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ANNA UNIVERSITY COIMBATORE B.TECH BIOTECHNOLOGY - Regulation 2008
 Semester V
 Course Hours/Week Maximum Marks
 Theory Lectur
 e Tutori
 al Practi
 cal Credit CA FE Total
 Molecular Biology 3 0 0 3 50 50 100
 Immunology 3 0 0 3 50 50 100
 Enzyme Engineering & Technology
 3 0 0 3 50 50 100
 Bioprocess Principles 3 1 0 4 50 50 100
 Mass Transfer & Chemical Reaction Engineering
 3 1 0 4 50 50 100
 Elective I 3 0 0 3 50 50 100 Practical
 Bioprocess Laboratory I 0 0 4 2 50 50 100
 Molecular Biology Laboratory 0 0 4 2 50 50 100
 Immunology Laboratory 0 0 4 2 50 50 100
 Semester VI Course Hours/Week Maximum Marks Theory Lect
 ure Tutor
 ial Practical
 Credit
 CA FE Total
 Bioinformatics 3 0 0 3 50 50 100
 Genetic Engineering 3 0 0 3 50 50 100
 Bioprocess Engineering 3 1 0 4 50 50 100
 Protein Engineering 3 0 0 3 50 50 100
 Plant Biotechnology 3 0 0 3 50 50 100
 Elective II 3 0 0 3 50 50 100 Practical
 Bioprocess Laboratory II 0 0 4 2 50 50 100
 Genetic Engineering Laboratory 0 0 4 2 50 50 100
 Technical Seminar 0 0 1 1 100 - 100
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Semester VII Course Hours/Week Maximum Marks Theory Lectur
 e Tutori
 al Practi
 cal Credit CA FE Total
 Disaster Management 3 0 0 3 50 50 100
 Downstream Processing 3 1 0 4 50 50 100
 Biodiversity & Bioresource Management
 3 0 0 3 50 50 100
 Genomics & Proteomics 3 0 0 3 50 50 100
 Animal Biotechnology 3 0 0 3 50 50 100
 Elective III 3 0 0 3 50 50 100 Practical
 Downstream Processing Laboratory
 0 0 4 2 50 50 100
 Analytical & Applied Biotechnology Laboratory
 0 0 4 2 50 50 100
 Mini Project 0 0 3 1.5 50 50 100
 Semester VIII Course Hours/Week Maximum Marks Theory Lectu
 re Tutori
 al Practi
 cal Credit CA FE Total
 Bioethics & IPR 3 0 0 3 50 50 100
 Elective IV 3 0 0 3 50 50 100 Practical
 Project 0 0 21 10 80 120 200

Page 3
                        

LIST OF ELECTIVES Elective I
 Course Hours Per Week
 Maximum Marks
 Lecture
 Tutorial
 Practical
 Credit
 CA FE Total
 Food Science & Technology 3 0 0 3 50 50 100
 Principles of Food Processing 3 0 0 3 50 50 100
 Elective II
 Course Hours Per Week
 Maximum Marks
 Lecture
 Tutorial
 Practical
 Credit
 CA FE Total
 Separation Techniques 3 0 0 3 50 50 100
 Microbial Biotechnology 3 0 0 3 50 50 100
 Nanobiotechnology 3 0 0 3 50 50 100
 Elective III Course Hours Per
 Week Maximum Marks
 Lecture
 Tutorial
 Practical
 Credit
 CA FE Total
 Total Quality Management 3 0 0 3 50 50 100
 Cancer Biology 3 0 0 3 50 50 100 Environmental Biotechnology 3 0 0 3 50 50 100
 Elective IV Course Hours Per
 Week Maximum Marks
 Lecture
 Tutorial
 Practical
 Credit
 CA FE Total
 Molecular Modeling & Drug Design 3 0 0 3 50 50 100
 Molecular Pathogenesis 3 0 0 3 50 50 100 Bioprocess Economics & Plant Design 3 0 0 3 50 50 100
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SEMESTER V
 MOLECULAR BIOLOGY 3 0 0 3 100
 UNIT I: CLASSICAL GENETICS
 Mendelian Genetics, linkage, crossing over, classical experiments- Hershey and chase: Avery Mcloed & McCarty. Bacterial Conjugation, transformation and transduction – phage life cycle.
 UNIT II: STRUCTURE OF NUCLEIC ACIDS AND DNA REPLICATION
 Conformation of DNA and RNA; replication in prokaryotes, D-loop and rolling circle mode of replication, replication of linear viral DNA, Organization of eukaryotic chromosome- cot value, replication of telomeres in eukaryotes.
 UNIT III: TRANSCRIPTION
 In prokaryotes and Eukaryotes, features of promoters and Enhancers, transcription factors, nuclear RNA Splicing, ribozyme
 UNIT IV: TRANSLATION
 Elucidation of genetic code, codon Usage, mechanism
 UNIT V REGULATION OF GENE EXPRESSION
 Lac and trp operon, mutation and repair of DNA
 TEXT BOOKS David Frieflder, Molecular Biology,Narosa Publ House 1999 Benjamin Lewin, Gene VIII, Oxford University Press, 2000 REFERENCE WatsonJD, Hopkins WH, Roberts JW, steitzJA, WEinerAM Molecular Biology of the Gene 1987
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IMMUNOLOGY
 3 0 0 3 100 Unit I Introduction Cells and tissues of immune system; hematopoiesis; innate and acquired immunity; types of immune responses; antigens: chemical and molecular nature; haptens; adjuvants. immunization and vaccines. (9) Unit II Humoral response Development, maturation, activation and differentiation of B cells: Clonal purification theory; Structure and functions of antibodies: Genes and generation of diversity; Hybridoma technology for production of monoclonal antibodies- Antibody engineering. (12) Unit III Cellular Response Development, maturation, activation and differentiation of T cells; TCR; Clonal Anergy; Antigen presenting cells: Macrophage, langerhan’s cells and B cells- Antigen processing and presentation; Classes of MHC; MHC/HLA genetic loci; HLA alleles and diseases (10) Unit IV Immunity to infection and Hypersensitivity Reactions Immune response to infections: viruses, bacteria, fungi and parasites; Cytokines; Complement; Hypersensitivity and their types. (7) Unit V Immunology of Transplantation, autoimmunity and tumor Transplantation: types of graft; mechanism of graft rejection; HVG and GVH rejection; immunological strategies to prevent graft rejection; Autoimmunity; diseases and mechanism of autoimmunity; Tumor immunity. (7) Total: 45 hours Text Books
 Ashim K. Chakravarthy, Immunology, Tata McGraw- Hill, 1998
 References Roitt I Male, Brostoff. Immunology, Mosby publ., 2002. Richard A Goldsby, Thomas J Kindt, Barbara A Osborne and Janis Kuby. Immunology
 5th Edition, W.H. Freeman & Co., 2005. Ian R. Tizard. Immunology- An Introduction. 4th Edition. Thomson Publ., 1995.
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ENZYME ENGINEERING AND TECHNOLOGY 3 0 0 3 100
 UNIT I INTRODUCTION TO ENZYMES 9 Classification of enzymes. Mechanisms of enzyme action; concept of active site and energetics of enzyme substrate complex formation; specificity of enzyme action; Enzyme units; principles of catalysis – collision theory, transition state theory; role of entropy in catalysis. UNIT II KINETICS OF ENZYME ACTION 12 Kinetics of single substrate reactions; estimation of Michelis – Menten parameters, multi substrate reactions- mechanisms and kinetics; turnover number; types of inhibition – kinetic models; substrate and product inhibition; Allosteric regulation of enzymes; Monod changeux wyman model; pH and temperature effect on enzymes ; Deactivation kinetics. UNIT III ENZYME IMMOBILIZATION 8 Physical and chemical techniques for enzyme immobilization – adsorption, matrix entrapment, encapsulation, cross-linking, covalent binding etc., - examples, advantages and disadvantages of enzyme immobilization, overview of applications of immobilized enzyme systems. UNIT IV PURIFICATION AND CHARACTERIZATION OF ENZYMES FROM NATURAL SOURCES 8
 Production and purification of crude enzyme extracts from plant, animal and microbial sources; methods of characterization of enzymes; development of enzymatic assays. UNIT - V ENZYME BIOSENSORS 8 Application of enzymes in analysis; design of enzyme electrodes and their application as biosensors in industry, healthcare and environment.
 TOTAL: 45 TEXT BOOKS
 1. Harvey W. Blanch, Douglas S. Clark, “Biochemical Engineering”, Marcel Dekker, Inc. 2. James M. Lee, “Biochemical Engineering”, PHI, USA. 3. Nicholas C.Price and Lewis Stevens, “Fundamentals of Enzymology”, Oxford university
 press
 REFERENCES 1. James. E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, McGraw-
 Hill. 2. Wiseman, “Enzyme Biotechnology”, Ellis Horwood Pub.
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BIOPROCESS PRINCIPLES 3 1 0 4 100
 UNIT I OVERVIEW OF FERMENTATION PROCESSES Overview of fermentation industry, general requirements of fermentation processes, basic configuration of Fermentor and ancillaries, main parameters to be monitored and controlled in fermentation processes. UNIT II RAW MATERIALS AND MEDIA DESIGN FOR FERMENTATION PROCESS Criteria for good medium, medium requirements for fermentation processes, carbon, nitrogen, minerals, vitamins and other complex nutrients, oxygen requirements, medium formulation of optimal growth and product formation, examples of simple and complex media, design of various commercial media for industrial fermentations – medium optimization methods UNIT III STERILIZATION KINETICS Thermal death kinetics of microorganisms, batch and continuous heat sterilization of liquid media, filter sterilization of liquid media, air sterilization and design of sterilization equipment - batch and continuous. UNIT IV METABOLIC STOICHIOMETRY AND ENERGETICS Stoichiometry of cell growth and product formation, elemental balances, degrees of reduction of substrate and biomass, available electron balances, yield coefficients of biomass and product formation, maintenance coefficients energetic analysis of microbial growth and product formation, oxygen consumption and heat evolution in aerobic cultures, thermodynamic efficiency of growth. UNIT V KINETICS OF MICROBIAL GROWTH AND PRODUCT FORMATION
 Modes of operation - batch, fed batch and continuous cultivation. Simple unstructured kinetic models for microbial growth, Monod model, growth of filamentous organisms, product formation kinetics - leudeking-piret models, substrate and product inhibition on cell growth and product formation.
 TEXT BOOKS
 1. Bailey and Ollis, “Biochemical Engineering Fundamentals”, McGraw-Hill (2nd Ed.), 1986. 2. Shuler and Kargi, “Bioprocess Engineering”, Prentice Hall, 1992.
 REFERENCES 1. Pauline Doran, “Bioprocess Engineering Calculation”, Blackwell Scientific Publications. 2. Peter F. Stanbury, Stephen J. Hall & A. Whitaker, “Principles of Fermentation
 Technology”, Science & Technology Books. 3. Harvey W. Blanch, Douglas S. Clark, “Biochemical Engineering”, Marcel Dekker, Inc.
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MASS TRANSFER AND CHEMICAL REACTION ENGINEERING 3 1 0 4 100
 UNIT I DIFFUSION AND MASS TRANSFER Molecular diffusion in fluids and solids; Inter phase Mass Transfer; Mass Transfer coefficients. UNIT II GAS LIQUID AND VAPOUR LIQUID OPERATIONS Principles of gas absorption; Single and Multi component absorption; Absorption with Chemical Reaction; Design principles of absorbers; V-L Equilibria. Distillation and its types; McCABE-THIELE Principles. UNIT III EXTRACTION AND SOLID FLUID OPERATIONS L-L equilibria; Solid-liquid equilibria; Adsorption equilibria – Batch and fixed bed adsorption; Drying-Mechanism- curves-Time of Drying UNIT IV CHEMICAL KINETICS & CHEMICAL REACTION Rate equations; concentration and temperature dependence; development of rate equations for different homogeneous reactions. UNIT V IDEAL REACTORS AND NON IDEAL FLOW Ideal reactors and its types, performance equations for single reactors; multiple reactor systems, RTD in non-ideal flow; non-ideal flow models; reactor performance with non-ideal flow. TEXT BOOKS 1. Treybal R.E. Mass Transfer Operations.3rd edition. McGraw-Hill, 1981. 2. Geankoplis C.J. Transport Processes and Unit Operations. 3rd edition, Prentice Hall of
 India, 2002. 3. Levenspiel O. “Chemical Reaction Engineering”, 3rd Edition. John Wiley.1999. 4. Fogler H.S. “Elements Of Chemical Reaction Engineering”, Prentice Hall India.2002
 REFERENCE
 1. Coulson and Richardson’s Chemical Engineering. Vol. I & II, Asian Books Pvt. Ltd, 1998. 2. Missen R.W., Mims C.A., Saville B.A. “Introduction To Chemical Reaction Engineering
 And Kinetics”, John Wiley.1999.
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BIOPROCESS LAB
 0 0 4 2 100
 1. Growth of bacteria – estimation of biomass, calculation of specific growth rate, yield
 coefficient 2. Growth of yeast – estimation of biomass, calculation of specific growth rate, yield
 coefficient 3. Medium optimization – plackett burman design 4. Medium optimization – response surface methodology 5. Enzyme kinetics – Michelis Menton parameters 6. Enzyme activity – effect of temperature and pH 7. Enzyme inhibition kinetics 8. Enzyme immobilization – gel entrapment 9. Enzyme immobilization – cross linking 10. Preparation of bioreactor, utilities for bioreactor operation
 MOLECULAR BIOLOGY LABORATORY
 0 0 4 2 100 1. Isolation of bacterial plasmid DNA
 2. Isolation of bacterial genomic DNA
 3. Agarose gel electrophoresis
 4. Isolation of plant cell genomic DNA
 5. Isolation of animal cell genomic DNA
 6. Restriction enzyme digestion
 7. Competent cells preparation
 8. Transformation
 9. Southern hybridization
 10. Phage titration
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Immunology & Immunotechnology Lab 0 0 4 2 100
 1. Handling of animals, immunization and raising antisera
 2. Identification of Blood cells
 3. Differential count of white blood cells
 4. Preparation of blood antigens
 5. Blood grouping (ABO& Rh factor)
 6. Widal Test (Slide & Tube Test)
 7. Ouchterlony double immunodiffusion technique (ODD)
 8. Radial immunodiffusion (RID)
 9. Immunoelectrophoresis
 10. Isolation of monocytes from blood
 11. Isolation of peripheral blood mononuclear cellsIdentification of T cells by T cell resetting
 using sheep RBC
 12. ELISA
 13. Western Blotting
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SEMESTER VI
 BIOINFORMATICS 3 0 0 3 100
 UNIT I INTRODUCTION
 Basic UNIX commands – telnet – ftp – protocols – hardware – topology -search engines – search algorithms. (7)
 UNIT II DATABASES
 Data management – data life cycle – database technology – interfaces and implementation – biological databases and their uses (8)
 UNIT III PATTERN MATCHING & MACHINE LEANING
 Pairwise sequence alignment – local vs. global alignment – multiple sequence alignment – dot matrix analysis – substitution matrices – dynamic programming – bayesian methods – tools – BLAST – FASTA- machine learning – neural networks – statistical methods – Hidden Markov models. (12)
 UNIT IV PHYLOGENY
 Introduction; mutations; irrelevant mutations; controls; mutations as a measure of time; distances; reconstruction; distances between species; estimating time intervals from distances. (10) UNIT V ADVANCED TOPICS IN BIOINFORMATICS
 Biomolecular and cellular computing – micro array analysis – systems biology. (8)
 Total: 45 hours
 TEXT BOOKS 1. B. Bergeron, Bioinformatics Computing, PHI, 2002.
 2. Westhead, D.R., Parish, J.H., Twyman, R.M., Instant Notes In Bioinformatics, BIOS
 Scientific Publishers, 2000.
 REFERENCE
 1. C. Gibas & P. Jambeck, Developing Bioinformatics Skills, O'Reilly, 1999.
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GENETIC ENGINEERING 3 0 0 3 100
 UNIT – I: BASICS OF GENETIC ENGINEERING Role of Genes within Cells - Cloning – Enzymes of Cloning – Restriction Endonucleases – Type – I, II, III, DNA Ligase, Recognition Sequences - Cleavage Patterns- Modification Enzyme Systems. (6) UNIT – II: CREATION OF RECOMBINANT MOLECULES Plasmids: Definition, types, Identification, classification and purifications and transfer of Plasmids. Transposable elements: Definition, detection of transposition in bacteria, types of bacterial transposons, mechanisms of transposition and excision, applications of transposons. Retrotransposons. Construction of prototype vector (pBR 322), different types of cloning vectors (plasmid – pUC 19, Lambda phage, cosmid, M13). – Restriction mapping. (10)
 UNIT – III: CONSTRUCTION OF RECOMBIANT LIBRARIES Construction of cDNA and Genomic DNA Libraries. Screening of Libraries with DNA probes and Anti-Sera. Blot analysis - Southern, Northern & Western blot; dot and slot blot. Immunological techniques. DNA methylation, DNA hybridization - DNA Sequencing. (10)
 UNIT – IV: PCR TECHNOLOGY Principles, designing of primers, PCR methodology, Types of PCR - RT - PCR, multiplex PCR, identification of PCR product, application of PCR technology, RAPD, RACE PCR – Molecular Beacons – Taqman Assay - (9)
 UNIT – IV: APPLICATION OF GENETIC ENGINEERING Transgenic and Knockout Animals - Gene cloning in medicine (Insulin, Blood clotting factor VIII) Limitation and advantages and novel technologies generation of transgenic animals. Introduction to Gene therapy (Ex vivo & In vivo), case study of ADA as an example. Advantages and limitations of Gene therapy. (10) Total: 45 hours TEXT BOOKS: 1. Old RW, Primrose SB, principles of Gene manipulation, An introduction to Genetic engineering, Blackwell Scientific Publications, 1993 2. Watson, J.D., Tooze, J. and Kurtz, D.T. 1983. Recombinant DNA: Ashort Course, Scientific American Books, New York. 3. Kingsman and Kingsman, 1988, Genetic Engineering. 4. T.A. Brown, Gene Cloning. REFERENCES: 1. Ansubel FM., Brent A, Kingston AE, Moore DO, Current protocols in Molecular Biology, Greene Publishing Associates, NY, 1988. 2. Berger SL, Kimmer AR, Methods in Enzymology, Vol 152, Academic Press,1987. 3. Molecular Cell Biology – Gerald Carp. - The dynamic genome: Mobile genetic elements in eukaryotes (jumping genes) – relevance to plants; studies in maize; Generation of antibody diversity.
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BIOPROCESS ENGINEERING 3 1 0 4 100
 UNIT I ANALYSES OF STRIRRED TANK REACTORS Stirred tank reactor - non-ideality, RTD and stability analysis, tanks in series and dispersion models – application to design of continuous sterilizer. (7) UNIT II ANALYSIS OF OTHER CONFIGURATIONS Packed bed reactor, airlift reactor, fluidized bed reactor bubble column reactors – non-ideality, RTD and stability analysis. (8) UNIT III BIOREACTOR SCALE – UP Regime analysis of bioreactor processes, oxygen mass transfer in bioreactors - microbial oxygen demands; methods for the determination of mass transfer coefficients; mass transfer correlations. Scale up criteria for bioreactors based on oxygen transfer, power consumption and impeller tip speed. (12) UNIT IV MODELLING AND SIMULATION OF BIOPROCESSES Study of structured models for analysis of various bioprocess – compartmental models, models of cellular energetics and metabolism, single cell models, plasmid replication and plasmid stability model. Dynamic simulation of batch, fed batch, steady and transient culture metabolism. (10) UNIT V BIOREACTOR CONSIDERATION IN ENZYME SYSTEMS Analysis of film and pore diffusion effects on kinetics of immobilized enzyme reactions; formulation of dimensionless groups and calculation of effectiveness factors. Design of immobilized enzyme reactors – packed bed, fluidized bed and membrane reactors. (8) Total: 45 hours TEXT BOOKS 1. Anton Moser, “Bioprocess Technology”, Kinetics and Reactors”, Springer Verlag. 2. James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, McGraw-Hill. REFERENCES 1. James M. Lee, “Biochemical Engineering”, PHI, USA. 2. Atkinson, “Handbook of Bioreactors”, 3. Harvey W. Blanch, Douglas S. Clark, “Biochemical Engineering”, Marcel Decker Inc.
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PROTEIN ENGINEERING 3 0 0 3 100
 UNIT I BONDS AND ENERGIES IN PROTEIN MAKEUP
 Covalent, Ionic, Hydrogen, Coordinate, hydrophobic and Vander walls interactions in protein structure. Interaction with electromagnetic radiation (radio, micro, infrared, visible, ultraviolet, X-ray) and elucidation of protein structure. (8) UNIT II AMINO ACIDS AND THEIR CHARACTERISTICS Amino acids (the students should be thorough with three and single letter codes) and their molecular properties (size, solubility, charge, pKa), Chemical reactivity in relation to post-translational modification (involving amino, carboxyl, hydroxyl, thiol, imidazole groups) and peptide synthesis. (8)
 UNIT III PROTEIN ARCHITECTURE Primary structure: peptide mapping, peptide sequencing - automated Edman method & mass-spec. High-throughput protein sequencing setup Secondary structure: Alpha, beta and loop structures and methods to determine super-secondary structure: Alpha-turn-alpha, beta-turn-beta (hairpin), beta-sheets, alpha-beta-alpha, topology diagrams, up and down & TIM barrel structures nucleotide binding folds, prediction of substrate binding sites. Tertiary structure: Domains, folding, denaturation and renaturation, overview of methods to determine 3D structures, Quaternary structure: Modular nature, formation of complexes. (9) UNIT IV STRUCTURE-FUNCTION RELATIONSHIP DNA-binding proteins: prokaryotic transcription factors, Helix-turn-Helix motif in DNA binding, Trp repressor, Eucaryotic transcription factors, Zn fingers, helix-turn helix motifs in homeodomain, Leucine zippers, Membrane proteins: General characteristics, Trans-membrane segments, prediction, bacteriorhodopsin and Photosynthetic reaction center, Immunoglobulins: IgG Light chain and heavy chain architecture, abzymes and Enzymes: Serine proteases, understanding catalytic design by engineering trypsin, chymotrypsin and elastase, substrate-assisted catalysis other commercial applications. (10) UNIT V PROTEIN ENGINEERING Advantages and purpose, overview of methods, underlying principles with specific examples: thermal stability T4-lysozyme, recombinant insulin to reduce aggregation and inactivation, de novo protein design. (10)
 TEXT BOOKS 1. Voet D. and Voet G., “Biochemistry”, Third Edn. John Wiley and Sons, 2001 2. Branden C. and Tooze J., “Introduction to Protein Structured, Second Edition”, Garland
 Publishing, NY, USA, 1999 REFERENCES
 1. Creighton T.E. Proteins, Freeman WH, Second Edition, 1993 2. Moody P.C.E. and Wilkinson A.J. “Protein Engineering”, IRL Press, Oxford, UK, 1990.
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PLANT BIOTECHNOLOGY
 3 0 0 3 100
 UNIT I ORGANIZATION OF GENETIC MATERIAL Genetic material of plant cells – nucleosome structure and its biological significance; junk and repeat sequences; outline of transcription and translation. (10)
 UNIT II CHLOROPLAST & MITOCHONDRIA Structure, function and genetic material; rubisco synthesis and assembly, coordination, regulation and transport of proteins. Mitochondria: Genome, cytoplasmic male sterility and import of proteins. (9)
 UNIT III NITROGEN FIXATION Nitrogenase activity, nod genes, nif genes, bacteroids. (6)
 UNIT IV AGROBACTERIUM & VIRAL VECTORS Pathogenesis, crown gall disease, genes involved in the pathogenesis, Ti plasmid – t-DNA, importance in genetic engineering. Viral Vectors: Gemini virus, cauliflower mosaic virus, viral vectors and its benefits. (10)
 UNIT V APPLICATION OF PLANT BIOTECHNOLOGY Outline of plant tissue culture, transgenic plants, herbicide and pest resistant plants, molecular pharming, theraputic products. (10) Total: 45 hours
 TEXT BOOKS
 1. Gamburg OL, Philips GC, Plant Tissue & Organ Culture fundamental Methods, Narosa Publications. 1995.
 2. Singh BD. Text Book of Biotechnology, Kalyani Publishers. 1998
 REFERENCES
 1. Heldt HW. Plant Biochemistry & Molecular Biology, Oxford University Press. 1997. 2. Ignacimuthu .S, Applied Plant Biotechnology, Tata McGraw-Hill. 1996.
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BIOPROCESS LAB II 0 0 4 2 100
 1. Thermal death kinetics 2. Batch sterilization design 3. Batch cultivation, estimation of kla – dynamic gassing method, exhaust gas analysis –
 carbon balancing, gas balancing 4. Fed batch cultivation, exhaust gas analysis – carbon balancing, gas balancing 5. Total cell retention cultivation, exhaust gas analysis – carbon balancing, gas balancing 6. Estimation of kla – sulphite oxidation method 7. Estimation of kla – power correlation method 8. Residence time distribution 9. Estimation of overall heat transfer coefficient 10. Continuous cultivation – x-d diagram, pulse and shift method, evaluation of kinetic
 parameters, exhaust gas analysis – carbon balancing, gas balancing.
 GENETIC ENGINEERING LAB 0 0 4 2 100
 1. Isolation of Plasmid DNA
 2. Agarose Gel Electrophoresis
 3. Elution of DNA from Gel
 4. Isolation of Yeast DNA
 5. Estimation of DNA by Di-Phenyl amine method
 6. Isolation of RNA - Trizol Method
 7. Estimation of RNA by Orcinol Method
 8. Northern Blotting
 9. Transformation & Screening of Recombinants
 10. β – Galactosidase Assay
 11. PCR
 12. DNA Fingerprinting
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SEMESTER VII
 DISASTER MANAGEMENT 3 0 0 3
 Natural Disasters: Cyclones, Floods, Drought and Desertification, Earthquake, Tsunami, Landslides and Avalanche (8) Manmade Disasters: Chemical industrial hazards, major power breakdowns, traffic accidents, fire, war, atom bombs – nuclear disaster, forest fire, oil fire, mining accidents (9) Disasters and Public Health: Communicable diseases and public health measures; mitigating measures through health care systems and immunization programs; food and water borne diseases and their prevention (9) Geospatial Technology: Remote sensing, GIS and GPS applications in real time disaster monitoring, prevention and rehabilitation, disaster mapping (8) Risk Assessment and Mitigation: Hazards, risks and vulnerabilities; Disasters in India; Assessment of disaster vulnerability of a location and vulnerable groups; Preparedness and mitigation measures for various disasters; mitigation through capacity building, preparation of disaster management plans (8) Text Books: 1. Khanna, BK. “All you wanted to know about disasters” New India Publishing, 2005. 2. Sahni, P, Dhameja, A and Medury, U. “Disaster mitigation: Experiences and Reflections”, Prentice Hall of India, 2001.
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DOWNSTREAM PROCESSING
 3 1 0 4
 UNIT I DOWNSTREAM PROCESSING 8 hrs
 Introduction to downstream processing principles characteristics of biomolecules and bioprocesses. Cell disruption for product release – mechanical, enzymatic and chemical methods. Pretreatment and stabilisation of bioproducts. UNIT II PHYSICAL METHODS OF SEPERATION 6 hrs
 Unit operations for solid-liquid separation – filtration, Microfiltration, centrifugation and sedimentation UNIT III ISOLATION OF PRODUCTS 12 hrs
 Adsorption, liquid-liquid extraction, aqueous two-phase extraction, supercritical extraction membrane separation – ultrafiltration and reverse osmosis, dialysis, precipitation of proteins by different methods. UNIT IV PRODUCT PURIFICATION 12 hrs
 Chromatography – principles, instruments and practice, adsorption, reverse phase, ion-exchange, size exclusion, hydrophobic interaction, bioaffinity and pseudo affinity chromatographic techniques, HPLC UNIT V FINAL PRODUCT FORMULATION AND FINISHING OPERATIONS 7 hrs
 Crystallization – Basic Concept, Crystal size distributions, Batch Crystallization, Recrystallization. Drying – Basic concept, Drying Equipment, Conduction drying, Adiabate Drying, lyophilization of Final product
 TOTAL : 45 hrs
 TEXT BOOKS
 1. P.A. Belter, E.L. Cussler And Wei-Houhu – Bioseparations – Downstream Processing For Biotechnology, Wiley Interscience Pub. (1988).
 2. R.O. Jenkins, (Ed.) – Product Recovery In Bioprocess Technology – Biotechnology By Open Learning Series, Butterworth-Heinemann (1992).
 REFERENCES
 1. J.C. Janson And L. Ryden, (Ed.) – Protein Purification – Principles, High Resolution Methods And Applications, VCH Pub. 1989.
 2. R.K. Scopes – Protein Purification – Principles And Practice, Narosa Pub. (1994). 3. Wankat P.E “Rate Controlled separation”, Elsevier , 1990
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BIODIVERSITY AND BIORESOURCE MANAGEMENT 3 0 0 3
 Unit I Biodiversity - Definition-Types, Diversity of genes (genetic diversity), species (species diversity and ecosystems (ecosystem diversity); Goals and constraints of Biodiversity Science. Genetic Diversity - Nature and origin of Genetic Variation, Measuring Genetic Variation by Allozyme, RFLP, RAPD Techniques (Elementary account on each one of these only); Species Diversity – Measurement, Concepts of species richness, abundance, and turnover, species/area relationships, global distribution of species richness; Centres of species diversity, megadiversity centres, Hot Spot analysis; A general account on Ecosystem diversity. 8 Hours Unit II Loss of Biodiversity and Human influence on Biodiversity - Species Extinction- Fundamentals causes, Deterministic and Stochastic processes, Current and Future Extinction rates; methods of estimating loss of biodiversity- Threatened species, The IUCN threat Categories (Extinct, Endangered, Vulnerable, Rare, Intermediate and Insufficiently known); The threat factors (Habitat loss, over-exploitation for uses, introduction of Exotics, Diseases, habitat fragmentation etc.); Common threat plant and animal taxa of India - Red data Books. 9 Hours Unit III Biodiversity and Human Welfare -A very general account on uses of Bioresources- plant uses: food, timber, medicinal ornamental and other uses- animal uses: food animals (terrestrial and aquatic), non food uses of animals, Domestic livestock- uses of microbes. Valuing Biodiversity-Instrumental (Goods, Services, and Information and Psychospiritual values) and Inherent or Intrinsic values, ethical and aesthetic values-An outline account on methods of valuing biodiversity. 9 Hours Unit IV Information Resources of Biodiversity Libraries, Electronic Media, Directories of biodiversity information, Catalogues, Indexes, Indexes and registers for described species, Identification aids .Literature search using electronic research tools - search engines, ebooks, ejournals, edatabases, subject gateways/subject directories, news feeds. 8 Hours Unit V Sustainable Management and Conservation of Biodiversity and Bioresources Sustainable management - National polices and Instruments relating the protection of the wild/ domesticated flora and fauna as well as habitats; International policies and Instruments - A general account on multilateral treaties- the role of CBD, IUCN, GEF, IBPGR, NBPGR, WWF, FAO, UNESCO and CITES. Conservation - Why conservation and conservation biology?, Current Practices in conservation - Habitat or ecosystem approaches, Species based approaches, Social approaches; Chipko movement; In situ (Afforestation, Social Forestry, Agro forestry, Botanical Gardens, Zoos, Biosphere Reserves, National Parks, Sanctuaries, Sacred Groves and Sthalavrikshas) and Ex situ (Cryopreservation, Gene Banks, Seed Banks, Pollen Banks, Sperms Banks, DNA Banks, Tissue Culture and Biotechnological Strategies) 8 Hours
 Total : 42 Hours Text books 1. Groombridge, B, Global Biodiversity – Status of the Earth’s Living Resources, Groombridge, B (ed.). Chapman and Hall, London. 1992 2. Virchow, D, Conservation and Genetic Resources, Springer – Verlag, Berlin. 1998 Reference
 1. Gary, K.M. and Ronald C. C, Principles of Conservation Biology, Sinauer Associates, Inc., Massachusetts. 1994
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GENOMICS AND PROTEOMICS 3 0 0 3
 UNIT I GENOME & GENOME MAPPING Definition of genome, Genome sequencing, and Genome map: Types of genome maps and their uses, High and low – resolution map, Map elements, Polymorphic markers, types of maps: Cytogenetic, Linkage map, Transcript map, Physical map, Comparative map, integrated map, STS content map. Practical uses of genome maps: Locating genome regions, Target identification, arrangement of genes, SNP diagnosis, positional specific cloning. UNIT II COMPARITIVE GENIOMICS Purpose and methods of comparison, Tools for genomic comparison: Application of comparative genomics, Reconstruction of metabolic pathway, predicting regulatory elements, Identifying targets, Examination of domain function Genome projects and model organism research – Yeast; Drosophila – a comparative analysis. UNIT III FUNCTIONAL GENOMICS Gene expression analysis by cDNA micro arrays, SAGE, TOGA, Strategies for generating ESTs and full length inserts; EST clustering and assembly; EST databases. Gene finding, annotation; ORF and functional prediction; Subtractive DNA library screening; differential display. UNIT IV PROTEIN STUCTURE PREDICTION & PROFILING Primary, secondary and tertiary structure prediction. Post translational modification; protein – protein interaction; glycoprotein analysis; phosphoprotein analysis UNIT V PROTEIN/PEPTIDE SEPARATION TECHNIQUE & PROTEOMICS TOOLS
 Two-dimensional gel electrophoresis (2D-PAGE), HPLC, Mass spectrometry – MALDI – TOF Analyzers – ESI Tandem MS instrument – Tandem Mass Analyzer – The triple quadrupole mass analyzer - The ion trap mass analyzer – Q-TOF & Fourier transform – Ion cyclotron resonance MS instrument.
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REFERENCES
 1. Cantor and Smith, Genomics. John Wiley & Sons,1999 2. David W. Mount, Bioinformatics sequence and genome analysis, Cold spring harbor laboratory
 press, 2001 3. Shanmughavel P. Principles of Bioinformatics, Pointer publication, 2005 4. Pennington and Dunn, Proteomics: From protein sequence to function, Springer
 publications,2001
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ANIMAL BIOTECHNOLOGY
 3 0 0 3
 Animal Cell Culture Introduction to basic tissue culture techniques; chemically defined and serum free media; various types of cultures- suspension cultures, continuous flow cultures, immobilized cultures; somatic cell fusion; cell cultures as a source of valuable products; animal cell cultures and their applications, their maintenance and preservation; organ cultures.
 9 hours
 Animal Diseases, Diagnosis and their Therapy Bacterial and viral diseases in animals; diagnosis of animal diseases using monoclonal antibodies, molecular diagnostic techniques - like PCR, in-situ hybridization; northern and southern blotting, RFLP. Animal diseases; Treatment of animal diseases through recombinant cytokines, monoclonal antibodies, vaccines and gene therapy. 9 hours
 Micromanipulation of Embryo’s What is micromanipulation technology; equipments used in micromanipulation; enrichment of x and y bearing sperms from semen samples of animals; artificial insemination and germ cell manipulations; in vitro fertilization and embryo transfer; micromanipulation technology and breeding of farm animals. 9 hours
 Transgenic Animals Concepts of transgenic animal technology; strategies for the production of transgenic animals and their importance in biotechnology; stem cell cultures in the production of transgenic animals. 9 hours
 Biotechnology for wildlife and farm animal conservation Animal propagation and conservation biology, Animal and human genome projects (the human genome; goals of human genome projects; genetic linkage maps; polymorphic DNA markers; physical map; integrating genetic linkage and physical map; DNA sequencing; ethical, legal, and social implications); molecular techniques in genetic conservation of farm animals. 9 hours
 TOTAL: 45 hours TEXT BOOKS
 1. Ranga M.M. Animal Biotechnology. Agrobios India Limited, 2002 2. Ramadass P, Meera Rani S. Text Book Of Animal Biotechnology. Akshara Printers,
 1997. REFERENCE
 1. Masters J.R.W. Animal Cell Culture: Practical Approach. Oxford University Press, 2000
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DOWNSTREAM PROCESSING LAB
 1. Solid liquid separation – centrifugation, microfiltration
 2. Cell disruptions techniques – ultrasonication, French pressure cell
 3. Cell disruption techniques – dyno mill – batch and continuous
 4. Precipitation – ammonium sulphite precipitation
 5. Ultra filtration separation
 6. Aqueous two phase extraction of biologicals
 7. High resolution purification – affinity chromatography
 8. High resolution purification – ion exchange chromatography
 9. Product polishing – gel filtration chromatography
 10. Product polishing – spray drying, freeze drying
 11. Dialysis of Biomolecules
 ANALYTICAL AND APPLIED BIOTECHNOLOGY LAB
 1. HPLC 2. Gas Chromatography 3. 2D Electrophoresis 4. Electroporation 5. Mushroom Cultivation 6. Micropropagation 7. Fibre extraction from organic waste 8. Biocomposting 9. Vermicomposting 10. Biogas
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BIOETHICS AND IPR
 UNIT-I (9)
 Introduction - need and applications of bioethics, legal and socioeconomic impacts of
 biotechnology, need of biosafety, ibosafety regulation, national and international guidelines, r-
 DNA guidelines
 UNIT-II (9)
 Public education of the processes of biotechnology involved in generating new forms of life,
 for informed decision making, Experimental protocol approvals, levels of containment
 UNIT-III (9)
 Use of genetically modified organisms and their release in the environment, special
 procedures for r-DNA based product production, GM products- benefits and controversies
 UNIT-IV (9)
 Introduction to Intellectual property rights, types: patents, copy right, trade mark, trade secret,
 geographical indications, importance of IPR, Patenting and nonpatenting life, TRIPS
 UNIT-V (9)
 Biodiversity and farmers rights, beneficial applications and developments of research focus to
 the need of the poor, Identification of directions for yield effect in agriculture, aquaculture etc,
 Bioremediation
 Total No. of Periods: 45
 REFERENCES:
 1. Sasson A, “ Biotechnologies and Development”, UNESCO Publications, 1998
 2. Sasson A, “ Biotechnologies in Developing countries present and future”, UNESCO
 Publishers, 1993
 3. Singh K, “ Intellectual Property Rights on Biotechnology”, BCIL, New Delhi
 4. M.K. Sateesh, “Bioethics and Biosafety”, I.K. International Publishing House pvt. Ltd,
 2008.
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Elective I Food Science & Technology
 Unit 1 Food Chemistry Constituents of food - carbohydrates, lipids, proteins, water, vitamins and minerals, dietary sources, role and functional properties in food, contribution to organoleptic and textural characteristics, energy value of food and nutritional aspects of foodstuffs. Food additives - Classification of additives- intentional and non-intentional, functional role in food processing and preservation; food colourants- natural and artificial: food flavours; enzymes as food processing aids; Changes in food constituents during processing and storage. Unit 2 Food Microbiology Microbial groupings and identification; Nutrient requirements for bacterial culture; Growth and inactivation kinetics; Harmful and beneficial effects of microbes, microbes in food industry; Food spoilage, poisoning and intoxication; food-borne illness. Classification- food infections- bacterial and other types; food intoxication and poisoning- bacterial and non- bacterial; food spoilage- factors responsible for spoilage; Spoilage of vegetables, fruits, meat, poultry, beverage and other food products., Food toxicology. Unit 3 Food Process Principles Basic principles of food preservation and processing; Preservation of food by removal or supply of heat, dehydration; irradiation; addition of chemicals and fermentation; Water activity and food stability. Unit 4 Food Technology Technological processes for industrial manufacture of selected foods of commercial importance from plants and animal sources viz. Jam, Jelly, Marmalade, Pickles, Carbonated beverages, Fruit beverages; alcoholic beverages; Hydrogenated vegetable oil, Tea, Coffee, Cocoa; Margarine, Bakery and Confectionery products; Textured plant protein; Breakfast cereals; Butter, Ice cream, Condensed milk, Cheese, Milk powder, Malted foods and low fat spread. Food Laws and Standards; Food additives; Food packaging; Quality control in food industry. Improving plant products, animal products; Food processing aids through biotechnology, Safety in Biotechnology derived foods. Unit V Advances in Food Science and Engineering 9 Properties of solid food materials, flow properties of liquid foods, heat transfer, radiation heating, evaporation, extraction and leaching, distillation, drying, separation methods, particulate solids, food emulsions. Quality attributes safety and laws of foods. Production of additives, colours and flavours by biotechnological approaches; Recent trends in food processing, export agencies and marketing technologies, utilization of computer databases. 45 hours

Page 26
                        

Text Books: 1. Murano, PS.. “Understanding Food Science and Technology”, Thomson wadsworth
 USA. 2003. 2. 1. Roger A., Gordan B., & John T. Food Biotechnology; 1989. 3. George JB. Basic Food Microbiology, CBS Publishers & Distributors, 1987. 4. James M.J. (1997) Modern Food Microbiology; CBS Publishers & Distributors. Reference Books: 1. Lindsay, Wills. Biotechnology: challenge for the flavour and food industries; Elsevier
 Applied Science, 1988. 2. Knorr D., ‘Food Biotechnology’ Marcel Dekker Inc New York, 1987 3. Fennema O.R. ‘Food Chemistry’ Marcel Dekker Inc New York, 1985 4. Rahman S ‘ Food Properties handbook’ CRC press. Florida, 1995
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Elective Paper-1
 PRINCIPLES OF FOOD PROCESSING
 UNIT I: FOOD AND ENERGY Constituents of food –carbohydrates, lipids, proteins, water, vitamins and minerals, dietary sources, role and functional properties in food, contribution to organoleptic and textural characteristics. UNIT II: FOOD ADDITIVES Classification, intentional and non-intentional additives, functional role in food processing and preservation; food colourants-natural and artificial; food flavours; enzymes as food processing aids. UNIT III: MICROORGANISMS ASSOCIATED WITH FOOD Bacteria, yeasts and molds- sources, types and species of importance in food processing and preservation; fermented foods and food chemicals, single cell protein. UNIT IV: FOOD BORNE DISEASES Classification – food infections-bacterial and other types; food intoxications and poisionings- bacterial and non bacterial ; food spoilage- factors responsible for spoilage, spoilage of vegetable, fruit, meat, poultry, beverage and other food products. UNIT V: FOOD PRESERVATION Principles involved in the use of sterilization, pasteurization and blanching, thermal death curves of microorganisms, canning, frozen storage-freezing characteristics of foods, microbial activity at low temperatures, factors affecting quality of foods in frozen storage; irradiation preservation of foods. TEXT BOOKS
 1. T.P.Coultate-Food-The Chemistry of its Components, 2nd edition. Royal society, London, 1992.
 2. B.Sivasanker-Food processing and preservation, Prentice-Hall of India Pvt.Ltd.New Delhi, 2002.
 REFERENCES
 1. W.C.Frazier and D.C.Westhoff-Food Microbiology, 4th Ed.,McGraw-Hill book Co.,New York.
 2. J.M.Jay-Modern Food Microbiology, CBS Pub.New Delhi,1987.
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ELECTIVE II SEPARATION TECHNIQUES
 Common Techniques and their Limitations: Sedimentation, screening, filtration, evaporation, distillation, absorption, liquid – liquid and solid – liquid extraction (9) Membrane Separation: Principle, clarification process, characterization and preparation of membranes. Analysis and modeling of membrane separation. Membrane modules and application (7) Filtration: Reverse osmosis and ultrafiltration, membrane characteristics and application. Ion selective membranes and their application in electrolysis. Vaporization and gas separation using membranes. Liquid membranes and Industrial applications (7) Surfactants: Foam and bubble separation, principles, classification, foam and surfactants. Separation techniques, column separations. Mass spectrometry and its industrial applications (7) Chromatography: Principles, column chromatography, planar chromatography, displacement chromatography, gas chromatography, liquid chromatography, affinity chromatography, ion-exchange and size exclusion, 2 D chromatography, counter current and chiral chromatography. Centrifugation – principles, working types and their application in industries (12) References: 1. Ghosh, R. Principles of Bioseparation Engineering, World Scientific Publishing Company 2. Ladisch, MR. Bioseparation Engineering: Principle, Practice, Economics, Wiley
 Publications. 3. Sivasankar, B. Bioseparation: Principles and Techniques, Prentice Hall Publications 4. Harrison, RG, 2006. Bioseparation Science and Engineering, Oxford University Press
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MICROBIAL BIOTECHNOLOGY 1. Introduction to Industrial Biotechnology Introduction to industrial Biotechnology, Basic principles of fermentation technology, Screening and Isolation of Microorganisms, Maintenance of strains, Strain selection and improvement (Mutant selection, Recombinant DNA methods). 2. Types of Fermentation Media and Sterilization Natural and Synthetic Media; Heat, Radiation and Filtration method. Media formulation 3. Fermentor and Types Fermentor types and parts, Process of Aeration, Agitation, Temperature regulation, Types of Fermentation; Solid State, submerged fermentation and continuous fermentation, Immobilized enzyme and cell bioreactors. 4. Downstream Processing Disintegration of cells, Separation, Extraction, Concentration and purification of products 5. Production of Fermented Products Microbial production of amino acids, antibiotics, microbial enzymes, organic acids, Single cell proteins (SCP), xanthan gum, polyhydroxyalkonates (PHA)
 References: 1. Sullia S. B & Shantharam S (1998), General Microbiology, Oxford & IBH Publishing Co. Pvt. Ltd. 2. Belter P A & Cussler E (1985), Bioseparations, Wiley. 3. Glaser A.N & Nilaido.H (1995), Microbial Biotechnology, W.H Freeman & Co. 4. Prescott & Dunn (1987), Industrial Microbiology 4th Edition, CBS Publishers & Distributors. 5. D K Markandey Neelima Rajvaidya. (2006), Industrial Applications of Microbiology, Aph Publishing House 6. Stanbury P.F, Whitaker A, Hall S.J (1997), Principles of Fermentation Technology, Elsevier India P Ltd.
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NANOBIOTECHNOLOGY
 Unit I Introduction to nanoparticles Characteristics of nanoparticles, carbon nanotubes, nanostructured polymers, nanoparticulates, nanomanufacturing, fabrication. 9 Hours Unit II Basics of Nanobiology Introduction to nanobiology; bionanotechnology, molecular nanotechnology, benefits of molecular nanotechnology; nanodendrimers; Buckyball and nanotube; Self assembly, molecular assembly of biomolecules and their applications. 9 Hours Unit III Structure and Patterning of biomolecules Introduction to building blocks of biological macromolecules; Sequence/Structure relationships; Structural motifs, Examples; Introduction to in-silico prediction of 3D-structure, Structure/function relationships, Examples. Necessity for the patterning of biomolecules and other biological substances on solid surfaces; Chemical/Physical binding of biomolecules on surfaces. Patterning methods and their applications - microspotting, mechanical methods, dip-pen lithography, photoresist-based methods, other emerging methodologies. 9 Hours Unit IV Microscopy for Nanoscience Basic principles and applications of Scanning probe microscopy (SPM), Scanning tunneling microscopy, Atomic force microscopy (AFM), Scanning optical probe microscopy (SOPM), Confocal FRET, SEM, TEM in nanotechnology.
 9 Hours Unit V Nanobiotechnology and Applications Applications of nanobiotechnology - Nanomedicine, Nanobiosensor, Nanofluidics, Nano-Bio Devices & Systems.
 9 Hours TOTAL: 45 Hours
 Text Book:
 1. Pradeep.T (2007) NANO: The Essentials - Understanding Nanoscince and Nanotechnology. McGRAW – HILL EDUCATION (INDIA) LTD.
 2. Nanobiotechnology - Concepts, Applications and Perspectives. edited by C.M. Niemeyer
 and C.A. Mirkin, Willey-VCH ISBN 3-527-30658-7.
 3. Ratner,M. Ratener,D. (2003) Nanotechnology A Gentle Introduction to the Next Big Idea, Prentice Hall, ISBN: 0131014005
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References:
 1. NanoBiotechnology. Protocols in Methods in Molecular Biology Series. Edited by S.J. Rosenthal and DW Wright, Humana Press, ISBN: 1-58829-276-2
 2. Nanoscale Technology in biological systems. (2005) Ralph S. Greco, Fritz B. Prinz, R.
 Lane Smithm. CRC Press.
 3. Scientific American, Volume 285, Number 3 (September 2001)
 4. Nature Biotechnology, Volume 21, Number 10 (October 2003)
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Elective III
 TOTAL QUALITY MANAGEMENT UNIT I
 Introduction 9 hours
 Quality - Definition, Dimensions , Planning; Quality costs - Analysis Techniques for Quality Costs, Basic concepts of Total Quality Management, Principles of TQM, Leadership – Concepts, Role of Senior Management, Quality Council, Quality Statements, Strategic Planning, Barriers to TQM Implementation . UNIT II TQM Principles 9 hours
 Customer satisfaction – Customer Perception of Quality, Customer Complaints, Service Quality, Customer Retention, Employee Involvement – Motivation, Empowerment, Teams, Recognition and Reward, Performance Appraisal, Benefits, Continuous Process Improvement – Juran Trilogy, PDSA Cycle, 5S, Kaizen, Supplier Partnership – Partnering, sourcing, Supplier Selection, Supplier Rating, Relationship Development; Basic Concepts and strategy of Performance Measure. UNIT III
 Statistical Process Control (Spc) 9 hours
 The seven tools of quality, Statistical Fundamentals – Measures of central Tendency and Dispersion, Population and Sample, Normal Curve, Control Charts for variables and attributes, Process capability, Concept of six sigma, New seven Management tools. UNIT IV
 TQM TOOLS 9 hours
 Benchmarking – Reasons to Benchmark, Benchmarking Process, Quality Function Deployment (QFD) – House of Quality, QFD Process, Benefits, Taguchi Quality Loss Function, Total Productive Maintenance (TPM) – Concept, Improvement Needs, FMEA – Stages of FMEA.
 UNIT V
 QUALITY SYSTEMS 9 hours
 Need for ISO 9000 and Other Quality Systems, ISO 9000:2000 Quality System – Elements, Implementation of Quality System, Documentation, Quality Auditing, QS 9000, ISO 14000 – Concept, Requirements and Benefits.
 TOTAL : 45
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TEXT BOOK
 1. Dale H.Besterfiled, et al., “Total Quality Management”, Pearson Education Asia, 1999. (Indian reprint 2002).
 REFERENCE BOOKS
 1. Feigenbaum.A.V. “Total Quality Management”, McGraw-Hill, 1991. 2. Narayana V. and Sreenivasan, N.S. “Quality Management – Concepts and Tasks”, New
 Age International 1996. 4. Zeiri. “Total Quality Management for Engineers”, Wood Head Publishers, 1991.

Page 34
                        

CANCER BIOLOGY
 UNIT I Fundamentals of Cancer Biology 9 hours Regulation of cell cycle, mutations that cause changes in signal molecules, effects on receptor, signal switches, modulation of cell cycle in cancer, types of cancers, food and cancer. Cancer detection, Detection using biochemical tools, molecular tools, advances in cancer detection; prediction of aggressiveness of cancer and tumor markers UNIT II Principles of Carcinogenesis 9 hours Theory of carcinogenesis, Chemical carcinogenesis, metabolism of carcinogenesis, principles of physical carcinogenesis, x-ray radiation-mechanisms of radiation carcinogenesis. UNIT III Molecular Cell Biology of Cancer 9 hours Signal targets and cancer, activation of kinases; Oncogenes - identification of oncogenes, retroviruses and oncogenes, detection of oncogenes, oncogenes/proto oncogene activity; tumour suppressor genes- Rb, p53, APC, BRCA paradigms; DNA repair pathways.. UNIT IV Cancer Metastasis 9 hours Clinical significances of invasion, heterogeneity of metastatic phenotype, metastatic cascade; Recent approaches to identify key factors controlling metastasis; Angiogenesis- relationship between blood vessel formation, tumor growth, and metastasis. UNIT V Cancer Therapy 9 hours Different forms of therapy- chemotherapy, radiation therapy, immunotherapy; new approaches for treatment - Use of signal targets towards therapy of cancer; Gene therapy. Clinical implications of tumor stem cells. Total 45 hours
 Text Books:
 1. Franks. L.M. and Teich N.M. Introduction to the Cellular and Molecular Biology of Cancer Oxford University Press;3rd edn. 1997.
 2. Alberts B., Johnson A., Lewis J., Raff M., Roberts K., Walter P. ‘Molecular Biology of the Cell’ 4th Edition, Garland publisher New York 2002
 Reference Books 1. Mckinnell R.G., Parchment R.E., Perantoni. A. O. and B. Pierce. (1998) The
 Biological Basis of Cancer. Cambridge University Press.
 2. Kufe, DW, Pollock, RE, Weichselbaum, RR, Bast R.C., Gansler TS., Holland JF and Frei, E.( 2003) Cancer Medicine, 6th Edition, BC Deckker Inc., Toranto, Canada.
 3. Kleinsmith. J. L. Principles of Cancer Biology. (2005) Benjamin Cummings Publication.

Page 35
                        

ENVIRONMENTAL BIOTECHNOLOGY
 Unit 1 Fundamentals of Micro-organisms and Microbial Ecology The lithosphere, atmosphere and hydrosphere as a microbial habitat, Ecological adaptations, Interactions among soil microorganisms, Biogeochemical role of soil microorganisms (Carbon, Nitrogen, Sulphur). Ecological principles; capability of microbial process for pollutant management. 9 hours Unit 2 Degradation of xenobiotic compounds Simple aromatics, aliphatics, Chlorinated polyaromatic compounds, petroleum products, pesticides and surfactants. 9 hours Unit 3 Wastewater management Wastewater characteristics, biological wastewater treatment, unit operations, design and modelling of activated sludge process, design and modelling of trickling filter; vermiculture and fish ponds; treated waste disposal. 9 hours Treatment of industrial wastes Dairy, pulp, leather, petrochemicals, distilleries, food - Types of waste and Strategies of pollution management. 9 hours Unit 5 Environmental biotechnology Biofouling, biocorrosion, Bioleaching, acid mine drainage. 9 hours Text Book (s):
 1. Miller T.G. Jr., “Environmental Science”, Tenth Edition, Wadsworth Publishing Co., 2004.
 2. Raman Sivakumar, “Introduction to Environmental Science and Engineering” Second Edition, Vijay Nicole Imprints, Chennai, 2006.
 3. Foster C.F., John Ware D.A., Environmental Biotechnology, Ellis Horwood Ltd., 1987. 4. Arceivala SJ, ‘ Waste treatment for pollution control. Tata Mcgraw Hill Publishing Co,
 New Delhi 1998. 5. Rittman BE & McCarty PL, ‘Environmental Biotechnology’ McGraw Hill International
 New York 2001 Reference Books: 1. Stanier R.Y., Ingraham J.L., Wheelis, M.L., Painter R.R., General Microbiology, McMillan Publications, 1989. 2. Metcalf and Eddy, Wastewater Engineering-Treatment, disposal, reuse, 3rd Edn. Tata Mc. Graw Hill. 3. Kernely D., Chakrabarty K., Omen G.S., Biotechnology and Biodegradation, Advances in applied biotechnology series, Vol. 4, Gulf Publications Co., London, 1989.
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ELECTIVE IV
 BIOPROCESS ECONOMICS AND PLANT DESIGN 3 0 0 3
 OVERVIEW: Market survey for product / service, availability of technology, resources, raw material, utility requirements, waste generation and management; regulatory factors, competition factors. (8) PROCESS DESIGN AND DEVELOPMENT: Technical feasibility, process development, flow diagrams, equipment design and specifications. (9)
 COST ANALYSIS: Cost and Asset Accounting, Capital investment – fixed capital, working capital investments; manufacturing costs – direct costs, fixed charges; overhead costs – administration, safety, payroll, warehouse, storage; Taxes and insurance ,Depreciation profitability analysis – return on investment, interest rate of return, uncertainty, upgradation and development. (10)
 PROCESS OPTIMIZATION: Linear and dynamic programming; optimization strategies.
 (8) BIOSAFETY REGULATIONS: Industrial safety, Environmental safety, National & International guidelines, r DNA guidelines for research & product development. (7)
 Total 42
 TEXT BOOKS: 1. Peters, MS, Timmerhaus, K and West, RE. “Plant Design and Economics for Chemical
 Engineers”, McGraw Hill, 5th Edition. 2003. 2. Davies, JE and Demain, AL. “Manual of Industrial Microbiology and Biotechnology”,
 American Society for Microbiology, St. Louis, 1999
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