COURSES M.SC. (HONS) BIOTECHNOLOGY

Total credit hour requirement


= 60

Course work




= 50

Thesis





= 10

Courses
in Major Discipline


= 45

 Supporting Courses



= 05
NAME OF THE COURSES

I) Major Courses:
Course Code 


Name of the course




Cr. Hrs
BTC(H)/Micro-501

Biomolecules (Ist Sem)




2+1

BTC(H)/Micro-502

Microbial Physiology& Genetics (Ist Sem)


2+1 

BTC(H)/Micro-503

Advances in Genetic Engineering (IInd Sem)

2+1 

BTC(H)/Micro-504

Immunology (IInd Sem)




2+1

BTC(H)/Micro-505                          Recent trends in Molecular Biology (IInd Sem)

3+1

BTC(H)-511


Analytical and Separation Techniques (IInd sem)

2+1

BTC(H)-512


Enzymology of Enzyme Technology (IInd Sem)

2+1

BTC(H)-513


Intermediary Metabolism (III sem)


2+0

BTC(H)-514 


Cell Biology (Ist Sem)




2+1 

BTC(H)-515


Bioprocess Engineering (IIIrd Sem)



3+1
BTC(H)-521


Plant Biotechnology (IIIrd Sem)



2+1

BTC(H)-522


Animal Biotechnology (IIIrd Sem)



2+1

BTC(H)-523


Food Technology (IIIrd Sem)



2+1

BTC(H)-524


Environmental Biotechnology (IIIrd Sem)


1+1

BTC(H)-525


Bioinformatics and IPR (IV Sem)



1+1

BTC(H)-591


Seminar






1+0

II) Minor courses:

Computer Application (Ist Sem)



1+1

Statistics (Ist Sem)




2+1

COURSE CONTENTS

	BTC (H) / Micro (H) - 501
	BIOMOLECULES                        2+1


Unit-I

Chemical foundations of Biology – pH, pK, acids, bases, buffers, weak bonds, covalent bonds.

Principles of thermodynamics. Classes of organic compounds and functional groups – atomic and molecular dimensions space filling and ball and stick models.

Unit-II

Amino acids, peptides and nucleic acids – classification, chemical reactions and physical properties. Sugars – classification and reactions. Heterocyclic compounds and secondary metabolites in living systems – nucleotides, pigments, isoprenoids, nucleic acids.

Unit-III

Lipids – classification, structure and functions. Proteins – classification and separation, purification and criteria of homogeneity, end group analysis, hierarchy in structure, Ramachandran map.

Unit-IV

Polysaccharides – types, structural features, methods for compositional anaylsis.

Analytical techniques in biochemistry and biophysics for small molecules and macro-molecules for quantitation.

Practicals

1. Principles of pH measurement.


1. Quantitation of Cholesterol

2. Quantitation of DNA

3. Quantitation of RNA

4. Quantitation of Sugars

5. Quantitation of Proteins, Lowry and Bradford. 

6. Analysis of oils-iodine number, saponificaion value, acid number (Theoretical)

7. Amino acid separation by TLC.

Recommended Books

1. Biochemical Calculations, Irwin H. Seghal, John Wiley and Sons Inc.

2. General Chemistry, Linus Pauling, W.H. Freeman & Company:

3. Organic Chemistry, DJ Cram and GS Hammond, McGraw Hill

4. Biochemistry, D. Voet and JG Voet, J Wiley and Sons.

5. Physical Biochemistry, D. Freifilder, W.H. Freeman & Company.

6. Laboratory Techniques in Biochemistry and Molecular Biology, Work and Work.

7. Understanding Chemistry, CNR Rao, Universities Press, Hydrabad 1999.

8. A Biologist’s Guide to Principles and TECHNIQUES OF Practical Biochemistry, K. Wilson & KH Goulding. ELBS Edition, 1986.

9. Tools of Biochemistry by T.G. Cooper.

	BTC (H) / Micro (H) - 502
	MICROBIAL PHYSIOLOGY & GENETICS               2+1


Unit-I

The Beginning of Microbiology. Discovery of the microbial world by Antony van Leeuwenhoek; Controversy over spontaneous generation, Role of microorganisms in transformation of organic matter and in the causation of diseases. Methods in Microbiology. Pure culture techniques; theory and practice of sterilization; Principles of microbial nutrition; Construction of culture media; Enrichment culture techniques for isolation of chemoautotrophs, chemoheterotrophs and photosynthetic microorganism. Microbial Evolution, Systematic and Taxonomy. Evolution of earth and earliest life forms; Primitive organisms and their metabolic strategies and molecular coding; New approaches to bacterial taxonomy classification including ribotypeing; Ribosomal RNA sequencing: Characteristics of primary domains; Taxonomy, Nomenclature and Bergey’s Manual (Introduction). Microbial Growth The definition of growth, mathematical expression of growth, growth curve, measurement of growth and growth yields; Synchronous growth: Continuous Culture ; Growth as affected by environmental factors like temperature, acidity, alkalinity, water availability and oxygen; Culture collection and maintenance of cultures.

Unit-II

Metabolic Diversity among Microorganisms. Photosynthesis in microorganisms; Role of Chlorophylls, carotenoids and phycobilins; Calvin cycle; Chemolithotrophy ; Hydrogen – iron – nitrite – oxidizing bacteria; Nitrate and sulfate reduction ; Methanogenesis and acetogenesis; Fermentations – diversity, syntrophy,role of anoxic decompositions, Nitrogen metabolism; Nitrogen fixation; Hydrocarbon transformation. 

Prokaryotic diversity

Bacteria: Purple and green bacteria: Cyanobacteria; Homoacetogenic bacteria; Acetic acid bacteria; Budding and appendaged bacteria; Spirilla, Spirochaetes;Gliding and sheathed bacteria: Pseudomonads; Lactic and propionic acid bacteria; Endospore forming rods and cocci; Mycobacteria; Rickettsias, Chlamydias and Mycoplasms. Bacterial Genetic System:Transformation, conjugation, Transduction, Recombination, Plasmids and Transposons Bacterial Genetics map with reference to E. coli. 

Archaea: Archaea as earliest Life forms: Halophiles; Methanogens; Hyperthermophilic archaea; thermoplasma. Eukarya: Algae, Fungi, Slime Molds. 

Virusus: 
Bacterial, Plant Animal and Tumor viruses; Discovery,  classification and structure of viruses; Lysogeny : DNA viruses; Positive strand, Negative strand, and double stranded RNA viruses; Replication; Examples of Herpes. Pox. Adenoviruses, Retroviruses, Viroids and Prions. Phage ( and its life cycle; RNA phages; RNA viruses, Retroviruses.

Unit-III

Prokaryotic Cells: Structure-function Cell walls of eubacteria (peptidoglycan) and related molecules: Outer-membrane of Gram-Negative bacteria; Cell wall and cell membrane synthesis; Flagella and motility; Cell inclusions like endospores, gas vesicles.

Chemotherapy / Antibiotics Antimicrobial agents; Sulfa drugs; Antibiotics : Pencillins and Cephalosporins; Broad-Spectrum antibiotics; Antibiotics from Prokaryotes; Antifungal antibiotics; Mode of action; Resistance to antibiotics.

Unit-IV

Host-parasite Relationships Disease reservoirs; Epidemiological terminologies; Infectious disease transmission;Normal microflora of Skin, Oral cavity, Gastrointestinal tract; Entry of Pathogens into the host : Colonization and factors predisposing to infections; Types of toxins (Exo-, Endo-), and their structure; Mode of actions Virulence and Pathogenesis.

Genes, Mutation and Mutagenesis. UV and chemical mutagens; Types of mutation; Ames test for mutagenesis; Methods of genetic analysis.

Practicals

1. Preparation of liquid and solid media for growth of microorganisms.

2. Isolation and maintenance of organisms by plating, streaking and serial dilution methods.

3. Isolation of microrganisms pure; cultures from soil and water.

4. Growth: growth curve; Measurement of bacterial population by turbidometry and serial dilution methods. Effect of temperature, pH and carbon and nitrogen sources on growth.

5. Microscopic examination of bacteria, yeast and molds and study of organisms by Gram stain, Acid fast stain and staining for spores.

6. Study of mutations by Ames test (theoretical).

7. Assay of antibiotics and demonstration of antibiotic resistance.

8. Analysis of water for potability and determination of MPN.

9. Biochemical characterization of selected microbes.

10. Transduction (Theoretical).

11. One step growth curve of coliphage (Theoretical).

12. CO2 fixation by Photosynthetic microbes (Theoretical).

Recommended Books

1. General Microbiology, Stainer, R.V. Ingraham, J.L. Wheelis, M.L. and Painter, P.R. The Macmilian Press Ltd.

2. Brock Biology of Microorganisms, Madigan, M.T., Martinko, J.M. and Parker, J. Prentice-Hall.

3. Microbiology, Pelczar, M.J. Jr., Chan, E.C.S. and Kreig, N.R., Tata McGraw Hill.

4. Microbial Genetics, Maloy, S.R., Cronan, J.E. Jr. Freifelder, D. Jones, Bartlett Publishers.

5. Microbiology – a laboratory Manual, Cappuccino, J.G. and Sherman, N. Addison Wesley.

6. Microbiological Applications, (A Laboratory Manual in General Microbiology) Benson,H.J. WCB : Wm C. Brown Publishers.

Bio(H)/Micro-503       Advances in Genetic Engineering



2+1
Unit –I

1. Scope of genetic engineering

2. Milestones in genetic engineering. Core techniques in gene manipulation.   Cutting and joining DNA, introduction of  DNA into cells. Cloning and patenting of life forms. Genetic engineering guidelines.  

3. Molecular Tools and Their Applications: Restriction enzymes, modification enzymes, DNA and RNA markers. 

4. Nucleic Acid Purification:genomic, plasmid and viral DNA purification. Yield Analysis. 

5. Nucleic Acid Amplification: using polymerase chain reaction.  Key concepts.  Analysis of amplified products.  Applications of PCR 

Unit-II                       

6. Gene Cloning Vectors.Plasmids, bacteriophages, phagemids, cosmids. Artificial chromosomes.BAC,PAC,YAC.

7.  Construction of genomic libraries and cDNA libraries.  mRNA enrichment, reverse transcription. Library construction and secreening. DNA primers, linkers, adaptors.
8. Restriction Mapping of DNA Fragments and Map Construction. Nucleic Acid Sequencing.

9. Alternative Strategies of gene cloning: Squence dependent screening, Screening expression libraries.  Cloning differentially expressed genes. Nucleic acid microarry arrays.

Unit-III

10. How to study Gene regulation:  Northern blot, Primer extension, S1 mapping, RNase protection assay, Reporter assays.

Analysis of Gene Function: Relating genes and Functions, Genetic maps, Linkage analysis Ordered libraries and Chromosome walking.
11. Transposon mutagenesis: Transposition in Drosophila,Transposon tagging

12. Transgenic and Gene Knockout technology: Allelic replacement and Complementation.

13. Studying Gene Function through Protein Interactions: Two hybrid Screening and Phage Display Libraries 
Unit -IV

14.Expression Strategies for Heterologous Genes. Vector engineering and codon optimization, expression in bacteria: Transcriptional and Translational Fusions expression in Yeast, expression in insects and insect cells, expression in mammalian cells, expression in plants.

15. Processing of Recombinant: Proteins. Adding Tags and Signals, Tagged Proteins, Secretion Signals. Site-directed Mutagenesis, Synthetic Genes and Protein Engineering. 

Practicals

1. Bacterial culture and antibiotic selection media. Preparation of competent cells.

2. Transformation by calcium chloride method.

3. Isolation of plasmid DNA.

4. Agarose gel electrophoresis.

5. PCR 

6. RE Digestion.

7. Southern blot.

8. Cloning in plasmid.

Books

1. RW old and SB Primrose (2004). Principles of gene manipulation. Black Well Publication. 

2. Molecular Cloning; a laboratory Manual, J. Sambrook, E.F. Fritsch and T. Maniatis, Cold Spring Harbor Laboratory Press,  New York, 2000.

3. DNA Cloning: A Practical Approach, D.M. Glover and B.D. Hames, IRL Press, Oxford, 1995.

4. Molecular and Cellular Methods in Biology and Medicine, P.B. Kaufman, W.Wu, D. Kim and L.J. Cseke, CRC Press, Florida, 1995.

5. DNA Science.  A first course in Recombinant Technology, D.A. Mickloss and G.A. Freyer, Cold Spring Harbor Laboratory Press, New York, 1990.

6.  Concepts in Biotechnology – Editors D.Balasubramanian  et al.  University Press,  (1996).   Biotechnology, Annual Review Edited by M.R. EL-Gewelly Elsevier Publications,     Amsterdam.

7. Current Protocols in Molecular Biology, VolI & II, F.M. Asubel, R.Brent, R.E. Kingston, D.D. Moore, J.G. Seidman, J.A. Smith, K. Struhl, L.M Albright and A. Varki.   Wiley Publishers, NY.

	BTC (H) / Micro (H) - 504
	IMMUNOLOGY                                2+1


Unit-I

1.  Introduction

-- Phylogeny of Immune System

--  Innate and acquired immunity

--  Clonal nature of immune response.

1. Organization and structure of lymphoid organs.

2. Nature and Biology of antigens and super antigens.

3. Antibody structure and function.

4. Antigen-antibody interactions.

Unit-II

5. Major histocompatibility complex.

6. BCR & TCR, generation of diversity.

7. Complement system.

8. Cells of the Immune system : Hematopoiesis and differentiation, Lymphocyte trafficking, B-lymphocytes, T-lymphocytes, Macrophages, Dendritic cells, Natural killer and lymphokine activated killer cells, Eosinophils, Neutrophils and Mast Cells.

9. Regulation of immune response

· Antigen processing and presentation, generation of humoral and cell mediated immune responses.

· Activation of B- and T- lymphocytes

· Cytokines and their role in immune regulation

· T-cell regulation, MHC restriction

· Immunological tolerance.

Unit-III

10. Cell – mediated cytotoxicity; Mechanism of T cell and NK cell mediated lysis, antibody dependent cell mediated cytotoxicity, macrophage mediated cytotoxicity.

11. Hypersensitivity.

12. Autoimmunity.

Unit-IV

13. Transplantation.

14. Immunity to infectious agents (Interacellular parasites, helminthes & viruses).

15. Tumor Immunology.

16. AIDS and other immunodeficiences.

17. Hybridoma Technology and Monoclonal antibodies.

Practicals

1. Blood film preparation and identification of cells.

2. Lymphoid organs and their microscopic organization.

3. Immunization, Collection of Serum.

4. Double diffusion and Immuno-electrophoresis.

5. Radial Immuno diffusion.

6. Purification of IgG from serum.

7. Separation of mononuclear cells by Ficoll-Hypgue.

8. Western-Blotting.

9. ELISA.

Suggested Books

1. Kuby Immunology, 4th Edition, -R.A. Goldsby Thomas J. Kindt, Barbara, A.Osbarne (Freeman).

2. Immunology-A short course, 4th Edition, - Eli Benjamini, Richard Coico, Geoffrey Sunshine (Wiley-Liss).

3. Fundamentals of Immunology, William Paul.

4. Immunology, by Roitt and others.

	BTC (H) / Micro (H) - 505
	Recent Trends in MOLECULAR  BIOLOGY                 2+1                                              


MBIO-105 MOLECULAR BIOLOGY

Unit-I

Introduction to Molecular Biology and Genetics, DNA Replication: Prokaryotic and eukaryotic DNA Replication, Mechanics of DNA replication, Enzymes and accessory proteins involved in DNA replication. DNA Repair and Recombination. Homologous Recombination: Holiday junction, gene targeting, gene disruption, FLP/FRT and Cre/Lox recombination, recA and other recombinases.

Unit-II

Transcription

Prokaryotic transcription, Eukaryotic transcription, RNA polymerase, General and specific transcription factors, Regulatory elements and mechanisms of transcription regulation, Transcriptional and post-transcriptional gene silencing. Modifications in RNA: Cap formation, Transcription termination, 3-end processing and polyadenylation, Splicing, Editing, Nuclear export of mRNA, mRNA stability. Translation: Prokarytic and eukaryotic translation, the translation machinery, Mechanisms of initiation, elongation and termination, regulation of translation, co-and post-translational modifications of proteins.

Unit-III

Oncogenes and Tumor Suppressor Genes: Viral and Cellular Oncogenes, tumor suppressor genes from humans, Structure, function and mechanism of action of pRB and p53 tumor suppressor proteins. Antisense and Ribozyme Technology Molecular mechanism of antisense molecules, inhibition of splicing, polyadenylation and translation, disruption of RNA structure and capping, Biochemistry of ribozyme; hammer-head, hairpin and other ribozymes, strategies for designing ribozymes, applications of antisense and ribozyme technologies.

Unit-IV

Molecular Mapping of Genome; Genetic and Physical maps, physical mapping and map-based cloning, choice of mapping population, Simple sequence repeat loci, Southern and fluorescence in situ hybridization for genome analysis, Chromosome microdissection and microcloning, Molecular markers in genome analysis : RFLP, RAPD and AFLP analysis, Molecular markers linked to disease resistance genes.  Application of RFLP in forensic, disease progonsis, genetic counselling.  Pedigree, varietal etc.  Genome Sequencing: Genome sizes, organelle genomes, Genomic Libraries, YAC. BAC Libraries, Strategies for sequencing genome, Packaging, transfection and recovery of clones,  Application of sequence information for identification of defective genes.

Practicals

1. Isolation of genomic DNA.

2. Isolation of total RNA from tissue.

3. Determination of Tm of nucleic acid.

4. Demonstration of DNA protein interaction.

5. Quantitation of nucleic acids & proteins.

6. RFLP analysis.

7. Mutagenesis.

Recommended Books

1. Molecular cloning: a Laboratory Manual, J. Sambrook, E.F. Fritish and T. Maniatis, Cold Spring Harbor Laboratory Press, New York, 2000.

2. Introduction to Practical Molecular Biology, P.D. Dabre, John Wiley & Sons Ltd., New York. 1988

3. Molecular Biology LabFax, T.A. Brown (Ed.,), Bios Scientific Publishers Ltd., Oxford, 1991.

4. Molecular Biology of the Gene (4th Edition), J.D. Watson, N.H. Hopkins, J.W. Roberts, J.A. Steitz and A.M. Weiner, The Benjamin/Cummings Publ. Co., Inc. California, 1987.

5. Molecular Cell Biology (2nd Edition). J. Darnell, H. Lodish and D. Baltimore, Scientific American Books, Inc., USA, 1994.

6. Molecular Biology of the Cell (2nd Edition) B. Alberts D. Bray, J. Lewis, M. Raff, K. Roberts, and J.D .Watson, Garland Publishing, Inc., New York, 1994.

7. Gene VI (6th Edition) Benjamin Lewin, Oxford University Press, U.K., 1998.

8. Molecular Biology and Biotechnology.  A comprehensive desk reference, R.A. Meyers (Ed.) VCH Publishers, Inc., New York, 1995.

9. Genomes, T.S. Brown.
	BTC(H) - 511
	Analytical & Separation Techniques                     2+1


Unit-I

Chromatography; Principle and Applications Paper, TLC, Gel-Exclusion, adsorption, Ion Exchange, Affinity, Hydrophobic interaction, GLC, HPLC.

Radio isotopic techniques: Use of radioisotope, detection and measurement of radioactivity (GM Counters, Proportional, Scintillation counters), Methods of Quench corrections, applications in biological system, autoradiography, RIA, ELISA.

Unit-II

Microscopy:  General principles and types of Microscopy. Electron microscopy (TEM, SEM and concepts of Tunneling Electron Microscopy& Atomic force microscopy.

 Spectroscopy:UV and visible spectroscopy, spectroflourimetry, Atomic absorption spectrophotometer, mass spectrometry, Infrared and Raman spectroscopy, MALDITOF, NMR and ESR spectroscopy, MRI, X-ray diffraction, Electron diffraction, Neutron diffraction.

Unit-III

Centrifugation: Concepts of centrifugation, Sedimentation coefficient, Differntial, Rate zonal, Isopycnic centrifugation, Analytical and preparative ultracentrifugation, k, k’ factors, Type and derating of rotors. 

Unit-IV

Electrophoresis: Gel electrophoresis; Agarose and poly acryl amide, 2-D gel electrophoresis, Isoelectric focusing, Capillary electrophoresis, pulse-field gel electrophoresis, immuno electrophoresis, Western blotting.

Microarray techniques

Fluorescent Activated Cell sorter (FACS)

Practicals 

Electrophoresis of DNA & Protein.

Gel filtration

Ion exchange chromatography 

Demonstration of GC and HPLC

Radioactivity detection 

Differential centrifugation. 

Suggested Readings: 

Techniques used in Bioproduct analysis-Biotol Series (I-IV), 1992, Buterworth Heineman, UK.

Membrane Separation in Biotech by McGregor, C.W., 1989, Marcel Dekker Inc., New York.

Separation, Recovery and Purification in Biotech by Juan H., and Sengo, A.A., 1985, American Chem., Society, Washington.

Lab. Techniques in Biochemistry and Molecular Biology, 1984, Elsevier, New York.

Physical Biochemistry, 1982, Frieferder Freeman and Co. New York.

	BTC (H) - 512
	Enzymology & Enzyme Technology                            2+1


Unit-I

Enzyme nomenclature and classification. General properties of enzymes like effect of pH, temperature, ions etc.

Enzyme catalysis in solution – kinetics and thermodynamic analysis, effects of organic solvents on enzyme catalysis and structural consequences.

Extraction, assay and purification of enzymes.

Unit-II

Steady state kinetics. Michaelis-Menten, Lineweaver-Burke, Eadie-Hofstee and Hanes-Woolf equations and Km value.  Enzyme inhibitors.  Pre-steady state kinetics.  Fast kinetics to elucidate the intermediates and rate limiting steps (Flow and relaxation methods).

Unit-III

Enzyme specificity.  Evidences for enzyme substrate complex. Nucleophilic and electrophilic attack.  Role of metal ions in enzyme catalysis.

Mechanism of enzyme action eg. Lysozyme, chymotrypsin, DNA polymerase etc. zymogens and enzyme activation. 

Ribozymes and catalytic antibodies.

Unit-IV

Allosteric interactions and product inhibition:

Complex kinetics and analysis.  Membrane bound enzymes – extraction, assay, lipidprotein interaction and effect of fludity onenzyme activity.

Glyco and lipoproteins – structure and function.

Practicals

1) Enzyme purification

2) Effect of pH and temperature on enzyme activity and stability.

3) Effect of metal ions and enzyme action.

4) Enzyme kinetic analysis

5) Methods of Immobilization of enzymes

6) Inhibition kinetics of enzyme.

7) Activity staining of enzyme. 

Suggested Books:

1. Methods in Enzymology Vol. 152, Guide to Molecular Cloning Techniques, S.L. Berger and A.R. Kimmel, Academic Press, Inc. San Diego, 1998.

2.Methods in Enzymology Vol. 185 Gene Expression Technology, D.V. Goeddel, Academic Press Inc. San Diego, 1990.

3. Enzymology by Rehm and Reed.

	BTC (H) – 513:
	Intermediary Metabolism                                        2+0


Unit-I

Enzymes: Classification,nomenclature,general properties,regulation                                 

 of enzyme activity, steady state kinetics, first order and second order kinetics, covalent modifications, inhibitors,Immobilized enzymes, Ribozymes.

UNIT-II

Metabolism; Metabolic pathways, biochemical reaction mechanisms, energy rich metabolites, interorgan metabolic pathways.

Carbohydrate metabolism: Biosynthesis and degradation of carbohydrates; feed pathways for glycolysis; Kreb’s cycle: Enzymes of Kreb’s cycle, amhibolic nature of the Kreb’s cycle; regulation of Kreb’s cycle regulation of carbohydrate metabolism.

UNIT-III

Electron transport and Oxidative phosphorylation

Mitochondrial electron transport chain, oxidative phosphorylation and regulation of ATP sytnthesis.

UNIT-IV

Lipid metabolism: Biosynthesis amd degradation of fatty acids; metabolism of triacylglycerols;cholesterol metabolism and complex lipids.

Nitrogen Metabolism: Reduction and assimilation of amphoteric nitroigen, Biosynthesis and degradation of amino acids; amino acids as precursors of heme; biogenic amines; biosynthesis and degradation of nucleic acids.

Porphyrins; Translation, Transcription, and Replication

List of Practicals:

1) Estimation of α-amylase activity from saliva

2) Assay of acid phosphatase activity 

3) Effect of temperature on enzyme activity

4) Effect of pH on enzyme activity

5) Determination of Km for acid phosphatase

6) Purification of protein using salt precipitation 

7) Chromatographic methods for separation of macromolecules    

-Paper chromatography

-Thin layer chromatography

-Gel permeation chromatography

	BTC (H) - 514
	CELL BIOLOGY                                                     2+1


Unit-I 

History of cell biology: development of cell theory. Diversity of cell size and shape: General organization of prokaryotic and Eukaryotic cells. Morphological diversity of prokaryotic and eukaryotic cells. Origin of cells: Assembly of macromolecules (proteins and Nucleic acid), mechanism of assembly, Evolutionary steps in the origin of cells (Chemical evolution). Microscopic techniques for study of cells: Bright field, Fluorescence, Phase contrast, DIC, darkfield, Polarization, Confocal and Deconvolution. Electron Microscopy: TEM, SEM, STEM, Preparation of samples for EM. Application of Light  Microscopy and EM in cell biology.

Unit-II

Sub cellular fractionation: Fractionation and marker enzymes and functional integrity, FACS, separation techniques for proteins from membranes. Cellular organelles: Plasma membranes, cell wall, their structural organization; mitochondria; chloroplast; Nucleus and other organelles and their organization. Transport of nutrients, ions and macromolecules across membranes: Active and Passive transport, Different classes of pumps (F,P,V,ABC superfamily) and their mechanism. Cellular energy transactions: role of mitochondria and chloroplasts.

Unit-III

Cell cycle and its regulation: molecular events and model systems (saccharomyces cerevisiae, S.pombe, Xenopus laevis, Mammals). Cellular responses to environmental signals in plants and animals: Mechanism of signal transduction. Signalling pathways-Ras/MAPK, MAPK, JAK-STAT, TGFbeta. Cell motility: Cilia, flagella of eukaryotes and Prokaryotes, their molecular mechanism. 
Unit-IV

Biosynthesis of proteins in Eukaryotic cell. Intracellular protein traffic: ER, Golgi vesicles, Lysosomes etc. Cellular basis of differentiation and Development: Meiosis, Gametogenesis, fertilization and up to formation of three germinal layers (In human).

Practicals

1. Microscopy: Bright field, Phase contract & Fluorescence microscopy.

2. Microtomy.

3. Instrumental methods for Cell Biology-centrifugation,Chromatography etc.

4. Sub cellular fractionation and marker enzymes.

5. Histochemical techniques.

6. Mitosis & Meiosis.

7. Vital staining for visualizing cell organelles.

Recommended Books

1. Molecular Biology of Cell, Alberts, B et al.
2. Molecular Cell Biology, Lodish et al.
3. Reproduction in Eukaryotic cells, DM Prescott, Academic press.

4. Developmental Biology, SF Gilbert, Sinauer Associates Inc.

5. Cell in Development and Inheritance, EB Wilson, MacMilan New York.

6. Embryology, Balinsky

	BTC (H) - 515
	Bioprocess Engineering                                             3+1


Unit-I

1. Introduction to Bioprocess Engineering.

2. Bioreactors.

3. Isolation, Preservation and Maintenance of Industrial Microorganisms.

4. Kinetic of microbial growth and death.

5. Media for industrial fermentation.

6. Air and Media sterilization.

Unit-II

7. Types of fermentation processes: Analysis of batch, Fed-batch and ontinuous bioreactions, stability of microbial reactors, analysis of mixed microbial populations, specialized bioreactors (pulsed, fluidized, photobioreactors etc.)

8. Measurement and control of bioprocess parameters. Networking in  Bioprocesses: neural networks, mathematical modeling. Role of computers in bioprocess control and applications.






  Unit III

9. Downstream Processing: Introduction, Removal of microbial cells and solid matter, foam reparation, precipitation, filtration, centrifugation, cell disruptions,  liquid-liquid extraction, chromatography, Membrane process, Drying and Crystallization.  Effluent treatment: BOD and COD treatment and disposal of effluents.

Unit IV

10. Whole cell Immobilization and their Industrial Applications.

11. Industrial Production of Chemicals : Alcohol (ethanol), Acids (citric, acetic), solvents (glycerol, butanol), Antibiotics (penicillin), Aminoacids (lysine, glutamic acid),Vitamins and Single Cell Protein-algal, fungal and yeast biomass.

12. Use of microbes in mineral beneficiation and oil recovery.

Practicals

1. Isolation of industrially important microorganisms for microbail processes.

2. Determination of thermal death point (TDP) and thermal death time (TDT) of microorganism for design of a sterilizer.

3. (a) Determination of growth curve of a supplied microorganism and also determine substrate degradtion profile.

(b) Compute specific growth are (m), growth yield (Yx/s) from the above.

 4. Production and estimation of Alkaline Protease.

Suggested Books:-
1. Biochemical Engineering, Aiba, S., Humphrey, A.E. and Mills, N.F. Univ. of Tokyo Press, Tokyo.

2. Biochemical Reactors, Atkinson, B., Pion Ltd. London.

3. Biochemical Engineering Fundamentals, Baily, J.E. and Ollis, D.F., McGraw – Hill Book Co. New York.

4. Bioprocess Technology : Fundamentals and applications, KTH, Stockholm.

5. Process engineering in Biotechnology, Jackson, A.T., Prentice Hall, Engelwood Cliffs.

6. Principles of Fermentation Technology, Stanbury, P.F. and Whitaker, A., Pergamon Press, Oxford.

7. Bioreaction Engineering Principles, Nielson, J. and Villadsen, J., Plenum Press.

8. Chemical Engineering Problems in Biotechnology, Shuler, M.L. (Ed.), AICHE.

9. Biochemical Engineering, Lee, J.M. Prentice Hall Inc.

10. Bioprocess Engineering-Kinetics, Mass Transport, Reactors and Gene Expression, Vieth, W.F., John Wiley & Sons, Inc.

11. Biotechnology by Moo Young,Pergamon Press,NY,1985.
BTC (H):521             PLANT BIOTECHNOLOGY




2+1

Unit-I

1. Introduction to cell and tissue Culture, tissue culture as a technique to produce novel plants and hybrids.

2. Tissue culture media (composition and preparation)

3. Initiation and maintenance of callus and suspension culture; single cell clones.

4. Organogenesis; somatic embryogenesis; transfer and establishment of whole plants in soil.

5. Shoot-tip culture; rapid clonal propagation and production of virus-free plants.

6. Embryo culture and embryo rescue.

7. Protoplast isolation, culture and fusion, selection of hybrid cells and regeneration of hybrid plants; symmetric and asymmetric hybrids, cybrids.

8. Anther, pollen and ovary culture for production of haploid plants and homozygous lines.

9. Cryopreservation, slow growth and DNA banking for germ plasm conversation.

Unit-II

.

10. Plant Transformation Technology:

      Basis of tumor formation & hairy roots, features of TI and RI plasmids, mechanisms of DNA  transfer, role of virulence genes, use of TI and RI as vectors, binary vectors, use of 35 S and other promoters, genetic markers, use of reporter genes, reporter gene with introns, methods of nuclear transformation

      Viral vectors and their applications

      Multiple gene transfers

      Vectors less or direct DNA transfer - particle bombardment, electroporation, microinjection, Transformation of monocots,  Transgene stability and gene silencing.

11. Applications of Plant Transformation for Productivity and performance:

      Herbicide resistance - phosphoinothricin, glyphosate, sufonyl urea, atrazine

      Insect resistance, Bt genes, Non-Bt like protease inhibitors, alpha amylase inhibitor

      Virus resistance, coat protein mediated, nucleocapsid gene

      Disease resistance- chitinase, 1-3 beta glucanase, RIP, antifungal proteins, thionins, PR Proteins, Nematode resistance, Abiotic stress –drought tolerance, salt tolerance,       Post-harvest losses, Long shelf life of fruits and flowers- use of ACC synthase, polygalacturanase, ACC Oxidase, Male sterility , bar and barnase systems       Carbohydrate composition and storage- ADP glucose pyrophosphatase. 

Unit-III

12. Chloroplast Transformation: Advantages, vectors, success with tobacco and potato.

13. Production of plant secondary metabolities in vitro ,role of bioreactors for scaling up ,elicitation, biotransformation 

14. Industrial enzymes- Phytase, glucanase, Cellulase 

15. Biodegradable plastics, polyhydroxybutyrate

16. Molecular pharming in plants -Production of  therapeutic proteins , antibodies, edible vaccines  purification strategies oleosin partitioning technology.

Unit-IV

17. Molecular Marker-aided Breeding:

      RFLP maps, linkage analysis, RAPD markers, STS, microsatellites, SCAR ((Sequence characterized amplified regions), SSCP (single strand conformational polymorphism), AFLP, 

      QTL, map based cloning, molecular market assisted selection.

18. Green house and Green-Home technology.

      Practicals 

1. Methods of sterilization.

2. Preparation of media – MS (full strength, half strength)

3. Callus induction & subculturing, organogenesis, transfer of plants to soil.

4. Counting ,stainining & cytology of cultured cells

5. Suspension cultures & their maintenance

6. Anther culturing

7. Protoplast isolation and culture.

8. Agrobacterium culture, selection of transformants, reporter gene .

Suggested Books:-
1. J. Hammond, P. McGravey and V. Yusibov (Eds.): Plant Biotechnology. Springer Verlag, 2000.

2. T-J, Fu, G.Singh, and W.R. Curtis (Eds.): Plant Cell and Tissue Culture for the production of Food Ingredients. Kulwer Academic/Plenum Press. 1999

3. H.S. Chawla: Biotechnology in Crop Improvement.  International Book Distributing Company. 1998

4. R.J. Henry: Practical Application of Plant Molecular Biology. Chapman and Hall. 1997

5. P.K. Gupta: Elements of Biotechnology.  Rastogi and Co. Meerut. 1996.

6. M.K.Razdan : An introduction to Plant Tissue Culture,2005

7. R.H.Smith : Plant Tissue Culture : Techniques & Experiments, Academic Press ,2005

8. O.L.Gamborg & G.C.Philips : Plant Cell, Tissue & Organ Culture- Fundamental Methods, Narosa Publishing House ,2005. 
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Unit-I

1. Structure and organization of animal cell.

2. Equipments and materials for animal cell culture technology.

3. Primary and established cell line cultures.

4. Introduction to the balanced salt solutions and simple growth medium.  Brief discussion on the chemical, physical and metabolic functions of different constituents of culture medium.  Role of carbon dioxide.  Role of serum and supplements.

5. Serum & protein free defined media and their application. 

6. Measurement of viability and cytotoxicity.

Unit-II

7. Biology and characterization of the cultured cells, measuring parameters of growth.

8. Basic techniques of mammalian cell culture in vitro; desegregation of tissue and primary culture; maintenance of cell culture; cell separation.

9. Scaling-up of animal cell culture.

10. Stem cell cultures, embryonic stem cells and their applications including tissue engineering.

11. Applications of animal cell culture.

12. Somatic cell fusion-Hybridoma technology,Humanized antibodies. 

Unit-III

13. Transformation of animal cell, 

14. Transgenesis, Transgenic animal and their application.

15. Role of Biotechnology in Pest control, Sericulture, aquaculture

Unit-IV

16. In vitro fertilization, ET

17. Cloning : Methodology : its applications & Limitations. 

18. Role of biotechnology in biodiversity conservation

Suggested Readings:

1. Biotechnology & Genetic Engineering Reviews, Volume-15 by Michael P.Tombs, Intercept.

2. Culture of Animal Cells, (4th Ed.) by R. Ian Freshney, Wilyliss.

3. Animal Cell Biotechnology, by Spiers Vol I to V, Academic Press.

Practicals

1. Preparation of tissue culture medium and membrane filtration.

2. Preparation of single cell suspension from spleen and thymus.

3. Cell counting and cell viability.

4. Macrophage monolayer from PEC and measurement of phagocytic activity.

5. Trypsinization of monolayer and subculturing.

6. Cryopreservation and thawing.

7. Preparation of metaphage chromosomes from cultured cells.

8. Isolation of DNA and demonstration of adoptosis of DNA laddering.

Suggested Books:-

1. Culture of Animal Cells, (3rd Edition), R. Ian Freshney.  Wiley-Liss.

2. Animal Cell Culture – Practical Approach, Ed. John R.W. 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, Springer.

6. Methods in Cell Biology, Vol. 57, Animal Cell Culture Methods. Ed. Jenni P Mather and David Barnes. Academic Press.
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Unit I: Introduction To Food Processing
Biotechnology in relation to the food industry, nutritive value of food, and types of microorganisms associated with food, its sources, types and behavior in foods.

Unit II: Food Preservation I
Bioprocessing of meat, fisheries, vegetables, dairy products, enzymes and chemicals
used in food processing,

Unit III: Food Preservation II
biochemical engineering for flavor and food production, cryopreservation, irradiated foods.

Unit IV: Fermented Food Pro
Ducts Dairy products, non-beverage plant products, beverages and related products of baking.

Unit V: Quality Control
Quality control, case studies on Biotechnology in the evolution of food quality.

Unit VI: Food Spoilage & Food Borne Diseases
Food -borne infections & intoxications.

Unit VII: Food Microbiology I
Utilization of microorganisms in food Industry, Single cell protein, Neutraceuticals etc.,

Unit VIII: Food Microbiology II
Natural and artificial sweeteners and their role in controlling diseases and deficiencies.

Practicals:

1. MBRT (Methylene Blue Dye Reduction test) to check milk quality.

2. Enumeration of bacteria from food samples

3. Isolation of bacteria from food and water samples.

4. Microscopic examination of bread mold – Rhizopus

5. Use of temperature, chemical, Ph, to inactivate bacteria bacteria in milk, curd etc.

6. Microscopic examination of lactobacillus and sterptomyces from curd.

7. Microbial production of citric acid.

8. Culturing and characterization of microorganisms important for food biotechnology.

9. Effect of alcoholic beverages on intestine microflora.

TEXT BOOKS
1. Roger A., Gordan B., and John T., Food Biotechnology, 1989.
2. Frazier, Food Microbiology,
REFERENCES
1. George J.B., Basic Food Microbiology, CBS Publishers Distributors, 1987.
2. James M .J. Modern Food Microbiology, CBS Publishers & Distributors, 1987.
3. Lindsay, Willis Biotechnology, Challenges for the flavor and food Industries, Elsevier
Applied Science, 1988.
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Unit I 

Environmental components, Natural resources, Ecosystem and its diversity, environmental pollution and its major impacts, global warming green house effect,  global ozone problem, acid rain, eutrophication, land degradation, biomagnification.

Unit II

Non-renewable and renewable energy resources, concepts of clean fuel technology, Biomass energy and biofuels.

Unit III

Biodegradation and bioremediation of major pollutants, Biomineralisation, use of microbial technology for mining.

Unit IV

Waste water engineering- treatment of municipal wastes and industrial effluents with special focus on the use of biological methods, advanced waste water treatments.

Unit V

Bioassessment of environmental quality- biosensors, and biomarkers, biofertilizers, biopesticides, and vermicomposting.

Unit VI

Environmental impact assessment and environmental audit, related case studies from Indian market.

List of Practicals:

1. To determine BOD & COD levels of the samples.

2. Application of the microbial approaches in the remediation of contaminated soils.

3. Analysis of contaminated & bioremediated samples.

4. Isolation and purification of agro chemical degrading microbes from soil.

5. Degradation of agro chemical using isolated microbes.

6. Isolation of PGPR’s, and iron siderophores, 

7. Phosphate solubilizers from soil.

8. Isolation and purification of Rhizobium species from pea 

9. Estimation of nodulation potential of isolated Rhizobium species in different legume crops.

	BTC (H) - 525
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	1+1


                                                                                 Unit I

Introduction to Genes and Proteins, Genome Sequences, ORFs, Genes, Introns, Exons, Splice Variants, DNA/RNA, Secondary structure, Triplet Coding, Protein sequences, Protein Structure, Secondary, Tertiary, Quarternary, The notion of Homology. Sequence Information Sources, EMBL, GENBANK, Entrez, Unigene, Understanding the structure of each source and using it on the web.

                                                                             Unit II

Protein Information Sources, PDB, SWISSPROT, TREMBL, Understanding the structure of

each source and using it on the web. Introduction of Data Generating Techniques, Restriction

Enzymes, Gel Electrophoresis, Chromatograms, Blots, PCR, Microarrays, Mass Spectrometry,

What data each generates and what Bioinformatic problems they pose.

                                                                  Unit III

Sequence and Phylogeny analysis, Detecting Open Reading Frames, Outline of sequence

Assembly, Mutation Matrices, Pairwise Alignments, Introduction to BLAST, using it on the web, Interpreting results, Multiple Sequence Alignment Phylogenetic Analysis. Searching Databases: SRS, Entrez, Sequence Similarity Searches-BLST, FASTA, DATA Submission.                                        

Unit IV

Protein Structure : Protein structure classification, Structure Analysis, Secondary structure prediction  methods, Comparative modeling

Genome Annotation : Pattern and repeat finding, Gene identification tools.






Unit V

Introduction: General Introduction Patent Claims, the legal decision-making process Ownership of Tangible and Intellectual Property. Basic requirements of patentability, patentable subject matter, novelty and the Public Domain; Nonobviousness. Special issues in Biotechnology Patents : Discolsoure Requirements, Collaborative research, competitive research, Plant Biotechnology Foreign Patents.

Patent Litigation: Substative Aspects of Patent Litigation, Procedural Aspects of Patent Litigation Recent Development in Patent System and Patentability of Biotechnology invention IPR issues of the Indian context current patent laws.

Public acceptance issues for biotechnology : Case studies/experiences from developing and developed countries.  Biotechnology and hunger.  Challenges for the Indian Biotechnological research and industries.

Practicals:

1. Basics of sequence analysis: Retrieving nucleic acid and protein sequence form online databases.

2. Local and global alignment concepts: Pair wise sequence alignment, Multiple sequence alignment.

3. Dynamic programming: Smith waterman algorithm, Needleman Wunsch algorithm.

4. Motif and pattern searching in a given sequence, Structure prediction, Protein structure classification resources, structure superposition tools, Energy minimization and simulated annealing.

5. Phylogenetic prediction and analysis

6. Docking small molecules/ peptides in active site of protein, use of automated docking procedures, free energy calculation.

7. Finding transcript regulatory signals in a given sequence.

 References: 
Bioinformatics: The machine learning approach  Pierre Baldi and Soren Brunak, MIT Press, 351p 1998 ISBN 0 262 02442 X 

Bioinformatics: A practical guide to the analysis of genes and proteins, Ed. By Baxvanis, 1998 $64.95 

Bioinformatics online (Methods in Enzymology V. 266 compter methods for macromolecular sequence) , Ed. By Doolittle, Academic press 711p, 1996 ISBN 0121821676 

Molecular Evolution: a phylogenetic approach, 1998, 352p, $54.95, ISBN 08654 28891, Page, ROM and Holmas EC, Blackwell Science 

Bioinformatics: Sequences, structure and databanks, Des Higgins and Willie Taylor, Oxford University Press, 256p, Oct 2000, 01996379093 paper back L 29.95. 

 COMPUTER APPLICATIONS
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Unit-I

Introduction of digital computers; Organization; low-level and high-level languages; binary number system. Flow charts and programming techniques.

Unit II

Introduction to programming in Q Basic and C and its functions. Key words token, identifiers,  arrays   control statements : if else, switch  control loops : for, while, do while,  structures, file handling. 

Unit-III

Introduction to data structures and database concepts, introduction to internet and its application.

Introduction to MS-OFFICE software, covering Word Processing, Spreadsheets and presentation software. Introduction to Haward Graphics / Corel Draw.

Unit-IV

Computer-Oriented Statistical  Techniques; Frequency table of signle discrete variable, Bubble sort, Computation of mean, variance and standard     deviation; t-test, correlation coefficient. Bio-informatics and Biotechnology: Introduction, differences, and their applications.

Recommended Books

1. Computers Today by S.K.Basandra, Galgotia Pb.

2. Computer fundamentals by P. K.Sinha

3. Kamthane, Programming with ANSI and Turbo C”, First Edition, 2002, Pearson Education.

4. Venugopal and Prasad, “ Programming with C”, First Edition, 1997, Tata McGrawhill.

5. B. W. Kemighan and D.M. Ritchie, “ The C Programming Language”, Second Edition, 2001 Prentice Hall of India

STATISTICS              







2+1
Unit-I

Brief description and tabulation of data and its graphical representation.

Measurement of central tendency and dispersion; mean, median, mode, range, standard deviation, variance.

Probability 

Experimental Probability 

Probability when outcomes are equally likely

Subjective probabilities

Unit-II

Probabilities law 

Probability rules for combined events

Conditional probability and independent events

Probability trees

Bayes’ theorem

Unit-III

Random Variables and Distributions

Discrete and Continuous Random Variables 

Cumulative distribution function 

Probability mass function and Probability

Density function 

Expectation of random variables-experimental 

Approach and theoretical approach 

Expectation of X and variance X

Expectation of function E[g(X)]

Bernolulli distribution 

Binomial distribution

Poisson distribution 

Uniform distribution 

Normal distribution 

Normal approximation to Binomial distribution 

Central limit theorem

Unit-IV

Application of statistics biological experimental design: data collection & explanation & conclusion case studies have to be included. 

Recommended Books

1. H. Nell and D. Quadling. ‘Pure Mathematics (Advanced Level Mathematics’)

Vol. 1,2, 3. Cambridge University Press. 2002.

2. Edward Batschelet. ‘Introduction to Mathematics for Life Scientists’. 3rd Edition, Springer-Verlag, 1992.

3. J.Crawshaw and J. Chamber, ‘Advanced level Statistics’. 4th Edition, Melson Thornes, 2002.

4. Sheldon Ross, ‘ A first course in probability’, Sixth Edition, Pearson Education Asia, 2002.

5. S. Dobbs and J. Miller. ‘Statistics (Advanced Level Mathematics)’, Cambridge University Press 2002. 
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