolerance, Immunity to infectious 
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agents: bacteria, virus, fungi and parasites, Transplantation, Autoimmunity, Tumor Immunology, 

Vaccines: Conventional Molecular vaccines, Types of vaccines, Recent developments in Immunology of 

Infectious diseases, HLBA B27 autoimmune disorders. 

Total Lectures 60 Hours 

Text Books 

1 
Freshney, R. I. (2021). Introduction to Culture of Animal Cells: A Manual of Basic Technique and 

Specialized Applications", 8
th
 edn. John Wiley & Sons Publishers,. ISBN: 978-1-119-51304-9. 

2 
Punt, J., Stranford, S., Jones, P. & Owen, J. A. (2018). Kuby Immunology 7th ed., WH Freeman & Co, 

ISBN-13-978-1464189784. 

Reference Books 

1 
Heiner, N. & Christine, W. (2018). Animal Biotechnology 2. Emerging Breeding Technologies, 4th 

Ed., Springer Publishing. ISBN 3319923471 

2 
Levine, M.M., Kaper, J.B., Rappuoli, R., Liu, M.A. & Good. M.F. (2004). New Generation Vaccines, 

3
rd

 Ed., Boca Raton Publishers, CRC Press, ISBN 9780429151866. 

3 
Masters, J. R. W. (2009). Animal Cell Culture, 3rd ed., Oxford University Press.ISBN: 

9780199637966 

4 
Rich, R. R. Fleisher, T. A. & Shearer, W. T. (2022). Clinical Immunology: Principles and Practice, 6

th
 

Ed., Elsevier. ISBN: 9780702081651. 

5 
Chakravarty, A. K. (2006). Immunology And Immunotechnology, Oxford University Press. ISBN: 13: 

978-0195676884. 
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Course Code 
Research Methodology 

L T P C 

24BT3020 2 0 0 2 

Course Objectives: 

Enable the students to: 

1. Assess research questions and develop sufficiently coherent research design 

2. Analyze the need and review the guidelines for good research and publication ethics 

3. Examine and perform statistical analysis in biological research 

Course Outcomes: 

The students will be able to: 

1. Design their experiment keeping in mind the research hypothesis to be tested 

2. Demonstrate the steps to transform an idea into a convincing research proposal  

3. Assess hypothesis with parametric and non-parametric approach in statistical package, office tools 

4. Organize research manuscript combining literature, experimental data, and supporting information 

in realm of scientific publication 

5. Demonstrate good-research and publication ethics 

6. Analyze the need of statistical analysis pertinent to their experimental data 

Module: 1 Research Methodologies: strategies, planning, and literature 5 Hours 

Resources or search engines available for gathering information and literature in related area, Critical 

review of available literature, Advanced systematic search techniques, Inclusion and exclusion criteria, 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), Problem Identification 

Formulation (finding research gaps) 

  

Module: 2 Research Concepts and Data Collection 5 Hours 

Definition of Research, Qualities of Researcher, Components of Research Problem, Steps in Scientific 

Research, Types of Research; Hypotheses Research Purposes - Research Design - Survey Research. 

Sources of Data: Primary Data, Secondary data  Sampling types: Merits and Demerits - Experiments - 

Kinds - Procedure; Method validation – Inter-laboratory, Single laboratory approaches, Validation tools: 

Blank, spiked, reference standard, Research conditions: repeatability and reproducibility, bias, 

measurement error: experimental controls, Association versus causality 

  

Module: 3 Crafting Scientific publication                           6 Hours 

Types of publications - their purpose and readers, Choosing Appropriate Journal / Publisher - available 

tools, Steps in drafting reports, editing and evaluation of final draft,; Good Research Report, Component of 

an articles:  Introduction, M&M, Results, Discussion, and Conclusion. Brevity in scientific writing, 
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Importance of Author’s guide in scientific publications, Language polishing, Citation style and editor, 

uniformity 

  

Module: 4 Research, Publication, and Ethics 6 Hours 

Scientific conduct and misconduct, fabrication, falsification, duplicate-publication, Plagiarism and self-

plagiarism, Policies in relation to use of generative AI and AI-assisted technologies, Erratum, Retraction, 

Authorship and issues, statement of authors contribution, Conflict of interest, Corresponding authors role 

and responsibility, Transparency in communication, COPE guidelines, Publication models - subscription 

vs. open access, Authors right, Editorial process and publication life-cycle. 

  

Module: 5 Statistics in Research Reporting 5 Hours 

Statistical summary of data: Mean, median, mode, standard deviation, variance, Reposting Mean and 

confidence interval, Hypothesis Testing: Comparison of Means, One-way and two-way ANOVA, Paired t 

test 

  

Module: 6 Correlation and Regression Analysis 3 Hours 

The Method of Least Squares, Regression coefficient, Correlation Coefficient, Multiple Regression 

Total Lectures 30 Hours 

Text Books 

1 
George, T. C. (2021). Research Methodology and Scientific Writing, Springer International 

Publishing. 

2 Rosner, B. (Ed.), (2016). Fundamentals of Biostatistics, 8th ed. Cengage Learning, Boston. 

Reference Books 

1 Blackwell, J. & Martin, J. (2011). A Scientific Approach to Scientific Writing, Springer.  

2 Yadav, S.K. (2023). Research and Publication Ethics, Springer International Publishing. 

3 Dubey, U.K.B. & Kothari, D.P. (2022). Research Methodology Techniques and Trends, CRC press. 

4 
Aguinis, H. (2023). Research Methodology: Best Practices for Rigorous, Credible, and Impactful 

Research, SAGE Publications. 

5 
Iphofen, R. (2020). Handbook of Research Ethics and Scientific Integrity, Springer International 

Publishing.  
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Course Code 
Bioprocess and Downstream Processing 

L T P C 

24BT3021 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Apply the principles of upstream and downstream processing in Bioprocess Technology  

2. Illustrate knowledge on the requirement of media formulations, sterilization and inoculum 

development  

3. Analyze microbial growth and product formation  

Course Outcomes: 

The students will be able to: 

1. Demonstrate the process of fermentation and its requirements  

2. Apply the media formulation, medium optimization techniques and sterilization process  

3. Illustrate the importance of microbial screening and preservation in bioprocessing.  

4. Analyze the cell growth and product formation.  

5. Assess  various unit operations in downstream processing 

6. Evaluate industrial product development in fermentation process. 

Module: 1 Overview of Fermentation Process  10 Hours 

Overview of fermentation industry, basic configuration of fermenter, main parameters to be monitored and 

controlled in Fermentation processes- Temperature, pH, pressure, flow measurement, rate of stirring, 

biomass weight, dissolved oxygen, Isolation of industrially important microbes- primary screening, 

preservation and storage of industrially important microbes 

  

Module: 2 Medium Formulation and Sterilization  10 Hours 

Medium requirements for fermentation processes design of various commercial media for industrial 
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fermentations, medium formulation, medium optimization methods, and sterilization of media, aeration 

and agitation. 

  

Module: 3 Microbial Growth and Product Formation  10 Hours 

Concepts of microbial growth and death kinetics with respect to fermenters, yield coefficient, doubling 

time, specific growth rate, metabolic and biomass productivities, effect of temperature, pH and salt 

concentration on product formation. Product formation model- Leudeking piret model, Cell number and 

Cell mass estimation. 

  

Module: 4 Primary Separation and Recovery Processes 10 Hours 

Cell disruption methods for intracellular products, removal of insoluble, biomass (and particulate debris) 

separation techniques, flocculation and sedimentation, centrifugation and filtration methods-plate and 

frame, leaf filter, salting out- dialysis 

  

Module: 5 Membrane Based Separations  10 Hours 

Membrane-based separations (micro- & ultra-filtration) - Theory; design & configuration of membrane 

separation equipment; applications; reverse osmosis, dialysis, electro dialysis, Isoelectric focusing 

  

Module: 6 Purification and Finishing  10 Hours 

Chromatography adsorption, reverse phase, ion exchange, size exclusion, bio affinity and crystallization, 

drying and lyophilization, packaging 

Total Lectures 60 Hours 

Text Books 

1 Shuler, M.L. & Kargi, F. (2017). Bioprocess Engineering: Basic Concepts, Prentice Hall. 

2 Stanbury, P.F., ―Principles of Fermentation Technology‖, Book News, Inc. (2016).  

Reference Books 

1 Sivasankar, B. ―Biosperations: Principles and Techniques‖. PHI Learning Pvt. Ltd., 2005. 

2 Goldberg, Elliott. ―Handbook of downstream processing‖. Springer science & business media, 2012. 

3 
Shijie Liu; ―Bioprocess Engineering Kinetics, Sustainability, and Reactor Design”, Second Edition 

2017, Elsevier 

4 
Vogel H. C and Haber C. C., ―Fermentation and Biochemical Engineering Handbook‖, Noyes 

Publications, 2010.  

5 Doran P M, ―Bioprocess Engineering Principles‖, Academic Press 2012. 
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Course Code 
Molecular Medicine and Diagnostics 

L T P C 

24BT3022 4 0 0 4 

Course Objectives: 

Enable the students to:  

1. Analyze and understand research results and technologies. 

2. Apply techniques for emerging novel molecular diagnostics and therapies. 

3. Examine applications in healthcare, research and industry. 

Course Outcomes:  

The students will be able to: 

1. Analyze molecular mechanisms in development of disease 

2. Implement molecular genetic methods in the detection, identification and quantification of 

different microorganisms 

3. Analyze the applications of cell imaging and bio banking in diagnosis of diseases. 

4. Apply the principles of molecular diagnostics and advantages/limitations of its applications 

5. Design advanced study in the theoretical and practical aspects in diagnostics of genetic disorders 

6. Assess drug targeting and molecular therapies in treatment for various diseases. 

Module: 1 Methods in Molecular Diagnostics. 10 Hours 

Methods of DNA analysis and gene technology: DNA micro array, qPCR, Next Generation Sequencing, 

Nanomedicine: Overview, Identification of genes and variants in the genome and gene mapping. 

  

Module: 2 Molecular and Medical Microbiology 10  Hours 
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Molecular methods for detection and characterization of microorganisms, Blood Sampling, Collection of 

samples for Biopsy and disease identification, Primer and probe design. Databases - Molecular genetic 

assays, genotypic assays for molecular epidemiology. 

  

Module: 3 Cell Imaging and Biobanking 10 Hours 

Cell Imaging: Preparation and microscopy of biological specimens, tissue and cell morphology. Flow 

cytometry, Biobanks: classifications, common and distinctive features of the different types of biobanks. 

National regulations, international conventions, use of human biological materials and personal data, 

Research biobanks, Ethical aspects, Role of biobanks in health surveys like HUNT, Mother-Child etc., 

  

Module: 4 Diagnostic tests  for Diseases                                       10 Hours 

Genetic tests: Post natal and pre natal genetic tests, Chromosomal Abnormalities: Conventional 

Karyotyping, FISH, Duchenne muscular Dystrophy (Creatine phosphokinase-CPK), Inborn error, G6PD 

deficiency syndrome (G6PD), Sickle cell anemia, PCR diagnosis of Tuberculosis. 

  

Module: 5 Genetic Disorders and Immunodiagnostics               10 Hours 

Major Metabolic disorder: Phenylketonuria, Genetic disorders: Cystic Fibrosis, Polycystic Kidney disease.  

Monoclonal antibodiesfor disease diagnosis, Immunoassays – types [Chemiluminescent IA, FIA] and 

specific applications; Immunohistochemistry – principle and techniques. Good Laboratory Practices. 

Different Levels of Biosafety, Containment. Future trends. 

  

Module: 6 Drug Targeting and Molecular therapies                 10 Hours 

Uptake and transport of drugs, Drug targeting, Drug Toxicity, Nano drug deliver, .rDNA products for the 

treatment of Hemophilia, Somatic cell gene therapy, RNA Therapies: siRNA, miRNA, snRNA. Gene 

Therapt: CRISPR/CAS9 for HIV 

Total Lectures 60 Hours 

Text Books 

1  Jones and Bartlett, "Textbook of Molecular medicine‖ Ist ed.Jones and Bartlett Publishers,  2008, 

ISBN: 9789380108551. 

2 Geo F. Brooks, Stephen A. Morse, Janet S. Butel, "Jawetz, Melnick, and Adelberg’s "Medical 

Microbiology", 28th ed., 2007, Mc Graw Hill-Publishers, ISBN-13. 

Reference Books 

1 Molecular Cell Biology: Darnell J, Lodish H and Baltimore D, 5th Edition, W.H. Freeman Publishers, 

2003. 

2  Ralph Michael Aloisi, Lippincott Williams and Wilkins, "Principles of Immunology and 

Immunodiagnostics" 5th ed., Lippincott Williams & Wilkins Publishers, 2004. 

3 T A Brown, "Genomes", 3rd ed., Garland Science Publishing, 2006. 

4 Ronald J Treat, " Molcular Medicine: Genomics to personalized Health  Care", 4th ed.,Wiley 

Publishers, 2012 

5 MM Cox and DL Nelson, "Principles of Biochemistry (Lehinger)", 5
th
 ed., CBS Publishers, 2013. 
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Course Code 
Microbial Technology Lab 

L T P C 

24BT3023 0 0 4 2 

Course Objectives: 

Enable the students to: 

1. Apply the principals of microbial growth and mutation. 

2. Perform  microbial assays for primary and secondary metabolites 

3. Demonstrate quantification of DNA and protein from microbial samples. 

Course Outcomes: 

The students will be able to: 

1. Analyse the growth of bacteria and phage. 

2. Calibrate the quantification of DNA and protein from bacteria. 

3. Adapt the screening and quantification of amylase, citric acids, streptomycin and wine. 

4. Apply appropriate technique for the isolation and identification of mutant strains. 

5. Demonstrate the sensitivity of bacteria towards physical mutagen. 
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6. Construct phylogenetic trees using distance-based methods. 

 List of Experiments: 
1. Establishment of bacterial growth curve  

2. Enzyme production in batch culture - Amylase 

3. Citric acid production using Aspergillus niger 

4. Quantification of Biofilm using Tissue Culture Plate (TCP) method  

5. Phylogenetic analysis of microbes using UPGMA methods 

6. Isolation and quantification of total DNA from bacteria and fungi  

7. Isolation and quantification of microbial protein  

8. Isolation and enumeration of bacteriophages (PFU) from sewage sample using double agar layer 

technique 

9. Isolation and screening of antibiotic producing bacteria - Streptomyces spp. 
10. Replica plating technique- Ames Test  

11. Photo reactivation of UV irradiated E. coli.  

12. Production of wine 

Textbooks 

1 Surajit Das, Hirak Ranjan Dash, ―Microbial Biotechnology- A Laboratory Manual for Bacterial 

Systems‖, Springer, 2019. 

2 Singh, Joginder; Vyas, Ashish; Wang, Shanquan; Prasad, Ram. (eds). ―Microbial Biotechnology: 

Basic Research and Applications‖ Springer, 2020 

Reference books 

1 James G. Cappuccino Chad T. Welsh, ―Microbiology: A Laboratory Manual‖, 11th edition, Pearson, 

2017 

2 Dubey and Maheshwari, ―Practical Microbiology‖, S Chand Publishing, 2010 

3 ApurbaSankarSastry, Sandhya Bhat, ―Essentials of Practical Microbiology‖, 2018 

4 Michael J. Leboffe, ―Microbiology – Laboratory Theory and Application‖, (4th Edition), Morton, 

U.S. 2023. 

5 Amita Jain, Jyotsna Agarwal and Vimala Venkatesh, ―Microbiology Practical Manual‖, First Edition, 

Elsevier, 2018 
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Course Code 
Bioprocess and Downstream Processing Lab 

L T P C 

24BT3024 0 0 4 2 

Course Objectives: 

Enable the students to: 

1. Apply principles of growth of microbes, importance of maintaining the cultures, techniques used 

for enhancing the yield  

2. Design criteria for fermenter and operation of bioreactor, solid state fermentation  

3. Assess different metabolites from microbial culture  

Course Outcomes: 

The students will be able to: 

1. Analyze the growth kinetics of microorganism. 

2. Demonstrate various factors affecting the growth 

3. Illustrate of bioproduct formation using solid State fermentation 

4. Apply of Immobilization technique in production of metabolites 

5. Analyze the various operations in product recovery and isolation 

6. Illustre of fermentation in production of primary and secondary metabolites 

7. Evaluate the purification and polishing of the bioproducts 

List of Experiments: 

1. Study on laboratory fermenter, sterilization and operations. 

2. Medium Optimization and Medium Formulation for fermentation process. 

3. Study on Growth Kinetics 

4. Production of citric acid by SSF 

5. Immobilization of bacteria using Entrapment Method  

6. Study on growth kinetics and toxic compound inhibition kinetics 

7. Separation of Solid and Liquid by Filtration or Centrifugation 

8. Estimation of degree of cell disruption in physical techniques (sonication, homogenizer)  
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9. Determination of partition coefficient of organic acid between water-chloroform  

10. Partial purification of enzymes by ammonium sulphate precipitation 

11. Analysis of isotherm parameters for citric acid adsorption onto charcoal  

12. Product drying by lyophilization 

Text Books 

1 Shuler, M.L. & Kargi, F. (2017). Bioprocess Engineering: Basic Concepts, Prentice Hall. 

2 Doble, M. & Gummadi, S. N. (2007). Biochemical engineering. PHI Learning Pvt. Ltd. 

Reference Books 

1 
Todaro, C.M., & Vogel, H.C. (2014). Fermentation and Biochemical Engineering Handbook, 

Elsevier. 

2 Bailey, J.E. & Ollis, D.F. (2010). Biochemical Engineering Fundamentals, Tata McGraw-Hill. 

3 
Harrison, R. G., Todd, P., Rudge, S. R., & Petrides, D. P. (2015). Bioseparations science and 
engineering. Oxford University Press, USA. 

4 
Prasad, K. K., & Prasad, N. K. (2010). Downstream process technology: a new horizon in 

biotechnology. PHI Learning Pvt. Ltd. 

5 
Richardson, J.F., Harker J.H. & Backhurst J.R. (2006). Coulson and Richardson Chemical 

Engineering volume 2: Particle Technology and Separation Processes‖ Butterworth-Heinemann. 
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Course Code 
Industrial Biotechnology 

L T P C 

24BT3025 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Analysis on the different kinds of microorganisms which could be deployed for industrial 

biotechnology. 

2. Analyze the various production strategies of bioproducts employed for sustainable bioprocess 

development. 

3. Analyze various production strategies of bioproducts employed for better sustainable bioprocess 

development on an industrial scale. 

Course Outcomes: 

The students will be able to: 

1. Assess the use of microbes for developing industrial products and processes. 

2. Apply the techniques for genetic improvement of microorganisms to improve yield of 

bioproducts. 

3. Analyze the technical issues related with microorganisms in the production of bioproducts. 

4. Analyze the industrial market value of these bioproducts and relate them with the scope of 

biotechnology. 

5. Relate the clinical and biological significance of these bioproducts for sustainable bioprocess 

engineering. 

6. Evaluate the difference in manufacturing commercial bioproducts and all the ethical issues 

involved in it. 

Module : 1 Introduction to Industrial Bioprocess 10 Hours 

Historical overview of reactors and microscopes and Milestones in Biotechnology. Fermentation - 

Bacteria, Fungi and Yeast. Biochemistry of Fermentation. Traditional and Modern Biotechnology.  Basic 

concepts of Upstream and Downstream Processing. Process flow sheeting - block diagrams. Future 

perspectives in Industrial Biotechnology. 

  

Module: 2 Production of Primary Metabolites 10  Hours 

Introduction to Primary metabolites and their significance. Industrial production of commercially 

important organic acid - Lactic acid; Amino acid  - Alanine ; Alcohol - Ethanol and Vitamin - Vitamin 

B12. 

  

Module: 3 Production of Secondary Metabolites 10  Hours 

Introduction to Secondary metabolites and their significance. Production of secondary metabolites of hugh 

commercial value like antibiotics - Ampicillin  Sodium salt ,  Bacitracin ; steroid - Testosterone ;  - 
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Cortisol 

  

Module: 4 Production of Enzyme and Other Products. 10  Hours 

Production of industrial enzymes  - Lipasee ; Production og Biopreservative - Nisin ; Production of Whole 

milk protein - Cheese ; Production of Biopolymer - Xanthan gum ; Production of Bioflavour - Vanilla ; 

Production of Biopigment - Luciferin ; Production of antioxidant - Glutathione. 

  

Module: 5 Production of Modern Biotechnological Products.  10  Hours 

Production of recombinant fine bioproducts - Antibiotics - Beta Lactam and Vaccines - Hepatitis B 

vaccine. Products of plant cells - Taxol ; Products of animal cells - Monoclonal antibodies  

  

Module: 6 Production of Target Specific Fine Bioproducts. 10 Hours 

Production of Single Cell Protein ; Production of Biofertilizers ;Plant products of industrial importance - 

Synthetic seeds , Arbutin ; Animal products of industrial importance - Gelatin , spray dried yolk powder. 

Bioremediation and Bioenergy - Biofuel from biomass  ; Microbial enhanced oil recovery (MEOR) 

Total Lectures  60 Hours 

Text Books 

1 
Reed, G. (2004). Prescott and Dunns " Industrial Microbiology", 4

th
 Edition, CBS Publishers and 

Distributors , ISBN 10 : 8123910010 , ISBN 13 : 978-8123910017 

2 
Stanbury, P.F., Whitaker, A., Hall, S.J. (2017). Principles of Fermentation Technology, Butterworth-

Heinemann. 

Reference Books 

1 
Heinzle, E., Biwer, A. P., & Cooney, C. L. (2007). Development of sustainable bioprocesses: 

modeling and assessment. John Wiley & Sons. 

2 Perry, J. H. (2018). Chemical engineers' handbook, 9
th

 Edition, McGraw Hill. 

3 
Lee, K. S., Kwon, T. H., Park, T., & Jeong, M. S. (2020). Theory and Practice in Microbial Enhanced 

Oil Recovery. Gulf Professional Publishing. 

4 Kushwaha, P. (2015). Handbook of Pharmaceutical Technology, Jaypee Digital. 

5 Shuler, M.L. & Kargi, F. (2017). Bioprocess Engineering: Basic Concepts, Prentice Hall. 
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Course Code 
Pharmaceutical Technology and Clinical Trial 

L T P C 

24BT3026 3 0 2 3 

Course Objectives: 

Enable the students to: 

1. Assess the impact of pharmaceutical technology and manufacturing process of drug formulation. 

2. Illustrate work on pharmaceutical laboratory process on multidisciplinary tasks. 

3. Design an experiment, component or process as per needs and specifications. 

Course Outcomes: 

The students will be able to: 

1. Demonstrate the mechanisms of drug action. 

2. Apply principles in pharmacology, scientific and engineering fundamentals required to solve 

biopharmaceutical related problems. 

3. Apply with good scientific and technical knowledge so as to comprehend novel products and 

solutions for the health care issues. 

4. Apply scientific & professional ethics on biological product manufacturing process. 

5. Design scientific methods and SOPs in clinical trials and fundamentals in new drug discovery 

process. 

6. Assess the academic environment aware of excellence in new drug discovery and patenting 

professional career. 

Module: 1 Introduction of Drug Action 7 Hours 

History & Definition of Drugs and pharmacology- Different drug dosage forms - Routes of drug 

administration- Pharmacodynamics- Physico-Chemical Principles. Mechanism of drug action- drug 

receptors- and Physiological receptors- agonist and antagonist drug mechanisms -Pharmacokinetics- Drug 

absorption- factors that affect the absorption of drugs-Distribution- Biotransformation - Bioavailability and 

Excretion of drugs. 
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Module: 2 Important Unit Processes and Applications  6 Hours 

Concept of Unit Processes  and  Unit  Operations;  Description  of  different  Unit  Processes  and  Unit 

Operations ,Important Chemical conversion processes – Alkylation – Carboxylation – Condensation and 

Cyclization – Dehydration, Esterification (Alcoholysis) – Halogenation – Oxidation, Sulfonation – 

Complex Chemical Conversions – Fermentation.  

  

Module: 3 Manufacturing Principles 7 Hours 

Compressed tablets – wet granulation – Dry granulation or slugging – Direct compression – Tablet presses 

formulation – Coating – Pills – Capsules sustained action dosage forms – Parental solutions and injections 

– Oral liquids –ointments – creams, lotions, Gels, drops, nebulizers and inhalers  

  

Module: 4 Biopharmaceutical Products and Testing 7 Hours 

Antibiotics – Biological hormones – Vitamins – vaccines- drug preservation- Analytical methods and tests 

for various drugs and pharmaceuticals- Packing – Packing Techniques – Quality Control - Recent 

advances in the manufacture of drugs using r-DNA technology. 

  

Module: 5 Drug Delivery Systems 6 Hours 

Biomaterials and their applications-Controlled and sustained delivery of drugs- Biomaterial for the 

sustained drug delivery- Liposome mediated drug delivery- Drug delivery methods for therapeutic 

proteins. Transdermal drug delivery systems, Gastroprotective drug delivery systems, Nasopulmonary drug 

delivery system. 

  

Module: 6 Drug Discovery and Clinical Trials 6 Hours 

Glossary of terms in clinical trials, history, requirements, new drug development process, need for new 

drug, selection of a chemical compound as a potential drug, screening of chemical compounds, Target 

identification and validation, translation         medicine, assessment of preclinical data. Phases of clinical 

trials. Analysis and reporting in clinical trials 

Total Lectures 45 Hours 

List of Experiments: 

1. Introduction to CDS (cleaning, decontamination and sanitization) protocols as per GLP norms.  

2. Sterility testing of finished biopharmaceutical products (Injectable / freeze dried formulations). 

3. Isolation, screening and quantification of bioactive compounds from natural source. Comet assay: 

single cell gel electrophoresis. 

4. Separation and purification of isolated bioactive components. 

5. Determination of pharmacokinetic (PK) release profile of biopharmaceuticals. 

6. Preparation and evaluation of controlled release formulation. 

7. Clinical data integration (eCRF, images, laboratories, and other instrumentation) 

Text Books 

1 
Satoskar, R. S., & Bhandarkar, S. D. (2020). Pharmacology and pharmacotherapeutics. Elsevier 

India. 

2 
Remington, J. P. (2006). Remington: the science and practice of pharmacy (Vol. 1). Lippincott 

Williams & Wilkins. 

Reference Books 

1 
Goodman, L. S., & Gilman, A. (2017). The pharmacological basis of therapeutics. 13

th
 Edition, The 

Macmillan.  

2 
Spriet A. &Dupin-Spriet T. (2010). Methodology of Clinical Drug Trials, 2nd Edition. Simon P. 

Publisher: Karger. 

3 
Lachman, L., Herbert A. Lieberman and Joseph L. Kanig, (2013). Theory & Practice of Industrial 

Pharmacy, (3rd ed.) Varghese Pub.  

4 Walsh, G. (2013). Biopharmaceuticals: biochemistry and biotechnology. John Wiley & Sons. 

5 
Ho, R. J. (2013). Biotechnology and biopharmaceuticals: transforming proteins and genes into 
drugs. John Wiley & Sons. 
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Course Code Bioinformatics  and Basics  of   R  Programming L T P C 
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24BT3027 3 0 2 4 

Course Objectives: 

Enable the students to 

1. Analyze tools and database to understand the Biomolecules at structural and functional level 

2. Apply big data analytics for Biological data set. 

3. Apply Predictive Analytics and Data Visualization. 

Course Outcomes: 

The students will be able to 

1. Familiarize with various biological database and software tools 

2. Analyze the structure and functions of biomolecules 

3. Apply the knowledge on ligand and structure based drug design 

4. Demonstrate skills to write, compile, and run R programs. 

5. Analyze data from different interfaces 

6. Develop R script for various biological problems. 

Module: 1 Introduction to Bioinformatics data and databases       8 Hours 

Types of Biological data:- Genomic DNA, Complementary DNA, Recombinant DNA, Expressed sequence 

tags, Sequence-Tagged Sites, Genomic survey sequences; Primary Databases:- GenBank, EMBL, DDBJ; 

Composite Databases: NRDB, UniProt; Literature Databases:- Open access and open sources, PubMed, 

PLoS, Biomed Central, NAR databases; Bioinformatic Resources:- NCBI, EBI, ExPASy, RCSB. 

  

Module: 2 
Sequencing Alignment and Dynamic Programming  Biological 

sequence analysis 
8 Hours 

Basic concepts of sequence similarity, identity and homology, definitions of homologues, orthologues, 

paralogues and xenologues Scoring matrices: basic concept of a scoring matrix, Needleman and Wunsch, 

Smith and Waterman algorithms for pairwise alignments, Matrices for nucleic acid and proteins sequences, 

PAM and BLOSUM series, matrix derivation methods and principles. 

  

Module: 3 Molecular Modeling and Drug Discovery        8 Hours 

Basic concepts of Molecular modeling, Structure Identifications and Validations, Principles of protein 

structure; anatomy of proteins – Hierarchical organization of protein structure – Primary. Secondary, Super 

secondary, Tertiary and Quaternary structure; Ramachandran Map. Computer Aided Drug Design, HTVS, 

QSAR 

  

Module: 4 Introduction & R Objects 7 Hours 

Defining the R project, Obtaining R, Generating R codes, Scripts, Text editors for R, Graphical User 

Interfaces (GUIs) for R, Packages.   

  

Module: 5 R Objects and data structures 7 Hours 

Variable classes, Vectors and matrices, Data frames and lists, Data sets included in R packages, 

Summarizing and exploring data, Reading data from external files, Storing data to external files, Creating 

and storing R workspaces. 

  

Module: 6 Big Data Analytics in Bioinformatics using R 7 Hours 

Introduction to Big data: Characteristics, data structures and data repositories; exploratory analysis of big 

data in R environment, Bioconductor, Microarray and next-generation sequencing (NGS) data analysis in 

R environment. 

Total Lectures 45 Hours 

List of Experiments: 
1. Biological Databases with Reference to Expasy and NCBI 

2. Sequence similarity searching using BLAST 

3. Overview of Protein and their interaction with ligand 

4. Protein structure modeling, verification and validation. 

5. Creation Data frames 

6. Creating a pie chart using the R 

7. Regression analysis using R 

8. Protein data analysis by using R Programming from external sources like Protein Databank (PDB) 
9. ChemmineR: Cheminformatics Toolkit for R 
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10. Read and analyse a genome sequence file using seqinr package. 

Text Books 

1 Lesk, A.M. (2017). Introduction to Bioinformatics, Oxford University Press India. 

2 Gerrard, P., & Johnson, R. M. (2015). Mastering scientific computing with R. Packt Publishing Ltd. 

Reference Books 

1 
Mount. D. W. (2012). Bioinformatics: Sequence and Genome Analysis. Cold Spring Harbour 

Laboratory Press, New York. 

2 
Rastogi S.C., Mendiratla, N. & Rastogi, P. (2013). Bioinformatics methods and applications- 

Genomics, Proteomics and Drug Discovery. Prentice Hall India. 

3 Kulkarni, P. & Joshi, S. (2016). ―Big Data analytics‖ ‖ , PHI learning  

4 Ankam, V. (2016). Big Data analytics, Packt publishing  

5 Wang, B. (2014). Big Data Analytics in Bioinformatics and Healthcare, IGI global edition. 
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Course Code 
Next Generation Sequencing  Data Analysis 

L T P C 

24BT3028 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Apply the knowledge of the NGS data analysis 

2. Analyze these in an UNIX/Linux working environment. 

3. To solve computational genomics problems using advanced statistical methods 

Course Outcomes: 

The students will be able to: 

1. Develop the applications of the different NGS technologies, including the weakness and strengths 

of the approaches. 

2. Describe the steps involved in a general NGS data analysis. 

3. Analyze the key theoretical concepts of alignment and de novo assembly. 

4. Formulate a project and relevant question within the field. 

5. Illustrate the basics of NGS data analysis. 

6. Apply analytical and reflective skills in analyzing results from individual steps and the final 

project.  

Module: 1 Introduction to Next Generation Sequencing (NGS) 10 Hours 

Overview of NGS technologies (e.g., Illumina, PacBio, Oxford Nanopore),Applications of NGS in 

genomics, transcriptomics, and epigenomics, Basic principles of sequencing and data generation 

  

Module: 2 Preprocessing of NGS Data 10 Hours 

Quality control and assessment of raw sequencing data, Adapter trimming and filtering for quality, Error 

correction and read preprocessing techniques, Introduction to read mapping algorithms (e.g., BWA, 

Bowtie),Alignment of sequencing reads to a reference genome or transcriptome 

  

Module: 3 NGS Data Analysis 10 Hours 

Next Generation Sequencing: Early Stage NGS data analysis, Computing needs for NGS data management 

and analysis 

  

Module: 4 Variant Calling and Genotyping 10 Hours 

Single nucleotide polymorphism (SNP) calling, Insertion/deletion (indel) calling, Structural variant 

detection, Quality control metrics for variant calling, 

  

Module: 5 Application Specific NGS Data Analysis  10 Hours 

Transcriptomics Analysis: RNA-seq data processing pipeline, Gene expression quantification and 

normalization, Differential gene expression analysis, Introduction to alternative splicing analysis. 

  

Module: 6 Epigenomics Analysis 10 Hours 

Introduction to DNA methylation and histone modification, ChIP-seq data analysis for identifying protein-

DNA interactions, DNA methylation analysis from bisulfite-treated sequencing data. 

Total Lectures 60 Hours 
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Text Books 

1 
Gusfield, D. (2017). Algorithms on Strings Trees and Sequences, Cambridge University Press, 

Cambridge. 

2 
Mount, D. W. (2013). Bioinformatics sequence and genome analysis, CBS Publishers, New Delhi, 2

nd
 

Edition. 

Reference Books 

1 
Baxevanis, A. D. & Francis Ouellette, B. F. (2012). Bioinformatics: A Practical Guide to the Analysis 

of Genes and Proteins, 3rd Edition, Wiley and Sons. 

2 
Rastogi, S. C., Mendiratla, N. & Rastogi, P. (2013). Bioinformatics methods and applications- 
Genomics, Proteomics and Drug Discovery. Prentice Hall India. 

3 Lesk, A.M. (2017). Introduction to Bioinformatics, Oxford University Press India. 

4 
Kappelmann-Fenzl, M. (Ed.). (2021). Next generation sequencing and data analysis. Springer 

International Publishing. 

5 Ramsden, J. (2023). Bioinformatics: an introduction. Springer Nature. 
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Course Code 
Algae Biotechnology 

L T P C 

24BT3029 3 0 2 4 

Course Objectives: 

Enable the students to: 

1. Demonstrate different techniques employed in algae technology 

2. Apply products derived from microalgae 

3. Analyze algae using biochemical and molecular tools 

Course Outcomes: 

The students will be able to: 

1. Illustrate algae and their culture techniques 

2. Analyze the nutritional requirements of algae 

3. Examine the industrial application of algae 

4. Assess value addition to microalgae  

5. Develop on products from algae through technological interventions 

6. Illustrate algal characterization using various molecular tools 

Module: 1 Introduction to Algae  7 Hours 

Algae and its classification and types – Chlorophyceae - unicellular, motile, filamentous, desmids, blue 

green, Brown (diatoms). Isolation and culture - Isolation Techniques - Micropipette Washing and 

Centrifuge Washing and Streak Plating Technique  - Growth curve, cell density,  Culture Collection and 

Maintenance 

  

Module: 2 Nutrients and Culture  7 Hours 

Culturing Media – Types of Media - BB, CFTRI, Fog’s Medium, Guillard’s F/2 medium, Walne Medium, 

Media Modification, Growth Conditions - Temperature, pH, Light, Salts etc. Raceway ponds, Bioreactors, 

closed systems, open culture tanks 

  

Module: 3 Industrial Applications 7 Hours 

Application in Environmental Cleanup – Heavy Metal uptake, Wastewater treatment – Dye remediation – 

Agricultural application – fertilizer, Pharmaceuticals, Phycobiliproteins, Astaxanthin, Bioplastics, 

Carrageenan, Microalgae and Their Applications in CO2 Capture and Renewable Energy, Photosynthesis, 

Co2 fixation. 

  

Module: 4 Value Added Compounds  8 Hours 

Microalgae as Functional Food - Oils and fatty acids – PUFA – Single Cell Protein – Biofilms – Secondary 

metabolites – Pigments – Proteins – Feed - Biofuel Production - Physical, Biological, chemical and  

mechanical methods in processing biomass. Biodiesel, Transesterification, Biohydrogen, biomethanol 

  

Module: 5 Characterization Techniques 8 Hours 

Micro- and Macroelements in Algal Extract, phyto-compounds characterization using UV–Visible spectra,  

Fatty acids GC/MS, FTIR, SEM, Metabolic profiling. Identification of phenolic acids and organic acids. 
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Algal metabolites and Phyco-Medicine. Fluorescence imaging 

  

Module: 6 Genomic Studies 8 Hours 

Algal Genomes of Chlamydomonas,  Molecular Techniques – Nuclear genome analysis, Molecular 

Identification, Phylogenetic analysis – Metabolic Pathway Analysis – Biomarkers, Whole-genome 

sequencing advancements 

Total Lectures 45 Hours 

List of Experiments: 

1. Isolation of algae cells by serial dilution and microscopic observation. 

2. Culture media preparation, sterilization and plating techniques. 

3. Maintenance of the isolated microalgal cells using synthetic media. 

4. Growth curve measurement of alga cells using spectrophotometer. 

5. Effect of temperature on biomass generation. 

6. Dye decolourization studies using microalgae. 

7. Phycoremediation of waste water using microalgae. 

8. Solvent extraction of bio-oil from algal biomass. 

9. Algae bioinformatics – data base search and phylogenetics. 

10. GC-MS/FID profiling of the Fatty acid obtained from algal biomass. 

Text Books 

1 
Arumugam, M., Kathiresan, S. & Subramani, N. (2020). Applied Algal Technology. Nova Science 

Publishers, New York. 

2 Sambamurthy, A. V. S. S. (2017). A Textbook of Algae, I.K. International Pvt. Ltd. New Delhi. 

Reference Books 

1 
Bux, F., & Chisti, Y. (Eds.). (2016). Algae biotechnology: products and processes. Springer., 

Switzerland. 

2 
Ravishankar, G. A., & Ambati, R. R. (Eds.). (2019). Handbook of Algal Technologies and 

Phytochemicals: Volume I Food, Health and Nutraceutical Applications. CRC Press. 

3 
Hoek, C., Mann, D. G., & Jahns, H. M. (1995). Algae: an introduction to phycology. Cambridge 

university press. 

4 
Zia, K. M., Zuber, M., & Ali, M. (Eds.). (2017). Algae based polymers, blends, and composites: 
chemistry, biotechnology and materials science. Elsevier. 

5 Pereira, L. (2018). Therapeutic and nutritional uses of algae. CRC Press. 

6 
Borowitzka, M. A., & Moheimani, N. R. (Eds.). (2013). Algae for biofuels and energy (Vol. 5, pp. 

133-152). Dordrecht: Springer. 
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Course Code 
Metabolic Engineering for Industrial Production 

L T P C 

24BT3030 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Apply the basics of  metabolic engineering  

2. Illustrate complex regulatory mechanisms to control the dynamics of the cellular metabolism  

3. Assess the importance of advanced molecular techniques to enhance the product yield. 

Course Outcomes: 

The students will be able to: 

1. Illustrate the role of engineering principles in modern biology 

2. Apply the principles and regulation of metabolic pathways  

3. Asses the conceptual framework involved in metabolic flux and control analysis  

4. Apply the principles of metabolic engineering for the production of metabolites 

5. Examine the process of bioconversion for the production of commercial product  

6. Evaluate the applications of metabolic engineering in the field of medicine, energy, and 

environment 

Module: 1 Introduction to Metabolic Engineering and its Importance  10 Hours 

Introduction to Metabolic Engineering, Basic concepts; Scopes and Applications; Metabolism overview-

(Cellular Transport processes, Fueling Reactions; Cellular Metabolism Overview- Biosynthetic reactions, 

Polymerization, Growth Energetics. 
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Module: 2 Regulation of Metabolic Pathways 12 Hours 

Induction-Jacob Monod Model and its regulation, Regulation in branched pathways, differential regulation 

by isoenzymes, concerted or cumulative feedback regulation. Mutants which do not produce feedback 

inhibitors or repressors- auxotrophs-lysine, purine nucleotides; trophophase- idiophase relationship. 

  

Module: 3 Regulation of primary and Secondary Metabolites 12 Hours 

Role of metabolic engineering in Strain improvement and selection, Auxotrophic mutants for high yield, 

Alteration of feedback regulation, limiting accumulation of end products, alteration of permeability for 

metabolites; Producers of secondary metabolites, trophophase - idiophase relationship, Inducer and 

enhancer for secondary metabolites- an example, resistant to precursor effects, resistant to toxic 

compounds and toxic effects of secondary metabolites 

  

Module: 4 Metabolic Flux and Control analysis 8 Hours 

Integration of anabolism and catabolism, Metabolic Flux analysis and its applications, Overview of 

Metabolic Control analysis -MCA of linear and branched pathways 

  

Module: 5 Bioconversion 8 Hours 

Bioconversion- Factors affecting bioconversion, mixed or sequential bioconversions- Co metabolism, 

Product inhibition,  Conversion of insoluble substances, Applications of Bioconversions. 

  

Module: 6 Applications of Metabolic Engineering 10 Hours 

Strategies for overproduction of commercially important primary and secondary metabolites - amino acids 

-Glutamic acid, organic acids -Citric acid, alcohols -Ethanol and therapeutic compounds-Astaxanthin-, 

industrially relevant enzymes -Protease and recombinant proteins- Insulin 

Total Lectures 60 Hours 

Text Books 

1 Stephanopoulos, G. N., Aristidou, A. A. & Nielsen, J. (1998). Metabolic Engineering: Principles and 

Methodologies, 1
st
 edition Academic Press, An Imprint of Elsevier India Pvt. Ltd.  

2 Cortassa S., Aon M.A., Iglesias A.A. & Llyod D. (2002). An Introduction to Metabolic and Cellular 
Engineering, World Scientific Publishing Co. Pte. Ltd,  

Reference Books 

1 Smolke, C.S. (2010). Metabolic Pathway Engineering Handbook: Fundamentals‖. 1st ed. CRC Press. 

2 Freemont, P.S. & Kitney, R.I. (2012). Synthetic Biology – a Primer. World Scientific Publishing Co 

pvt Ltd. 

3 Stanbury, P. F., Hall, S. J. & Whitaker, A. (2016). Principles of Fermentation Technology, 3rd 

edition, Butterworth – Heinemann An Imprint of Elsevier India Pvt. Ltd.  

4 Crueger, W. & Crueger, A. (2005). A Text Book of Industrial Microbiology, Panima Publishing 

Corporation. 

5 Carbonell, P. (2019). Metabolic Pathway Design. Springer International Publishing. 
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Course Code 
Tissue Engineering and Stem Cell Technology 

L T P C 

24BT3031 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Apply inculcate knowledge in cell culture techniques. 

2. Develop technical skills in tissue implants and transplants and understand its regulation in tissue 

engineering. 

3. Apply the clinical potential, significance and ethics of stem cells. 

Course Outcomes: 

The students will be able to: 

1. Apply the concepts in cell culture techniques. 

2. Analyze the importance of 3D cell culture and its applications. 

3. Analyze tissue engineering process and applications in the field of medicine. 

4. Categorize different types of stem cells and its functions. 
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5. Examine the methods involved in the isolation of stem cells.  

6. Justify the clinical potential, significance and ethics of stem cells. 

Module: 1 Culturing Cells in the laboratory 12 Hours 

Overview of Stem Cells. Introduction to Cell Culture. Pros & Cons of Cell culture. Primary and Secondary 

cultures. Hayflick’s limit. Telomere shortening and apoptosis. Telomerase and apoptosis prevention. Cell 

lines- definition. Cell lines- methods. Tumorigenic and Non-Tumorigenic cell lines. Aseptic Technique. 

Cell culture Lab equipment & etiquette. 

  

Module: 2 Stem Cell Introduction and Classification 8 Hours 

Introduction to stem cell technology. Types of Stem Cells. Embryonic stem cells. Adult Stem cells. 

Pluripotent Stem Cells. Multipotent stem cells. Oligopotent cells. Unipotent Cells. Induced Pluripotent 

Stem Cells. Symmetry during cell division in Stem cells. 

  

Module: 3 Location, Nature & Culturing of Stem Cells  10 Hours 

Stem Cell Niche. Factors that influence stem cell fates in the niche. Conserved components of stem cell 

niche. Transit amplifying cells. Isolation of Stem Cells. Growth factors. Cord cells. Derivation & 

differentiation of ES Cells. Derivation & differentiation of Pluripotent Cells. Induced Pluripotent cell – 

Methods. Genetic reprogramming. Epigenetic reprogramming. 

  

Module: 4 Tissue Engineering Principles 10 Hours 

Overview of Tissue engineering. ECM and Tissue decellularization. 3D culture. Spheroids, Organoids and 

Assembloids. Biofabrication and Bioprinting of 3D tissue constructs. Scaffolds. Types of scaffolds. 

Scaffold fabrication. Biomimetic design of scaffolds. Immune response to biomaterials.  

  

Module: 5 Tissue Engineering Applications  12 Hours 

Bone and facial reconstruction. Cartilage repair. Skin tissue engineering. Regeneration of visceral organs. 

Construction of blood vessels and bladder tissues. Nerve Tissue Engineering. Dental applications. Drug 

screening platforms. Study tools for understanding tissue function. Biosensors. Tissue Chips. 

  

Module: 6 Guidelines and Ethical Implications 8 Hours 

FDA and ISSCR Guidelines. Animal experimentation concerns. Informed consent, Donor privacy policy, 

Transparency, Data protection and confidentiality. Risk and safety, efficacy, equitable access and resource 

allocation. 

Total Lectures 60 Hours 

Text Books 

1 
Freshney, R. I. (2021). Introduction to Culture of Animal Cells: A Manual of Basic Technique and 
Specialized Applications", 8

th
 edn. John Wiley & Sons Publishers, ISBN: 978-1-119-51304-9. 

2 
Palsson, B., Hubbell, J. A., Plonsey, R. & Bronzino, J. D. (2003). Tissue Engineering, Ist ed., CRC 

Press. ISBN: 9780429214882. 

Reference Books 

1 Lanza, R. (2013). Handbook of Stem Cells, Second edition, Academic pres. 

2 
Totey, S., & Deb, K. D. (2010). Stem Cell Technologies: Basics and Applications. McGraw Hill 

Professional. 

3 Warburton, D. (2014). Stem Cells, Tissue Engineering and Regenerative Medicine, World Scientific. 

4 Berardi, A. C. (2018). Extracellular Matrix for Tissue Engineering and Biomaterials, Humana Press. 

5 Li, S., L’Heureux, N. & Elisseeff, J. (2011). Stem cells and tissue engineering, World Scientific Press. 
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Course Code 
Human Anatomy, Physiology and Health Education  

L T P C 

24BT3032 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Demonstrate the gross morphology, structure and functions of various organs of the human body. 

2. Assess the various homeostatic mechanisms and their imbalance 

3. Illustrate the various communicable pandemic disease and healthcare precautions  on  different 

systems of human body  
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Course Outcomes: 

The students will be able to: 

1. Apply anatomical terminology to identify and describe locations of major organs.   

2. Assess interrelationships among molecular, cellular, tissue and organ functions. 

3. Analyze the interdependency and interactions of the systems   

4. Evaluate the role of organs and systems to the maintenance of homeostasis. 

5. Examine the physiological role of CVS system on human body.  

6. Assess the excellence in health education and first aid.  

Module: 1  Introduction to Human Body 10 Hours 

Introduction to human body & organization of human body. b. Functional & structural characteristics of 

cell.  physiology of transport process. Structural & functional characteristics of tissues- epithelial, 

connective, muscle and nerve.  

  

Module: 2 Physiological Functions of Skeletal System 10 Hours 

Overview of skeletal anatomy, Classification of bones. Bone Histology - Microscopic structure of bone 

tissue, bone formation and remodeling. Functions of Axial and Appendicular skeletal system, Skeletal 

muscle interactions, Clinical applications - Osteoporosis, Arthritis; Bone health and maintenance - 

Nutritional requirements for bone health, Exercise and Physical activity. 

  

Module: 3 Body Fluids and Blood  10 Hours 

Body fluids, Blood components and functions, Hematopoiesis and blood cell development - 

Erythropoeisis, leukppoiesis, thrombopoiesis; Blood typing and compatibility - ABO and Rh blood group 

systems, Blood transfusions and compatability testing. Clinical applications -Anemia, leukemia, Blood-

borne pathogens. 

  

Module: 4 
Physiological Functions of Lymphatic Vessels and Lymphoid 

Organs 
10 Hours 

Overview of lymphatic system anatomy and organization. Structure and function of lymphatic vessels 

Lymphatic capillaries, collecting vessels, and trunks, Mechanisms of lymphatic circulation. Lymphoid 

Organs and Tissues - Primary lymphoid organs (thymus and bone marrow), Secondary lymphoid organs 

(lymph nodes, spleen, tonsils, Peyer's patches). Lymph node structure and function, filtration of lumph. 

Clinical applications - Lymphedema, lymphadenopathy, cancer metastasis; Diagnostic techniques 

(lymphangiography, lymphoscintigraphy) 

  

Module: 5 Cardiovascular System  10 Hours 

Heart – Introduction to Cardiovascular Anatomy and Physiology, elements of conduction system of heart 

and heartbeat, its regulation by Autonomic nervous system, cardiac output, cardiac cycle. Regulation of 

blood pressure, pulse, electrocardiogram and disorders of heart  

  

Module: 6 Health Education  10 Hours 

Concepts of health and disease. Nutrition: Balanced diet, deficiency disorders of various nutrients, their 

prevention and treatment. Communicable diseases: The causative agents, modes of transmission and 

prevention of chicken pox, measles, diphtheria, tuberculosis, malaria, poliomyelitis, filariasis, rabies, 

tetanus, STD and AIDS. Vaccination schedule. First Aid: Emergency treatment of shock, snakebite, burns, 

poisoning, fractures and resuscitation methods. Family planning: Different measures of family planning in 

male and female  

Total Lectures 60 Hours 

Text Books 

1 Tortora, G. J., & Derrickson, B. H. (2018). Principles of anatomy and physiology. John Wiley & 

Sons. 

2 Pocock, G., Richards, C. D., & Richards, D. A. (2013). Human physiology. Oxford University Press, 

USA. 

Reference Books 

1 Park, K. (2011). Park's textbook of preventive and social medicine. Jabalpur. Banarasidas 
Bhanot, 463. 

2 Moore, K. L., Dalley, A. F., & Agur, A. M. (2013). Clinically oriented anatomy. Lippincott Williams 

& Wilkins. 

https://www.sciencedirect.com/science/article/pii/B9780128185766000022
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3 Karunamuni, G. (2013). The cardiac lymphatic system. New York, NY, USA:: Springer. 

4 Keek, C. A., Neil, E. & Joels, N. (2008).  Samson Wright’s Applied Physiology.  

5 Merrill, G. F. (2021). Our Intelligent Bodies. Rutgers University Press. 
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Course Code 
Vaccine Technology 

L T P C 

24BT3033 4 0 0 4 

Course Objectives: 

Enable the students to: 

1. Analyze the role vaccination in improving the immune system.  

2. Examine recent developments in vaccine technology.  

3. Illustrate commercialization and regulatory guidelines in vaccine production. 

Course Outcomes: 

The students will be able to: 

1. Demonstrate the role of immune cells and their mechanism and concept of vaccination.  

2. Categorize the different types of vaccines available for diseases.  

3. Assess the modern strategies and routes of immunization.  

4. Apply the concept of vaccine technology for development of vaccines.  

5. Evaluate various delivery methods suitable for vaccines.  

6. Relate the quality control and regulatory guidelines involved in vaccine production. 

Module: 1 Basics of Immune system 12 Hours 

Overview of the immune system and basic aspects of immune response(s) to vaccines. Types of Immunity 

Active & passive immunity and Humoral & cell mediated immunity. Organs of the immune system and 

lymphatic system. Cells of the immune system. Factors affecting Antigenicity of antigens. Antibody –

Structure and types. Antigen processing. Antigen presentation. MHC-I & MHC-II. T-Cell Activation. 

  

Module: 2 Introduction to Vaccination 12 Hours 

Vaccination: Introduction & Overview. History of Immunization. History of Vaccination. History and 

current status of Anti-vaccination Movement. Immunization Programs- National & State level and private 

players –funding & subsidy. Immunization- International- Capitalist model- USA, Socialist model- Cuba 

& UK. Immunization- International- Scandinavian Models and Asian models. Vaccines for Children. 

Adult vaccination & Vaccination for medical conditions. Geriatric vaccination. Vaccines for non-

infectious diseases- sterility, drug abuse, neurological disorders. 

  

Module: 3 Classification of Vaccines 8 Hours 

Active and Passive Immunization. Post Exposure Prophylaxis. Vaccine Types- Killed vaccines, attenuated 

vaccines. Vaccine Types- Subunit vaccines, recombinant peptide vaccines. Toxoids and conjugate 

vaccines. Nucleic acid vaccines- Naked DNA & packaged DNA vaccines and RNA vaccines. Cell based 

Vaccines. Exosome Vaccines.  

  

Module: 4 Enhancement and Delivery of Vaccines 10 Hours 

Adjuvants: Introduction & History. Adjuvants:  Classification and mechanisms-I. Adjuvants:  

Classification and mechanisms-II. Factors affecting adjuvants selection and production. Attenuating and 

inactivating agents. Vaccine Excipients –emulsifiers, stabilizers and preservatives. Routes of 

Immunization- Oral, IM, SC, ID and Transdermal. Vaccine delivery systems- emulsions, microparticles. 

Immune-stimulating complexes (ISCOMs, liposomes). Induction of immune responses by nanoparticle-

based vaccine, polymeric nanoparticles in vaccine delivery. 

  

Module: 5 Vaccine Design and Development 10 Hours 

Traditional vaccine approach. Rational vaccine design and Reverse vaccinology. Steps in antigen 

processing and presentation that aid in vaccine design. Immunoinformatics Databases - IEDB and 

CEDAR. Vaccine design software- VaxiJen. Design of Linear B Cell Epitopes- BcePred and BepiPred-2.0. 

NetCleave – prediction of C-Terminal Antigen Processing for MHC-I and MHC-II. Prediction of TAP 

Transport of Peptides with Variable Length Using TAPREG. Docking-Based Prediction of Peptide 

Binding to MHC – GOLD YASARA, PANDORA. Immunoinformatics Approaches in Designing 

Vaccines against COVID-19. Considerations - Original sin and Antigenic drift. 
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Module: 6 Commercial Production and Regulatory Guidelines 8 Hours 

Overview of national and international regulatory requirements/ guidance for production of vaccines, 

quality control and implementation of GMP. Vaccine efficacy, failure and risks- Case of HIV, Flu and 

Dengue. Animal testing. Rational design to clinical trials. Large scale production & Commercialization. 

Storage, transport and handling. Assessment of vaccine safety and Ethics- Vaccine Adverse Event 

Reporting System, Long Vax syndrome, vaccine hesitancy. Top vaccine producers- Global and national. 

Visit to a vaccine production unit. 

Total Lectures 60 Hours 

Text Books 

1 
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John Wiley & Sons. 

2 Vasconcelos, J. R. (2015). Vaccines & Vaccine Technologies. OMICS International. 
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2 Plotkin, S. A., Orenstein, W. A., & Offit, P. A. (2008). Vaccines. Elsevier Health Sciences. 

3 Pedro A. Reche, ed. (2023). Computational Vaccine Design. Humana Press. 

4 
 Kuby, R.A Goldsby, Thomas J. Kindt, Barbara, A. (2002). Osborne Immunology, 6

th
 Edition, 

Freeman. 

5 
Apostolopoulos, V. Vora, L.K. & Chavda, V. P. (2024). Advanced Vaccination Technologies for 

Infectious and Chronic Diseases, 1
st
 ed., Academic Press,  
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