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Krishna University, Machilipatnam

Course structure and syllabus

M.Sc., Biotechnology (2-years Course)
SEMESTER-I
	Paper Code
	Title of the Paper
	No of  hrs/week
	Core/

Elective
	Marks
	No. of Credits

	
	
	
	
	External
	Internal
	

	Theory

	BT 101 
	Genetics & Cell Biology
	4
	Core
	70
	30
	4

	BT 102
	Biomolecules
	4
	Core 
	70
	30
	4

	BT 103 
	Tools and Techniques in Biology
	4
	Core 
	70
	30
	4

	IBT 104
	Enzymology
	4
	Core 
	70
	30
	4

	IBT 105 
	Microbiology
	4
	Core 
	70
	30
	4

	Practicals

	BT106 
	Biomolecules, Tools and Techniques in Biology
	8
	Core 
	70
	30
	4

	BT107 
	Enzymology and Microbiology, genetics & cell biology
	8
	Core 
	70
	30
	4

	
	TOTAL
	36
	
	
	
	28


SEMESTER-II

	Paper Code
	Title of the Paper
	No of  hrs/week
	Core/

Elective
	Marks
	No. of Credits

	
	
	
	
	External
	Internal
	

	Theory

	BT201
	Molecular Biology
	4
	Core
	70
	30
	4

	BT202
	Molecular Virology
	4
	Core 
	70
	30
	4

	BT203
	Intermediary Metabolism
	4
	Core 
	70
	30
	4

	BT204
	Biostatistics & Bioinformatics
	4
	Core 
	70
	30
	4

	BT205
	Developmental Biology
	4
	Core 
	70
	30
	4

	Practical

	BT206
	Molecular Biology & Biostatistics and Bioinformatics
	8
	Core
	70
	30
	4

	BT207
	Intermediary Metabolism, Molecular Virology, and Developmental Biology
	8
	Core 
	70
	30
	4

	
	TOTAL
	36
	
	
	
	28


SEMESTER-III
	Paper Code
	Title of the Paper
	No of  hrs/week
	Core/

Elective
	Marks
	No. of Credits

	
	
	
	
	External
	Internal
	

	Theory

	BT 301 
	Genetic Engineering
	4
	Core
	70
	30
	4

	BT 302 


	Food & Environmental Biotechnology
	4
	Core
	70


	30


	4

	BT 303 


	Immunology & Immunotechnology
	4
	Core
	70


	30


	4

	BT 304
	Genomics and Proteomics
	4
	Core
	70


	30


	4

	BT 305
	Bioprocess engineering technology
	4
	Core
	70


	30


	4

	Practical

	BT 306 
	Genetic Engineering, Food & environmental Biotechnology
	8
	Core
	70
	30
	4

	BT 307 
	Immunology & Immunotechnology, Genomics and proteomincs, Bioprocess engineering technology
	8
	Core
	70
	30
	4

	
	TOTAL
	36
	
	
	
	28


SEMESTER-IV
	Paper Code
	Title of the Paper
	No of  hrs/week
	Core/

Elective
	Marks
	No. of Credits

	
	
	
	
	External
	Internal
	

	Theory

	BT 401 
	IPR, Bioethics, Biosafety and Research Methodology
	4
	Core
	70
	30
	4

	BT 402
	Animal Biotechnology
	4
	Core
	70
	30
	4

	BT 403 
	Plant Biotechnology
	4
	Core
	70
	30
	4

	BT 404 
	IPR, Bioethics, Biosafety and Research Methodology, Animal Biotechnology, Plant Biotechnology
	4
	Core
	70
	30
	4

	BT 404 
	Project Work
	19
	
	200
	
	8

	
	Seminar
	1
	
	
	50
	2

	
	Viva-Voce
	
	
	50
	
	2

	
	TOTAL
	36
	
	
	
	28


BT-101: GENETICS & CELL BIOLOGY
UNIT-I: Monohybrid and Dihybrid cross. Sex Chromosomes and sex determination. Sex-linked inheritance. Linkage and crossing over. Recombination frequency. Evidence to prove DNA and RNA as genetic material. Gene as a unit of expression. Colinearity of gene and polypeptide. Modern concept of gene. Fine structure and analysis of  rII locus of T4 bacteriophage- Establishment of recon, muton and cistron.
UNIT-II: Genetic recombination in bacteria. Models (Break-join, Copy-choice, Break-copy) Role of rec proteins. Transformation, Transduction (generalized, specialized and abortive) and Conjugation (F+ and F-, F’ and F- and Hfr and F-). Mapping of bacterial chromosome by transformation, conjugation and transduction.

UNIT-III: Prokaryotic and eukaryotic cell. Structure and function of plasma membrane, endoplasmic reticulum, Golgi apparatus, lysosomes, peroxisomes, mitochondria and chloroplast.
UNIT-IV:  Nucleus – Ultrastructure of nucleus and nuclear envelope. Organisation of eukaryotic chromosome. Euchromatin and heterochromatin (constitutive and facultative). Nucleolus. Polytene and Lampbrush chromosomes. Cell cycle – Overview of eukaryotic cell cycle, regulation of cell cycle by cell growth and extra cellular signals. Cell cycle check points. Regulators of cell cycle progression – MPF, cyclins and cyclin-dependent kinases. Cell differentiation. Cell death and proliferation – Apoptosis: definition, mechanism and significance. Necrosis. Brief account of biology of cancer.

UNIT-V:  Cell Communication – General principles: Cell surface receptors (ion channel-linked, G-protein-linked and enzyme-linked receptors) and intracellular receptors. Forms of intracellular signaling – Autocrine, paracrine, contact-dependent, synaptic and endocrine signaling. Response of cell to signals. Intracellular signaling proteins: Types and their role. Second messengers – cAMP pathway and role of calcium.   Extracellular matrix, cell-matrix interactions.  Cell-cell interactions – Adhesion junctions, tight junctions, gap junctions. Electrical coupling, connexon, factor-mediating cell-self recognition (aggregation factor). Cytoskeleton – Structure and functions of microtubules, microfilaments and intermediary filaments. Structure of microvillus.
PRACTICALS 
1. Demonstration of chromosomal (structural and numerical) aberrations
2. Effect of colchicine on chromosomes

3. Demonstration of Mendelian laws using color marbles or beads

4. Evaluation of segregation and random assortment using Chi square test or test of fitness.

5. Construction of genetic maps based on Problems in two and three factor crosses  
6. Preparation of cytological studies for identification of stages of mitosis using root tips

7. Examination of cells isolated from chick epithelium 

8. Demonstration of chromosomal (structural and numerical) aberrations

9. Study of polytene chromosomes

10. Karyotypic study

BOOKS RECOMMENDED

1. The Cell-a molecular approach.  Cooper Geoffrey, M. 2000. 2nd Edn. ASM Press. Washington.

2. Molecular biology of the cell. Alberts A et al. 1994. Garland Publ.New York

3. Cell and Molecular Biology. De Robertis EDP & EMF De Robertis. 2001. Lippincott Williams & Wilkins. Bombay.

4. World of the Cell. Becker, Kleinsmith, Hardish. 6th Edn.

5. Molecular Cell Biology. Harvey Lodish, Arnold Berk, Chris A. Kaiser, Mathew P.Scott. 2007. Ploegh and Paul Matsudaria.  6th Edn.

6. Chromosome techniques: Theory and Practice. Sharma AK and A Sharma. 1980. Butterworth.

7. Molecular Biology. Freifelder D. 1990. Narosa publication house, New Delhi

8. Principles of Genetics. Gardner E J & D P Snustad. 1996. John Willey, New York.

9. Genetics. Sambamurthy, AVSS. 1999. Narosa publ. New Delhi.

10. Principles of Genetics.  Sinnot EW., LC Dunn & T Dobzhansky 1958. McGraw Hill, New York.

11. Theory & Problems in Genetics. Stansfield WD 1991. McGraw Hill, New York.

12. Genetics. Strickberger MW 1996. 3rd Edn. McMillan, New York.

13. Genetics. Winchester AM. 1967. Oxford & IBH,. New Delhi.

14. Microbial Genetics. Stanley R. Maloy, John E. Cronan and David Freifelder, 1994. Jones &  Bartlett Publishers, UK.

15. Genetics. A Conceptual Approach. Benjamin. A Pierce.2006. 2nd Edn. Freeman

16. Principles of Genetics. Eldon John Gardner, Michael J. Simmons, D. Peter Snustad. 2004. 8th  Edn. Wiley,  New York.

BT – 102: BIOMOLECULES
UNIT - I: Definition and Classification of carbohydrates, reactions of monosaccharides, acid derivates of  monosaccharides, Amino sugars, disaccharides, oligo saccharide, mucopolysaccharide, bacterial cell polysaccharides, lectins, glycoproteins.

UNIT – II: Classification, structure and physico-chemical properties of amino acids, stereoisomerism, chemical reactions of amino acids and chemical procedures affecting amino acid side chain..

Peptides: Structure and confirmation of peptide bond; Peptide synthesis - reactive ester method and modified Merrifield solid phase peptide synthesis. Non-ribosomal peptide synthesis - glutathione cyclic antibiotics (gramicidin). Identification of peptide sequence – protease treatment, site directed mutagenesis.

UNIT - III: Classification and biological functions of proteins (Eg: Hemoglobin, Myoglobin). Structural organization of proteins - primary, secondary, tertiary and quaternary structure of proteins. Protein folding and significance. Ramachandran plot.        

UNIT – IV: Classification, physical and chemical properties of fatty acids. Characterization of natural fats, oils structure and biological role of triacyl  glycerol, phospholipids, sphingolipids, prostagladins, thromboxanes, leukotrienes, and steroids.Lipids as signaling molecules.

Porphyrins: Structure and function of porphyrin, protoporphyrin, cytochrome, heme, chlorophylls.

UNIT V: Structure of purines and pyrimidines, modified bases. Structure of DNA (Primary, Secondary and Teritary). Structure of RNA: mRNA, tRNA, rRNA (Primary, Secondary and Teritary). Physico-chemical properties of nucleic acids, denaturation, hyper chromic effect, Tm, kinetics of reassociation, cot values.
PRACTICALS
1. Titration of Amino acids  

2. Colorimetric determination of pKa

3. Model building using space, filling/ball and stick models

4. Reactions of amino acids, sugars and lipids, including diagnostic tests 

5. isolation, purity determination and quantization of cholesterol DNA and RNA

6. Quantization of proteins and sugars 

7. Analysis of oils-iodine number, sopanification value and acid number 
BOOKS  RECOMMENDED

1.  Textbook of Biochemistry. West and Todd. 1968. MacMillan.

2.  Principles of Biochemistry. A. L. Lehninger. 1993. Nelson and Cox. C. B.S., India.

3.  Principles of Biochemistry General Aspects. Smith et al,. 1983. McGraw hill

4.  Biochemistry. Donald Voet and Judith Voet. 2nd Edn.

5.  Biochemistry. Jeremy M. Berg, John L. Tymcozko and Lubert Stryer 2002. 5th Edn. Freeman.

6.  Textbook of Biochemistry with Clinical Correlation.  Thomas M. Devlin. 4th Edn

7.  Biochemistry. Zubay

8.  Nucleic acid Biochemistry and Molecular Biology by Main Waring et al., Blackwell.

9.  Biochemistry, 2nd  Edn. by Albert L. Lehninger. 1978. Kalyani Publishers, New Delhi

10. Biochemical calculations, Irwin H. Segel, John Wiley and sons Inc. 

11. Organic Chemistry, D.J. Cram and GS Hammon

12. Biochemistry. Reginald A. Garret, Charles M. Grisham.1995. National Academy of Sciences, USA. 2nd Edn.

13. Biochemistry. Mathews

14. Biochemistry. B.D. Hames, N.M. Hooper 

15. Practical Biochemistry. Wilson and Walker

BT-103: TOOLS  AND  TECHNIQUES  IN BIOLOGY

UNIT-I: Measurement of pH, biochemical buffers, selection of biochemical buffer, oxygen electrode and biosensors. 
Cell disruption methods:  French press, sonication, freeze-thaw techniques, enzymatic method, use of liquid nitrogen in cell disruption.  

Basic principles of sedimentation, types of centrifuges and rotors.  Preparative ultracentrifugation - differential centrifugation, density-gradient, analytical ultracentrifugation and applications.  

UNIT-II: General principles and definitions. Methods based on polarity – Partition chromatography (Paper chromatography), adsorption chromatography (thin-layer chromatography), gas-liquid chromatography, reverse phase liquid chromatography. Methods based on size -  Principle of Gel filtration, methodology and applications.  Dialysis, ultra filtration, lyophilization.  Methods based on affinity – Principle of Affinity chromatography, methodology and applications (purification of proteins, nucleic acids). High-performance liquid chromatography – Principle, instrumentation, practical procedure and applications.  Ion-exchange chromatography – Principle, ion exchangers, methodology, pH and salt gradients for elution of proteins, amino acids and nucleotides.  Amino acid analyzer.

UNIT-III: General principles and definitions. PAGE – Native-PAGE, SDS-PAGE, Isoelectricfocusing, 2D and capillary electrophoresis.  Agarose gel electrophoresis - Preparation, separation and determination of molecular size of DNA, denaturing agarose gel electrophoresis and their applications, recovery of DNA from agarose gels.  Pulse-field gel electrophoresis – principle, methodology and applications in separation of large DNA fragment.  

UNIT-IV: Electromagnetic spectrum of light, simple theory of absorption of light by molecules, Beer-Lambert law. UV-visible spectrophotomety, infrared Spectroscopy, Raman Spectroscopy, fluorescence Spectroscopy, flame photometry, atomic absorption, plasma emission, mass, ESR and NMR spectrophotometry. Optical rotatory dispersion (ORD) and Circular Dichroism (CD), X-ray diffraction and X-ray crystallography.

UNIT-V: Nature and types of radioactivity, decay units, preparation of labeled biological compounds, detection and measurement of radioactivity (GM counter, seintillation counter, Cerenkov radiation, autoradiography, gama-ray counter), quench correction. Biological uses of radioisotopes, safety measures in handling radio-isotopes. 

PRACTICALS 
1. Preparation of buffers and measurement of pH  

2. Separation and identification of amino acids/plant pigments by paper chromatography.

3. Separation and identification of sugars by TLC.

4. Separation of amino acids by Ion-exchange chromatography.

5. Separation of proteins by Gel filtration

6. Absorption spectra of amino acids, Proteins and nucleic acids

7. Verification of Beer’s law.

8. Determination of molar extinction coefficient of p-nitrophenol.

9. Dialysis.

10. HPLC demonstration

11. Separation of proteins by SDS-PAGE

12. Separation of DNA by agarose gel electrophorosis

13. Isolation and spectrophotometric characterization of plant pigments

14. Isolation of mitochondria  by density gradient centrifugation

BOOKS RECOMMENDED

1.   Separation methods in biochemistry by S.J. Morris and P. Morris (Pitman) 

2.   The tools of Biochemistry by Terrance G. Cooper (Wiley)

3.   Biochemical research technique (A practical introduction by Ed. John M. Wriggles  

      Worth
4.   Analytical biochemistry by David J. Holmes and Hazel peck

5.   A Biologist's guide to principles and techniques of practical biochemistry, 2nd edition Ed. by BL.   Williams and K. Wilson (Edward Arnold)

6.   Biophysical chemistry D. Freifelder, W.H. Freeman

7    Experimental techiniques in biochemistry by Drewer Pesec, AJ. And As worth,                     

       R.B.        

8.  Principles of Physical Biochemistry by K.E.  Vanholdem W.C. Johnson, P.S. Ho,     

     (Prentice   Hall), 1998. 

9.   Manometer and biochemical techniques by W.W Umbrit and R.H. Burris (Burgens

10. The determination of Molecular Structure by P.J. Wheatly (Oxford Clarenders press) 1968

11. Molecular Biophysics – R.B. Setlow and E.C. Pollard (Addison Wiley publishing Co. USA)1962

12. Biophysics – Edited by W. Hoppe, W. Lehman Hi. Maskal and H. Ziegler (Springer  verlag, Berlin) 1983

13. Practical biochemistry: Principles & Techniques – Edited by Wilson & Walker,     Cambridge Univ. Press, New York) 1986.

14. Biological Spectroscopy by Iain D. Campbell and Raymond A. Dwek, the       Benjamin/Cumming Pub. Co., California, London.

15. Biophysical Chemistry by C.R. Cantor and P.R. Schimmel, W.H. Freeman & Co.,  NY.

16. Introduction to Biophysical Methods for Protein and Nucleic Acid Research, Ed. J.A. Glasel and M.P. Deutscher, (Academics Press), 1995.

BT-104: ENZYMOLOGY

UNIT-I: Catalytic power, specificity, holoenzymes, apoenzyme, coenzyme and cofactor. Nomenclature and classification of enzymes, active site- Fischer and Koshland models. Collision theory, activation energy and transition state energy, the law of mass action and order reaction.

UNIT-II: Kinetics of single substrate enzyme catalysed reaction, equilibrium steady state assumption (Michaelis-Menten), transformation of Michaelis Menten equation, Lineweaver Burk, Eadie-Hofstee, Hanes plots. Determination of Vmax, Km, Kcat  and their significance. Effect of pH, temperature, enzyme and substrate concentration on enzyme activity. Single displacement and Double displacement reaction.

UNIT-III: Reversible inhibition- competitive, uncompetitive and non competitive inhibition, allosteric and irreversible inhibitions. Assay of enzymes: Coupled kinetic assay, units of enzyme activity (IU), Turnover number, purification of enzymes and criteria of purity.

UNIT-IV: Tapping the enzyme substrate complex, use of substrate analogues, enzyme modifications by chemical procedures affecting aminoacid chain, treatment with protease, Factors contributing to the catalytic efficiency-proximity and orientation, covalent catalysis, acid-base catalysis, metal ion catalysis. Mechanisms of enzymes action-lysozyme, chymotrypsin and ribonuclease.

UNIT-V: Structure and functions of vitamin coenzymes, enzyme regulation, feed back inhibition, allosteric kinetics(ATCase), cooperativity, symmetry and sequential models. Isoenzymes (LDH) Multi-enzyme complex (PDH complex), Ribozymes (catalytic RNA) Abzymes (catalytic antibodies), immobilized enzymes and applications.

PRACTICALS 

1. Assay of chymotrypsin and trypsin.

2. Isolation and partial purification of enzymes,  amylases and cellulases. 

3. Localization of enzymes – mitochondrial (SDH) and cytosolic (GSH) 

4. Determination of characteristics of enzyme-catalyzed reaction (Vmax and Km). 

5. Effect of temperature and pH on the rate of enzyme catalysed reaction.

6. Effect of inhibitors/activators on enzyme catalyzed reactions.

7. Immobilization of enzymes.  

BOOKS RECOMMENDED

1. Principles of Biochemistry general aspects 1983- Smith et al McGraw Hill.

2. Principles of Biochemistry, 2001, nelson & Cox, CBS India.

3. Biochemistry, Leninger, A.H.

4. Text book of Biochemistry, West,E.S., Todd, Manson & Vanbruggen. Macmillon.

5. Organic chemistry, I.L.Finar, ELBS, 1985.

6. Biochemistry, Zubay,C.Addison. Wesley 1986.

7. Biochemistry of Nucleic acides, Adams.e.T.Al. Chapmann and Hall, 1986

BT-105: GENERAL MICROBIOLOGY

UNIT-I: Cell structure of prokaryotic and eukaryotic cell. Principles of bacterial taxonomy, classification of Bacteria and general characteristics of each group including Rickettsia, Mycoplasma, Chlamydia, and Actinomycids. Characteristics of archeabacteria and fungi (Yeast, Dermatophytes, and opportunistic pathogens), Algae protozoa (Entamoeba and Plasmodium).

UNIT–II: Structure and function of variants (capsule, Flagellum, Cilia, Endospore, inclusion bodies and Plasmids), Invariants (Cell wall, Cell membrane, Nucleoid, and Ribosomes) components.

UNIT–III: Classification, Nomenclature of RNA and DNA Viruses, General Characteristics of  TMV, Lambda Phage and HIV, general steps in replication of viruses, General Methods of Cultivation, Purification, detection and quantification of bacterial, animals and plant virus, Prions and Virusoids, Viroids, satellite and defective virus practices .

UNIT–IV: Sterilization and disinfection – Physical and Chemical methods. Isolation of pure Cultures, Cultivation of aerobic and anaerobic microbes. Media for growth of microorganisms (bacteria, Fungi, algae). Preservation and maintenance of cultures. Principle and applications of microscopy in microbiology- Bright field, Dark field Microscopy. Methods of identification of bacteria.

UNIT–IV: Nutritional groups of Bacteria (autotrophs and heterotrophs) Nutritional mutants and their use in metabolic studies. Growth cycle of bacteria, Estimation of bacterial growth, factors influencing growth (physical and Chemical), synchronous culture and continuous growth of microbes.

PRACTICALS
1. Sterilization techniques- Autoclaving, Heat sterilization, filtration, UV-irradiation and chemical.

2. Preparation of media.

3. Staining techniques in bacteria- Simple, and Capsule, Flagella.

4. Isolation and Cultivation of pure cultures. 

5. Techniques of maintenance of stock cultures.

6. Anaerobic culture of bacteria.

7. Testing the efficiency of disinfectant action, dettol Phenol (reidel-walker test).

8. Growth curve and generation time of bacteria.

9. Detection of extra cellular enzymes.

BOOKS RECOMMENDED
1. Stainer R.Y. Adelberg, E.A., Ingrham J.L. General Microbiology. 4th ed. Macmillan,  1976.

2. Davis, B.D. Dulbecco, R.Eisen, H.N., Ginsberg H.S Microbiology Harper & Row publishers 1980.

3. Pelczar, M.L.Chan, E.C.S. Krieg, N.R. Microbiology, Mc Graw-Hill Book Company, 1986.

4. Freeman B.A. Burrows Text book of Microbiology Saunders HB Company, 1985.

5. Joklik, W.K., Willet H.P., Amos, D.B. and Wilfert C.M. Zinssers Microbiology, 19th ed. Prentice- Hall International Inc. 1988.

6. Paul J. Vandemark, Barry L. Batzing th microbes. The Benjamin/ cummings publishing company, Inc.1987.

7. Lansing M. Prescott, John P.Harley, Donald. A.Kleein, Microbiology, 3rd edition brown publishers, 1996.

BT-201: MOLECULAR BIOLOGY

UNIT–I: Models of DNA replication Messelson and Stahl, Cairn’s experiments. Enzymes involved in DNA replication. Structures of oriC. Mechanism of formation of oriC open complex. Replication initiation – elongation - okazaki fragments synthesis and processing - Direction of replication fork movement and termination - Replicaton of single stranded DNA -ǾX174. Replication of bacteriophage lambda DNA (rolling circle). Replication of closed covalent circular DNA (θ model of DNA replication). Problems associated with replication of linear DNA molecules. DNA Replication in Eukaryotes-Histone dissociation- replication and reassociation. Fidelity of DNA replication and inhibitors of DNA replication

UNIT – II: Prokaryotic RNA polymerase-core enzyme and σ  factors: -σ 70, σ32 promoter elements.  Promotor polymerase interaction – DNAse protection method and Foot printing assays - Mapping of transcription start point (TSP). Upstream activating sequences and their role in regulation of transcription. Transcription elongation  - Transcription termination-Rho-independent and Rho dependent. Monocistronic and polycistronic mRNA.

Eukaryotic RNA polymerases - Structure and functions of RNA pol I, II and III dependent promoters. Enhancer sequences. Transcription factors - Processing of RNA (capping, tailing and splicing). Inhibitors of transcription.

UNIT III: Central dogma theory and flow of genetic information, Genetic code and its elucidation, Wobble hypothesis, Structure and composition of prokaryotic and eukaryotic ribosomes, Structures of mRNA and tRNA, Events of protein synthesis (amino acid activation, initiation, elongation and termination) in prokaryotes and eukaryotes, Post-translational modification of proteins, Inhibitors of translation. Protein trafficking - Concept of signal peptide- transport and membrane targeting of proteins - Sec pathway. Alternative protein transport mechanisms.

UNIT IV: Levels of control. Transcription factor domains and their role in regulation of gene expression: helix-turn-helix motif, zinc-finger motif, leucine-zipper and helix-loop-helix motif. Operon concept.Inducible and repressible systems. Regulation of gene expression in lac, ara and trp operon in E.coli. Regulation of nif gene expression in Klebsiella pneumonia and bacteriophage. Yeast gal genes. Steroid hormone induced gene expression. Gene expression as influenced by environmental factors.
UNIT V: DNA damage. Types of mutations, Mutagenic agents, Molecular bases of mutations, Mechanism of Mutagenesis, Transposon mutagenesis, Site-directed mutagenesis and it's applications. Evaluation of mutagens by Ames test and micro nuclei test.

Thymine dimer repair: Photo reactivation, Excision repair, Recombination and SOS repair mechanism, role of rec gene in DNA repair.

PRACTICALS

1. Isolation of genomic DNA from bacteria

2. Determination of purity of the isolated DNA by UV spectrophometry

3. Quantification of DNA by Diplhenylamine reagent
4. Thermal denaturation of DNA and demonstration of hyperchromic effect.

5. Isolation of RNA by Trizol methods. 

6. Estimation of RNA by orcinol reagent.

7. Determination of melting temperature (Tm) and estimation of GC content.

8. Isolation of plasmids from E.coli and separation of CCC, Open circular and linear forms of plasmids

9. Agarose gel electrophoresis – Separation and molecular size determination of DNA

10. Isolation and separation of proteins by SDS- PAGE

11. Western blot demonstration
12. Purification of DNAfragment from agarose gels

BOOKS RECOMMENDED

1. Molecular Biology of the Gene (4th Edn) JD Watson, NH Hopkins, JW Roberts,

JA Steitz and AM Weiner, The Bjnjamin/Cummings Publ, Co. Inc, California.

2. Molecular Cell Biology (2nd Edn) J. Darnell, H.Lodish and D. Baltimore,

Scientific American Books, Inc. USA 1994

3. Molecular Cloning: A Laboratory manual, J. Sambrook, E.Ffrisch and T.

Maniatis, Old Spring Harbor Laboratory Press New York, 2000

4. Introduction to Practical Molecular Biology, P.D. Dabre, John Wiley & Sons Ltd,

Molecular Biology, TA Brown (Ed) Bios Scientific Publishers Ltd.,Oxford, 1991

BT-202: MOLECULAR VIROLOGY
UNIT I: History and principles of virology, virus taxonomy, Structures of animal and plant viruses and morphology. 

Principles of biosafety, containment facilities, Maintenance and handling of laboratory animals and requirements of virological laboratory. 

UNIT II : Structure and Replication strategies of Bacteriophages (Lytic and Lysogenic cycle. (T7, λ, ФX174) and Plant Virus (ss RNA virus.TMV and ds DNA virus CaMV). 

Structure and Replication strategies of Animal virus (eg. Influenza virus and Adeno virus). 

UNIT –III: Viral Interference and Interferons. Nature and source of interferons, Classification of interferons. Induction of interferon.  

Antiviral agents (chemical and biological) and their mode of actions. 

UNIT  IV: Cultivation of viruses in embryonated egg, tissue culture and laboratory animals. Conventional vaccines-killed and attenuated. Modern vaccines—recombinant proteins, subunits, DNA vaccines, peptides, immunomodulators (cytokines), Vaccine delivery and adjuvants, large scale manufacturing.

UNIT  V: Methods for purification of viruses with special emphasis on ultracentrifugation methods. Quantitative Diagnostic methods – haemagglutination, Complement fixation, neutralization, Western blot, flowcytometry. 

Nucleic acid based diagnosis- polymerase chain reaction, microarray and nucleotide sequencing. Microscopic techniques - Fluorescence, confocal and electron microscopic  (SEM and TEM) techniques principles and applications.

Practicals

1. Egg inoculation technique

2. Isolation and propagation of TMV

3. Bacteriophage isolation

4. HIV detection by kit based method

RECOMMENDED BOOKS:
1. General Virology  by Luria and Darnel

2. Virology and Immunology by Jokli

3. Text book of Virology by Rhodes and Van Royen

4. Plant Virology  by Smith

5. Genetics of bacteria and their viruses  by W. Hayes

6. Molecular Biology of the gene by Watson, Roberts, Staitz and Weiner

7. A laboratgory guide in virology  by Chjarles H. Lunningham

8. Basic lab procedures in diagnostic virology  by Marty Cristensen

9. Review  of medical microbiology by Jawitz et al

10. Medical laboratory Manual for tropical countries Vol I & II by Monica Cheesbrough

11. Text Book of Microbiology by Ananthanarayanan and Jayaram Paniker

12. Viral and Ricketsial infections of Man by Horsfall and Jam

13. Text book of Virology by Rhodes and Van Royan

14. Virological Procedures by Mitchal hasking

15. Virologoy by Wilson and  Topley 

BT-203: Intermediary METABOLISM 

UNIT I: Glycolysis and its regulation. TCA cycle – function and regulation. Electron transport chain- Energy yield during aerobic and anaerobic conditions, Glyoxylate cycle, Gluconeogenesis and its regulation, HMP shunt and its significance. Glycogen metabolism and its regulation with special reference to phosphorylase and glycogen synthase. Cori cycle. 

UNIT II: General metabolic reactions of amino acids. Biosynthesis and regulation of branched chain amino acids, aromatic amino acids, histidine and methionine. Metabolic breakdown of individual amino acids. Ketogenic and glycogenic amino acids. Formation of creatinine, ammonia and urea. Regulation of urea cycle. Proteins turn over – Role of ubiquitin.

UNIT-III: Oxidation of fatty acids, Formation and utilization of ketone bodies. Biosynthesis of fatty acids and regulation. Metabolism of arachidonic acid – formation of prostaglandins, thromboxanes, leucotrienes. Biosynthesis of triglycerides. Metabolism of phospholipids, sphingolipids. Biosynthesis of cholesterol and its regulation, Formation of bile acids. Role of liver and adipose tissue in lipid metabolism. 

UNIT IV: Degradation of purines and pyrimidines and their regulation. Structure and regulation of ribonucleotide reductase. Biosynthesis of ribonucleotides, deoxyribonucleotides and polynucleotides. Inhibitors of nuclotide biosynthesis. Biosynthesis and degradation of heme. 

UNIT V: In born errors of Carbohydrate metabolism -Diabetis mellitus. Inborn errors of amino acid metabolism- Alkaptonuria. In born errors of lipid metabolism- Hyper and hypo cholesterelomia. In born errors of Nucleic acid metabolism – Gout syndrome.
PRACTICALS:

1. Reactions of amino acids and sugars
2. Isolation and estimation of glycogen from liver
3. Isolation and estimation of Cholesterol from brain
4. Estimation of proteins by Biuret, modified Lowry and Bradford method.
5. Estimation of amino acids by ninhydrin method.
6. Estimation of glucose by glucose oxidase method
7. Titration curve of an amino acid and calculation of pK and pI values.

RECOMMENDED BOOKS:
1. Principles of Biochemistry, White. A, Handler, P and Smith.
2. Biochemistry, Lehninger A.L.
3. Biochemistry, David E. Metzler.
4. Biochemistry, Lubert Stryer.
5. Review of physiological chemistry, Harold A. Harper.
6. Text of Biochemistry, West and Todd.
7. Outlines of Biochemistry, Conn and Stumpf.
8. Metabolic pathways – Greenberg.
9. Mitochondria, Munn.
10. Biochemistry, 2nd Edition, G. Zubay.

BT-204: BIOSTATISTICS AND BIOINFORMATICS
UNIT I: Population, Sample, variable, parameter, primary and secondary data, screening and representation of data. Frequency distribution, tabulation, bar diagram, histograms, pie diagram, cumulative frequency curves. Mean, median, mode, quartiles and percentiles, Measures of dispersion: range, variance, standard deviation, coefficient of variation, symmetry: measures of skewness and kurtosis. Sample space, events, equally likely events. Definition of probability (frequency approach), independent events. Addition and multiplication rules, conditional probability, Examples Bernoulli, Binomial, Poisson and Normal distributions. 

UNIT II: Use of random numbers to generate simple random samples with replacement and without replacement. Sampling distribution and standard deviation of sample mean. Stratified sampling and its advantages. Scatter plot, correlation coefficient (r), regression coefficient, coefficient of determination. Hypothesis, critical region, and error probabilities. Chi-square test for independence. P-value of the statistic. Confidence limits, Introduction to one way and two-way ANOVA. 
UNIT III: Introduction to Bioinformatics – Genomics and Proteomics. Bioinformatics – Online tools and offline tools. Biological databases. Types of data bases – Gen bank, Swiss port, EMBL, NCBL, and PDB. Database searching using BLAST and FASTA.

UNIT IV: Bioinformatics for genome sequencing; EST Clustering and analyses; Finding genes in prokaryotic and eukaryotic genomes: open reading frames, contents, signals; Regulatory sequence analysis: core and distal promoter sequences, transcription factor binding sites; Bioinformatics for Genome maps and markers; Bioinformatics for understanding Genome variation; Methods of sequence based protein prediction, Methods of Bioinformatics in support of Proteomic research 

UNIT V: Applications of Bioinformatics: Medical application of Bioinformatics. Structural biology - Homology modeling. Bioinformatics for micro array designing and transcriptional profiling; Bioinformatics for metabolic reconstruction; Bioinformatics for phylogenetic analysis

PRACTICALS

1. Searching Data from NCBI Database.

2. Searching structural data from PDB.

3. Genome Map viewer from NCBI.

4. Database search using BLAST.

5. Sequence alignments-clusture alignment
6. Sequence and structure visualization.
7. Measures of Central Tendency and Dispersion

8. Statistical Analysis using EXCEL & sigmastat. (Descriptive statistics and graphical presentation).
9. Sketching of pmf/pdf of Binomial, Poisson and Normal distributions.

10. Correlation and Regression Analysis

11. Simple random sampling and stratified sampling.

12. Hypotheses testing and confidence intervals.

13. Analysis of Variance.

14. DMR test

BOOKS RECOMMENDED:

1. Bioinformatics – D.Mount

2. Programming in C by Balaguru Swamy.

3. Introduction to Bioinformatics by Arthur M.Lesk, Oxford.

4. Biostatistics – Daniel. (Wiley).

5. Statistics by S.C.Gupta.

6. Statistical Methods by G.W.Snedecor & W.G.Cochran.

7. Fundamentals of Biostatistics – Khan & Khanum.

8. Let us C – Kanetkar.

9. Fundamentals of Biostatistics by U.B.Rastogi (Ame Books Ltd).

BT-205: DEVELOPMENTAL BIOLOGY

UNIT I: Introduction and overview of animal development; Developemntal control of gene expression, Cell signaling, Determining cell fate and cell commitment, Fertilization and cleavage, Gastrulation and Neurulation
UNIT II: Introduction and overview of plant development in Arabdopsis thalliana. Developmental stratagies of plants; gamete production in plants-gametophytes, microsporogenesis, megasporogenesis, pollination, fertilization; embryo development-embryogenesis, dormancy, germination, vegetative growth, development of root, shoot and leaf;  vegetative to reproductive transition; senescence; Plant’s response to environment.
UNIT III: Examples of induction and cell fate determination; Early inductive events in Xenopus:axis formation, early inductive events in Xenopus: the Nieuwkoop center and the organizer, neyral fate. Examples of determination of cell fate in the nervous system: the cerebral cortex, the retina. Consequences of Molecular evolution.

UNIT IV: Developmental genetics-I: Introduction to developmental genetics: approaches and techniques; Introduction to C.elegans; Developmental genetics in practice: studying events controlled by maternal transcripts & later signaling events using C.elegans; epistasis and mosaic analysis to determine gene products.
UNIT V: Developmental genetics-II: Developmental genetics in practice: studying early events in Drosophila development; axis formation, embryonic patterning, segmentation and segment identity in Drosophila. Limb development.

PRACTICALS:
1. Estimation of acid phosphatase levels in Tad pole tails

2. Types of anthers

3. Types of stigmas

4. Anther development in plants

5. Stages of megasporogenesis

6. Endosperm types

BT-301: GENETIC ENGINEERING

UNIT I: Isolation of gene/DNA fragments. Mechanical shearing, restriction digestion, cDNA synthesis, PCR amplification and chemical synthesis of gene. Outlines of bacterial restriction and modification systems – Classification of restriction enzymes - Type II restriction enzyme: Nomenclature, Production of DNA fragments with 3’ protruding ends and blunt ends and their significance in molecular cloning - RFLP and its significance. 

UNIT II: Properties of primers -Taq DNA polymerase, vent polymerase and their significance - Inverse, multiplex PCR, Real time PCR.  RAPD and its significance. Mechanism of cDNA synthesis, Strategies used to obtain full length cDNA. 5’ and 3’ RACE. Chemical synthesis - solid phase synthesis of oligonulceotides - Designing gene from amino acid sequence. 
UNIT III: Vectors for construction of genomic libraries: cosmids, bacterial artificial chromosomes (bacs), yeast artificial chromosomes (yacs). Vectors for construction of cDNA libraries - lamda ZAP. Multipurpose vectors - pUC 18/19, Blue script vectors - Strategies for unidirectional deletion of cloned DNA fragments - Sequencing of cloned DNA fragments. Site directed mutagenesis. 

Expression vectors: Types - promoters used in expression vectors - lac, tac, λpL, T7 promoters and their significance in constructing expression vectors. 

Promoter-probe vectors – Reporter genes (lacZ, gfp, gus, luciferase) and strategies used to assay promoter activity.

Vectors used for cloning in to mammalian cells: SV40. Vectors used for Cloning into plants -binary vectors.

UNIT IV: Ligation between cohesive and blunt end DNA fragments - T4 DNA ligase - Conversion of blunt end DNA fragment into cohesive ended DNA - linkers, adapters, homopolymer tailing. Introduction of cloned genes into host - Transformation, triparental mating, conjugation, transfection, electroporation, particle bombardment, microinjection, liposome mediated DNA delivery. Identification and characterization of cloned genes - Screening of genomic/cDNA libraries - genetic, molecular hybridization - immunochemical techniques. Problems associated with expression of cloned genes-inclusion bodies.

UNIT V: RFLP and AFLP analysis. Markers linked to drug and disease  resistant genes. Application of RFLP in forensic science, pedigree analysis, biodiversity, genetic counsiling and germ plasm maintenance. Antisense technology and its application. Use of transposon tagging.

PRACTICALS

1. PCR 

2. RT-PCR

3. Random amplified Polymorphic DNA

4. Restriction Fragment Length Polymorphism

5. AFLP

6. Southern Hybridization

7. Northern Hybridization

8. Bacterial Transformation

9. Bacterial Conjugation

BOOKS RECOMMENDED

1. Molecular Biology, Vol. 7,1991. E.J. Murray ed. Humana Press. Clifton, NJ. PP 439. Genes IV. 1990. B. Lewin. Oxford University Press. PP 857.

2. Guide to molecular cloning techniques : Methods in enzymology. Vol. 152. 1987. S.L. Berger and A.R. Kimmel Ed. Academic Press. PP812.

3. Methods in molecular genetics : Molecular microbiology techniques Vol.3. 1994, Kenneth W. Adolph. Ed, Academic Press. PP 2150.

4. Laboratory Manual in Molecular Lgenetics. 1994. Z.F. Burton and J.M.Kaguni. Harcourt Brace. PP 224.

5. Methods in Molecular Genetics. Vol.5, 1994. Kenneth. W. Adolph. Harcourt Brace. PP 425,

6. Molecular Cloning: A Laboratory Manual. 1989. 2nd ed.
J. Sambrook, E.F. Fritsch and T. Maniatis. Cold Spring Harbor Laboratory Press.

7. Methods in Enzymology. Vol.152. Guide to molecular cloning techniques. 1987. S.L. BergerandA.R. Kimmel. Eds. Academic Press.

8. Recombinant DNA Laboratory manual. 1989. J.W. Zyskind and S.I. Bernstein. Academic Press

9. Methods in Molecular Genetics. Vol. 7, Viral Gene Techniques. Ed. By Kenneth W. Adoph, Academic Press, 1995.

10. Gene transfer and expression protocols ; Methods in Molecular Biology, Vol.7.1991. E.J. Murray Ed. Humana Press. Clifton, NJ. PP 439.

BT-302:FOOD & ENVIRONMENTAL BIOTECHNOLOGY

UNIT I: Introduction to food processing biotechnology in relation to the food industry, nutritive value of food. Microorganisms associated with food, its sources, types and behavior in foods. Contamination of foods by pesticides, fertilizers, industrial waste and chemical contaminants. Principles under lying food spoilage: chemical, physical and physiological changes caused by microorganisms. Control measures for food poisoning.

UNIT II: Food Preservation: Bioprocessing of meat, fisheries, vegetables, dairy products, enzymes and chemicals used in food processing, biochemical engineering for flavor and food production, cryopreservation, irradiated foods. Fermented Food Products. Dairy products. non-beverage plant products, beverages and related products of baking. Quality Control, case studies on Biotechnology in the evolution of food quality. Food Spoilage & Food Borne Diseases. Isolation and preservation of microorganisms of food industry.


UNIT III: Biological methods of pest management: Role of Juvenile hormones, pheromones and its analogues for pest management, Chromosomal manipulation and androgenesis of pest , sterile male technology, Biological control of weeds. Bacterial (Bt), viral, fungal insecticides - Technology for mass production and formulation of biopesticides - Problems and prospects. 

Biofertilizers: Important diazotropic, microbes - mechanism of symbiotic and asymbiotic biological nitrogen fixation - Regulation of nitrogen fixing genes (Nif genes). Manipulation of Nif genes for constitutive expression of nitrogenase - Ammonia transport and its significance. Mass production of biofertilizers - Rizobium,  Azolla.

UNIT IV: Waste management: Nature and classification of agriculture, domestic and industrial waste - Recycling methods. Solid waste treatment. Biological and non-biological methods of waste water treatment. Reclamation of treated waste water.

UNIT V: Nitrogen fixation and mass production of biofertilizers - diazotrophic microorganisms, Biochemical aspects of diazotrophy. Genetics of free living and symbiotic diazotrophs. Blue Green Algae and Azolla, Micorrhizae. Vermiculture, Mass cultivation of commercially valuable macro and micro algae for agar agar, alginates, single cell protein and other products

PRACTICALS

1. Production of alcohol by S. cerevisiae

2. Production of citric acid by A. niger
3. Biomas estimation by different methods

4. Isolation of Biofertilizer microbes by biological enrichment method
5. Efficacy testing for biofertilizers (nodulation test for rhizobia) and biopesticides

6. Estimation of BOD

7. Testing for microbiological quality of potable water (Coli form test)

8. Microbial degradation of organic matter

9. Testing for effect of chemical pesticides on soil microbial respiration

10. Testing for microbial biodegradation of pesticides

11. Characterization of microbes useful in biodegradable organic matter destruction

BOOKS RECOMMENDED
1. Roger A., Gordan B., and John T., Food Biotechnology, 1989.
2. Frazier, Food Microbiology,

BT303: IMMUNOLOGY & IMMUNOTECHNOLOGY
UNIT I: Phylogeny of immune system.  Types of immunity – Innate and acquired.  Cells of the immune system – B cells, T cells, phagocytes, inflammatory cells, antigen presenting cells.  Organs – Primary, secondary and tertiary lymphoid organs.  Antigens – Nature, types, factors influencing antigenecity, haptens, adjuvants and superantigens.  Antibodies – Structure, types, classes and functions.  Antibody diversity – Theories of antibody diversity, mechanism of diversification, allelic exclusion.

UNIT II: Antigen-antibody interactions – Principle, lattice hypothesis.  Precipitation reaction – Radial immunodiffusion, Ouchyterlony technique,  immunoelectrophoresis, counter current and rocket electrophoresis.  Agglutination reactions – Bacterial and hemeagglutination, passive agglutionation, agglutination inhibitions assay.  RIA  and ELISA – Principle, methodology and application.  Immunofluorescence, FAACS, immunoblotting.  Hybridoma technology – Polyclonals, monoclonals. Production of monoclonal antibodies and applications

UNIT III: T cell receptor – Structure and diversity.  MHC – Types, structure, distribution, self-restriction. T and B cell activation.  Maturation of lymphocytes – Positive and negative selection, process of maturation.  Antigen processing and presentation – Cytosolic and endosomal pathways, T cell- and NK cell-mediated lysis of cells, ADCC.  Complement system – Components, cascades, MAC, outcomes.  Cytokines – Classification, properties and role as immunomodulators.

UNIT IV: Hypersensitivity – Classification, mediators, mechanism, consequences of hypersensitive reaction.  Autoimmunity –  Concept of tolerance of autoimmune disorders, basis and therapy for autoimmune disorders.  Transplantation – Transplantation antigens, mechanism of graft rejection, graft versus host reaction, immunosupressors.  Tumor immunity – Tumors of immune system, immune responses against tumors.  Immunodeficiency – Primary and secondary immunodeficiency, combined immunodeficiency, complement deficiency, AIDS.

UNIT V: Vaccines – Concept of immunization, routes of vaccination.  Types of vaccines – Whole organism (attenuated and inactivated) and component vaccines (synthetic peptides, DNA vaccines, recombinant vaccines, subunit vaccines, idiotypic-based vaccines, deletion vaccines, glycoconjugate vaccines). Vaccine delivery systems.

PRACTICALS

1. Isolation of immune organs from rat

2. Blood Film Preparation and identification of cells. Differential count of WBC, RBC

3. Blood typing

4. Lymphoid organs and their microscopic organization.

5. Immunization and production of polyclonal antibodies

6. Double diffusion and Immuno-electrophoresis.

7. Single Radial immunodiffusion.

8. WIDAL test

9. VDRL test

10. HCG detection in Urine

11. Purification of IgG from serum.

12. Separation of mononuclear cell by Ficoll-paque.

13. Con-A induced proliferation of thymocytes (by MTT Method).
BOOKS  RECOMMENDED

1.   Essentials of Immunology, Ivan & Riott, Peter J. Delves, 2001 Blackwell Scientific Publications

2.    Fundamentals of Immunology, William C. Boyed (Wiley Toppan)

3.    Introduction to Immunology, John W. Kinball

4.    Fundamentals of Immunology, Otto S. View and others

5.    Immunology, D.M. Wier

6.    Immunology, Jains Kuby (2001) 2nd Edn, W.K. Frecman & Com, New York

7.    Cellular & Molecular Immunology 5th Edn. Abul K. Abbas, K.Lichtman , S.Pober, 2003

8.    Immunology. Eli Benjamini

9.    Roitt’s Essential Immunology. Ivan M. Riott Peter

10.  Immunology. Richard Coico

11.  Kuby Immunology. Kindt Osborne
BT-304:PROTEOMICS AND GENOMICS 

UNIT I: Whole genome analysis: Prokaryotes and Eukaryotes, Foundations of genomics. Mapping of genome linkage mapping, High resolution physical mapping. Marker associated and clone assisted genome mapping: Genome library construction YAC, BAC and PAC libraries of genome.

UNIT II: Genome sequencing Hierarchical and shot gun sequencing methods variation in sequencing methods Pyroseqencing Automation in genome sequencing Sequence analysis Databanks datamining.

UNIT III: Annotation of genome experimental and computational approaches Functional genomics Experimental and computational approaches Gene knockouts, yeast two hybrid system gene expression profiling microarrays cDNA and Oligo arrays DNA chips Application of DNA arrays SNPs.

UNIT IV: Genomics verses Proteomics Tools for proteomics 2D Electrophoresis Protein digestion techniques and mass spectrometry MALDI TOF Analysis of proteins.

UNIT V: Proteome analysis Algorithms for proteomics Protein expression profiling protein arrays Protein-Protein interactions Protein microarrays. Advantages and disadvantages of DNA and protein microarrays.

BOOKS RECOMMENDED

1. Twyman, RM and Primrose, SB (2003). Principle of Genome Analysis, Blackwell Publisher

 Brown TA (2006), Genomes 2, Wiley-Liss 

2. T.W. Veenstra, TW and Tates III, JR (2006). Proteomics for biological discovery, Wiley

3. Durbin R, Eddy SR, Krogh A and Mitchison G (2000). Biological Sequence Analysis, Probabilistic Models of Proteins and Nucleic Acids, Cambridge University Press

PRACTICALS

1. One and two dimensional separation of protein.

2. Scanning and image analysis of 2-D gels.

3. Spectral analysis of proteins.

4. Computer assisted demonstration of microarray technology: DNA and protein

5. Liposome preparation.

6. Identification of cystic fibrosis gene from Human genome and fattyacyl

desaturase gene in Arabidopsis genome.

7. Characterization of the protein coded by gene sequence above (in Expt 4) using

NCBI software online.

8. Primer designing methods: degenerate and general oligonucleotide primers

9. Protein-protein interaction: immunoneutralization (Antigen-antibody

precipitation)

IBT-305: BIOPROCESS ENGINEERING AND TECHNOLOGY

UNIT I: Isolation, screening and maintenance of industrially important microbes; microbial growth and death kinetics (an example from each group, particularly with reference to industrially useful microorganisms); Strain improvement for increased yield and other desirable characteristics.

UNIT II: Bioreactor designs; types of fermentation and fermenters; Concepts of basic modes of fermentation – batch, fed batch and continuous; conventional fermentation v/s biotransformation; Solid substrate, surface and submerged fermentation; Fermentation economics; Fermentation media; Fermenter design - mechanically agitated; pneumatic and hydrodynamic fermenters; Large scale animal and plant cell cultivation and air sterilization: Upstream processing; media formulation; sterilization; aeration and agitation in bioprocess; Measurement and   control of bioprocess parameters; Scale up and scale down process.

UNIT III: Preparation and application of Immobilized enzymes: Kinetics of Enzyme catalyzed reactions - Kinetics of immobilized enzyme catalyzed reactions - Kinetics of balanced growth - Transient growth kinetics. Gas-liquid mass transfer in cellular systems - Aeration – Agitation - Estimation of oxygen transfer rates. 

UNIT IV: Bioseparation - filtration, centrifugation, sedimentation, flocculation; cell disruption; Liquid-liquid extraction; Purification by chromatographic techniques; reverse osmosis and ultra filtration; drying; crystallization; Storage and packaging; Treatment of effluent and its disposal. Large scale production and purification of recombinant therapeutics (streptokinase, epidermal growth factor, insulin). 

UNIT V: Industrial production of recombinant proteins (riboflavin, streptomycin, tPA). Scenario of Indian biotech industries (local, state and national wide).
PRACTICALS:

1. Production of protease/amylase by batch fermentation.

2. Immobilization of an enzyme (invertase/lipase/amylase) by gel entrapment.

3. Immobilization of whole cells for enzyme/antibiotic production by gel entrapment.

4. Screening of soil samples for isolation of bacteria, fungi and actinomycetes.

5. Selective isolation of actinomycetes from soil samples.

6. Microbiological assay of an antibiotic including the construction of standard curve.

7. UV survival curve.

8. Production of alcohol by S.cerevisiae and its estimation.

9. Production of streptomycin by fermentation.

10. Production of citric acid by A.niger.

11. Production of red wine from grapes.

12. Production of Glutamic acid by M. glutamicus.
BT-401: IPR AND RESEARCH METHODOLOGY
UNIT I: Introduction to Bioethics. Social and ethical issues in Biotechnology, causes of unethical acts, ignorance of laws, codes, policies and Procedures, recognition, friendship, personal gains. Professional ethics – professional conduct, Ethical decision making, ethical dilemmas, good laboratory practices, good manufacturing practices, laboratory accreditation

UNIT II: Definition of Biosafety. Biosafety for human health and environment. Social and ethical issues of biosafety. Use of genetically modified organisms (BT cotton and BT brinjal) and their release in to the environment. Special procedures for r-DNA based products

UNIT III: Intellectual property rights, and Intellectual Property protection, patents and methods of application of patents, Trade Secrets copyrights, Trade Marks, legal implications, farmers rights, plant breeder’s rights. International and National conventions on biotechnology and related areas. WTO guidelines. Introduction- Basic research, applied research, needs based research (data collection, methodology, statistics), Identification of the problem, defining the problem.

UNIT IV: Literature search – information sources, library resources- books, journals, abstracts, hand books, procedure manuals, encyclopedias, annual reports, data banks, CDROMS, online literature search – internet access, websites, directories of information resources. Design of the experimental programme – variables in the experiments, materials and methods, evaluation of methods, application of methods. Progress of research – evaluation of results, statistical approach, comparison with existing methodologies, validation of findings, preparation and publication of research papers

UNIT V: Preparation of research proposal for funding. Origin of the proposal, National and International status, gaps in the literature, hypothesis, objectives, methodology, work plan, expected outcome of project. Sources of funding agencies (APCOST, DST, DBT, ICMR, ICAR, IISc, TIFR, Royal society fellowships by UK)

PRACTICALS:

1. Scientific writing (research articles, project proposal and project report)
2. List of patents

3. Discussion on patents
BOOKS RECOMMENDED:

1. Sasson A, Biotechnologies and Development, UNESCO Publications, 1988.

2. Sasson A. Biotechnologies in developing countries present and future,

UNESCO publishers, 1993.

3. Singh K. Intellectual Property Rights on Biotechnology, BCll, New Delhi.

IBT-402: ANIMAL BIOTECHNOLOGY

UNIT I: History and development of animal tissue culture. Principles of sterile techniques. Sources of tissues. Types of tissues – Epithelial, muscle, connective, nerve and blood.  Introduction to balanced salt solutions.  Cell culture media – Components of the medium, physical, chemical and metabolic functions of media.  Role of serum and supplements, serum-free media, features and specifications of MEM, DMEM, RPMI and Ham’s medium.  Role of antibiotics in media. Cell count – Hemocytometer, coulter counter.  Cell viability and cytotoxicity.  Dye exclusion and inclusion  tests, colonigenic assay, macromolecular estimation, MTT based assay.  Measuring growth – Growth curves, PDT, Plating efficiency and factors influencing growth. 

UNIT II: The biology of stem cells: Overview; different types of stem cells – Isolation & identifications of embryonic stem cells, fetal tissue stem cells, adult stem cells; nuclear transfer of stem cells; human and animal cloning.

Embryonic stem cells: The blastocyst and inner cell mass cells - primitive endoderm implantation; blastocyst development in vitro; Isolation and propagation of embryonic stem cells; chimeras; Generation of knockout mice. 

Stem cell plasticity: Overview; Self renewal potential; differentiation versus stem cell renewal; Transdifferentiation; Cell cycle dynamics of different stem cells.

Stem cell therapies:  Clinical applications of stem cell therapy; Neurodegenerative diseases-parkinson’s and Alzeimer’s disease; tissue systems failures - diabetes, cardiomyopathy, leukemic malignancies. 

UNIT III: Nuclear transfer technology: Transfer of nuclei into eggs; development potential of transplanted nuclei; reprogramming a nucleus. 

Animal cloning and application in wild life and life stock: Overview; Challenges in human therapeutic cloning; Somatic cell nuclear transfer in humans; pronuclear early embryonic development. 

Human embryonic stem cells and society: The religious, legal, ethical and scientific debate; the regulatory aspects of therapeutical use of stem cells.

UNIT IV: An overview of transgenic technology. Development of transgenic mice and other animal models: by injection of foreign DNA/gene into zygote; optimization of construct for in vivo expression.

Generation of chimeric, transgenic and knockout mice and other animals and their characterization.

Potential application of transgenic animals : Models for various diseases/disorders, Production of peptides and proteins of biopharmaceutical interest (molecular pharming), Transgenic fishes, Transgenic poultry and Transgenic insects as bioreactors.

UNIT V: Applications of biotechnology to animal health - Production of vaccines, diagnostics, hormones and other products.

Animal nutrition and biotechnology - Microbial supplements, non-genetic and genetic manipulation of rumen microbes, Utilization of animal waste as live stock feed. 

BOOKS  RECOMMENDED

1.   Culture of Animal Cells. R Ian Freshney.  3/Edn. Wiley-Liss


2.   Animal Cell Culture – Practical Approach. Ed. John RW. Masters, Oxford

3.   Cell Growth and Division: A Practical Approach Ed. R. Basega, IRL Press

4.   Cell Culture Lab Fax. Eds. M. Butler & M Dawson, Bios Scientific Publications Ltd. Oxford

5.   Animal Cell culture Techniques Ed Martin Clynes, Spripnger

6.   Methods in Cell Biology, Vol. 57, Animal Cell Culture Methods Ed. Jenni P Mather and David 7.   Bames. Academic Press

8.   Fish and Fisheries India. VG Jhingram

9.   Animal Cell Technology, Principles and practices. Butter, M. 1987.  Oxford Press

10. Animal Cell Biotechnology. Spier, RE and Griffith. JB.1990. Acadmic Press, London

11. Animal Biotechnology. M.M. Ranga

12. Animal Cell Culture Methods. Jennie P. Mather

13. Culture of Animal Cells. A manual of Basic techniques. R. Ion Freshney

14. Principles of Cloning. Jose Cibelli, Robert P. Lanza. Keith H.S. Campbell. 2002. Academic  

      Press, London.   

BT-403-PLANT BIOTECHNOLOGY 

UNIT I: Introduction to plant tissue culture:  Preparatory techniques - cleaning, sterilization, sterile handling tissue culture lab requirements. Media - Composition, preparation and sterilization. Genetic manipulation through tissue culture techniques - Concepts of differentiation and dedifferentiation.

Callus: Growth pattern/characteristics, Organogenesis and plant regeneration. Somatic embryogenesis. Anther, endosperm and pollen cultures, Significance and advantages of haploid plants. Production of virus-free plants by meristem tip and other explants.

UNIT II: Cell culture techniques for micropropagation of elite plants: Food and fruit crops, forest trees, fibre crops, ornamental plants, medicinal plants and endangered plants. 

Cell culture techniques for production of useful compounds: Hairy root cultures - transformed roots using Agrobacterium rhizogenesis. - Production of secondary metabolites of commercial importance - Elicitors - factors affecting their yield, immobilized cell systems. Plants as bioreactors.

Selection and identification of clones for nutritional, disease resistance, salt and drought resistance. Germplasm preservation by tissue culture, Artificial seeds. Protoplast culture - isolation of protoplasts, culture and fusion methods. Somatic hybrids and cybrids.

UNIT III: Concepts and scope of plant biotechnology: Application of genetic engineering technology for crop improvement - production of transgenic plants resistant to herbicides, pathogens, pests and abiotic stresses (drought, salt, frosts); production of transgenic plants with improved yields and nutritional quality; transgenic plants for production of viral antigens.

UNIT IV: Industry and Plant Biotechnology: Biosynthesis of plant compounds– Enzymes, Food and food additives from plants – Breeding strategies for enhancing the active principles in plants.

UNIT V: Algae as a source of food, feed, single cell proteins, biofertilizers. Industrial uses of algae. Indoor and outdoor cultivation of economic important algae.
PRACTICALS:

1. Establishment of callus cultures from carrot cambial tissue.

2. Establishment of cell cultures and plating.

3. Embryo culture of maize/ crotalaria.

4. Organogenesis and regeneration of plants from tobacco explants.

5. Anther culture and production of haploids.

6. Micropropagation using suitable system: Potato/solanum’s

7. Enzymatic isolation of protoplast and culture.

8. Polyethylene glycol (PEG) mediated fusion of protoplasts.
BOOKS RECOMMENDED:
1. Roberta Smith, Plant Tissue Culture: Techniques and Experiments. 2nd ed.,
Academic Press, 2000.
2. Bhojwani, S.S. and Rajdan, Plant Tissue Culture: Theory and Practice. 2004
3. Roberta Smith, Plant Tissue Culture: Techniques and Experiments, Academic
Press; 2nd ed, 2000.
4. Crispeels, M.J. and Sadava, D.E., Plants, Genes and Crop Biotechnology,
Jones and Bartlett Publishers (2nd Edition), 2003.
5. Bhowjwani, S.S., Plant Tissue Culture: Application and Limitations. Amsterdam,
Elsevier,1990.
6. Charles Cunningham and Andrew J.R. Porter, Recombinant Proteins from
Plants: Production and Isolation of Clinically Useful Compounds (Methods in Biotechnology), Humana Press, 1997.
7. Bernard R. Glick and John E. Thompson, Methods in Plant Molecular Biology
and Biotechnology, CRC Press, 1993.
8. I. Potrykus and G. Spangenberg, , Gene Transfer to Plants (Springer Lab
Manual), Springer Verlag, 1997.
9. Peter M. Gresshoff, Plant Genome Analysis: Current Topics in Plant Molecular
Biology. CRC Press, 1994.
10. John Hammond, Peter McGarvey, Vidadi Yusibov, Plant Biotechnology: New
Products and Applications, Springer Verlag, 1999. 
11. Plant cell culture – A practical approach by Dixion RA.

12. Plant tissue culture – theory and practice by Bhojwani, S.S.

13. Biotechnology: A laboratory course by Becker, J.M.
