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M.Sc., MICROBIOLOGY – PROGRAMME STRUCTURE

	Sem
	Course
	Cr.
	Hrs./

Week
	Marks
	Total

	
	Subject Code 
	                 Name


	
	
	Int.
	Ext.
	

	I


	4MMI1C1
	Core – I – General Microbiology
	4
	6
	25
	75
	100

	
	4MMI1C2
	Core – II – Microbial Physiology & Biochemistry
	4
	6
	25
	75
	100

	
	4MMI1C3
	Core – III – Immunology
	4
	6
	25
	75
	100

	
	4MMI1P1
	Core – IV – Lab course in General 

 Microbiology & Microbial Physiology 
	4
	4
	40
	60
	100

	
	4MMI1P2
	Core – V – Lab course in Biochemistry & Immunology
	4
	4
	40
	60
	100

	
	4MMI1E1/ 4MMI1E2
	Elective – I – Principles of Virology (or) Marine Microbiology
	4
	4
	25
	75
	100

	
	Total
	24
	30
	--
	--
	600

	II
	4MMI2C1
	Core – VI – Molecular Biology and Microbial Genetics
	4
	5
	25
	75
	100

	
	4MMI2C2
	Core – VII – Environmental & Agricultural Microbiology
	4
	5
	25
	75
	100

	
	4MMI2C3
	Core – VIII – Food and Dairy Microbiology
	4
	5
	25
	75
	100

	
	4MMI2P1
	Core –IX– Lab course in Microbial Genetics, Molecular Biology Environmental & Agricultural Microbiology, Food and Dairy Microbiology
	4
	7
	40
	60
	100

	
	4MMI2E1/ 4MMI2E2
	Elective – II – IPR, Biosafety and Bioethics (or) Computer Applications & Bio-Informatics
	4
	4
	25
	75
	100

	
	4MMI2E3/ 4MM12E4
	Elective – III – Bio-Nanotechnology (or) Biostatistics
	4
	4
	25
	75
	100

	
	Total
	24
	30
	--
	--
	600

	III
	4MMI3C1
	Core – X – Industrial Microbiology
	4
	5
	25
	75
	100

	
	4MMI3C2
	Core – XI – Medical Microbiology
	4
	5
	25
	75
	100

	
	4MMI3C3
	Core – XII – Recombinant DNA Technology
	4
	4
	25
	75
	100

	
	4MMI3P1
	Core – XIII – Lab course in Indusrial Microbiology,   Medical Microbiology and rDNA Technology
	4
	8
	40
	60
	100

	
	4MMI3E1/ 4MMI3E2
	Elective – IV – Molecular Taxonomy and Phylogeny (or) Biofertilizer and Biomanure Technology
	4
	4
	25
	75
	100

	
	4MMI3E3/ 4MMI3E4
	Elective – V – Disease Diagnosis Technology (or) Entrepreneurship in Microbiology
	4
	4
	25
	75
	100

	
	
	Total
	24
	30
	--
	--
	600

	IV
	4MMI4PR
	Core – XIV – Project Work
	18
	30
	50
	150
	200

	
	Total
	18
	30
	--
	--
	200

	
	Grand Total
	90
	120
	--
	--
	2000


I YEAR – I SEMESTER

COURSE CODE: 4MMI1C1

CORE COURSE I – GENERAL MICROBIOLOGY

Unit I

History, Classification of microorganisms: Haeckel’s three–kingdom concept, Whittaker’s Five-kingdom concept, Three-domain concept of Carl Woese. Classification of Virus and Fungi, Classification of Bacteria according to Bergey’s Manual.

Unit II

Microscopy: Simple, Compound, Dark-field, Phase contrast, Fluorescent and Electron microscopes. (SEM & TEM), Confocal microscopy – Principles and their applications. Stains and Staining techniques: Simple, Differential and Structural staining methods. Imaging techniques.
Unit III
Sterilization and Disinfection, Culture methods: Auxenic and synchronous, aerobic and anaerobic, Culture media and Nutritional types, Growth curve, Generation time and growth kinetics. Factors influencing microbial growth. Preservation methods and Quality control.

Unit IV
Microbial Anatomy:- Prokaryotic cell structure & Organization, Cell membrane, Plasma membrane, Cytoplasmic matrix, Inclusion bodies, Ribosome, Nucleiod, Prokaryotic cell wall, Capsule, Slime layers, S layers, Pili and Fimbriae, Flagella and Motility. Bacterial endospores. Archaeal cell structures, Viruses, Properties of Viruses, RNA & DNA Virus, Virions & Prions. Eukaryotic cell structure and its organelles. Lichens and Microalgae- Structural organization and their properties.

Unit V 
Modern Microbiology: Molecular Taxonomy, 16S/18S rRNAs and its importance in identification of microorganisms. Phylogenetic tree, Molecular tools in assessing microbial diversity, Metagenomics, Prebiotics  and probiotics and their applications and Microbial fuel cells.
References
1. Tortora, G.J., Funke B.R, and Case C.L. (2009). Microbiology an Introduction, Benjamin Cummins, USA.

2. Dubey, R.C. and Maheswari, D.K. (2005). A Textbook of Microbiology, S.Chand and Company Ltd., New Delhi.

3. Prescott, L.M., Harley, J.P. and Klein, D.A. (2002). Microbiology, McGraw Hill Publishers, Boston.

4. Brock, T.D., Smith, D.W. and Madigam, M.T. (2002). Biology of Microorganisms (Fourth Edition) Prentice Hall International, London. 

5. Stanier, R.Y., Ingraham, J.L., Wheels, M.L. and Painter, P.R. (1999). General Microbiology, Mac Millan Educational Limited, London.

6. Boyd, R.F. (1998). General Microbiology, Mosby College Publishing, St. Louis. 

7. Nester, E.W., Roberts, C.V. and Nester, M.T. (1995). Microbiology, A Human Perspective. IWOA, U.S.A.

8. Pelzcar, M.J., Chan, E.C.S. and Kreig, N.R. (1993). Microbiology, McGraw Hill Inc., New Delhi.

♣♣♣♣♣♣♣♣♣♣
I YEAR – I SEMESTER

COURSE CODE: 4MMI1C2

CORE COURSE II – MICROBIAL PHYSIOLOGY AND BIOCHEMISTRY

Unit I
Biochemistry:- Structure and properties Biomolecules :Amino acids, Proteins, Carbohydrates, Lipids and Nucleic acids – structure and its biological role. Vitamins and Hormones: Chemistry and Physiological role. Basic aspects of bioenergetics:- Entropy, enthalpy, electron carriers, artificial electron donors, inhibitors, uncouplers, energy bond, phosphorylation.

Unit II
Thermodynamic quantities and laws:- Applications of free energy functions; ATP as the main carrier of free energy in biological systems; biological oxidation-reduction reactions.

Metabolism and its regulation:- Carbohydrate metabolism – Glycolysis, Gluconeogenesis, Pentose phosphate pathway, TCA cycle; Lipid metabolism – oxidation of fatty acid ((, ( and ( oxidation), biosynthesis of fatty acid, TG, PL and cholesterol; amino acid and nucleotide metabolism (de novo and salvage pathway).

Unit III
Brief account on photosynthetic and accessory pigments:– Chlorophyll, bacterio chlorophyll, rhodopsin, carotenoids, phycobiliproteins. Oxygenic and anoxygenic photosynthesis, autotrophic generation of ATP. Fixation of CO2. Calvin cycle: C3 and C4 pathway. 

Respiratory metabolism, oxidative and substrate level phosphorylation, Pasteur effect; fermentation of carbohydrates: homo and heterolactic fermentations.

Unit IV
Structure and diversity of biological membranes:- Mechanisms of membrane transport (simple diffusion, facilitated transport, active and secondary active transport). Mitochondrial and Microsomal electron transport chain and Oxidative phosphorylation.

Enzyme nomenclature and IUB classification. Catalytic power and specificity of enzymes. Enzyme kinetics, general properties of enzymes and coenzymes. Enzyme regulation (Allosteric and covalent modification). Clinical and industrial applications of enzymes. Immobilization of enzymes and its application. Enzyme engineering, abzyme and Ribozyme.

Unit V
Microbial differentiation, Sporulation:- Endo and Exospores, Endospore formation in Bacillus sp. Exospore formation in Streptomyces: Sporulation in fungi: Aspergillus sp., Penicillium sp. Formation of specialized structures: akinetes, cyst and heterocyst.

 References
1. Donald Voet and Judith G.Voet, (2004), Biochemistry, John Wiley and Sons, USA.

2. Jeremy M.Berg, John L.Tymoczke and Lubert Stryer, (2002), Biochemistry, W.H.Freeman and Company, USA.

3. Nelson D.L,M.M.Cox, (2000), Lehninger Principles of Biochemistry, Macmillan worth Publishers.

4. Geoffrey A.F, J.Beckett, S.H.Halker and P.H.Rae, (2004), Lecture Notes on Clinical Biochemisry, Blackwell Science, UK.

5. Mallikarjuna Rao M., (2002), Medical Biochemistry, New Age International (P) Ltd Publishers, India.

6. Voet, D. J., Voet J.G and Pratt C. W. (2008). Fundamental of Biochemistry: Life at molecular level, Wiley publishers, USA

7. Berg, J.M., Tomoczko J.L. and. Stryer L. (2008). Biochemistry, W. H. Freeman publisher, USA.

8. Lehninger, A., Nelson, D. L. and. Cox, M.M. (2008). Lehninger Principles of Biochemistry, W.H. Freeman, USA.

♣♣♣♣♣♣♣♣♣♣
I YEAR – I SEMESTER

COURSE CODE: 4MMI1C3
CORE COURSE III – IMMUNOLOGY
Unit I

Historical Perspective: Discovery, early theories. Types of immunity: Innate and acquired immunity.  Cells and Organs of the immune system.  Hematopoiesis, lymphoid cells, cells of the immune system, primary and secondary lymphoid organs of the immune system, B and T cell – Maturation and differentiation. Clonal selection theory.

Unit II

Antigens: Factors influencing immunogenicity, epitopes and haptens.  Immunoglobulin: Structure, antigenic determinants, immunoglobulin classes, monoclonal antibodies. Antigen –Antibody interaction: Precipitation reactions, agglutination reactions, radioimmunoassay, enzyme linked immunosorbent assay (ELISA), Western blotting, immunofluorescence and immuno electron microscopy.

Unit III

Major histocompatibility complex (MHC): Structure of MHC,  MHC and susceptibility infectious diseases. Antigen processing and presentation – antigen presenting cells and presenting pathways – cytosolic pathway and endocytic pathway.

Unit IV

Complement system: the complement components, classical and alternate pathways, regulation and biological function of complements. Hypersensitivity reactions: Gell and Coomb’s classification, IgE mediated (Type– I), antibody – mediated (Type – II), Immune complex mediated (Type – III) and TDTH– mediated (Type – IV) hypersensitivity.

Unit V

The immune system in health and diseases: Cytokines – properties, receptors, related diseases and therapeutic uses. Vaccines: Active and passive immunization, whole organism vaccines, recombinant vaccines, DNA vaccines, edible vaccines, synthetic peptide, multivalent subunit and anti-idiotype vaccines. Immunological tolerance, Autoimmunity, , immune system in AIDS, transplantation immunology, Cancer Immunology.

References

1. Ivan M.Roit (1994), Essential Immunology – Blackwell Scientific Publications, Oxford

2. Kuby J (1997), Immunology – WH  Freeman and Company, New York

3. Donal M.Weir, John Steward (1993) Immunology VII edition. ELBS, London, Harward Publishing company.

4. Coico R, and Sunshine, G. (2009). Immunology: A Short Course, Wiley-Blackwell, London 

5. Levinson, W. (2008). Review of Medical Microbiology and Immunology, Tenth Edition (LANGE Basic Science), McGraw-Hill Medical, USA

6. Chakravarthy, A.K. (2006). Immunology and Immunotechnology, Oxford University Press India, New Delhi.

7. Delves, P., Martin, S., Burton, D. and Roitt, I. (2006).  Roitt's Essential Immunology,  Wiley-Blackwell, London

♣♣♣♣♣♣♣♣♣♣
I YEAR – I SEMESTER

COURSE CODE: 4MMI1P1
CORE COURSE IV – LAB COURSE IN GENERAL MICROBIOLOGY & 

MICROBIAL PHYSIOLOGY
1. Lab safety method and Regulations.

2. Principles and methods of sterilization.

3. Preparation of media  : Nutrient broth, Nutrient agar, slants, soft agar

4. Pure culture technique – Pour plate, Spread plate & Streak plate.

5. Measurement of microbes – Micrometry.

6. Motility determination – Hanging drop method.

7. Enumeration of bacterial / yeast cells – Viable count, Total count.

8. Enumeration of bacteria / fungi from environmental samples – Direct and Indirect methods (Haemocytometer & Total viable counts). 

9. Staining methods: Simple, Negative, Acid fast, Gram staining, Spore, Flagella, Capsule and Metachromatic granular staining. Staining of fungus – Lacto phenol cotton blue staining.

10. Measurement of growth – Direct count, Viable count – Growth curve, Determination of growth rate and generation time.

11. Effect of pH, Temperature and Salinity on bacterial growth.

12. Anaerobic Cultivation – RCM, Thioglycolate broth and Anaerobic jar methods

References

1. Cappuccino J.G, N.Sherman, (2002), Microbiology: A Laboratory Manual, Addison– Wesley.

2. Atlas R.M, A.E.Brown and L.C.Parks, (1995), Laboratory Manual of Experimental Microbiology, Mosby, St.Louis.

3. Kannan K., (2002), Laboratory Manual in General Microbiology, Panima Publishers.

4. Holt J.G, N.r.Krieg, (2000), Bergey’s Manual of Determinative Bacteriology, Ninth edition Lippincott Williams & Wilkin Publishers.

5. Aneja K.R., (2002), Experiments in Microbiology, Plant pathology, Tissue culture and Mushroom Production technology, Third edition. New age international Publishers. 

♣♣♣♣♣♣♣♣♣♣
I YEAR – I SEMESTER

COURSE CODE: 4MMI1P2
CORE COURSE V – LAB COURSE IN BIOCHEMISTRY& IMMUNOLOGY
Biochemistry
1. Colorimeter and its applications:- Verification of Beer-Lambert’s law using colored solution CuSo4. Estimation of Carbohydrate (Phenol-sulphuric acid method), Protein (Lowry’s method), nucleic acid – DNA (Diphenylamine method) and RNA (Orcinol method).

2. pH meter and preparation of buffers (Phosphate and acetate buffer).

3. Acid base titration:– pKa value determination – Determination of [H+] ion concentration.

4. Separation and identification of sugars and amino acids by paper and thin layer chromatography

Immunolgy
1. Separation of serum / plasma.

2. ABO Blood Grouping – Rh typing and cross matching.

3. Agglutination tests.
a) Haemagglutination and Haemagglutination inhibition test.

b) WIDAL – slide and tube test.

c) Weil felix Test.

d) RA test

e) ASO test.

f) CRP test.

g) Beta – HCG test.

h) TPHA test.
4. Precipitation reaction – Ouchterlony’s Double Immundiffusion Test (ODD).

5. ELISA – thyroid hormone analysis

References
1. Rodney and Royer, (2004), Modern Experimental Biochemistry, Pearson education, India.

2. Jayaraman J., (1996), Laboratory Manual in biochemistry, fifth edition, New Age International Publisher, New Delhi.

3. Sawhney S.K., R.Singh, (2001), Introductory Practical Biochemistry, Narosa Publishing House, New Delhi.

4. Wilson K, J.Walker, (2000), Principles and Techniques of Practical Biochemistry, Cambridge University Press.

5. Sadasivam S, A.Manickam, (1997), Biochemical Methods, New Eye International Pvt Ltd, India.

6. Palanivelu P., (2000), Laboratory Manual for Analytical Biochemistry and separation techniques, Madural Kamaraj University.
7. Plemmner D.T., (1997), An Introduction to Practical Biochemistry, TATA McGraw Hill Publications co. Ltd, New Delhi.
♣♣♣♣♣♣♣♣♣♣
I YEAR – I SEMESTER

COURSE CODE: 4MMI1E1
ELECTIVE COURSE I (A) – PRINCIPLES OF VIROLOGY
Unit I

History of virology and virus structure: historical developments in virology, general structure of viruses – nucleocapsid- symmetry, envelope, genome and other special features, glycoproteins – special enzymes- virulence nature of viruses. Classification of viruses – ICTV classification, Baltimore classification.

Unit II

Techniques in virology: Virus cultivation methods, viral assay, virus isolation and purification, laboratory identification of viruses, cytopathic effect. Viral vectors for gene cloning – animal, plant and bacterial viral vectors, evaluation of viruses.

Unit III

Animal Viruses: Morphology, genome organization, multiplication, pathogenesis, epidemiology, diagnosis and control measures of the following viruses: Adeno viruses, Hepatitis B virus, Retroviruses, SARS, Dengue viruses.

Unit IV

Bacterial Viruses: Lytic and lysogenic life cycle of phages, T4 phage, lambda phages, M13, Mu phages and P1 phages- cyanophages.

Unit V

Plant Viruses: General structure, genome organization, replication, pathogenesis, symptoms and control of the following viruses: CaMV, Geminiviruses, TMV, potato spindle tuber virus & satellite RNAs. 

References:

1. Alan J. Cann, 2011. Principles of Molecular Virology, Fifth Edition. Elsevier Academic Press publications, United States of America.

2. S. Jane Flint, Lynn W. Enquist, Vincent R. Racaniello, Anna Marie Skalka Principles of Virology (2 Volume Set), ASM Press. 

3. Nicholas H. Acheson,  2011. Fundamentals of Molecular Virology, John Wiley & Sons; 2nd Edition. 

4. David R Harper , 2012. Viruses: Biology, Applications, and Control, Garland Science.

5. Modrow, S., Falke, D., Truyen, U., Schätzl, 2013. H Molecular Virology, Springer publications.

6. John Carter, Venetia A. Saunders, 2007. Virology: Principles and Applications. John Wiley & Sons.

7. David M. Knipe, Peter M. Howley, 2013. Fields Virology, Volume 1, Lippincott Williams & Wilkin.
♣♣♣♣♣♣♣♣♣♣
I YEAR – I SEMESTER
COURSE CODE: 4MMI1E2
ELECTIVE COURSE I (B) – MARINE MICROBIOLOGY
Unit I

Marine microorganisms:- collection, preservation, enumeration (total and viable counts), isolation of culture and identification based on morphological, physiological and biochemical characteristics. International and national collection centres.

Unit II

Extremophiles:- Thermopiles, basophiles, halophiles, psychrophiles, acid – alkalinophiles, oligotroph, toxitolerant, xerotolerant, endolith – Extremophiles and their environment, biodiversity. 
Unit III

Genomics of extremophiles, phylogeny of extremophiles, 16S RNA classification in mitochondrial DNA genome, RAPD, RFLP studies, cloning of commercially important extremozymes, comparative genome organisation of extremophiles and mesophiles.
Unit IV

Microbiology of degradation of xenobiotic environment:- Ecological considerations, decay behaviour, degradative plasmids, hydrocarbons, oil pollution, surfactants, pesticides, Bioremediation:- Factors affecting bioremediation – role of microbes in the marine nutrient cycles – diseases of marine organisms and its impact on marine biodiversity.

Unit V
Marine microbial secondary metabolites: Structure and mode of action of cyanobacterial toxins, bacterial antibiotics, fungal metabolites, marine actinobacterial metabolites. Antibacterial, anti viral, antifungal, anti proliferate and anti cancer drugs from marine microbes and their extraction and purifications
References

1. Dube, H.C., (1994). A text book of fungi, bacteria and viruses. Vikas Publishing House, New Delhi.
2. Dale, J.W. (1994). Molecular genetics of Bacteria.. John Wiley and Stones.
3. Pelczar, M. JR. E.C.s. and Chan and Noel, R. K. (2006). Microbiology. Tata McGraw, Hill. Co. fifth Edition, New Delhi.
4. Presscott, L.N., Harley, J.P. and Klein, D.A. (1999). Microbiology. W.C. Brown Publishers.
5. Stanier, R.Y., Ingharam J.L. Wheelis, M.L. Painter, P.R. (1986). General Waste water engineering Treatment, Disposal and Reuse. Metcaff and Eddy. Inc., Tata Mc Grew Hill, New Delhi. 
♣♣♣♣♣♣♣♣♣♣
I YEAR – II SEMESTER
COURSE CODE: 4MMI2C1

CORE COURSE VI – MOLECULAR BIOLOGY AND MICROBIAL GENETICS

Unit I

Proof that DNA as  a genetic material  (Griffith, Avery, Hershey and Chase experiments), Proof that RNA as a genetic material (Frannenkel and Conrat experiments), Structure of nucleic acids – Watson and Crick’s double helix structure, types of DNA, Structure of mRNA, t-RNA and r-RNA, DNA Replication, , Enzymes involved in DNA replication.
Unit II

Transcription, Translation, Post-translational modifications. Regulation of gene expression: The Operon concept – (i) lac and (ii) trp; stringent response. RNA silencing and Quorum sensing.
Unit III
Mutations and Repair: Spontaneous mutations, Mutagenesis by Base analog mutants, Chemical mutagens (nitrous acid, hydroxylamine, alkylating agent), mutagenesis by intercalating agents and UV. DNA damage and repair: DNA damage by UV, alkylating agents, cross linkers. Mechanism of repair – photoreactivation, excision repair, recombinational repair. The SOS and adaptive responses and their regulation.

Unit IV
Gene transfer methods: Transformation: Competent cells – regulation, general process, Transduction: generalized and specialized transduction, Conjugation: Hfr and triparental mating. Transposable genetic elements: Introduction, discovery, Insertion sequences. Compound transposons and Complex transposons – Tn10, Tn5, Tn3 and retrotransposons.

Unit V

Viral genetics
Bacterial DNA replication. Biology of bacteriophage (. Lytic growth of phage ( and phage production, recombination in the ( life cycle.Genome mapping of Adenovirus, HIV, CaMV. RT Genome mutation in T4 phage.
References
1. Maloy S.R, J.E.Cronan, and D.Friefelder, (1994), Mircobial Genetics, Jones and Bartlett Publishers, Sudbury, Massachusetts.

2. Malacinski G.M, D.Friefelder, (1998), Essentials of Molecular Biology, Jones & Bartlett Publishers.

3. Hunter, L. E. (2009). The Process of Life- An Introduction to Molecular Biology, The MIT press, USA

4. Lee, C.H. (2009). Applied Molecular Biology, Kompass books, USA.

5. Weaver, R.F. (2008). Molecular biology, McGraw Hill higher education, USA.

6. Alberts, B., Johnson, A., Lewis J., Raff, M., Roberts, K, and.Walter, P. (2007). Molecular Biology of the Cell, Garland publishing Inc, New York.

7. Allison, L. A. (2007). Fundamental Molecular Biology, Wiley- Blackwell, London.

8. Karp, G. (2007). Cell and Molecular Biology- Concepts and Experiments, John Wiley and Sons, Inc. New York.

9. Watson, J.D., Hopkins, N.H., Roberts, J.W., Steitz, J.A., Weiner, A.M. (1998). Molecular Biology of the Gene, fourth Edition, Benjamin/ Cummings Publishing Company.
♣♣♣♣♣♣♣♣♣♣
I YEAR – II SEMESTER

COURSE CODE: 4MMI2C2
CORE COURSE VII – ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY

Unit I
Ecosystem: Ecological hierarchy – Ecological succession of microorganism – Homeostasis – Adaptive mechanism among microorganisms – interaction between microbes, plants and animals. 

Microbes in marine and fresh water environment – Eutrophication – food chain, water borne pathogens – indicator organism – Microbiology of Domestic water – Microbial water Quality– water purifications, Aero microbiology.
Unit II
Waste water (sewage and industrial effluents) treatments: Primary, Secondary (Trickling Filter, Activated Sludge) and Tertiary treatments. Anaerobic treatment of industrial effluents: Hydrolysis, Fermentation and Methonogenesis. 
Conventional methods of waste water treatment (Aerobic and Facultative ponds, AMS, Thin film technique and Sand filter). Advanced emerging and Biotechnological treatments of industrial effluents (Biotower, RBC, Fluidized bed Reactors and Column Reactor).

Unit III
Biodegradation and bioremediation – Solid waste management: Landfills, Composting and Earthworm treatment.  Recycling and processing of organic residues, Biodegradation of Xenobiotic compounds. Organisms involved in degradation of chlorinated hydrocarbons, substituted simple aromatic compounds, polyaromatic hydrocarbons, pesticides and surfactants. Microbial treatment of oil pollution.

Unit IV

Environment of soil microorganism: Role of microorganisms in the formation of soil – Role of microbes in soil fertility. Biogeochemical cycles – Carbon, Nitrogen, Phosphorous and Sulphur cycles. Biological nitrogen fixation – diazoprophs – free living, aerobic, symbiotic bacteria and cyanobacteria. Microbial interactions, interaction of microbes with plants and insects.

Unit V

Plant diseases: symptoms, disease cycle and control measures – Bacterial diseases, Blight of rice, Citrus canker and wilt of potato. Viral diseases, Vein clearing disease, Tungro disease of rice, TMV and CMV. Fugal diseases, rust of wheat, smut of sugarcane, wilt of cotton, tikka leaf spot in groundnut. Biofertilizers: Microbes used as biofertilizers, Mass multiplication, field application and crop response. Biopesticides: bacterial, fungal and viral. Recent advances in biological pest control.

References

1. Alan Scragg, (1999), Environmental Microbiology, Longman.

2. Gareth M.Evans & Judith C.Furlong John, (2003), Environmental Biotechnology – Theory& Application, wiley & Sons Ltd.

3. Subba Rao, N.S., (1995). Soil Microorganisms and plant growth. Oxford & IBH Publishing Co., Pvt. Ltd., New Delhi.

4. Rangasami G. and D.J.Bagyarai (1993). Agricultural Microbiology. Second Edition, Prentice-Hall of India Private Limited, New Delhi.

♣♣♣♣♣♣♣♣♣♣
II YEAR – II SEMESTER

COURSE CODE: 4MMI2C3
CORE COURSE VIII – FOOD AND DAIRY MICROBIOLOGY

Unit I
Food as substrate for microorganisms:- Importance of microorganisms in food microbiology – molds, yeasts and bacteria – general characteristics – classification and importance. Factors influencing microbial growth in food – Extrinsic and intrinsic factors.

Unit II

Principles of food preservation. Asepsis:- Removal of microorganisms, Anaerobic conditions, Preservation by Heat processing – High temperature, Thermal death of microorganisms: D and Z Values, Low temperature – Chilling and Freezing, Drying, Food additives, Chemicals (Organic acids and esters, Nitrite, Sulfur dioxide, Benzoic acid, Parabens, Probionates, natural preservatives, etc Canning, and by Radiation (Microwave, UV, Ionizing radiation). (anaerobic conditions, high temperatures, low temperatures, drying).

Unit III

Contamination and spoilage:- Cereals, sugar products, vegetables, fruits, meat and meat products, milk and milk products – Fish and sea foods – poultry – spoilage of canned food. Detection of spoilage and characterization.

Unit IV 

Food born infection and intoxication:- Bacterial and nonbacterial – with examples of infective and toxin types – Brucella, Bacillus, Clostridium, Escherichia, Salmonella, Shigella, Staphylococus, Vibrio, Yersinia; Nematodes, Protozoa, Algae, Fungi and Viruses. Food born outbreaks laboratory testing procedures; Prevention measures – Food sanitation in manufacture and retail trade; Food control agencies and its regulations, Plant sanitation – employees health standards – Waste treatment – disposal – quality control.

Unit V

Food fermentation:- Bread, Cheese, Vinegar, fermented vegetables, fermented dairy products, experimental and industrial production methods. Spoilage and defects of fermented dairy products – Oriental fermented foods, their quality standards and control. Genetically modified foods.

References

1. Adams, M.R. and Moss M.O., (1995), Food Microbiology, Royal Society Publications, Cambridge.

2. Frazier, WC and Westhoff Dc, (1998), Food Microbiology, Tata McGraw Hill Publishing Company Limited, New Delhi.

3. Principles of Fermentation Technology (1995) by Stanbury, PF., Whitekar, A and Hall, S.J., Pergamon Press.

4. Banwart, GJ, (1989), Basic Food Microbiology, CBS Publishers and Distributors, Delhi.

5. Hobbs BC and Roberts D, (1993), Food Poisoning and Food Hygiene, Edward Arnold (A Division of Hodder and Stoughton) London.

6. Robinson, RK, (1990), Dairy Microbiology, Elsevier Applied Sciences, London.

7. James M.Jay, (2003), Modern Food Microbiology, CBS publishers & Distributors, New Delhi.

♣♣♣♣♣♣♣♣♣♣
I YEAR – II SEMESTER

COURSE CODE: 4MMI2P1

CORE COURSE IX – LAB COURSE IN MICROBIAL GENETICS, MOLECULAR BIOLOGY, ENVIRONMENTAL AND AGRICULTURAL MICROBIOLOGY, FOOD AND DAIRY MICROBIOLOGY
Microbial Genetics and Molecular Biology
1. Single colony isolation and checking for genetic markers.

2. Measurement of growth-one step growth curve using a T even phage.

3. Titration of phages (T4).

4. Induced mutagenesis UV.

5. Isolation of antibiotic resistant mutants

6. Isolation of auxotrophic mutants.

7. Bacterial conjugation – transfer of drug resistant factor (Plasmid).

Environmental Microbiology

1. Bacterial examination of water (qualitative and quantitative).

2. Membrane filtration technique.

3. Enumeration of microorganism from air.

4. Settle plate technique.

5. Air sampling technique.

6. Isolation of bacteria and bacteriophages from sewage.

7. Estimation of dissolved oxygen (DO), BOD and COD.

a) Agricultural Microbiology

1. Isolation of free – living nitrogen fixing bacteria from soil – Azotobacter.

2. Isolation of Symbiotic nitrogen fixing bacteria from root nodule – Rhizobium.

3. Isolation of phosphate solubilizers, ammonifiers and denitrifers.

4. Study of Mycorrhizae, Cyanobacteria and Azolla.

5. Examination of Plant diseases:
Bacterial diseases
Fungal diseases

Viral diseases 
Blight of rice              
Blast of rice                           
Banana bunchy top virus
Citrus canker              Smut of sugarcane                 
Wheat yellow mosaic virus 
Wilt of potato             Wilt of cotton                        
Tobacco dwarf of wheat 

                                 

Redrot of sugarcane              
yellow Dwarf of wheat 

                                 

Tikka leaf spot of groundnut
Citrus variegation virus 

                                                                                   

Rice dwarf virus 
Food and Dairy Microbiology

1. Detecting Milk Quality by Methylene Blue Reductase test.

2. Enumeration of Microbial population of fruits, vegetables, meat, soft drinks and preserved food. 
3. Preservative efficacy test
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I YEAR – II SEMESTER

COURSE CODE: 4MMI2E1

ELECTIVE COURSE II (A) – IPR, BIOSAFETY AND BIOETHICS

Unit I
Introduction. Important Definitions. Establishment and functions of General Agreement on Trade and Tariff (GATT) and World Trade Organizations. WTO Summits. IBSC and RCGM. 

Unit II
Trade Related Aspects of Intellectual Property Rights. Different types of intellectual property rights – Patents, Trademark, Trade secret Copy right. Important microbiological examples of patents, trademark, and trade secret 

Unit III
Rules governing patents. Case studies on patents (Super bug, Basmati rice, Turmeric, Neem, etc.). Indian Patent Act, 1970 and its amendments.

Unit IV 
Biosafety – Introduction. Different levels of biosafety. Guidelines for recombinant DNA research activities in microorganisms. Good Laboratory Practices (GLP). Containments – Types.  Basic Laboratory and Maximum Containment Laboratory microbiology research. 

Unit V 
Bioethics – Introduction. General issues related to environmental release of genetically modified microorganisms. Ethical issues related to research in embryonic stem cell cloning. 
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COURSE CODE: 4MMI2E2

ELECTIVE COURSE II (B) – COMPUTER APPLICATIONS & BIOINFORMATICS

Unit I

Computer architecture: Input and output devices – Memory devices – Types of modern computing – Number Systems – Programming concepts – Introduction to Operating systems like Windows, UNIX & LINUX – Computer Viruses – Overview and prevention.

Unit II

Computer Networks: Topologies, Hardware and Network security – Internet basics – Protocols and Services – Database systems – Basic concepts – Indexing and Hashing – Multimedia and Text databases 

Unit III

An overview of bioinformatics tools: Global Vs local alignment – Similarity searching – Principle and Algorithms – Pair wise alignment and Multiple alignment – Biological Databases – Literature, Sequence and Structure – Finding and retrieving information from databases.

Unit IV 

Protein structure prediction: Secondary and tertiary and motifs – Proteomic tools at ExPASy server – Protein structure comparison and classification – RNA structure analysis – Plasmid mapping and Primer designing using programs from public domain – Structure visualization softwares – Phylogenetics – Tree types and construction methods.

Unit V

DNA sequencing – DNA microarray – basic principles and databases – Genomics and Proteomics – Prediction of genes, promoters, splices sites and regulatory regions – Drug designing and Commercial Bioinformatics.
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COURSE CODE: 4MMI2E3

ELECTIVE COURSE III (A) – BIO - NANOTECHNOLOGY

Unit I

Biotechnology to Bionanotechnology: Bionanomachines – Modern bionano materials – protein, nucleic acid, lipids used for carrying information – polysaccharides use in special structural roles – Present status of bionanotechnology.

Unit II

Molecular design for nanotechnology: Recombinant DNA technology – X-ray crystallography, NMR spectroscopy and electron microscopy, use in nanotechnology – Computer modeling to bionanomachines and computer assisted molecular design.

Unit III

Structural principles of Bionanotechnology: Natural bionanotechnology design for specific environment – Biomolecular structure as low materials – Hierarchical strategy in construction of nanomachines – protein folding – self organization – molecular recognition – flexibility.
Unit IV

Functional principles of Bionanotechnology: Information driven nano assembly – chemical transformation – biomolecular sensing – self application – machine phase bionanotechnology.

Unit V


Future of Bionanotechnology: Problems in bionanotechnology – Abide finger problem – Sticky finger problem – role of enzyme to solve these problems – Core studies – nomotuble synthesis,  nanoscale assembler, nanozurveillance – ethical consideration – respect for life, potential dangers, fuel 
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COURSE CODE: 4MMI2E4

ELECTIVE COURSE III (B) – BIOSTATISTICS

Unit I

Introduction to biostatistics. Numerical Summary Measures – Measures of Central Tendency– Mean, Median, Mode. Measures of Dispersion – Range, Interquartile Range, Variance and Standard Deviation Coefficient of Variation. Grouped Data – Grouped Mean, Grouped Variance.  Chebychev’s Inequality. 

Unit II

Data Presentation – Types of Numerical Data. Tables – Frequency Distributions, Relative Frequency. Graphs – Bar Charts, Histograms, Frequency Polygons, One-Way Scatter Plots, Box Plots, Two-Way Scatter Plots, Line Graphs.

Unit III

Confidence interval – The Standard Deviation, The Gaussian Distribution, The Confidence Interval of a Mean, Survival Curves. Comparing groups with confidence intervals – Confidence Interval of a Difference between means, Confidence Interval for the Difference or Ratio of Two Proportions.

Unit IV

Introduction to p values, Statistical significance and hypothesis testing, Multiple comparisons. Probability, Bayesian logic – Bayes' theorem in genetics. Population genetics, gene pool, allele frequency, genotype frequencies, Hardy-Weinberg equation, implications of Hardy-Weinberg equation.  Diagnostic Tests – Sensitivity and Specificity, ROC Curves, calculations of prevalence.  
Unit V

Simple correlation – correlation coefficient. Regression – simple linear regression.  Basic idea of significance test – hypothesis testing, level of significance.

References

1. Jeffrey A. Witmer Myra L., (2002), Statistics for the Life Sciences, Third Edition, Prentice Hall.

2. Marcello Pagano  Kimberlee Gauvreau, (2000), Principles of Biostatistics, Second Edition, Brooks Cole.

3. Stanton A. Glantz, (2001), Primer of Biostatistics, McGraw-Hill

4. Bernard Rosner, (1999), Fundamentals of Biostatistics, Duxbury Press

5. Beth Dawson  Robert G. Trapp  Beth Dawson  Robert Trapp, (2004), Basic & Clinical Biostatistics (LANGE Basic Science), McGraw-Hill.

6. Harvey Motulsky, (1995), Intuitive Biostatistics, Oxford University Press.

♣♣♣♣♣♣♣♣♣♣
II YEAR – III SEMESTER
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CORE COURSE X – INDUSTRIAL MICROBIOLOGY

Unit I

Introduction to Industrial Microbiology, Isolation, cultivation, preservation and improvement of industrially important microorganisms. Screening methods for industrial microbes – detection and assay of fermentation products – classification of fermentation types – Substrates for fermentation. Mutation and recombinant DNA techniques for strain development. 
Unit II

Fermentors: Basic functions, design and components – asepsis and containment requirements – Body construction and temperature control – aeration and agitation systems – sterilization of fermentor, air supply and medium; aseptic inoculation methods – sampling methods, valve systems – Monitoring and control devices. Types of fermentors.

Unit III

Fermentation: Microbial growth kinetics, Measurement of growth (cell number, direct and indirect methods)  growth and nutrient, growth and product formation, heat evolution, effect of environment (temperature, pH, high nutrient  concentration) media formulation, bioprocess kinetics of growth and substrate utilization in Batch, Fed batch and Continuous system.

Unit IV

Production of Fermentative products: Microbial production of Antibiotics (Penicillin, Streptomycin), Enzymes (Protease and Amylase) Organic acids (Citric acid and Acetic acid), Vitamins (B12, B2), Amino acids (Glutamic acid and Lysine), Ergot Alkaloids: Alcohol, Beer, Wine – Exopolysaccharides – Food and Dairy products: Cream, Yoghurt, Kafir, Kumiss, acidophilus milk and cheese – Single cell protein and food. 
Unit V

Downstream Processing: Recovery and purification of fermentation products – Removal of microbial cells and other solid materials, foam separation, Precipitation, Filtration, Centrifugation, Cell Disruption – Physical, Chemical methods, Extractors, Chromatography, Membrane process, Drying, Crystallization and Whole broth processing.
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CORE COURSE XI – MEDICAL MICROBIOLOGY

Unit I

History, Koch Postulates, Normal Microbial flora, Host Parasite Interactions – The process of infection, Infections – source and types, Modes of Transmission,  Microbial Virulence factors,  General approaches to clinical specimens, collection and transport of specimens for microbiological examination, Infective syndromes, Strategy of Antimicrobial Chemotherapy, Epidemiology and control of community infections.

Unit II

Morphology, Culture characters, Pathogenicity, Laboratory diagnosis, control and Treatment of following organisms. Staphylococci, Streptococci, Pneumococcus, Neisseriae gonnoroae, Corynebacteria, Mycobacteria tuberculosis, Clostridia, Bacillus and non – spore forming Anaerobes.

Unit III

Morphology, Culture characters, Pathogenicity, Laboratory diagnosis, control and Treatment of following organisms.  Escherichia, Klebsiella, Proteus, Salmonella, Shigella, Vibrios, Pseudomonas, Campylobacter, Helicobacter and Legionella. Brucella, Bordetella, Yersinia, Haemophilus, Listeria and Spirocheates – Rickettsiae, Chlamydiae, Mycoplasma and Actinomycetes.

Unit IV

Superficial Mycoses, Cutaneous Mycoses, Subcutaneous Mycoses, Systemic mycosis, Opportunistic Mycoses, Mycotoxicosis. Mechanism of pathogenesis and lab diagnosis of Protozoology – Intestinal, Blood and Tissue Protozoa.

Unit V

Influenza, Measles, Mumps, Chicken pox, Hepatitis A, B, C, D & E, Poliomyelitis, AIDS, Human Papilloma virus, Rabies, Yellow fever, Dengue and Japanese Encephalitis, SARS,  Swine Flu. Hospital acquired infections, Common type of Hospital infections, their diagnosis and control – Hospital waste disposal.
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CORE COURSE XII – RECOMBINANT DNA TECHNOLOGY
Unit I

Enzymes using in rDNA technology: Restriction enzymes, DNA Polymerase, Polynucleotide kinase, T4 DNA ligase, Terminal deoxynucleotidyl transferase, Reverse Transcriptase, Nucleases: Bal 31, S1 nucleases, DNase I, Ribonucleases, EXO III. Thermostable DNA Polymerases used in PCR.
Unit II

Cloning vectors and their applications: a) Plasmids b) Bacteriophage – Lambda and M13 vectors c) Cosmids d) Phagemids e) Ti Plasmid Specialized vectors & their uses 
a) Expression vectors for Prokaryotes & Eukaryotes b) Gene fusion vectors c) Artificial chromosomes – BAC, PAC, YAC, MAC and HAC.

Unit III

Principles of gene cloning: Use of adapters & linkers in cloning – Shotgun cloning – Construction of genomic and cDNA libraries – screening of recombinants – alpha complementation – antibody screening – Labeling of nucleic acids – colony hybridization – southern hybridization – Western Blot – Northern Blot. DNA fingerprinting, footprinting, zoo blot, chromosome jumping, chromosome walking.

Unit IV

PCR: Basic process – PCR Primer designing – optimization of PCR reactions – Variations in PCR (Asymmetric PCR / Nested PCR / Inverse PCR, RT PCR, RACE, Reverse Transe PCR)– RAPD – Multiplex PCR – AFLP – Applications of PCR in medicine, agriculture and forensic science. DNA sequencing – enzymatic and chemical methods – Automated DNA sequencing – cycle sequencing. Site – directed mutagenesis – oligo and PCR mediated.

Unit V

DNA chips and microarray gene screen technology, site directed mutagenesis, cell culture based techniques, Genetic diagnosis, Applications in medical field biology, transgenic plants and animals, Recombinant vaccines development, Gene therapy, molecular basis of genetic diseases, genetic counseling.
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CORE COURSE XIII – LAB COURSE IN INDUSTRIAL MICROBIOLOGY MEDICAL Microbiology and rdna technology
Industrial Microiology
1. Wine production – Alcohol Estimation, Sugar Estimation.

2. Production and Quantification of 

(i) Alcohol

(ii) Citric acid

(iii) Protease

(iv) Amylase

(v) Lipase

3. Immobilization technique (sodium alginate method)

Medical Microbiology

1. Collection and transport of clinical specimens from sputum, pus, urine, faeces, blood and CSF.

2. Culture techniques for sputum, pus, urine, faeces, blood and CSF.

3. Biochemical identification of pathogenic bacteria from clinical specimens.

4. Staphylococcus sp., Escherichia sp.,Vibrio sp., Streptococcus sp., Klebsiella sp., 
Pseudomonas

           Proteus sp.,   Shigella sp.,  Salmonella sp.,  Bacillus sp.,    
a) Parasitology

1. Examination of parasites in clinical specimens – Ova / cysts in faeces – Direct and concentration methods – formal ether and zinc sulphate methods – Saturated saline technique.

Entamoeba coli  b)Entamoeba histolytica  c)Giardia intestinalis

2. Blood smear examination for malarial parasites.

b) Mycology
1. Collection and transport of clinical specimens, Direct microscopy: KOH and Lactophenol cotton blue preparations for skin scrapings.
2. Isolation and identification of fungal pathogens from clinical specimens, their biochemical and specific identification tests.

Clinical specimens                                              Fungi
1) Nail/Skin scraping 

– 
Dermatophytes.

2) Corneal scraping


–
Aspergillus sp., Fusarium sp.,
3) Blood



–
Candida sp.,
4) Urine



–
Candida sp.,



-

C)      Virology
A.  Staining of some viral inclusion bodies.

i) Rabies – Negri bodies. 
ii) CPE stained smears.
      B.  Viral cultivation methods.

i) Egg inoculation (All routes) techniques.

ii) Animal Tissue culture (Demonstration).

rDNA Technology
1. Isolation of plasmid and chromosomal (bacterial) DNA.
2. Quality and quantity checking of DNA by UV Spectrophotometer and Submarine agarose gel electrophoresis.
3. Selection of recombinants by blue white selection

4. PCR amplification .

5. RAPD and RFLP.
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Elective course IV (A) – Molecular taxonomy and phylogeny

Unit I 
Introduction to Microbial taxonomy: Morphological taxonomy, Biochemical taxonomy and Molecular taxonomy. Numerical taxonomy, positive and negative aspects of each taxonomical methods. Morphological phylogeny

Unit II

Chemotaxonomy: Fatty acid; protein fingerprinting, Isozyme typing, pigments & polyamines. Biochemical phylogeny, Molecular Taxonomy – G + C content, DNA – DNA hybridization, plasmid profiles, RFLP, RAPD, STRR & LTRR, Rep – PCR, rRNA based fingerprinting methods
Unit III

Types of rRNA, 16S rRNA &5S rRNA. Importance of 16S rRNA in microbial identification and taxonomy. Methods of 16S rRNA / rDNA fingerprinting – Isolation of rRNA, RT-PCR, Isolation of DNA, amplication of 16S rDNA using PCR, Sequencing of 16S rDNA using chain termination method.

Unit IV

Submission of rDNA sequences in GenBank – Bankit & Sequin guidelines, NCBI, EMBL & DDBJ retrieving sequences, RNA structure prediction, Restriction enzyme patterns. Ribosomal Database project – Designing primers and probes. Sequence comparison, alignment and data base searching – ClustalW, FASTA & BLAST, DNA barcoding.

Unit V

Introduction to molecular phylogeny: Tree terminology, Software programs for making phylogenetic trees – MEGA, PHYLIP, Genetic Distance based RAPD, Cladogram, additive trees and ultrametric trees, rooted and unrooted trees and tree shapes.
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Elective course IV (B) – BIOFERTILIZER AND BIOMANURE TECHNOLOGY

Unit I 

Introduction – History, importance and present status of different types of fertilizers and their application to crop plants. Biological fixation of nitrogen; Natural cycles associated with microorganisms – Carbon, nitrogen, phosphorus and sulphur.
Unit II

Cyanobacterial Biofertilizers – Nostoc, Anabaena, Gloeocaps and Scytonema as biofertilizers; Symbiotic association with Azolla; Multiplication of blue green algae and their effect on agricultural (rice) yields. Bacterial Biofertilizers; Free living forms – Azatobacter, Azospirillum; Symbiotic forms – Rhizobium; Legume Association; Pseudomonas; Non-legume association.
Unit III 

Fungal Biofertilizers – Ectomycorrhizal association with pines; Vescicular arbuscular mycorrizal association (VAM) – Glomus sp., Actimomycetes as Biofertilizers – Actinomycetes associations – Frankia sp.,
Unit IV 

Biomanures – A general account of manures – Moulds; Composts – Farm yard manure, oil seed cakes, castor and neem; Green leaf manures – Glyciridia, Sesbania and Crotalaria; Agro-industrial wastes – Poultry manure and saw-dust; Compost; Vermi and microbial compost – Pure culture techniques, consortium; Types of compost pits; Biodegradation of organic components.
Unit V 

Application of biofertilizers and biomanures – A combination of biofertilizer and manure applications with reference to soil, seed and leaf sprays. Laboratory and field application; Cost-benefit analysis of biofertilizer and biomanure production. 
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Elective course V (A) – DISEASE DIAGNOSIS TECHNOLOGY
Unit I 

General Laboratory Techniques and procedures: Chemicals and related substance, general laboratory supplies, volumetric equipments and its calibration, centrifuges, balances and weighing. Specimen collection and processing: Collection and preservation of blood and urine, sources of biological variations, pre-analytical variables.
Unit II 

Laboratory diagnosis of Bacterial diseases:  Procedure for detection of pathogens, Detection of bacterial infections, Morphological identification, Antigen detection, Detection of bacterial nucleic acid, Serological diagnosis – Widal’s test, Latex agglutination, complement fixation, Neutralization test, ELISA, Radio immune assay, Western blot analysis.
Unit III 
Laboratory diagnosis of viral infections:  Collection and transport of samples – Demonstration of egg inoculation techniques, cell culture, cytopathic effect, plaque assay, serological tests (complement fixation, haemagglutination inhibition, neutralization, ELISA).
Unit IV 
Laboratory diagnosis of fungal infections: – Collection and transport of specimens –  KOH preparation, India ink preparation for direct demonstration – Sabouraud’s dextrose agar/media – Lactophenol cotton blue for identification – Latex agglutination test. 
Unit V

Laboratory diagnosis of parasite infections: Preparation, staining and examination of peripheral blood smear for malarial parasite — Identification of various species and stages — Thick smear — Demonstration of vector and newer methods.  Laboratory diagnosis of leishmaniasis — Sample collection — Demonstration of LD bodies — Demonstration of vector, culture methods and serological tests — Revision of peripheral blood smear examination.
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ELECTIVE COURSE V (B) – ENTREPRENEURSHIP IN MICROBIOLOGY
Unit I 

Evolution of the concept of entrepreneur – Entrepreneurship: Definitions – concept of Entrepreneurship, development – need – role of resource, talent and spirit – process of Entrepreneurship to socio-economic gains.

Unit II 

Institutions and schemes of Government of India – Schemes and programmes, Department of Science and Technology schemes, Nationalized banks – other financial institutions – SIDBI, NSIC, NABARD, IDBI, IFCI and ICICI.

Unit III 

Skills for entrepreneurs – Communication skills, problem solving skills; Business plan development; Market need – Market research, SWOT analysis, identifying competitors. Financial plan – Financial support for business, business insurance, Marketing – Mix-product, distribution, price, promotion and market goal setting.

Unit IV 

Project – idea generation – Sources of idea generation – Trade Fairs and Exhibitions – Project identification – classification – project formulation – project appraisal. Composting of domestic, agricultural and industrial wastes, vermicomposting. SCP production; Mushroom cultivation.

Unit V 

Biofertilizers and biopesticides. Production of teaching kits (plasmid DNA isolation, serum electrophoresis) and diagnostic kits (WIDAL test kits, ABO blood grouping kits).
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