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ANNAMALAI           UNIVERSITY

409 - M.Sc. BIOTECHNOLOGY
Programme Structure and Scheme of Examination (under CBCS)

(Applicable to the candidates admitted in Affiliated Colleges 
in the academic year 2022 -2023 ONLY)
	Course code
	Study Components & Course Title
	Hours /Week
	Credit
	Maximum Marks

	
	
	
	
	CIA
	ESE
	Total

	SEMESTER - I

	22PBTHC11
	Core Course –I : Biochemistry
	4
	3
	25
	75
	100

	22PBTHC12
	Core Course – II : Microbiology
	3
	3
	25
	75
	100

	22PBTHC13
	Core Course – III : Cell and Molecular Biology
	4
	3
	25
	75
	100

	22PBTHP14
	Core Practical –I : Biochemistry, Microbiology & Cell and Molecular Biology
	12
	6
	40
	60
	100

	22PBTHE15
	Core Elective – I 
	4
	4
	25
	75
	100

	22PBTHO16
	Open elective  - I 
	3
	3
	25
	75
	100

	
	Total
	30
	22
	
	
	600

	SEMESTER - II

	22PBTHC21
	Core Course –IV : Bioprocess Technology
	4
	3
	25
	75
	100

	22PBTHC22
	Core Course – V: Immuno Technology
	4
	3
	25
	75
	100

	22PBTHC23
	Core Course –VI :  Genetic Engineering
	4
	3
	25
	75
	100

	22PBTHP24
	Core Practical –II : Bioprocess Technology, Immuno Technology & Genetic Engineering
	12
	6
	40
	60
	100

	22PBTHE25
	Core Elective – II 
	4
	4
	25
	75
	100

	22PHUMR27
	Compulsory Course : Human Rights
	2
	2
	25
	75
	100

	
	Total
	30
	21
	
	
	600

	SEMESTER - III

	22PBTHC31
	Core Course –VII : Plant Biotechnology
	4
	3
	25
	75
	100

	22PBTHC32
	Core Course – VIII : Animal Biotechnology
	4
	3
	25
	75
	100

	22PBTHC33
	Core Course – XI : Research Methodology and IPR
	4
	4
	25
	75
	100

	22PBTHP34
	Core Practical –III : Plant Biotechnology & Animal Biotechnology
	11
	6
	40
	60
	100

	22PBTHE35
	Core Elective – III
	4
	4
	25
	75
	100

	22PBTHO36
	Open elective  - II
	3
	3
	25
	75
	100

	
	MOOC Courses
	
	
	
	
	

	
	Total
	30
	23
	
	
	600


	SEMESTER - IV

	22PBTHC41
	Core Course – X: Environmental Biotechnology
	4
	4
	25
	75
	100

	22PBTHC42
	Core Course –XI : Omics Sciences
	4
	4
	25
	75
	100

	22PBTHP43
	Core Practical –IV : Environmental Biotechnology & Omics Sciences
	12
	6
	40
	60
	100

	22PBTHE44
	Core Elective – IV
	4
	4
	25
	75
	100

	22PBTHD45
	Core Project
	6
	6
	25
	75
	100

	
	Total
	30
	24
	
	
	500


List of Core Electives (Choose 1 out of 3 in each Semester)
	Semester
	Course Code
	Course Title
	Hours /Week
	Credit
	CIA
	ESE
	Total

	I
	22PBTHE15-1
	Enzyme Technology
	4
	4
	25
	75
	100

	
	22PBTHE15-2
	Medicinal Plants
	4
	4
	25
	75
	100

	
	22PBTHE15-3
	Biodiversity Prospecting
	4
	4
	25
	75
	100

	II
	22PBTHE25-1
	Pharmaceutical Biotechnology
	4
	4
	25
	75
	100

	
	22PBTHE25-2
	Nano Biotechnology
	4
	4
	25
	75
	100

	
	22PBTHE25-3
	Analytical Techniques
	4
	4
	25
	75
	100

	III
	22PBTHE35-1
	Cancer Biology Diagnostics and Therapy
	4
	4
	25
	75
	100

	
	22PBTHE35-2
	Vermicomposing Technology 
	4
	4
	25
	75
	100

	
	22PBTHE35-3
	Aqua culture Biotechnology
	4
	4
	25
	75
	100

	IV
	22PBTHE44-1
	Medical Biotechnology
	4
	4
	25
	75
	100

	
	22PBTHE44-2
	Molecular Diagnosis in Microbiology
	4
	4
	25
	75
	100

	
	22PBTHE44-3
	Medical Laboratory Techniques
	4
	4
	25
	75
	100


List of Open Electives (Choose 1 out of 3 in each Semester)
	Semester
	Course Code
	Course Title
	Hours /Week
	Credit
	CIA
	ESE
	Total

	I
	22PBTHO16-1
	Tools in Biotechnology
	3
	3
	25
	75
	100

	
	22PBTHO16-2
	Food Biotechnology
	3
	3
	25
	75
	100

	
	22PBTHO16-3
	Toxicology
	3
	3
	25
	75
	100

	III
	22PBTHO36-1
	Protein Engineering
	3
	3
	25
	75
	100

	
	22PBTHO36-2
	Organic Farming
	3
	3
	25
	75
	100

	
	22PBTHO36-3
	Mushroom Cultivation
	3
	3
	25
	75
	100


Credit Distribution
	Study Components
	Papers
	Credits
	Total Credits
	Marks
	Total Marks

	Core Course
	11
	3-4
	36
	100
	1100

	Core Practical
	4
	6
	24
	100
	400

	Core Electives
	4
	4
	16
	100
	400

	Open Electives
	2
	3
	6
	100
	200

	Project
	1
	6
	6
	100
	100

	Common Compulsory Paper
	1
	2
	2
	100
	100

	
	23
	
	90
	
	2300


	SEMESTER - I
CORE – I
	22PBTHC11: BIOCHEMISTRY
	CREDIT:3
HOURS:4/W


COURSE OBJECTIVES
1) To understand the structure of various carbohydrates and their functions.
2) To describe the classification and structural organization of lipids.
3) To understand the amino acid structures, classifications, and proteins.
4) To understand the structure and functions of enzymes and coenzymes.
5) To understand the significance of different forms of nucleic acids.
Unit I: Carbohydrates                                                                                    Hours:10
Classification and reactions: occurrence, properties, and biological reactions. Structural features of carbohydrates, Glycolysis and TCA cycle; Glycogen breakdown and synthesis; Gluconeogenesis; interconversion of hexoses and pentoses. Carbohydrate metabolic disorders. Glycogen storage diseases. Lectins – characteristics and functions in biological system.
Unit II: Lipids
                                                                                            
Hours:10
Classification, Structure, functions, and reactions of Lipids, Biosynthesis of fatty acids, triglycerides, phospholipids, and Sterols, Catabolism of Fatty acids - Oxidation(α, β, and ω), Catabolism of triglycerides and phospholipids, Essential fatty acids and their physiological functions. Disorders associated with lipid metabolism and its therapeutic intervention - ketone bodies and ketosis; fatty liver, atherosclerosis.

Unit III:   Amino Acids
                                                                         Hours:10

Classification and Biosynthesis. Peptides, Classification of Protein, Primary structure of proteins, structural comparison at secondary and tertiary levels (Ramachandran Plot), quaternary and domain structure and architecture. Regulation of Protein metabolism. Protein metabolism in prolonged fasting. Diseases related to protein folding – Alzheimer’s and mad cow disease.
Unit IV: Enzymes and coenzymes                                                                    Hours:09
IUBMB classification of enzymes, active site, Lock and key Model, and induced fit hypothesis. Factors affecting enzyme activity, Mechanism of enzyme catalysis: Lysozyme, Enzyme kinetics- Michaelis – Menten (MM) equations, Transformations of MM equation and their significance, Enzyme inhibition: Reversible – Competitive, Noncompetitive, Uncompetitive, Irreversible inhibition, Kinetics of Enzyme inhibition. Isoenzymes, allosteric enzymes, ribozymes, abzymes, and artificial enzymes. Diseases Caused by Deficiency of digestive enzymes-Obesity, Galactosemia, Maple Syrup Urine Disease.
Unit V: Nucleic acids                                                                                          Hours: 09
Classification, structure, functions, and reactions of nucleic acids, Conformation of Nucleic acids: Structural characteristics of A, B, and Z-DNA. 3D structure of t-RNA, ribozymes, and riboswitches. Biosynthesis of Nucleotides –De nova and Salvage pathway, Regulations of Purines and Pyrimidine, Metabolism of Purine and Pyrimidine. Disorders of nucleic acids metabolism- Gout, Lesch-Nyhan syndrome, orotic aciduria, and xanthinuria.

COURSE OUTCOMES
	6) The student will easily understand the basics of nanomaterials.

7) The student will be able to characterize nanomaterials.

8) The student will be able to diagnose diseases using nanomaterials.

9) The student will be able to use nanomaterials for environmental cleanup.

10) The student will be able to understand the ethics and toxicological effects of nanomaterials.

	     

	Text Books 

11) U Satyanarayana. (2014). Biochemistry: Elsevier Health Sciences. 812 pages.

12) J.L. Jain. (2005). Fundamentals of Biochemistry: S. Chand Limited, - 1230 pages.

13) Rastogi, C.S. (2003). Biochemistry: (3rd edition), Tata McGraw Hill Publication, India.


Supplementary Readings
14) David. L. Nelson, Michael Cox. M. M. Lehninger’s. (2012) Principles of Biochemistry:(6th edition) Freeman.

15) Murray. R.K, Granner.D.K, Mayes. P. A, Rodwell. V. W. Harper’s (2006). Biochemistry:(27th ed), Tata McGraw Hill Publication, India.
16) Jeremy M. Berg, Lubert Stryer. (2015) Biochemistry: (8th edition), Macmillan Learning.1120 pages.
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	SEMESTER - I

CORE – II
	22PBTHC12: MICROBIOLOGY
	CREDIT:3

HOURS:3/W


COURSE OBJECTIVES
17) To understand the microbial diversity and systematics.
18) To categorize microbial growth.

19) To understand the genetic makeup of microbes.

20) To understand the applications of microbes in various industries.
21) To understand the interaction between microbes and environment.

Unit I: Microbial diversity
                                                                                Hours:10
Discovery and origin of microbial world, Theories- Spontaneous generation. Germ theory of diseases. Diversity and distribution of microbes. Criteria for classification; Classification of Bacteria according to Bergey’s manual. Classification of fungi. Molecular classification of microbial kingdom (rRNA phylogeny). General characteristics of virus, life cycle and classification of viruses.

Unit II: Microbial growth and culture                                                               Hours:10
Microbial Growth; The definition of growth, Mathematical expression of growth curve, measurement of growth and its yields, Synchronous growth, Continuous culture, Growth influenced by environmental factors like temperature, acidity, alkalinity, water availability, osmotic pressure, hydrostatic pressure and oxygen. Culture collection and maintenance of cultures. Media Formulation; Sterilizationand its methods - Physical and Chemical sterilization.
Unit III:   Microbial genetics and nutrition
                                               Hours:10                                                       
Methods of genetic transfers – transformation, conjugation, transduction and sex-duction, mapping genes by interrupted mating, fine structure analysis of genes.  Operon concept (lac and trp). Nutritional types of microbes, Enrichment culture technique. Role of microbes in Biogeochemical cycles. Transformation of elements: Carbon, Nitrogen, Phosphorous and Sulphur.
Unit IV: Applied Microbiology                                                         Hours:09

Food production by microbes – Microbial cell as food (SCP), Fermented products - Cheese, Yoghurt, kumiss, kefir. Sauerkraut, pickles and sausage. Fermented alcohol beverages – Beer and Wine.  Production of organic acids. 

Unit V: Microbes and Environment
                                                                  Hours: 09

Role of microorganisms in natural system and artificial system; Influence of Microbes on the Earth’s Environment and Inhabitants; Ecological impacts of microbes; Symbiosis (Nitrogen fixation and ruminant symbiosis); Microbes and Nutrient cycles; Microbial communication system; Quorum sensing; Microbial fuel cells; Prebiotics and Probiotics; Vaccines.

COURSE OUTCOMES
	22) The student will easily classify microorganisms based on their general characteristics.

23) The student will be able to analyze the growth pattern of microbes.

24) The student will be able to understand the methods of gene transfer in microbes.

25) The student will be able to understand the appropriate applications of microbes in industry.

26) The student will be able to design the role of microbes in diverse environment.

	

	Text Books 
27) Pelczar. Microbiology. Tata McGraw-Hill Education, 1998. 900 pages.

28) D.K.Maheshwari. A Textbook of Microbiology. S. Chand Publishing, Revised edition 2013. 912pp. 
29) Maloy SR, Cronan JE Jr., and Freifelder D, 2006. Microbial Genetics, 3rd edition, Jones Bartlett Publishers, Sudbury, Massachusetts, USA.


Supplementary Readings
30) Prescott's Microbiology. 10th Edn. McGraw-Hill Education, 2016.1104 pages.

31) Ananthanarayan and Paniker's Textbook of Microbiology. Orient Blackswan, 7th Edn. 2005. 657pp. 

32) Jeffrey C. Pommerville Alcamo's Fundamentals of Microbiology 9th edition Jones & Bartlett Publishers, 2010 860 pages.
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	SEMESTER - I
CORE – III
	22PBTHC13: CELL AND MOLECULAR BIOLOGY
	CREDIT:3
HOURS:4/W


	COURSE OBJECTIVES


33) To learn in detail about the cellular organization and function.

34) To Study about membrane transport.

35) To learn the basics of cell division. 

36) To understand the differentiation of cell signaling.

37) To study the gene expression.
Unit-I: Cell and Tissue Organization





Hours:10

Prokaryotic and eukaryotic cells – basics, evolutionary and functional difference. Structure and functions of subcellular organelles, mitochondria, nucleus and nucleolus. Cell motility and shape - actin, myosin, microtubules and intermediate filaments, microtubule dynamics and associated proteins, kinesin, dynein. Types of tissues - Epithelium- organization and types, Composition of membranes-the lipid bilayer, peripheral and integral proteins. The fluid mosaic model. Brief account of membrane rafts. 
Unit -II: Transport, Cell Microenvironment and Secretory Pathway 
Hours:10

Membrane transport: types. Diffusion-passive and facilitated. General classes of transport systems- uniport, symport, antiport. Active transport - primary and secondary. Functional importance of ATPases, ABC transporters, ionophores, aquaporins, ion-channels. Endocytosis and exocytosis. Major classes of cell junctions - anchoring, tight and gap junctions. Major families of cell adhesion molecules (CAMs) cadherins, integrins. Collagen and noncollagen components. Overview of secretory pathway, Translocation of secretory proteins across the ER Membrane. Golgi and post-golgi protein sorting. Molecular mechanisms of vesicular traffic.
Unit-III: Cell Division, Differentiation, Cell Cycle and Cell Death 

Hours:10
Cell division - molecular events of mitosis and meiosis. The cell cycle: phases, regulation by cyclins and cyclin-dependent kinases, checkpoints. Cell cycle control in mammalian cells. Cell differentiation and trans-differentiation. Epithelial-mesenchymal transition (EMT). Cell death: types - necrosis - causes and mechanism. Apoptosis: morphology, mitochondrial and death receptor pathways. Starvation and autophagic cell death. 
Unit-IV: Cell Signaling






 Hours:9

Fundamental concepts and features of cell signaling. Endocrine, paracrine, autocrine and juxtacrine signaling. Types of receptors. Nuclear, cytosolic and transmembrane receptors. G-protein coupled receptors. Second messengers: cAMP, cGMP, diacylglycerol, inositol triphosphate and Ca². Receptor tyrosine kinases - Ras-Raf, MAP kinase (ERK, JNK, p38) and JAK-STAT pathways.

Unit –V: Genome and Gene Expression 




Hours:9
Chromosome, DNA replication, genetic recombination. Epigenetics - DNA methylation and histone acetylation (HAT and HDACs). Central dogma of gene expression, protein coding genes and pseudogenes, promoter, enhancer, open reading frame, transcription factor. Transcription - initiation, elongation and termination.  RNA - mRNA, rRNA, and tRNA. Other RNA types- miRNA, lncRNA. Translation machinery, post-translational modifications.  

COURSE OUTCOMES
At the end of the course, the students will be able to

38) Understand the basic concepts of cell biology 

39) Comprehend the role of transport and sub cellular organelles

40) Know the role of cell death in physiological and pathological processes 

41) understand the role of cell signaling in cellular homeostasis 

42) Recognize the role of various biomolecules in gene expression   

Text Books
43) Leubert Stryer et al, Biochemistry 9th ed, 2019, W.H. Freeman
44) Karp. Cell and Molecular Biology. Wiley. 8th ed. 2016 
45) Lodish et al. Molecular Cell Biology. Freeman. 8th ed. 2017 
46) Nelson and Cox. Lehninger Principles of Biochemistry. Freeman. 7th ed. 2017 
47) De Robertis, E.D.P. and De Robertis, E.M.F, Cell and Molecular Biology Lippicott Willin
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	SEMESTER: I

CORE PRACTICAL - I
	22PBTHP14: BIOCHEMISTRY, MICROBIOLOGY & CELL AND MOLECULAR BIOLOGY
	CREDIT:6

HOURS:12/W


CELL AND MOLECULAR BIOLOGY
48) Microscopic examination of blood cells 

49) Isolation of lymphocytes
50) Trypan blue cell viability assay 
51) Microscopic examination of epithelial cells, plant cells, tissue types

52) Karyotype analysis: Onion and human

53) Isolation of plasmid DNA from E coli

54) Isolation of rat liver DNA and RNA

55) Agarose gel electrophoresis 

56) Tissue protein extraction and SDS- PAGE 

BIOCHEMISTRY

57) Estimation of total Protein and albumin from serum

58) Estimation of glucose from serum

59) Estimation of Vitamin C from Citrus fruits

60) Estimation of total amino acids from serum

61) Estimation of DNA & RNA

62) Determination of blood cholesterol

63) Separation of amino acids from serum Paper Chromatography

MICROBIOLOGY

64) Isolation of enzyme producing Bacteria from soil

65) Isolation of Fungi from spoiled food

66) Isolation of Antibiotic producing microorganisms against given pathogen

67) Observation of Bacterial growth rate

68) UV mutagenesis

	SEMESTER – I

CORE ELECTIVE – I
	22PBTHE15-1: ENZYME TECHNOLOGY
	CREDIT:4

HOURS:4/W


	COURSE OBJECTIVES


69) To understand the basic concepts of enzyme action.

70) To know about kinetics.

71) To study the use of enzymes in industry and medicine.

Unit-1: Enzymes - Classification, Kinetics and Inhibition 


Hours: 10

Enzymes - Classification and IUB nomenclature. Enzyme kinetics - steady state kinetics. Effect of pH, temperature, enzyme and substrate concentration. Michaelis -Menten plot, Lineweaver Burk plot, significance of Km and Vmax. Effect of competitive, non-competitive and un- competitive inhibitors on Km and Vmax. Allosteric regulation. Brief account on non-protein enzymes and extremozymes.

Unit-ll: Functional Forms and Regulation 




Hours: 10
Coenzymes - coenzymic role of thiamine pyrophosphate, FAD, NAD, pyridoxal phosphate, coenzyme A, biotin, folic acid and cobalamine. Multienzyme complexes (PDH). Metal-dependent and metalloenzymes. Isoenzymes (LDH). Enzyme regulation: feedback inhibition and feedforward stimulation. Enzyme repression, induction and degradation. Zymogen activation. Covalent modification of enzymes - phosphorylation. Compartmentation (Scaffolds, Subcellular localization).

Unit-III: Enzyme Reactors, Engineering and Production


Hours: 10

Enzyme reactors: types (stirred tank, continuous flow), Immobilization of enzymes: principles, parameters, carriers (inorganic, polysaccharides, polymers), binding methods (adsorption, covalent), applications. Enzyme engineering: principles, steps, enzyme engineering with reference to lysozyme. Enzyme production and purification: enzyme sources (plant, animal, wild type and recombinant microorganisms), processes to improve enzyme yield. Downstream processing and chromatographic purification of enzymes. 
UNIT-IV: Industrial Application of Enzymes 




Hours: 9

Enzyme electodes. Biosensors: components, types, (calorimetric, potentiometric, amperometric), applications. Enzymes of industrial significance: use of enzymes in detergents, textiles, and leather industry, production of glucose syrup (α-amylase), cheese production. Synzymes and solvent engineering. Soluble enzymes - introduction and applications in food, starch processing and detergents.
Unit-V: Therapeutic uses of Enzymes 




Hours: 9
Enzymes as diagnostic aids. Therapeutic uses of enzymes: enzymes as thrombolytic agents (myocardial infarction and pulmonary embolisms), enzybiotics, digestive-aids, anti-inflammatory (Trypsin and Serratiopeptidase), fibrinolytic and anti-cancer agents. Microbial therapeutic enzymes - regulations and safety criteria for production of enzymes and their use. Regulations governing use of enzymes produced in wild - type or recombinant organisms.
COURSE OUTCOMES
At the end of the course, the students will be able to

72) Understand the basic concepts, kinetics and regulatory role of enzymes
73) Comprehend the methods for enzyme production and immobilization

74) Design the strategies of enzyme engineering 

75) Large scale production and downstream processing 

76) Apprehend the industrial application of enzymes  

Text Books

77) Palmer T. Understanding enzymes. Prentice Hall. 2004. 
78) Buchholz et al Biocatalysts and Enzyme Technology. Wiley-Blackwell. 2nd ed. 2012

79) Pandey et al. Enzyme Technology. Springer. 2010.
80) Nelson, Cox. Lehninger Biochemistry. Freeman. 7th ed. 2017.
81) Balasubramanian et al. Concepts in Biotechnology. Univ Press 2007. 
Supplementary Readings
82) Dixon and Webb. Enzymes. Elsevier. 2rd ed. 2014. 
83) John E. Smith. Biotechnology. Cambridge university press, 5th ed. 2009.
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	SEMESTER - I

CORE ELECTIVE - I
	22PBTHE15-2: MEDICINAL PLANTS
	CREDIT: 4

HOURS: 4/W


COURSE OBJECTIVES
84) To enable to students to know about the various technologies used in herbal preparations.
85) To knowledge about the concepts of Ethano botany.

86) Acquires knowledge of the common medicinal plants.

87) To understand the traditional medicinal plant’s parts and local name.
88) To knowledge the Medicinal plants cultivation methods.

Unit I: Introduction to Herbal medicines  



     Hours: 10
Introduction: Herbal Medicine–History of Traditional Medicine – History of Islamic Medicine, Siddha, Ayurveda, Homeopathy, Allopathy and Unani medicine.
Unit II: Ethano botany





     Hours: 09
Ethano botany: Withania somnifera (Amukkara), Glycyrrhiza glabra (Athimathuram), Myristica fragrans (Jathikkai), Gymnema sylvestre (Cakkaraikkolli), Pongamia pinnata (Punkam) - Properties and Medicinal uses.

Unit III: Common medicinal plants 



      
     Hours: 10
Common medicinal plants: Family, Local Name, Common name, Medicinal uses – Ocimum sanctum, Solanum trilobatum, Cardiospermum halicacabum, Adhatoda vasica, Catharanthus roseus, and Eclipta alba.
 Unit IV: Parts of Medicinal plants 




       Hours: 10
Parts of Medicinal plants: Fruit – Amla, Bulb – Garlic, Rhizome – Ginger, Seed –Castor, Bark – Cinchona, Leaves – Neem and Flower – Clove. 
Unit V: Medicinal plants cultivation methods


       Hours: 09
Cultivation methods– crop protection – Harvesting– Storage and Protection–Marketing utilization – Export of medicinally important plant (General aspects).
COURSE OUTCOMES
89) The student will be able to gain knowledge on traditional medicine
90) The student will be able to study some important medicinal plants.

91) The student will be able to know the common herbal plants.

92) The student will be able to know the preservation of herbal medicine.

93) The student will be able to learn cultivation methods of herbal plants. 

Text Books

94) Sinha, R.K., & Sinha, S. (2001). Ethnobiology. Jaipur: Surabhe Publications.

95) Pal, D.C., & Jain, S.K. (1998). Tribal medicine. Calcutta: Naya Prakash.

96) Jain, S.K. (1995). Contribution to Indian ethnobotany. (3rd ed.). Jodhpur: Scientific publishers.

Supplementary Readings

97) Jain, S.K. (1995). A Manual of Ethnobotany. (2nd ed.). Jodhpur: Scientific publishers.
98) Sharma, A.K., Keservani, R.K., & Gautam, S.P. (2020). Herbal Product Development: Formulation and Applications. U.S: Auerbach Publications, CRC Press.
99) Gokhale, S.S., Kokate, C.K., & Purohit, A.P. (1994). Pharmacognosy. Niraliprakashan, Pune.

100) Faroogi, A.A., & Sreeramu, B.S. (2004). Cultivation of Medicinal and Aromatic crops. University Press (India) P. Ltd., Hyderabad.
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	SEMESTER - I

CORE ELECTIVE – I
	22PBTHE15-3: BIODIVERSITY PROSPECTING
	CREDIT: 4

HOURS: 4/W


COURSE OBJECTIVES
101) The importance of biodiversity and various methods of conservation

102) The Bioprospecting potentials of available natural resources

103) The regulations related with biodiversity and bioprospecting

Unit I Biodiversity- Overview and Acts 




Hours: 10
Biodiversity- Facts about global & Indian biodiversity- Hot spots of Indian Biodiversity- Types of Biodiversity- Measures of Biodiversity(alpha, beta & gamma)-Threats to Biodiversity, Endemic, threatened, Red List of IUCN- National biodiversity strategy and action plan(Initiatives to conservation (international & national)-  Organization involved in Biodiversity conservation and research(NBA,BSI,ZSI etc)- The biological diversity act 2002

Unit II Biodiversity Management 





Hours: 10
BMC-Biodiversity Management Committee ( Roles & Responsibility,Functions) – Operationalisation of BMC- People’s Biodiversity Registers- SBB- State Biodiversity Boards roles and responsibilities- Biodiversity informatics(Global &Indian perspectives)-Biodiversity mapping ( History, techniques & uses)

Unit III Bioprospecting Overview & Products 



Hours: 10
Bioprospecting-Methods- Major areas- sustainable utilization of bio resource practices-types- Challenges- Access and Benefit sharing policies – INBio&Merck agreement- Kani tribes benefit sharing model-Economically valuable Products from plant, animals and other bioresources- Bio piracy issues

Unit IV Methods of screening for bioprospecting 



Hours: 9
Screening for different bioactivity- Antimicrobial activity- Enzymes- Plant growth promoting Activity- Antifouling & biofilm activity- anti cancer activity- Anti diabetic activity. High throughput screening- Drug discovery and development.

Unit V Bioprospecting Regulations 





Hours:9
Regulations on bio-prospecting, access and benefit-sharing (National Environmental Management: Biodiversity act, 2004)- Bioprospecting case studies – Regulatory innovations for bioprospecting in India- Regulation of Bio-Prospecting and Related Intellectual Property Rights in India

COURSE OUTCOMES
104) Articulate the types of biodiversity, the threats to the biodiversity and Biodiversity hotspots
105) Illustrate the management strategies for biodiversity and biodiversity mapping
106) Infer the sustainable utilization of resources and benefit sharing
107) Report the screening process of various bioactive substances
108) Formulate regulations and laws for biodiversity
Text Books
109) Bull, A.T., 2004, Microbial Diversity and Bioprospecting, 1st edition, ASM Press, USA

110) Jeffries, M.J., 2006, Biodiversity and Conservation, 2nd edition, Routledge, USA.

Supplementary Readings
111) Jeffries, M.J., 2006, Biodiversity and Conservation, 2nd edition, Routledge, USA

112) Vanesha, S., 2010, Marine Bioprospecting and Natural Product Research, 1st edition, LAP Lambert Academic Publishing, Germany

113) Dubey, K.N. and Yadav, G.P., 2011, Biodiversity - Threats to Conservation, Axis Publication, 1st edition, Axis Publication, India.

114) Krishanmurthy, K.V. , 2018, An Advanced Textbook on Biodiversity, 1st edition, Oxford and IBH Publishing Co Pvt Ltd., India
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	SEMESTER – I

OPEN ELECTIVE
	22PBTHO16-1: TOOLS IN BIOTECHNOLOGY
	CREDIT: 3

HOURS: 3/W


COURSE OBJECTIVES

115) Introduction to prokaryotic and eukaryotic genomes

116) Basic knowledge about cloning strategies

117) Technical knowledge of gene manipulation

118) Introduction to screening techniques

119) Application of biotechnology

Unit I: Gene and Genomes 






Hours: 7
Prokaryotic and Eukaryotic Genomes - Structure of Gene - DNA as the genetic material; Extra chromosomal DNA: Plasmid, mitochondrial DNA and chloroplast DNA.

Unit II: Cloning Vectors 






Hours: 7
Plasmid, phagemid, cosmid, Artificial Chromosomes (BAC) – Transformation techniques: Electroporation, CaCl2 method.

Unit III: Tools for Gene Manipulation 




Hours: 8
Gel Electrophoresis: AGE and PAGE; Restriction Enzymes, Ligases, Modifying Enzymes - Markers for Selection: selectable and scorable - Examples.

Unit IV: Selection Strategy and Screening for Transformants

Hours: 7
Selection of rDNA Clones: Blue-White Selection, Colony Hybridization, PCR, Molecular analysis: Western blotting, Southern Blotting and Northern Blotting.

Unit V: Application of Cloning 





Hours: 7
Over expression of Biomolecules (Insulin) - Gene therapy– GMO – Application and Biosafety issues.

COURSE OUTCOMES

120) Obtain a comprehensive knowledge about concepts of gene and genomics.

121) Gain an in-depth knowledge about vectors used in gene cloning.

122) Apprehend about the principle tools that are used for gene manipulation.

123) Know about the importance of selection and screening of transformants.

124) Aware with the principal applications of gene cloning.

Text Books

125) Primrose. S.B., Twyman R.M., & Old, R.W.  (2006). Principles of Gene Manipulation and Genomics.  (7th ed.). UK: Blackwell Publishing.

126) Primrose, S.B. (1994).  Molecular Biotechnology. (2nd ed.). London: Blackwell Scientific Publications. 

127) Brown, T.A. (2010). Gene cloning and DNA analysis: An Introduction. (6th ed.). UK: John Wiley & Sons.

Supplementary Readings

128) Micklos, D.A., & Freyar, G.A. (1990). DNA Science – A first course in rDNA technology. New York: Cold Spring Harbor laboratory Press.

129) Michael, R.G., & Joseph, S. (2012). Molecular Cloning: A Laboratory Manual. 
(4th ed.). New York: Cold Spring Harbor laboratory Press.

	SEMESTER: I

OPEN ELECTIVE
	22PBTHO16-2: FOOD BIOTECHNOLOGY
	CREDIT: 3

HOURS: 3/W


COURSE OBJECTIVES

130) To know the basics of bio related food products.
131) To study the food products from microorganisms.
132) To learn causes for food born infections.
133) To know about types of beverages.
134) To study the importance preserved foods.
Unit I Food Biotechnology






Hours: 7
Introduction and Scope; Production of Single cell protein and Baker’s yeast; Mushroom cultivation. Food and dairy products: Cheese, bread and yogurt. Fermented vegetables – Saurkraut; Fermented Meat – Sausages. 

Unit II Novel Microorganisms





Hours: 7
LAB (Probiotics), Cyanobacteria, methylotrophs enzyme biotransformations. Role of Plant tissue culture for improvement of food additives; color and flavor. Genetic modifications of microorganisms; detection and rapid diagnosis. Genetically modified foods and crop

Unit III Food Borne Infections And Intoxications



Hours: 8
Food borne infections and intoxications; with examples of infective and toxic types – Clostridium, Salmonella, Staphylococcus. Mycotoxins in food with reference to Aspergillus species. Food preservation: canning, dehydration, ultrafiltration, sterilization, irradiation. Chemical and naturally occurring antimicrobials;

Biosensors in food industry

Unit IV Types of beverages and their importance



Hours: 7
Synthetic beverages- carbonated, low-calorie and dry beverages; isotonic and sports drinks; soft drinks.

Unit V Quality assurance






Hours: 7
Microbiological quality standards of food, Intellectual property rights and animal welfare. Government regulatory practices and policies. FDA, EPA, HACCP, ISI. Risk analysis; consumer and industry perceptions

Text Books

135) Lee B.H.V., 1996, Fundamentals of Food Biotechnology, 1st Edition, C H Publishers, Inida

136) Roger, A., 1989, Food Biotechnology, 1st edition, Elsevier Applied Sci. Pub., USA

Supplementary Readings
137) Goldberg I., 1994, Functional Food, . 1st edition. Chapman & Hall Publishers, India

138) Anthony P. et al, 2005. Food Biotechnology. 2nd edition. CRC Publication, USA.

139) Casida, L.E. 1997. Industrial Microbiology. 6th edition. New Age International Publishers, India

140) Presscott, L. M. Harley, J. P. and Klein, D. A. 1999. Microbiology, 4th edition, WCB Mc Graw-Hill, India

	SEMESTER: I

OPEN ELECTIVE
	22PBTHO16-3: TOXICOLOGY
	CREDIT: 3

HOURS: 3/W


COURSE OBJECTIVES

141) To make the students to understand the history and principle of toxicology.
142) To provide adequate knowledge on mechanisms of toxicity.

143) To depict the information to the different Phase reactions of metabolism of toxicants.
144) To understand the information about various toxicology testing.
145) To provide knowledge of the Safety of nanomaterials and nanotoxicity.
Unit I: Introduction to toxicology





Hours: 7
History and scope of toxicology, Source of toxicants. Classification of toxic agents. Occupational toxicology: Workplace, hazardous exposure, and occupational diseases. 

Unit II: Mechanism of toxicity





Hours: 7
Toxicant delivery, reaction with the target molecule, cellular dysfunction, inappropriate repair and adaptation. Non target organ toxicity: Chemical carcinogenesis mechanisms of carcinogens. Cytotoxicity mechanisms of cell death mitochondrial dysfunction.

Unit III: Metabolism of toxicants





Hours: 7
Phase I Reactions: Microsomal oxidation Nonmicrosomal oxidations Reduction Reactions, Hydrolysis, Epoxide Hydration. cooxidation. Phase II Reactions: Conjugation reactions, Methyl transferases and Acylation. Reactive Metabolites: nature, stability and fate of reactive metabolites, Elimination of Toxicants: renal, hepatic and respiratory elimination.

Unit IV: Toxicology Testing





Hours: 8
Food toxicology: introduction, safety standards for foods and food ingredients and contaminants. In Vivo Toxicology: Testing of acute, subchronic and chronic toxicity. In Vitro testing: Cell Culture Methods, Ames forward mutation assay, Assessing genotoxicity: mitotic index, chromosomal aberrations, micronucleus assay, cytotoxicity and apoptosis assay. 

Unit V: Nanotoxicity







Hours: 7
Introduction to Safety of nanomaterials, Basics of nanotoxicity, Models and assays for Nanotoxicity assessment; Fate of nanomaterials in different stratas of environment; Ecotoxicity models and assays;  Life Cycle Assessment, containment.

COURSE OUTCOMES

146) Gain knowledge about the basic concepts of toxicology.

147) Learn the mechanisms of toxicity reaction with the target molecule.

148) Understand the various Reactive Metabolites.

149) Learn toxicology testing as food, In vivo, In vitro and genotoxicity assessing.

150) Get an idea about the Models and assays for Nanotoxicity.

Text Books

151) Barile, F.A. (2008). Principles of toxicology testing. New York: CRC Press.

152) Hodgson, E. (2004). A Textbook of Modern Toxicology. (3rd ed.). London: John Wiley & Sons.

153) Osweiler, G.D. (1996). Toxicology. Philadelphia : Williams & Wilkins

Supplementary Readings

154) Marquardt, H., Schafer, S.G., McClellan, R., & Welsch, F. (1999). Toxicology. San Diego, CA:  Academic Press.

155) Fulekar, M.H. (2010). Nanotechnology importance and applications. New Delhi: IK International Publishing House.
	SEMESTER – II
CORE – IV
	22PBTHC21: BIOPROCESS TECHNOLOGY
	CREDIT: 3

HOURS: 4/W


COURSE OBJECTIVES
156) To understand the bioreactors design and different types of bioreactors then its application in different field.

157) To depict the information in fermentation techniques and about the sterilization of bioreactors.
158) The course objectives are framed to give an adequate knowledge about fermentation process and types of fermentation process.
159) To learn about the physical, chemical and enzymatic methods used in the downstream processing.
160) To provide adequate knowledge in primary and secondary screening methods in drug designs.

Unit I: Bioreactors design of a basic Fermentor



Hours: 10
Bioreactor configuration, design features, individual parts, baffles, impellers, foam separators, sparger, culture vessel, cooling and heating devices, probes for online monitoring, computer control of fermentation process, measurement and control of process. Reactors for specialized applications: Tube reactors, packed bed reactors, fluidized bed reactors, cyclone reactors, trickle flow reactors, their basic construction and types for distribution of gases.

Unit II: Gas- liquid exchange and mass transfer



Hours: 10
Oxygen transfer, critical oxygen concentration, determination of Kla, heat transfer, aeration/agitation and its importance. Sterilization of Bioreactors, nutrients, air supply, products and effluents, process variables and control, scale-up of bioreactors.

Unit III: Fermentation Process Growth of cultures



Hours: 10
Importance of media in fermentation, media formulation and modification. Kinetics of growth in batch culture, continuous culture with respect to substrate utilization, specific growth rate, steady state in a chemostat, fed-batch fermentation, yield of biomass, product, calculation for productivity, substrate utilization kinetics. Fermentation process: Inoculum development. Storage of cultures for repeated fermentations, scaling up of process form shake flask to industrial fermentation.

Unit IV: Downstream Processing





Hours: 9
Downstream Processing Biomass separation by centrifugation, filtration, flocculation and other recent developments. Cell disintegration: Physical, chemical and enzymatic methods. Extraction: Solvent, two phase, liquid extraction, whole broth, aqueous multiphase extraction. Purification by different methods. Concentration by precipitation, ultra-filtration, reverse osmosis. Drying and crystallization.

Unit V: Fungal metabolites 






Hours: 9
Chemically creative fungi; screening for industrially useful fungal metabolites; drugs and pharmaceuticals from fungi; Ecotaxonomic approach in chemical screening; primary and secondary products of metabolism; classification of secondary metabolites; primary and secondary screening of antibiotic producers; auxanography; enrichment culture, techniques for strain improvement and Strain development; Industrial fungal strains preliminary and high throughput screening (HST); leads and lead optimization, IPR issues and patents.

COURSE OUTCOMES
161) Gain knowledge of bioreactor.

162) Understand the application and functioning of bioreactors.

163) Understand the fermentation process growth of cultures in the fermentor.

164) Understand the downstream procedure and fermenter waste treatment.

165) Know the role of fungi in food and feed industries viz. Edible mushrooms, different cultivation and nutritional aspects of mushrooms.

Text Books

166) McDuffie, N. G. (2013). Bioreactor design fundamentals. USA: Butterworth- Heinemann.

167) Tapobrata, P. (2011).  Bioreactors analysis and design. (1st ed.). New York: McGraw Hill Education

168) Carl-Fredrik, M. (2016). Bioreactors design, operation and novel applications. (1st ed.). New Jersey: Wiley-VCH.

Supplementary Readings

169) Anuj, K. R. (2012). Downstream processing techniques in biotechnology: Purification Techniques of Biological Compounds. New Delhi: Global Vision Publishing House.

170) Jane, K. (2015). Reverse osmosis design, processes and applications. (2nd ed.). Beverly, MA: Scrivener Publishing LLC.

OUTCOME MAPPING
	COs
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	3
	2
	2
	3
	2

	CO2
	3
	3
	3
	2
	3

	CO3
	3
	3
	3
	3
	3

	CO4
	3
	3
	3
	3
	3

	CO5
	3
	3
	3
	3
	3


       1: Low; 2: Moderate; 3: High
	SEMESTER – II

CORE – V
	22PBTHC22: IMMUNO TECHNOLOGY
	CREDIT: 3

HOURS: 4/W


COURSE OBJECTIVES
171) The mechanism of immune system. 
172) Various detection methods of antigen antibody interaction. 

173) To impart knowledge in vaccine development

Unit I Cells and Organs of Immune system  



Hours: 10
History and scope of immunology. Types of Immunity: Passive, Active and Acquired immunity. Humoral, Cell Mediated immunity. Cells and organs of  immune response and their functions. Antigens  -Types, haptens, epitopes and  Factors influencing antigenicity. Antibody  –  Structure, types, properties and  functions. Immunoglobin gene rearrangements.

Unit II Antigen Antibody Reactions 





Hours: 10
Antigen –  Antibody interaction, affinity, cross reactivity, specificity, epitope  mapping; Agglutination reactions and Precipitation reactions. Immuno assays  –  Immuno Diffusion and Immunoelectrophoresis, RIA, ELISA, Western blotting,  ELISPOT assay, immunoflu orescence, Surface plasmon resonance, Biosensor assays for assessing ligand  – receptor interaction. 
Unit III  New Generation Antibodies 





Hours: 10
Antibody engineering; Hybridoma and monoclonal antibody (MCAb) techniques,  Production of murine hybridoma, Production of MCAbs in cultures and animal  (Ascites), Purification of MCAbs. Characterization of MCAbs/ and Labelling of  antibodies. Phage display libraries; Antibodies  as in vitro and in vivo probes. 

Unit IV Vaccine Technology 






Hours: 9
Rationale vaccine design based on clinical requirements: Active immunization, live,  killed, attenuated, Sub unit vaccines; Recombinant DNA and protein based vaccines, plant - based vaccines and reverse vaccinology; Peptide vaccines, conjugate  vaccines; Passive Immunization; Antibody, Transfusion of immune - competent cells, Stem cell therapy,  Cell based vaccines. 

Unit V  Hypersensitivity and Transplantation 



Hours: 9
Hypersensitivity –  Mechanism and Types. Auto immune disorders  -  Type I  diabetes, Rheumatoid  arthritis. Tumor immunology: tumor antigens, oncogenes, immune responses, detection of cancers and therapy-  chemotherapy and radiation  therapy. Transplantation Immunology.

COURSE OUTCOMES
174) Understand about basic of immune response.

175) Know the antigen – antibody related test.

176) Learn about new generation of antibody production techniques.

177) Awareness on vaccine immunological types and its role in  immune system

178) Know about allergic reaction, tumour immunology and  its effect on immune system.
Text Books

179) Rao CV, 2006, "Immunology A Textbook", 2nd Edition, Narosa PublishingHouse Pvt. Ltd, New Delhi.

180) Khan FH, 2009, "The Element of Immunology" , 1st Edition, PearsonEducation, New Delhi.
Supplementary Readings
181) Kuby J, 1997, "Immunology", 3rd Edition, W.H. Freeman and Company, New York

182) Riot and Ivan, 1988, "Essentials of Immunology", 6th Edition, Blackwell Scientific Publications, London.

183) Hay FC, 2002, "Practical immunology", 4th Edition, Blackwell Scientific Publications, London.

184) Harlow E, 1988, "Antibodies Laboratory Manual", 2nd Edition, Cold Spring Harbor Laboratory Press, United States.
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	SEMESTER – II
CORE – VI
	22PBTHC23: GENETIC ENGINEERING
	CREDIT: 3

HOURS: 4/W


COURSE OBJECTIVES
185) To learn various types of vector system.

186) To study different host systems.

187) To learn steps in creating rDNA molecule.

188) To gain knowledge on various recombinant DNA techniques and their applications

189) To learn gene silencing techniques.

Unit I Basics concepts 






Hours: 10
Genetic engineering – Overview and scope. Steps involved in recombinant DNA constructions, enzymes involved in genetic engineering, role of linkers, adaptors and Homopolymer tailing. Selectable and Screenable markers. Labeling of DNA - Radioactive and non-radioactive probes.

Unit II Cloning Vectors 






Hours: 10
Plasmids –pBR322 and pUC vectors, Bacteriophage vectors - M13 vectors, Lambda vectors (Insertion and Replacement vectors), Phagemids, Cosmids, Yeast vectors, Shuttle vectors, Animal Viral vectors - SV-40, baculo& retroviral vectors, Expression vectors – pMal, GST and pET-based vectors, Plant vectors -Ti and Ri

Plasmids

Unit III Cloning Methodologies





 Hours: 10
Introduction of cloned genes into cell – transformation, particle bombardment, liposome mediated transfer, electroporation, microinjection and calcium phosphate mediated transfer. Construction of cDNA and genomic libraries. Hybridization techniques - *Northern, Southern and Colony hybridization

Unit IV PCR and Its Applications 





Hours: 10
Primer design; Fidelity of thermostable enzymes, *DNA polymerases, PCR and Types – multiplex, nested, reverse transcriptase, real time PCR, touchdown PCR, hot start PCR, colony PCR, cloning of PCR products, PCR in molecular diagnostics, PCR based mutagenesis.

Unit V Gene silencing and Therapy 




Hours: 10
DNA sequencing- Chain termination method and NGS. Gene silencing techniques - Introduction to siRNA technology, Micro RNA Principle and application of gene silencing. Gene knockouts and Gene Therapy - Creation of knockout mice, Disease model, Gene targeting. Gene Editing.

COURSE OUTCOMES
190) Understand the steps in recombinant DNA preparation  and labeling

191) Explain the features of various types cloning vectors for  bacteria, yeast , animals and plants.

192) Understand the methods of gene  transfer and  hybridization

193) Describe various molecular techniques and its applications

194) Knowing different types of sequencing and gene therapy
Text Books

195) Brown TA, 1998,"Introduction to Gene Cloning", 3rd Edition, Stanley Thornes Publishing Ltd, United Kingdom.

196) Primrose SB, 2003, "Principles of Gene Manipulation", 6th Edition, Blackwell Science Ltd, United States.

Supplementary Readings
197) Bernard Glick R and Jack Pasternak J, 2010, "Molecular Biotechnology: Principles and Applications of Recombinant DNA" 4th Edition, ASM press, United States.

198) Singh BD, 2008, "Text book of Biotechnology", 4th Edition, Kalyani Publishers, New Delhi.

199) Sambrook J and Russel DW, 2001, " Molecular Cloning: A Laboratory Manual", 3rd Edition, CSHL, United States.

200) James Watson D, 2001, "Recombinant DNA technology". 2nd Edition, WH Freeman and company, United Kingdom.

OUTCOME MAPPING
	COs
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	3
	2
	2
	3
	2

	CO2
	3
	3
	3
	2
	3

	CO3
	3
	3
	3
	3
	3

	CO4
	3
	3
	3
	3
	3

	CO5
	3
	3
	3
	3
	3


       1: Low; 2: Moderate; 3: High
	SEMESTER: II

CORE PRACTICAL - II
	22PBTHP24: BIOPROCESS TECHNOLOGY, IMMUNO TECHNOLOGY & GENETICS ENGINEERING
	CREDIT:6

HOURS:12/W


BIOPROCESS TECHNOLOGY AND IMMUNO TECHNOLOGY 

201) Purification of IgG antibodies using affinity chromatography.

202) Ouchterlony Double diffusion

203) Rocket Immunoelectrophoresis

204) Single Radial Immuno diffusion

205) Latex agglutination test.

206) Blood grouping

207) Immobilization of yeast cells

208) Production & estimation of biomass (SCP)

209) Wine production and estimation of alcohol content.

210) Demonstration of acetic acid oxidation (vinegar production).
GENETIC ENGINEERING

211) Isolation of genomic DNA from human blood sample

212) Bacterial conjugation

213) Bacterial Transformation
214) RFLP analysis
	SEMESTER – II
CORE ELECTIVE – II
	22PBTHE25-1: PHARMACEUTICAL BIOTECHNOLOGY
	CREDIT: 4

HOURS: 4/W


COURSE OBJECTIVES
215) Biotechnology has a long promise to revolutionize the biological sciences and technology.
216) To understand the concepts of Biopharmaceuticals Industrial development.

217) Scientific application of biotechnology in the field of genetic engineering

218) Biotechnology is leading to new biological revolutions in diagnosis, prevention and cure of diseases, new and cheaper pharmaceutical drugs.
219) Acquires knowledge of the gene therapy and clinical development.
Unit I: Introduction to Pharmaceutical Biotechnology


Hours: 10
Pharmaceutical Biotechnology – Introduction, concepts, technologies and applications – pharmaceutical industries in India.

Unit II: Biopharmaceuticals Industrial development 


Hours: 10
Biopharmaceuticals - Expression in plants. Industrial development and production process - scientific, technical. Economic aspects of vaccine research and development.

Unit III: DNA vaccines 






Hours: 10
DNA vaccines – Vaccine from mice to humans. Characterization and bioanalytical aspects of recombinant proteins as pharmaceutical drugs. Biogeneric drugs.

Unit IV: Therapeutic proteins






Hours: 9
Therapeutic proteins – Special pharmaceutical aspects. Pharmaceutical and pharmacodynamics of biotech drugs, Formulation of biotech products – Rituximab. Clinical development of the first therapeutic antibody for cancer.

Unit V: Gene therapy 







Hours: 9
Gene therapy – Somatic, Nonviral gene transfer systems in somatic gene therapy. Advanced biotechnology products in clinical development. Xenotransplantation in pharmaceutical biotechnology, Pharmaceutical enzymes.

COURSE OUTCOMES
220) Understand and evaluate different pharmaceutical parameters for the current and future biotechnology related products on the market.

221) Acquire knowledge on novel biotechnological and Biopharmaceuticals Industrial development.

222) Understanding of current topical and newly emerging aspects of pharmaceutical biotechnology.

223) Understand the legal steps involved in progressing a new drug to market. 

224) Grasping the current regulatory acts and safety norms of the modern pharmaceutical industries.

Text Books

225) Richard, A.H., Pamela, C.C., Finkel, R., Cubeddu, L., Michelle, A.C. (2009). Lippincott’s Illustrated Reviews Pharmacology. (4th ed.). New York: Lippincott Williams & Wilkins.

226) Purohit, S.S., & Saluja, A.K. (2003). Pharmaceutical Biotechnology. Jodhpur: Agrobios

227) Satoskar, R.S., Bhandarkar, S.D., Nirmala, N.R., & Satoskar, R.R. (2017). Pharmacology and Pharmacotherapeutics. (20th ed.). India: Elsevier. 

Suggested Readings

228) Torchilin, V.P. (2012). Immobilized enzymes in medicine. (Vol. 11). Berlin/Heidelberg, Germany: Springer Science & Business Media.
229) Katzung, B.G., Masters, S. B., & Trevor, A.J. (2012). Basic and Clinical Pharmacology. (12th ed.). New York: The McGraw-Hill Companies, Inc.
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	SEMESTER – II
CORE ELECTIVE – II
	22PBTHE25-2: NANO BIOTECHNOLOGY
	CREDIT: 4

HOURS: 4/W


COURSE OBJECTIVES
230) Covers the whole spectrum of nanomaterials ranging from overview, synthesis, properties.

231) To understand the DNA based artificial nanomaterial fabrication.
232) Imparting the state of art of Nanomaterials to the society 
233) Acquires knowledge of the Chemical fixation technique for biological samples.

234) To apply gained knowledge for various clinical applications of nanotechnology.

Unit I: Biosynthesis of nanomaterials  




Hours: 10
Introduction – Nanoscale, Types of nanomaterial, Physical and chemical properties. Biosynthesis of nanomaterials - Bacteria, Fungi, Algae, Plants, Gold, Silver, Cadmium, Copper.
Unit II: Nanomaterial fabrication 





Hours: 10
DNA based artificial nanostructure, fabrication, properties and application. Nucleic acid engineered nanomaterial and their application. Protein patterning for application in biomaterials. DNA lipoplexes – Lipofection efficiency in In-vitro and In-vivo, Polymer controlled deliver of therapeutic nucleic acid.

Unit III: Instruments of Nanomaterial analysis 



Hours: 10
X-ray diffraction (XRD), UV-Visible Spectroscopy, Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), Scanning Tunneling Microscope (STM), Atomic Force Microscope (AFM).

Unit IV: Chemical fixation technique





Hours: 9
Cryofixation technique, Dehydration, Embedding biological samples section, Sectioning, Staining, Mechanical milling, Chemical etching, Ion etching, Conductive coating.

Unit V: Nanomaterial Applications 





Hours: 9
Medicine – Diagnosis, Therapeutic agents - Gene therapy, Antimicrobial activity and wound healing, Tissue engineering, Cosmetics. Communication in Bacteria - Satellite Communication. Environment – Nano material for Pollution abatement, Environmental sensors.

COURSE OUTCOMES
235) Acquire knowledge about importance of nanotechnology and nanomaterials.

236) Understand application of nanomaterials in day to day life.

237) Insight into process involved in production of metal nanoparticles and its application.

238) Understanding critical factors in synthesis of nanoparticles.

239) Learn about recent developments and application of nanoparticles.

Text Books

240) Murty, B.S., Shankar P., Raj B., Rath B.B., & Murday, J. (2013). Textbook of Nanoscience and Nanotechnology. India: Springer Publishers.

241) Vo-Dinh, T. (2019). Nanotechnology in Biology and Medicine: Methods, Devices, and Applications. (2nd ed.). New York: CRC Press.

242) Demetzos, C. (2016). Pharmaceutical Nanotechnology Fundamentals and Practical Applications. New Singapore: Adis.

Supplementary Readings

243) Pradeep T. (2012). A Textbook of Nanoscience and Nanotechnology. Tata McGraw Hill Education Pvt. Ltd.

244) Hari Singh Nalwa. (2002). Nanostructured Materials and Nanotechnology. New Delhi: Academic Press.
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	SEMESTER - II

CORE ELECTIVE – II 
	22PBTHE25-3: ANALYTICAL TECHNIQUES
	CREDIT: 4

HOURS: 4/W


COURSE OBJECTIVES
245) To understand the principles and applications of microscopy and spectroscopy.

246) To understand the concept of Chromatography techniques.

247) Acquires knowledge of the electrophoresis techniques.

248) To gain knowledge of the Tools and Techniques in Molecular Diagnosis.

249) Understand the knowledge of radioisotopes in biological sciences

Unit I: Microscopy and Spectroscopy




Hours: 9
Principles and applications of light, phase contrast, fluorescence, scanning and transmission electron microscopy. Properties of electromagnetic radiations. Principles, instrumentation and applications of UV visible, infrared, NMR spectroscopy. Spectrofluorimetry and mass spectrometry, X-ray diffraction. Flow cytometry.

Unit II: Chromatography techniques





Hours: 10
Principles and applications of gel-filtration, ion-exchange and affinity chromatography. TLC, GLC and HPLC. Basic principles of sedimentation. Applications of preparative and analytical ultra centrifuges. Principles and applications of lyophilization.

Unit III: Electrophoresis techniques





Hours: 10
General principles of electrophoretic techniques.  Poly Acryl amide Gel Electrophoresis.  Isoelectric focusing. 2-D Electrophoresis. Capillary electrophoresis. Agarose gel electrophoresis of DNA and RNA. Blotting techniques.  DNA fingerprinting.

Unit IV: Molecular Diagnosis






Hours: 9
Tools and Techniques in Molecular Diagnosis, ELISA and Western blotting, PCR and Real Time PCR, Flow cytometry, Immunohistochemistry and Hybridization, Sequencing methods

Unit V: Radioactive isotopes






Hours: 10
Detection and measurement of radioactivity. Applications of radioisotopes in biological sciences. Autoradiography. Non-isotopic tracer techniques. Principles and range of electrochemical techniques. Operation of pH electrodes. Principles and applications of Ion-selective and gas sensing electrodes. Oxygen electrodes. 

COURSE OUTCOMES
250) Understand the knowledge of applications of microscopy and spectroscopy.

251) Acquires knowledge of the concept of Chromatography techniques and its applications.

252) Gain knowledge of the Electrophoresis techniques.

253) Understand the tools and techniques in Molecular Diagnosis.

254) Understand the radioactive isotopes and its applications

Text Books

255) Wilson, K., & Walker, J. M. (2010). Principles and techniques of biochemistry and molecular Biology. UK, New York: Cambridge University Press.

256) Katoch, R. (2011). Analytical techniques in biochemistry and molecular biology. New York: Springer.

257) Silverstein, R. M. (2005). Spectrometric identification of organic compounds.  (7th ed.). Hoboken, NJ: John Wiley & Sons.

Supplementary Readings

258) Harvey, D. (2000). Modern analytical chemistry. Boston: McGraw-Hill.

259) Chatwal, G.R., & Anand, S. (1984). Instrumental methods of chemical analysis. New Delhi. Himalaya Publishing House. 
OUTCOME MAPPING
	COs
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	3
	2
	2
	3
	2

	CO2
	3
	3
	3
	3
	3

	CO3
	3
	3
	3
	3
	3

	CO4
	3
	3
	3
	3
	3

	CO5
	3
	3
	3
	3
	3


       1: Low; 2: Moderate; 3: High
	SEMESTER – II
	22PHUMR27: HUMAN RIGHTS
	CREDIT:2
HOURS:2/W


COURSE OBJECTIVES
260) To understands the conceptual background of Human Rights.

261) To study international and regional norms and institutional mechanisms of Human Rights.

262) To know the international concern for Human Rights.

263) To explores the emerging issues in international human rights.

264) To study the Classification of Human Rights.
UNIT-I: CONCEPTUAL BACKGROUND OF HUMAN RIGHTS 

Meaning, Nature and Scope of Human Rights - Need for the Study of Human Rights - Philosophical and Historical foundations of Human Rights - Classification of Human Rights –Major Theories of Human rights. 

UNIT-II: INTERNATIONAL HUMAN RIGHTS NORMS AND MECHANISMS 

UN Charter - Universal Declaration of Human Rights - International Covenant on Civil and Political Rights - International Covenant on Economic, Social and Cultural Rights - Other Major instruments on Human rights (Conventions on Racial Discrimination. Women and Child Rights. Torture, Apartheid and Refugees) -UN High Commissioner for Human Rights and its Sub-Commissions - Geneva Conventions and Protocols - UN High Commission for Refugees -Humanitarian Interventions of UN 

UNIT-III: REGIONAL HUMAN RIGHTS STANDARDS AND MECHANISMS 

European Convention on the protection of Human Rights - European Commission on Human Rights -American Convention on Human Rights - American Commission and Court of Human Rights - African Charter on Human and People’s Rights -African Commission and African Court for Human Rights- Universal Islamic Declaration of Human rights (198l)

UNIT-IV: ISSUES 

Violence against Women and Children - Refugees & Internally Displaced People’s rights - Racism - Rights of Prisoners, Rights of Prisoners of War - Rights of Disabled, Aged, and Homeless Persons - Cyber Crimes and Human Rights -Euthanasia Debate- Bio-Technology and Human Rights (Human Cloning. Feticide and Medical Termination of Pregnancy, Surrogate Parenthood, Sale of Human Organs. Drugs and Technologies)
UNIT V: EMERGING DIMENSIONS 

Third Generation Human Rights: Right to Water, Food, Health, Clothing, Housing, and Sanitation- Right to Education – Right to Peace and Prosperity - Right to have Clean Environment.
COURSE OUTCOMES

At the end of the course, the student   

265) will have knowledge about the conceptual background of Human Rights.

266) can apprise on International Human Rights norms and mechanisms.

267) can understand the emerging dimensions of Human Rights in international forum.

268) can explain about the Third Generation Human Rights
269) can discusses about Right to Clean Environment.
Text Books

270) M.P. Tandon. Anand. V.K. International Law and Human Rights. Haryana. Allahabad Law house, Allahabad, 2013. 

271) N. Sanajauba. Human Rights in the New Millennium, New Delhi Manas Publications, 2011. 

272) S.K. Kapoor. Human Rights under International Law and Indian Law. Allahabad: Central Law Agency. 2012, 

273) Daniien Kings Lurge & Leena Avonius. Ed. Human Rights in Asia, London. Maemillan Publishers. 2016.  
Supplementary Readings 

274) Todd, Land Man, ed., Human Rights. London. Sage Publications. 2018. 

275) G. Van Bueren, The International Law on the Rights of the child. Dordrecht: Martinus Nijhoff Publishers, 2011. 

276) B.S. Waghmnre. ed. Human Rights. Problems and Prospects. Delhi. Lalinga Publications. 2011. 
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	SEMESTER: III
CORE COURSE-VII
	22PBTHC31: PLANT BIOTECHNOLOGY
	CREDIT:3
HOURS:4/W


COURSE OBJECTIVES

277) To provide the knowledge of plant tissue culture.

278) To learn the techniques for micropropagation of plants.

279) To understand the genetic transformation in plants through vectors.

280) To learn how plants are used as bioreactors for producing different products.

281) To understand the concept of molecular breeding and its applications.

Unit I: Plant Tissue Culture                                                                               Hours:10

Introduction. Totipotency. Laboratory organization, sterilization techniques. Tissue culture media (composition and preparation), Callus and suspension culture; Somaclonal variation; Micropropagation; Organogenesis; Somatic embryogenesis; Embryo culture. Artificial seeds. Protoplast fusion and somatic hybridization; cybrids; 
Unit II: Plant micro propagation                                                                        Hours:10

Micro grafting –invitro clonal multiplication, in vitro genetic conservation, Anther, pollen and ovary culture for production of haploid plants. Basic concepts, principles and scope of forest biotechnology. Nursery Technology. Cryopreservation and DNA banking for germplasm conservation.                                                                                  
 Unit III:   Plant Genetic Transformation 
                                                       Hours:10   
Gene transfer methods in plants: direct and indirect DNA transfer (Binary vectors, Agrobacterium mediated gene transfer, Agrobacterium rhizogens hairy root culture). Chloroplast transformation and its advantages. Transgene stability and gene silencing. RNAi technology. Transgenics for delayed ripening. 
Unit IV: Genetic engineering for quality improvement                                        Hours:09

Genetic engineering for biotic stress tolerance: Insects, fungi, bacteria, viruses, weeds. Genetic engineering for abiotic stress: drought, salt and temperature.Plants as Bioreactor: Plantibody production – plants as tool for recombinant protein production – vaccine product in plants – Bio – farming. Industrial enzymes, biodegradable plastics, polyhydroxybutyrate, therapeutic proteins, lysosomal enzymes, antibodies, edible vaccines, Phytoremediation. 
Unit V: Molecular Breeding                                                                                    Hours: 09    

Molecular markers- (RAPD, RFLP, AFLP & Microsatellite markers), Constructing molecular maps - Molecular tagging of genes/traits - Marker-assisted selection of qualitative and quantitative traits. Introduction to Plant genomics (Arabidopsis genome project).
COURSE OUTCOMES
282) The student will summarize the importance of plant tissue culture in crop improvement.

283) The student will be able to preserve and conserve plants through micropropagation.

284) The student will be able to analyze the transformation strategies in plants.

285) The student will be able to produce transgenic plants through genetic engineering.

286) The student will be able to utilize molecular markers in development of new plant varieties.
Text Books 

287) P.K.Gupta, Rastogi Publications, 2005. Plant Breeding Plant Propagation and Biotechnology.

288) Phundan Singh. 2013. Principles of Plant Biotechnology. Kalyani Publishers, India.

289) Gamborg O.L and Philips, G.C. 1995. Plant Cell, Tissue and organ culture - Fundamental methods. Narosa Publishing House, New Delhi.
Supplementary Readings
1. H.S. Chawla, 2002. Introduction to Plant Biotechnology. Oxford and IBH P Publishing Co. Pvt. Ltd. New Delhi.
2. Monica. A. Hughes. 1999. Plant Molecular Genetics. Pearson Education limited, England.

3. Adrian Slater, Nigel W. Scott, Mark R. Fowler, Oxford University Press, 2008. Plant biotechnology: the genetic manipulation of plants.
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	SEMESTER: III
CORE COURSE-VIII
	22PBTHC32: ANIMAL BIOTECHNOLOGY
	CREDIT:3
HOURS:4/W


Course Objectives

290) To know the basic requirements of animal tissue culture.

291) To learn the techniques for transferring genes in animals.

292) To understand the pest and animal management strategies.

293) To learn how molecular markers are used in cloning.

294) To understand the applications of animal biotechnology in development of transgenics.

Unit I: Animal Cell, Tissue and Organ Culture                                                 Hours:10
History – Definitions – steps for preparation of cell culture room, culture Environment (Substrate and Media) – Techniques for establishing of cell lines –insect cell culture – organ and embryo culture–cryopreservation–valuable products. Artificial insemination (IUI, ICSI)–Embryo transfer – cloning. Nuclear transplantation, in-vitro fertilization technology.
Unit II: Genetic Engineering in Animals                                                              Hours:10
Transformation of animal cells – Cloning vectors, expression vectors, animal viral vectors and yeast vectors. Transgenic Animals - development and uses - mice, cattle, goat, fish and sheep and transgenic pets. Tendered meat production. Transgenic breeding strategies – Molecular farming (products with strategic importance). Insulin production using GMO. Embryonic stem cell preservation and its uses in endangered animals.        
Unit III:   Pest and Animal Management                                                        Hours:10 
Pest management using Juvenile hormone analogues – pheromones and genetic manipulation. Biotechnology of silkworms. Transgenic silk production – Baculo viruses vector and foreign gene expression- micro array, SAGE, FISH. Biotechnological approach to the production of live feed. Animal management: cat, dog, pig, horse using appeasing pheromones and their products. 
Unit IV: Molecular markers                                                                               Hours:09
Use of nucleic acid probes and antibodies in clinical diagnosis and tissue typing. Mapping of human genome – HGP (Human genome project). Genetic engineering approaches for the correction of genetic disorders. Human cloning, Gene silencing. Animal right activities Blue cross in India – Society for prevention of cruelty against animals. Ethical limits of Animal use –Human Rights and Responsibilities. 
Unit V: Applications of animal biotechnology                                                 Hours: 09                                                                  
 Animal cell culture based vaccines, production of useful protein in transgenic animal, blood products and hormones, Xenograft and organ culture. Transgenic disease model- Cancer, Alzheimer’s, HIV.  Regulating food and food ingredients. Patenting Biotechnology inventions – patenting multi-cellular organisms – patenting of fundamental research. Indian and USA patents. 
COURSE OUTCOMES
295) The student will summarize the importance of animal tissue culture.

296) The student will acquire knowledge on genetic engineering in animals.

297) The student will be able to manage pest and animals through biotechnological approach.

298) The student will be able to involve molecular markers in animal studies.

299) The student will be able to produce useful products from animals using transgenic technology.
Text Books 
300) Singh. B, S.K. Gautam, M.S.Chauhan, and S.K.Singala, 2015, Textbook of Animal Biotechnology, TERI, New Delhi
301) Sasidhara R, MJP Publishers, 2006  Animal Biotechnology.

302) Sateesh. M.K 2010. Biotechnology: V: (Including Animal Cell Biotechnology, Immunology and Plant Biotechnology). 2 nd Edition. New Age International Pvt. Ltd. Publishers.
Supplementary Readings
303) Bernard B. Glick, Jack J. Pastunak. 2009. Molecular Biotechnology principles and application of Recombinant – DNA.
304) R. Ian Freshney. 2010. Culture of Animal cells & Manual of basic technique. 6 th Edition. Wiley – Blakwell publication.    

305) Ramawat K.G, Shaily Goyal  4th Edition2009 Comprehensive Biotechnology S.Chand Publishers.
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	SEMESTER:III

CORE COURSE- XI :
	22PBTHC33: RESEARCH METHODOLOGY AND IPR
	CREDIT: 4
HOURS: 4/W


Course Objectives

306) The importance of research and validate data.

307) The value of research in the course.

308) Patentingand licensing expertise.

Unit I Research Concepts and Data Collection                                            Hours: 10
Definition of Research, Qualities of Researcher, Components of Research Problem,Various Steps in Scientific Research, Types of Research; - Research Design. Sampling- Types of sampling - design - procedure - Data : Meaning – Source 

Unit II Scientific Communication                                                                Hours: 10
Scientific writing skills - Importance; Plagiarism; Scientific publication writing:Elements of a scientific paper including Abstract, Introduction, Materials &Methods, Results, Discussion, References; Drafting titles and framing abstracts;Publishing scientific papers - the peer review process and problems

Unit III Research Reports                                                                            Hours: 10
Structure and Components of Research Report, Types of Reports, Styles of reporting,Steps in drafting reports, editing and evaluation of final draft, evaluating the finaldraft. Pictures and Graphs; Research proposal/ Grant- definition, structure, budgetallocation, specific aims, background and significance. Hierarchy of fundingagencies in India and their operations.

Unit IV Intellectual Property Rights                                                             Hours: 9
Types of IP; Importance of IPR; Patents, Trademarks, Copyright and Related rights,Industrial Design; Traditional knowledge; Geographical indications; Patent life,Legal protection of biotechnological inventions; World Intellectual Property RightsOrganization (WIPO); Protection of GMOs; Relevance of IP in Biotechnology.

Unit V Patents                                                                                                   Hours: 9
History of Indian Patent System and Law; Patent file procedures; Types of Patent;Status of the patent applications; Precautions during patenting; Patentable and Non-Patentable items; Patent cooperation treaty (PCT); Patent and compulsory licensing.Indian Patent Act 1970 and Recent Amendments; GATT and TRIPS

agreement;WIPO Treaties.

Course Outcomes
309) CO1 - Comprehend the concepts of research.

310) CO2 - Inculcate the importance of scientific validation.

311) CO3 - Strategies of reporting the research findings.

312) CO4 - Deliverables of Intellectual Property Rights.

313) CO5 - Understand filing and licensing of Patents.
Text Books

314) Ranjit Kumar, 2019,"Research Methodology: A Step-by-Step Guide forBeginners", 5th Edition, SAGE Publishers

315) Kothari, C.R., 2010,"Research Methodology: Methods and Techniques", 2ndEdition. New Age International

Supplementary Readings
316) Gurumani, N., 2006,"Research Methodology for Biological Science", MJPPublishers, Chennai

317) Holmes, D., Moody, P., Dine, D. et al., 2017,"ResearchMethods for the Biosciences", 3rd Edition, Oxford University Press

318) Glass, D.J., 2014,"Experimental Design for Biologists", 2nd Edition, ColdSpring Harbor Laboratory Press

319) Daniel, P.S., Sam, A.G., 2011, "Research Methodology", 1st Edition, Gyan Publishing House
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	SEMESTER: III
CORE PRACTICAL – III
	22PBTHP34: PLANT BIOTECHNOLOGY & ANIMAL BIOTECHNOLOGY
	CREDIT:6
HOURS:11/W


PLANT BIOTECHNOLOGY & ANIMAL BIOTECHNOLOGY

1. In vitro Seed Germination

2. Micropropagation

3. Meristem culture

4. Artificial Seed production

5. Embryo culture

6. Protoplast Isolation

7. Media Preparation for animal cell lines

8. Propagation of animal cell lines

9. Preparation of primary cell culture & trypsinizing

10. Determining cell number and viability with a haemocytometer and trypan blue staining

	SEMESTER:III

CORE ELECTIVE
	22PBTHE35-1: CANCER BIOLOGY, DIAGNOSTICS AND THERAPY
	CREDIT:4

HOURS: 4/W


Course Objectives

1. An overview of cancer, mutations causing cancer, and repair mechanisms.

2. The basic principles of cancer development and available therapeutic options.

3. The different diagnostic and treatment methods for cancer

Unit I Introduction                                                                                     Hours:9
Introduction: Cancer cell-morphology and growth characteristics. Types of growthhyperplasia, dysplasia, anaplasia and neoplasia. Types and prevalence of cancer. Nomenclature of neoplasms, classification based on origin/organ. Differences between benign and malignant tumors.

Unit II Carcinogenesis                                                                              Hours: 10
Cancer epidemiology. Cancer endocrinology. Cancer causing agents-radiation, viruses, chemicals. Multistep carcinogenesis: Initiation, Promotion, Progression. Para-neoplastic syndromes. Mutation- definition, significance, rates and frequency. Mutagenic agents. Molecular basis of mutagenesis, induced and spontaneous mutations, crossing over and segregation. Various types of mutations- addition, deletion, inversion, reciprocal, translocation, insertional translocation and frameshift mutations. Chemical carcinogenesis- genetic and epigenetic carcinogens, procarcinogens and co-carcinogens, promoters and initiators, testing for carcinogenecity, Ames test. Cancer biology and biochemistry-aberrant metabolism during cancer development.

Unit III Tumor Markers and Signal Transduction                                    Hours: 10
Oncogenes- RNA and DNA tumor viruses, retroviruses and viral oncogenes. Src and Ras gene, mechanism and characteristic of cell transformation. Molecular mechanism of oncogenesis- protooncogenesis, oncogene, oncoproteins, tumour suppressor genes involved in cancer.  umormarkers; cellular proto-oncogenesoncogene activation. Radiation- effect of ionising radiations on DNA, chromosomal aberrations. Genetic basis of cancer, metastasis, use of tumor markers in detection and monitoring of cancer. Signal transduction in cancer: cell-cell interactions, celladhesion-invasion and metastasis - VEGF signaling and angiogenesis; role of transcription factors. Growth factors-EGF, TNF-α and TGF-β and growth factor receptors. Free radicals and antioxidants in cancer. Diet and cancer.

Unit IV Cell Cycle, Cell Death and Cancer                                                    Hours: 10
Cell Cycle Regulation cancer: control of the cell cycle-cyclins and CDKs, and tumor suppressor genes p53, p21 Rb, BRAC1 and BRAC2. Telomeres, and Immortality; Epigenetics- role of DNA methylation in gene silencing- epigenetic silencing of tumor-suppressor genes. Death-signaling pathways-mitochondrial and death receptor pathways, apoptosis and cancer (Intrinsic and extrinsic pathways). Mechanism of apoptosis. Impact of apoptosis on oncogenesis. Principles and methods of cancer diagnosis-biochemical, genetic, cytotoxic, cell growth and viability tests.

Unit V Cancer Diagnosis and Cancer Therapy, Stem Cells and Cancer          Hours: 9
Diagnosis of cancer by histo-pathology, MRI scan, PET-scan, cytogenetics test, kariotype, FISH. Strategies of anticancer drug therapy–chemotherapy, gene therapy, immuno-therapy, radiotherapy and surgical therapy. Principles of cancer biomarkers and their applications. Stem Cells and Cancer.

Course Outcomes

320) Compare and contrast benign and malignant tumors and the morphological characteristics   of  cancer cells.
321) Justify the molecular basis of cancer.Distinguish interdisciplinary areas in cancer biology.
322) Evaluate the molecular mechanism of oncogenesis, tumor biology and the role of cell cycle in cancer.
323) Validate the role of tumor suppressor genes and apoptosis. Explain about epigenetics.
324) Summarize on the choice of diagnosis and therapy available for cancer patients.
Text Books

1. McKinnell R.G et al, 2012,"The Biological Basis of Cancer", 2ndedition, Cambridge University Press, London.

2. WeinbergR.A, 2014,"The Biology of Cancer", 2nd edition, Garland Science, New York &London
Supplementary Readings
1. Vincent T.DeVita M.D et al, 2020,"Principles and Practice of Oncology: Primer of Molecular Biology in Cancer ",3rd edition, Lippincott Williams and Wilkins, Philadelphia

2. Pelengaris S and Khan M, 2010, "The Molecular Biology of Cancer - A bridge from bench to bedside", 2nd edition; Wiley Blackwell, London

3. Hesketh R, 2013, “Introduction to Cancer Biology", 1st edition, Cambridge University Press, London.

4. Pezzella F et al, 2019,"Oxford textbook of Cancer Biology", 1st edition, Oxford University Press, London
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    1: Low; 2: Moderate; 3: High

	SEMESTER:III
CORE ELECTIVE


	22PBTHE35-2: VERMICOMPOSING TECHNOLOGY
	CREDIT:4

HOURS: 4/W


Course Objectives

1. To provide knowledge about the diversity and economic importance of earthworms.

2. To know about the common species for vermiculture.

3. Acquires knowledge the Applications of Vermiculture Biotechnology.

4. To know how to the Marketing the products of vermiculture.

5. To undersatnd the future perspectives of vermiculture.

Unit I: Earthworms                                                                             Hours: 9
Taxonomic position and diversity - Types: morphological and ecological grouping - Ecological roles and economic importance of earthworms - need for earthworm culture.

Unit II: Vermiculture                                                                        Hours: 10
Definition, scope and importance - common species for culture - Environmental requirements - culture methods - wormery breeding techniques - indoor and outdoor cultures - monoculture and polyculture - relative merits and demerits.

Unit III: Applications of Vermiculture Biotechnology                  Hours: 10
Vermin-composting, use of vermicastings in organic farming / horticulture - earthworms for management of biomedical solid wastes - feed / bait for capture / culture fisheries – forest regeneration.

Unit IV: Marketing the products of vermiculture                           Hours: 10
Quality control, market research, marketing techniques - creating the demand by awareness, demonstration, and advertisements - packaging and transport - direct marketing.

Unit V: Future perspectives of vermiculture                                           Hours: 10
Future perspectives - Predator / pathogen control in wormeries - Cost-benefit analysis of vermi-composting - Potentials and constraints for vermiculture in India.

Course Outcomes

325) CO1 - Understand the ecological grouping of earthworms and its economic importance.

326) CO2 - Acquires knowledge about the indoor and outdoor cultures of common species of earthworms.

327) CO3 - Provide adequate knowledge of the applications of earthworms for waste management.

328) CO4 - Knowledge about the packaging and transport of vermiculture products.

329) CO5 - Provide the knowledge of vermi-composting future perspectives.

Text Books

1. Ismail, S.A. (2005). The Earthworm Book. Second Revised Edition. Goa: Mother India Press.

2. Edwards, C.A., & Bohlen, P.J. (1996). Ecology of earthworms. (3rd ed.). UK: Chapman and hall.

3. Ismail, S.A. (1970). Vermicology: The biology of earthworms. London: Orient Longman.

Supplementary Readings

1. Lee, K.E. (1985). Earthworms - Their ecology and Relationship with Soil and Land use. Sydney: Academic Press.

2. Clive, A.E., Norman, Q.A., & Rhonda, L.S. (2011). Vermiculture Technology: Earthworms, Organic Wastes, and Environmental Management. (1st ed.). Boca Raton (Florida): CRC Press.
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        1: Low; 2: Moderate; 3: High

	SEMESTER:III
CORE ELECTIVE
	22PBTHE35-3: AQUACULTURE BIOTECHNOLOGY
	CREDIT: 4

HOURS: 4/W


Course Objectives

1. To understand the application of biotechnology in different aspects of aquaculture 

2. To understand the concepts of Feed biotechnology.

3. To knowledge about the Marine aquaculture and freshwater aquarium fishes.

4. Acquires knowledge of the protocols for Molecular diagnostics in aquaculture.

5. To understand the knowledge of economic essentials of freshwater and marine organisms

Unit I: Introduction to aquaculture biotechnology                                      Hours: 9
Introduction - Scope of biotechnology in fisheries and aquaculture research. Transgenics – Principles of transgenic technology and its application in fisheries, Synthetic hormones for induced breeding.

Unit II: Feed biotechnology                                                                       Hours: 10
Probiotics, single cell proteins, nutraceuticals. Commercial Recombinant protein - enzymes, hormones, bioactive compounds, therapeutic proteins. Antimicrobial peptides and their applications. Marine toxins.

Unit III: Marine aquaculture and Ornamental fish keeping                     Hours: 10
Marine aquaculture – sea ranching, cage culture, raft culture, rope culture, pen culture. Culture technique of shrimps. Ornamental fish keeping - Common characters and sexual dimorphism of Fresh water aquarium fishes such as Guppy, Molly, Swordtail, Goldfish, Angelfish, Blue morph and Butterfly fish. Live feed organisms, General Aquarium maintenance. 

Unit IV: Molecular diagnostic technology in aquaculture                      Hours: 10
PCR protocol for white spot syndrome virus WSSV, Infectious hypodermal and hematopoietic necrosis virus IHHNV, Yellow head disease YHD, Taura syndrome virus TSV. Electron microscopy in advanced fisheries research. Cryomicroscopy in aquaculture research.

Unit V: Economic importance of aqua culture                                          Hours: 9
Economically important freshwater and marine organisms - fishes, crabs, oyster, shrimp, lobster, mussels. Importance of Fishery products and by - products.

Course Outcomes

330) CO1 - Understand the scope of aquatic biotechnology as an emerging field

331) CO2 - Learn feed biotechnology, active compounds and proteins

332) CO3 - Acquires knowledge of the marine aquaculture and ornamental fish keeping

333) CO4 - Understand the molecular diagnostic technologies in aquatic biotechnology.

334) CO5 - Gain knowledge of the economically importance of aquaculture

Text Books

1. Nagabhushanam, R. (2004). Biotechnology of Aquatic Animals. (1st ed.). Boca Raton: CRC Press. 

2. Singh, B. (2006). Marine Biotechnology and Aquaculture Development. New Delhi: Ane Books Pvt. Ltd.

3. Felix, S. (2007). Molecular diagnostic technology in aquaculture. New Delhi: Narendra Publishing House.

Supplementary Readings

1. Pandian, T.J., Strüssmann, C.A., & Marian, M.P. (2005). Fish Genetics and Aquaculture Biotechnology. (1st ed.). Boca Raton: CRC Press.

2. Fingerman, M., Nagabhushanam, R., & Thompson, M.F. (1997). Recent Advances in Marine Biotechnology. (1st ed.). Boca Raton: CRC Press.
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	SEMESTER:III
OPEN ELECTIVE


	22PBTHO36-1: PROTEIN ENGINEERING
	CREDIT: 3

HOURS: 3/W


COURSE OBJECTIVES

335) To study the function of proteins

336) To study the application of proteins

337) To analyze folding of proteins, protein engineering and designing
Unit I Bonds and Energies in Protein Makeup                                              Hours: 7
Covalent, Ionic, Hydrogen, Co ordinate, Hydrophobic and Vanderwaals interactions in protein structure. Amino acids - characteristics, molecular properties (size, solubility, charge, pKa), chemical reactions (involving amino, carboxyl, hydroxyl, thiol, imidazole groups) 

Unit II Protein Architecture                                                                           Hours: 8
Primary structure - peptide mapping, peptide sequencing - Edman method. Secondary structures - super secondary structure, nucleotide binding folds, prediction of substrate binding sites. Tertiary structure - Domains, folding, denaturation and renaturation. Quaternary structure - Modular nature, formation of complexes. Ramachandran Plot.

Unit III Elucidation and characterization of Proteins                                   Hours: 7
Interaction with electromagnetic radiation (radio, micro, infrared, X-ray, visible, ultraviolet) - elucidation of protein structure. Characterization of protein using NMR spectroscopy, X ray crystallography, spectroscopic and colorimetric methods.

Unit IV Structure-function relationship of Proteins                                      Hours: 7
DNA-binding proteins: prokaryotic transcription factors, Helix-turn-Helix motif in DNA binding, trp repressor, Eukaryotic transcription factors, Zn fingers, helix- turn - helix motifs in homeodomain, Leucine zippers. Membrane proteins - characteristics, transmembrane segments. Bacteriorhodopsin and photosynthetic reaction center.

Unit V Protein engineering and Designing                                                      Hours: 7
Protein engineering – advantages - principles with specific examples: thermal stability, T4- lysozyme, recombinant insulin. Strategies for design of novel protein, De novo protein design. Computer methods in protein modeling.Understanding catalytic design by engineering trypsin, chymotrypsin and elastase, substrateassisted catalysis and other commercial applications.

Text Books

1. Walsh G, 2014, "Proteins: Biochemistry and biotechnology", 2nd edition.  Wiley Blackwell, USA.

2. Wiliamson MP, 2012, "How Proteins Work", Garland Science", USA.

Supplementary Readings
1. Voet D and Voet G, 2001,"Biochemistry", 3rd Edition, John Wiley and Sons, USA.

2. Branden C and Tooze J, 1999,"Introduction to Protein Structure", 2nd edition. Garland Publishing, USA.

3. Moody PCE and Wilkinson AJ, 1990, "Protein Engineering", IRL Press, UK.

4. Craik CS, Cleland JL, 1996, "Protein Engineering: Principles and Practice", Wiley Blackwell, USA.

	SEMESTER:III
OPEN ELECTIVE


	22PBTHO36-2: ORGANIC FARMING
	CREDIT: 3

HOURS: 3/W


Course Objectives

1. To understand the concepts of organic farming and its applications

2. To have a basic understanding on agriculture in India with relation to soil types.

3. To understand the knowledge of various methods composting.

4. Acquires knowledge of the Biofertilizers and their Production.

5. To expose students to principles of agriculture and agricultural practices.

Unit I: Introduction to Organic Farming                                         Hours: 7
Introduction - Principles of Organic Farming- Farming Models-Natural Farming, Fukuoka-Japan, Parma Culture, Billmollyson, Australian Organic Farming, Ecological Farming, Palekar Model. Advantages and disadvandages of Organic farming. Organic certification and the USDA-NOP.

Unit II: Soil factors and nutrients                                                  Hours: 7
Soil Factor - Physical, chemical and biological properties - Classification of Indian soils - Mineral and organic constituents of soils and their role in maintaining soil productivity. Essential plant nutrients and other beneficial elements in soils and plants

Unit III: Composting technique                                                         Hours: 7
Composting Technique - Introduction- history of composting – compost - composting processes - microbiology of composting - fate of pathogens - ingredients in composting - various methods of composting: vermi- composting and home composting - steps in composting.

Unit IV: Biofertilizers and their Production                                   Hours: 8
Introduction - Types: Microbes as biofertilizer, green manure, green leaf manure, importance of macronutrients; Biofertilizers vs Chemical fertilizers; Nitrogen fixers – types and examples; Phosphate solubilizers – role of bacteria and Mycorrhizae - Mass cultivation and Application of the following biofertilizers: i) Rhizobium ii) Azospirillum, iii) Cyanobacteria iv) Mycorrhizae. Quality control; Challenges and opportunities; Biofertilizer Entrepreneurship

Unit V: Agricultural practices                                                              Hours: 7
Implements, Seed bed preparation, ploughing, harrowing, sowing, irrigation, weeding, leveling, transplantation. Inter-cultivation, Crop rotation, harvesting, Post- harvest methods - Cultivation of paddy, ground nut, sugarcane, vegetable and fruits.

Course Outcomes

CO1 - Understand the various models of organic farming

CO2 - Explain the role of soil health in organic crop production.

CO3 -Identify the fundamentals of cultural practices and biological processes for successful establishment of organic farming.

CO4 - Provide consultation and make awareness to the society about needs of organic farming for their routine life.

CO5 - To set their own business, marketing and to compete with entrepreneurs.

Text Books

1. Shovan, R. (2007). Handbook of Agriculture in India. New Delhi: Oxford University Press. 

2. Kumar, A. (2006). Concepts of Tropical Agriculture. India: Eastern Books Corporation.

3. Sreenivas, Y.S. (2009). Advances in Agricultural Research in India. Jaipur: Oxford Book Company.

Supplementary Readings

1. Ramanand, S. (2009). Advances in Agricultural Biotechnology. New Delhi: Cyber Tech Pub.

2. Hemant, R. (2008). Agricultural Biotechnology.  Jaipur: Oxford Book Company.

3. Panda, S.C. (2005). Agronomy. Jodhpur: Agrobios.

	SEMESTER:III

OPEN ELECTIVE -IV
	22PBTHO36-3: MUSHROOM CULTIVATION
	CREDIT:3

HOURS:3/W


Course Objectives

338) Enable the students to identify edible and poisonous mushrooms 

339) To learn the techniques for mushroom cultivation and spawn production.

340) To learn the strategies involved in the cultivation of edible mushrooms.

341) To learn how value-added products can be prepared from mushrooms.

342) To understand the nutritional and therapeutic applications of mushrooms.

Unit I: Introduction to Mushrooms                                                                   Hours:7
Introduction, history of mushroom cultivation; biology of mushrooms; Nutritional value: (Proteins, amino acids, mineral elements, carbohydrates, fibers, vitamins); Medicinal value of mushrooms; Poisonous mushrooms and mushroom poisoning; edible mushrooms and cultivation in India. Mycorrhizal mushrooms and their role in plant growth.

Unit II: Mushroom Cultivation Technology                                                     Hours:7
Cultivation Technology: Infrastructure, equipment, and substrates in mushroom cultivation: Polythene bags, vessels, inoculation hook, inoculation loop, love cost stove, sieves, culture racks, mushroom unit or mushroom house, water sprayer, tray, boilers, driers, pure culture, Spawn: types, preparation, mushroom bed preparation. Compost: materials used for compost preparation, compost technology in mushroom production.

 Unit III: Process of Mushroom Cultivation                                                Hours:08
Casing; raw material used for casing, preparation of casing material; important sanitation during various stages of mushroom cultivation. Cultivation of important mushrooms: General process for the cultivation of Agaricus bisporus, Pleurotus ostreatus, and Volvariella volvaceae. Pests and Pathogens of mushrooms and their management with reference to Agaricus bisporus,

Unit IV: Post Harvest Technology and Food Preparation                             Hours:07

Preservation of mushrooms – freezing, dry freezing, drying, canning, quality assurance, and entrepreneurship. Storage of mushrooms: Methods of storage, Long term and short-term storage of mushrooms. Foods and recipes from mushrooms; Mushroom research centers: National level and regional level, Marketing of mushrooms in India and world. Value-added products of mushroom.  

Unit V: Nutrient Profile and Health Benefits of Mushroom                          Hours:7
Nutrient Profile of Mushrooms – Protein, amino acids, calorific values, fats, vitamins & minerals. Health Benefits of Mushroom: Antiviral value, antibacterial effect, antifungal effect, anti-tumor effect, hematological value, cardiovascular and renal effect in therapeutic effects, adolescence, for aged persons, and diabetes mellitus.

Course Outcomes
343) The student will identify edible types of mushrooms.

344) The student will acquire knowledge of spawn production.

345) The student will be able to manage pests and cultivate edible mushrooms.

346) The student will be able to become an entrepreneur by producing food products based on mushrooms.

347) The student will be able to utilize mushrooms in therapeutic applications.
Text Books 

348) Marimuthu, T. et al. (1991). Oster Mushroom. Department of Plant Pathology. Tamil Nadu Agricultural University, Coimbatore. 

349) Nita Bhal. (2000). Handbook on Mushrooms. 2nd ed. Vol. I and II. Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi.

350)  Pandey R.K, S. K Ghosh, 1996. A Hand Book on Mushroom Cultivation. Emkey Publications.
Supplementary Readings
351) Tewari Pankaj Kapoor, S. C. (1988). Mushroom Cultivation. Mittal Publication, New Delhi.

352) Tripathi, D.P. (2005) Mushroom Cultivation, Oxford & IBH Publishing Co. PVT.LTD, New Delhi. 

353) V.N. Pathak, Nagendra Yadav and Maneesha Gaur, Mushroom Production and Processing Technology/ Vedams Ebooks Pvt Ltd., New Delhi (2000).
	SEMESTER: IV
CORE COURSE- X
	22PBTHC41: ENVIRONMENTAL BIOTECHNOLOGY
	CREDIT:4
HOURS:4/W


COURSE OBJECTIVES 
1. To learn the basics of environmental pollution.

2. To study the classification of pollutants and toxicants

3. To know various bioremediation measures

4. To understand eco-friendly approaches and environmental impacts of GMOs.  
Unit I: Environmental Pollution





Hours: 9

Introduction to environment; Environmental pollution: pollutants types, agents, classification, general effects. Various sources of air, soil and water pollution.  Biomonitoring and pollution indicators; Role of microorganisms in geochemical cycles. Waste management: domestic, industrial, solid and hazardous wastes. Environmental toxicants: types, sources and effects. Persistent organic pollutants (POPs) and emerging pollutants. Pollutants – fate and impacts on food chain (bioaccumulation and biomagnification).
Unit II: Bioremediation






Hours: 10
Bioremediation: Fundamentals, methods and strategies of application (biostimulation, bioaugmentation) – examples, bioremediation of metals (Cr, As, Se, Hg), radionuclides (U, Te), organic pollutants (PAHs, PCBs, Pesticides etc.), technological aspects of bioremediation (in situ, ex situ). Application of bacteria and fungi in bioremediation. Phytoremediation: Fundamentals and description of major methods of application (phytoaccumulation, phytovolatilization, rhizofiltration, phytostabilization).

Unit III: Bioresources and eco-friendly agriculture



Hours: 10
Bioinsecticides: Bacillus thuringiensis, Baculoviruses, uses, genetic modifications and aspects of safety in their use; Biofungicides: Description of mode of actions and mechanisms (e.g. Trichoderma, Pseudomonas fluorescens); Biofertilizers: Symbiotic systems between plants – microorganisms (nitrogen fixing symbiosis, mycorrhiza fungi symbiosis), Plant growth promoting rhizobacteria (PGPR) – uses practical aspects and problems in application. Biodiversity and its conservation applications.
Unit IV: Eco friendly industrial biotechnology 



Hours: 10
Environmental Biotechnology and biofuels: biogas; bioethanol; biodiesel; biohydrogen; Description of the industrial processes involved, microorganisms and biotechnological interventions for optimization of production; Microbiologically enhanced oil recovery (MEOR); Bioleaching of metals; Production of bioplastics; Production of biosurfactants: bioemulsifiers; Paper production: use of xylanases and white rot fungi.
Unit V: Environmental impact of GMOs




Hours: 9
Environmental safety of genetically modified organisms (GMOs). Environmental impacts of GM crops - crop pervasiveness or invasiveness, the emergence of herbicide and insecticide resistance and tolerance, transgene stacking and disturbed biodiversity, greenhouse gas emissions. Undesirable impacts of GM crops and their products on target and non-target species, influence of GM crops on disturbance in biodiversity, development of resistance and evolution. US, EU and Indian policy on environmental safety. 
Course outcomes

At the end of the course, the students will be able to

354) CO1: Understand the basic concepts of pollution and pollutants 

355) CO2: Comprehend the applications of bioremediation methods 

356) CO3: Know the role of various bio resources and eco-friendly agriculture 

357) CO4: Understand the need of eco-friendly industrial processes

358) CO5: Recognize the impacts of GMOs on environment    
Text Books
359) G. M. Evans and J. C. Furlong (2003), Environmental Biotechnology: Theory and Applications, Wiley Publishers.  

360) B. Ritmann and P. L. McCarty, (2000), Environmental Biotechnology: Principle & Applications, 2nd Ed., McGraw Hill Science. 

361) Scragg A., (2005) Environmental Biotechnology. Pearson Education Limited. 

362) J. S. Devinny, M. A. Deshusses and T. S. Webster, (1998), Biofiltration for Air Pollution Control, CRC Press. 

363) H. J. Rehm and G. Reed, (2001), Biotechnology – A Multi-volume Comprehensive Treatise, Vol. 11, 2nd Ed., VCH Publishers Inc.
Supplementary Readings 

364) Rebecca Grumet. Environmental Safety of Genetically Engineered Crops Michigan State University Press 2011
365) H. S. Peavy, D. R. Rowe and G. Tchobanoglous, (2013), Environmental Engineering, McGraw-Hill Inc.
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	SEMESTER: IV
CORE COURSE- XI
	22PBTHC42: OMICS SCIENCES
	CREDIT:4
HOURS:4/W


COURSE OBJECTIVES  
1. To learn the principles of biological sciences that end with –omics

2. To study about genomics

3. To learn the concepts of transcriptomics,

4. To understand the concept of proteomics and metabolomics 

To understand the role of  systems biology and bioinformatics tools.

Unit-1: Genomics  







Hours: 9
Definition of genome and genomics. Architecture and complexity of prokaryotic and eukaryotic Genomes. Model genome projects – E.coli, S. cereviciae, C. elegans, and D.melanogaster. The human genome project: sequencing technologies, potential benefits, ethical, legal and social issues (ELSI). Metagenomics and epigenomics. Mitochondrial and other sub-cellular genomes. Genome-wide quantitative trait locus (QTL) mapping. Genomics applications in agricultural, biomedical and industrial sectors. 
Unit-II: Genomic and transcriptomic techniques  



Hours: 10
Types of gene mapping - genetic, cytogenetic and physical. Molecular markers for mapping - RFLP, RAPD, microsatellites and SNPs. Physical mapping - in situ hybridization. Chromosome walking and jumping. Whole genome sequencing approaches: whole-genome shotgun, hierarchical shotgun. Next-Generation Sequencing (NGS), Exome sequencing. Nanopore-based sequencing technology. Transcriptomics – definition and variants, Transcriptomic techniques – microarrays and RNA-Seq. Genome editing - CRISPR/Cas9. 
Unit-III: Proteomics







Hours: 10

Proteomics – introduction and principles. Protein identification techniques - 2D gel electrophoresis – methodology. Mass spectrometry - MALDI-TOF, SELDI-TOF, Liquid chromatography mass spectrometry (LC-MS) - ESI, APCI, tandem MS. Peptide mass fingerprinting (PMF). Protein antibody microarray. Protein - protein interactions - yeast two hybrid system and FRET assay. Gel free and SILAC proteomics, targeted and untargeted proteomics. Agricultural, biomedical and industrial applications of proteomics. 
Unit-IV Metabolomics and other omics 




Hours: 10

Definition of metabolome and metabolomics – Techniques of metabolomics – NMR, GC-MS and LC-MS/MS. Targeted and untargeted metabolomics. Metabolic fluxes (fluxomics) – stable isotope (13C glucose and Glutamine) labelling and metabolite flux assessment. Metabolite set enrichment analysis (MSEA) and pathway mapping. Applications of metabolomics in metabolic engineering. Other omics - Glycomics, lipidomics, ionomics – Basics and applications.  

Unit-V: Bioinformatics and Systems Biology



Hours: 9
Biological databases (primary, secondary and organism-specific). Sequence and omics scale data submission and retrieval (NCBI, EBI etc.). Various file formats – FASTA, PDB etc. Database similarity searching: BLAST. DNA Sequence alignment: substitution scores and gap penalties. Multiple sequence alignments: CLUSTAL. Molecular phylogenetic tree construction. Protein structure database – PDB, protein motifs and domain prediction. NGS data visualization and analysis, Genome annotation, Gene ontology (GO) and enrichment analysis. Various omics data submission and retrieval (NCBI, EBI etc.). Big Data applications in systems biology. 

Course outcomes

At the end of the course, the students will be able to

366) Understand the basic concepts of genomics  

367) Comprehend the outcomes of various genomic and transcriptomic methods   

368) Know the role of various methods in exploratory proteomics   

369) Understand the applications of metabolomics and other omics sciences  

370) Recognize the role of bioinformatics, tools and systems biology      

Text Books
371) Lesk A Introduction to Bioinformatics. OUP. 4th ed. 2014.

372) Primrose. Principles of Genome Analysis and Genomes. Wiley-Blackwell. 
3rd ed. 2006.

373) Brown. Genomes. Wiley. 5th ed. 2006 
374) Hartwell etal. Genetics: From Genes to Genomes. 5th ed. 2014.

375) Twyman. Principles of Proteomics. 2nd ed. 2013 
Supplementary Readings
376) Gibas and Per Jambeck. Developing Bioinformatics Computer Skills. O'Reilly Associates.  2nd ed. 2013.

377) Baxevanis, Ouellette. Bioinformatics. A Practical Guide to the Analysis of Genes and Proteins. Wiley Interscience. 3rd ed. 2004.

378) Debasis Bagchi. Genomics, Proteomics and Metabolomics in Nutraceuticals and Functional Foods, John Wiley & Sons, 2nd Ed  2015

379) Neetu Jabalia and Jaya Lakshmi. Bioinformatics, System Biology and Big Data Analysis: Emerging Trends ‎, LAP Lambert. 2020 
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	SEMESTER: IV
CORE PRACTICAL - IV
	22PBTHP43: ENVIRONMENTAL BIOTECHNOLOGY AND OMICS SCIENCES
	CREDIT:6
HOURS:12/W


Practical IV: Environmental Biotechnology and Omics Sciences
1. Soil and water pollution – characterization and quantification 

2. Effect of toxicants on microbial growth (zone of growth inhibition)

3. Effect of toxicants/metabolites on seed germination and growth 

4. Bioremediation dynamics of microorganisms on heavy metals 

5. Phytoremediation assays on heavy metals 
6. Bioethanol production using agro waste

7. DNA and protein multiple sequence alignment 

8. Phylogenetic analysis 
9. Visualization of microarray data in NCBI 

10. Differential gene expression analysis by GEO2R

11. Visualization of NGS-RNA-Seq data in NCBI and EBI

12. Gene Ontology analysis 

13. Protein-Protein interaction network analysis 

14. Proteomics and Metabolomics repositories and data visualization 

	SEMESTER: IV

CORE ELECTIVE
	22PBTHE44-1: MEDICAL BIOTECHNOLOGY
	CREDIT: 4

HOURS: 4/W


Course Objectives
1. To understand the concepts of metabolic disorders.

2. Acquires knowledge of the genetic diseases

3. To gain knowledge of the disorders relate to Industrial toxicants.

4. Acquires knowledge of the various tools of molecular and nanomedicine DNA diagnostics

5. To understand the concepts of gene therapy and its applications

Unit I: Metabolic Disorders





Hours: 9
Molecular basis and Biochemical assessment Carbohydrate metabolism - Glycogen Storage Disease, Cori diseaes, Andersen disease,Protein metabolism – Phenylketonuria, Albinism, Alkaptonuria Lipid metabolism – Atherosclerosis, Types of Jaundice,Tangier Disease, hyper lipoproteinemias, Immune disorders - Addison's disease, Cardiomyopathy, Graves' disease, Severe combined Immunodeficiency disease (SCID), Gout

Unit II: Genetic diseases





Hours: 10
Chromosomal abnormalities - Down syndrome, Turner syndrome, Klinefelter’s, Single gene disorder - Autosomal dominant (Huntington's disease) Autosomal recessive (cystic fibrosis), X- linked dominant (Klinefelter syndrome), X -linked recessive (Parkinson's disease, Turner syndrome), Y- linked ( male infertility), Multifactorial and polygenic (complex) disorder (cleft palate, heart disease, hypertension)

Unit III: Degenerative disease and Disorders



Hours: 10
Degenerative disease and Disorders due to Industrial Toxicants & Metal Degenerative disease - Alzheimer, Muscular dystrophies, Spinocerebellar ataxia, Industrial Toxicants - Teratogenesis, carcinogenesis, silicosis, toxicity of Hg++, Cd++, Pb++ , Metal Toxicants - Wilson Disease, Hemochromatosis, Ageing: Physiological and biochemical changes in ageing. Different theories of ageing, Importance of superoxide dismutase in ageing, plasticity and regeneration

Unit IV: Diagnostics & Nanomedicine DNA diagnostics


Hours: 10
PCR based diagnostics; Southern blot diagnostics, Array - based diagnostics, DNA sequencing, genetic profiling, single nucleotide polymorphism, in situ hybridization (FISH and on - FISH), Nanomedicine – Nanoparticles, Nanodevices -Medical Microrobotics, Nanorobotics, Microbiovers, Nanomedicine and Nanosurgery – for cancers, neurological disorders

Unit V: Gene therapy






Hours: 9
Ex-vivo, Invivo, Insitu gene therapy, Antisense therapy, Ribozymes, Cell and tissue engineering: Encapsulation technology and therapeutics - Diabetes, Hypothyroidism, Haemophilia. Bioartificial organs (Liver and Lungs), Bone Remodelling, Stem cell therapy - Embryonic and adult Stem Cells, Totipotent, Pluripotent and Mulltipotent Cells

Course Outcomes

CO1 - To demonstrate various metabolic immuno disorders

CO2 - To recognize various chromosomal abnormalities and disorders relate to Industrial toxicants

CO3 - To understand knowledge of the Degenerative disease and disorders.

CO4 - To articulate various diagnostic tools. 

CO5 - Acquires knowledge of the gene therapy techniques for improvise treatment strategy.

Text Books

1. Pratibha, N., & Venugopal Rao, V. 2010. Medical Biotechnology. India: Oxford University Press

2. Khan, F.A. (2014). Biotechnology in Medical Sciences. (1st ed.). Boca Raton: CRC Press

3. Pongracz, J., & Mary, K. (2008). Medical Biotechnology. UK: Elsevier Health Sciences.

Supplementary Readings
1. Marshall, W.J. & Bangert, S.K. (1995). Clinical Biochemistry. (2nd ed.). New York: Churchill Livingston.
2. Albert, S. (2005). Medical Biotechnology: Achievements, Prospects and Perceptions. New York: United Nations University Press
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	SEMESTER: IV

CORE ELECTIVE
	22PBTHE44-2: MOLECULAR DIAGNOSIS IN MICROBIOLOGY
	CREDIT: 4

HOURS: 4/W


COURSE OBJECTIVES

1. Mic robes and its involvement in causing life threatening diseases

2. The identification of microbes through traditional methods

3. The identification and characterization of microbes using different molecular techniques
Unit I Introduction






 Hours: 10
History and Transcending of diagnostics over time – Traditional and molecular diagnostics – Significance of molecular diagnostics – Scope for Molecular diagnostics - Rise of diagnostic industry in Indian and global scenario. Diseases - Infection – mode of transmission in infections, factors predisposing to microbial pathogenicity, types of infectious diseases - bacterial, viral, fungal, protozoans and other parasites. Host-Parasite Interactions.

Unit II Traditional disease diagnosis methods and tools 



Hours: 10
Diagnosis of infection caused by Bacteria - Streptococcus, Salmonella, and Mycobacterium. Diagnosis of fungal infections - Dermatophytosis, Candidiasis and Aspergillosis. Diagnosis of viruses - Adenoviruses, Rhabdo Viruses, and Retroviruses. Diagnosis of Protozoans: Malaria, Trypanosomiasis, Leishmaniasis. Study of helminthic diseases - Fasciola hepatica and Ascaris lumbricoides.

Unit III Molecular Diagnosis using Immunoglobins 


Hours: 10



Introduction - antigen-antibody binding interactions and assays - monoclonal, and polyclonal antibodies. Agglutination - RIA, ELISA's, chemiluminescence, immunofluorescence, Western blots - Bioluminescence. Proteins and Amino acids, Qualitative and quantitative techniques: Protein stability, denaturation; amino acid sequence analysis.

Unit IV Molecular Diagnosis using Nucleotides 



Hours: 9
Automated DNA sequencing- Principles, Methods and Instrumentation- Advances in DNA sequencing - New Generation sequencing Methods, Pyrosequencing, BLAST, FASTA, Microarrays, SAGE. Nucleic acid amplification methods and types of PCR: Reverse Transcriptase-PCR, Real-Time PCR, Inverse PCR, Ligase Chain Reaction. RACE, RNA fingerprinting.

Unit V Hybridization and Sequencing 




Hours: 9
Southern, Northern, in-situ (including FISH), microarrays – types and applications; Protein extraction and analysis (including PAGE and its variations); Western Blot, Southern, northern, dot/slot blot; electrophoresis, nucleic acid probe preparation

Course Outcomes

380) CO1 - Recall the concept of molecular diagnostics of microorganism.
381) CO2 - Demonstrate the traditional methods of identification of bacteria, fungi, virus, protozoans, and parasites
382) CO3 - Identify microbes based on nucleic acid sequencing and PCR based identification methods
383) CO4 - Illustrate the microbial identification based on proteins and different blotting techniques.
384) CO5 - Develop the hybridization techniques to identify and confirm the type of microbe
Text Books

385) Thomas J Kindt, Barbara A Goldsby, Richard Osborne 2006, "Kuby's Immunology", W. H. Freeman Publishers, New York.

386) William B Coleman, Gregory J Tsongalis, 2005, "Molecular Diagnostics: For the Clinical Laboratorian", 2nd Edition, Hanuma Publishers, New Delhi.

Supplementary Readings
387) Upadhya and Nath, 2016, "Biophysical Chemistry: Principles and Techniques", 4th Edition, Himalaya Publishing House Pvt. Ltd. New Delhi.

388) Keith Willson and Kenneth H. Goulding. 1991, "A Biologist’s Guide to Principles and Techniques of Practical Biochemistry", 3rd Edition, Cambridge University Press, USA.

389) Keith Willson and John Walker, 2010, " Principles and Techniques of Biochemistry and Molecular Biology", 7th Edition, Cambridge University Press, US.

390) Lele Buckingham and Maribeth L. Flaws, 2019, "Molecular Diagnostics: Fundamentals, Methods & Clinical applications", 3rd Edition, F. A. Davis Company, Philadelphia.
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	SEMESTER: IV

CORE ELECTIVE
	22PBTHE44-3: MEDICAL LABORATORY TECHNIQUES
	CREDIT: 4

HOURS: 4/W


COURSE OBJECTIVES

1. The Laboratory principle and organization.

2. The processing of blood, urine, stool and sputum.

3. The importance of laboratory maintenance.

Unit I Introduction to Clinical laboratory




 Hours: 9
Basic laboratory principles - Organization of clinical laboratory - Biosafety in containment laboratory - National and International GLP (Good laboratory Practices) - Role of medical laboratory technician - personnel hygiene and safety measures –Nosocomial infection.

Unit II Antiseptics & Disinfectants 




Hours: 10
Definition -Types - Mode of Action – Uses. Antimicrobial agents and Antibiotics: Introduction, mechanism of action, classification and uses, Antibiotic susceptibility testing - Stokes, Kirby-Bauer method, Minimal Inhibitory Concentration and Minimal Bactericidal Concentration.

Unit III Collection and processing of blood 



Hours: 10
Collection and processing of blood sample- separation of serum and plasma - Sampling errors - Preservation of samples. Determination of Total Count, Differential Count, Erythrocyte Sedimentation Rate, Hemoglobin concentration (Hb), Bleeding Time & Clotting Time. ABO Blood group system. Determination of blood glucose, Urea, Cholesterol and Bilirubin. Profiling - Liver function test, Renal function tests. Hormones - T3, T4, TSH, FSH, LH, Prolactin, Insulin.

Unit IV Processing of Urine, Stool and Sputum sample 


Hours: 9
Collection, transport and Storage of Urine, Stool and Sputum sample. Macroscopic and Microscopic examination - Urine: sugar, albumin, bile salts, bile pigments and ketone bodies - Pregnancy Test. Stool – Cyst, Ova, Mucus, Pus, RBC, Reduced sugar, Occult blood. Sputum – Petroff’s method, AFB staining, Culture and sensitivity.

Unit V Maintenance of Laboratory 




Hours: 10
Maintenance of Laboratory Equipment’s – Centrifuge, calorimeter, microscope, incubator, autoclave. Laboratory Certification process – National Accreditation Board for Laboratories, Indian Standard Organization - Standard Operating Procedure - Clinical Laboratory records. Biomedical waste management – Danger sign.

Course Outcomes

CO1 - Understand the laboratory principle and organization of clinical laboratory..
CO2 - Apply the knowledge on antiseptics and disinfectants.
CO3 - Understand the collection and processing of blood.
CO4 - Explain the methods involved in collection and processing of urine, stool and sputum.
CO5 - Impart the responsible of maintaining laboratory Equipments and Biomedical waste management.
Text Books

1. Ananthanarayanan R and CK Jayaram Panicker, 2019, "Textbook ofMicrobiology", 10th Edition, Orient Longman, Delhi.

2. Monica Cheesbrough, 2018, "District Laboratory Practice in Tropical Countries", 2nd Edition, Cambridge University Press, USA.

Supplementary Readings
1. Bailey and Scotts, 2018, "Diagnostic Microbiology", 14th Edition, Baron and Finegold CV Mosby Publications, New Delhi..

2. Jawetz E Melnic JL and Adel berg EA, 2010, "Review of Medical Microbiology", 25th Edition, Lange Medical Publications, USA.

3. Mackie and McCatney, 1996, "Medical Microbiology", 14th Edition, Church will Livingston, New Delhi..

4. Patrick K Murray, 2012, "Medical Microbiology", 4th Edition, Mosboy Publishers, USA..
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