M.Sc (5-yr Integrated) Systems Biology

New Course Contents 2015 -2016 Batch onwards

SEMESTER: 5 (Jul – Nov) (THIRD YEAR)

  33.  SB 301 Microbiology -  3cr

Beginnings of microbiology Discovery, Evolution of microbiology as a discipline; Microbiological techniques; Pure culture techniques; Enrichment; Anaerobic culturing; Importance of microorganisms in medicine, agriculture, environment and industry; Nutritional requirements of microorganisms. Nutritional types; Requirements; Uptake of nutrients; and,  Design and types of nutrient media. Discovery of microorganisms, Bacterial and fungal diversity, Culture techniques, Bacterial systematics, Microbial growth, Principles of growth, Kinetics of growth, Methods of measuring growth, Batch and continuous growth, Synchronous culture, Diaxic growth, Cell wall of bacteria and fungi, Gram +ve cell wall, Gram –ve cell wall, Cell wall of fungi and yeasts. Microbial Ecology: Denitrification, Phosphate solubilization, Free-living nitrogen fixation, Plant-microbe interactions, Symbiotic nitrogen fixation. Mycorrhizae Plant pathogens

Reference Books:

Microbiology Edited by Prescott, 2) Microbiology Edited by Torfora 3) Microbiology Edited by Peltzar, 4) Microbiology Edited by Stanier 5) Biology of Microorganisms Edited by M.T. Medican, J.M. Martiniko and J. Parker 6) Introduction to Metabolism, Methods to study Intermediary Metabolism, Principles of  Bioenergetics, Importance of ATP.
34. SB302: Computers and programing - 3 Credits
     Unit1: Evolution of computers. Computer fundamentals: Basic units of computer, Architecture Programing languages (modular, object oriented etc) and Programming concepts: Reduction of a given problem to a computer program; flow chart concepts; operating systems; Compilers; options and optimizations; Loading; linking and debugging Unit 2: Key concepts in programming using C : Introduction to C: general features of a C program Arrays and pointers; memory allocation; functions; strings and string operations; string handling variables and constants; different kind or types of variables; storage needs; sequential execution; branching; conditional branching; different kinds of loops; exit cod Programing in scripting languages: Perl, Python Unit3: Concepts of grid computing, load sharing facility, parallel computing v/s sequential computing, cloud computing and HPC architecture, data centers; vertically scaling and horizontally scaling applications and suitable computer hardware. Good programming practices
35. SB303  Genetics - 3cr

Mendelian Genetics and analysis: Extension of Mendelian analysis, Chromosomal basis of Inheritance, Chromosome characteristics, Chromosome structure, Euchromatin and heterochromatin, Coding and Non-coding sequences, transposons,  Genetic Recombination in Eukaryotes Linkage and Crossing Over, Chromosome mapping, Tetrad analysis and Gene Conversion, Mutations and mutagenesis,  Detection, Molecular basis and Applications, Chromosomal Changes, Number variation – Euploidy (auto and allopolyploidy), aneuploidy, Structural variations – Deficiences, duplications, Inversions, translocations, Interaction of Genotype and Environment,  Twin studies, genetic environment, non-genetic environment, phenocopies, penetrance and expressivity, Gene expression regulation during differentiation and growth, Heterochromatization in human beings and other mammals, dosage compensation, mechanism, sex chromatin, position effect,  Quantitative inheritance, Continuous traits – multigenic variability, dominance – additivity, norms of reaction, Non-Mendelian Inheritance, Plastid mutations – nature and mode of transmission, Mitochondrial traits – nature and mode of transmission, Applications, Population Genetics Genotype and allelic frequencies, the Hardy-Weinberg equilibrium, non-random mating, consequences of homozygosity, factors affecting gene frequencies, heterosis, mutation – effect on allele frequencies, migration and genetic drift. Developmental Genetics Model system Drosophila, Genetic screen, Pattern formation, Maternal effect, Homoetic transformations

Reference Books: Griffiths, A. J. F., Miller, J. H., Suzuki, D. T., Lewontin, R. C., Gelbart, W. M. (1997) An Introduction to Genetic Analysis, W. H. Freeman & Company, New York. 2) Strickberger, M. W. (1985) Genetics, 3rd Edition, Macmillan Publishing co., New York. Gardner, E. J., Simmons, M. J. and Snustad, D. P. (1984) Principles of Genetics, 8th Edition, John Wiley & Sons, New York.
   36.  SB 304 Metabolic Pathways (Intermediary Metabolism) - 3cr 

Occurrence and properties of carbohydrates. Digestion and absorption of carbohydrates. ATP and its importance. Glycogen breakdown and synthesis. Overview of glycolysis, citric acid cycle and HMP shunt pathway (8h). Digestion and absorption of lipids.  Oxidation of fatty acids and biosynthesis of fatty acids. Cholesterol metabolism and receptor mediated endocytosis. Prostaglandins and their importance (8h).Digestion and absorption of proteins. Overview of amino acid degradations. Transmination and oxidative deamination. Urea cycle and its importance. Essential and non-essential amino acids. Biosynthesis and degradation of aromatic amino acids. Precursor functions of amino acids (7h). Introduction to nucleotide metabolism. Biosynthesis and degradation of purines and pyrimidines. deoxyribolucleoside metabolism, enzymatic reduction of ribonucleotides, thymidine metabolism regulation of deoxynucleotide metabolism. Nucleotide coenzymes (7h).
    37. SB 305 Biophysical Chemistry  -  3cr

1)  Oxidation and reduction phenomena in biological systems, redox potential, redox indicators (stains and    

     dyes), Formal potential and its determination. 

2) Theory of detergents: structure, function and uses.  Three major classes of detergents (based on charge)    

    and their specific uses,

3) Polymers: Theory of polymerization and co-polymerisation, the cooperativity in polymerization

4) Ultracentrifugation: Basic theory of sedimentation, sedimentation rate analysis, sedimentation   

     equilibrium, frictional resistance, Svedberg constant, molecular weight determination, type of rotors,       

    analytical ultracentrifugation, density gradient analysis 

5)  Electrophoretic mobility: analytical and preparative electrophoresis, relation       between gel pore size    

    and electrophoretic mobility, electroendosmosis 

6)  Radioactivity: Introduction, measurement and applications. Spectroscopy: Basic principles of absorption    

     and fluorescence spectroscopy. Thermodynamics: Free energy, entropy, enthalpy, significance of free     

    energy of biomacromolecules in determination of stability constants.        

   38.  SB 306 Lab Techniques (Microbiology/Genetics/ Cell Biology/ Comp.Prog)  -  6cr

A. Microbiology Practicals  

Tools and instruments used in microbiology practical’s,  Ubiquitous nature of microorganisms Commonly used medias in microbiology, EMB as a differential medium, Isolation of microorganisms from mud sample, Isolation of microorganisms from water samples using membrane filtration technique, Isolation of microorganisms using agar shake culturing, Enumeration of  soil microorganisms using 10 fold serial dilution and plating techniques, Purification of microorganisms, Colony morphologies and typing, Differential staining- Gram staining, Spore staining by  Malachite green, Bacterial cell shape, size and motilityBacterial growth curve, generations and doubling time (terbidometric method), Bacterial oxygen tolerance and catalase activity, Citrate utilization test, H2S test, Bacterial fermentation test, Urease test, Amylase test, 2,3-butanediol test, Antibiotic disc sensitivity test, Motility test, 16S rRNA gene sequence BLAST search analysis, Construction of phylogenetic trees using 16S rRNA gene sequences

B. Genetics 
The laboratory course in genetics is designed to reinforce the basic principles in genetics through both thought experiments and wet lab experiments.a) Analytical Problems to understand basic concepts in Genetics: Mendelian Genetics. Chromosomal theory of inheritance, Gene interactions, Linkage and crossing over, Tetrad analysis, Extra-nuclear inheritance. b) Radiation sensitivity of yeast, Comparison of radiation sensitivity of various mutants. Mating, selection of diploids, sporulation and tetrad analysis, Yeast position effect assays /chromosome loss assays.

C. Cell Biol  
Observation various Cell types through permament slides;Observation of human Cheek epithelial  Cells; Staining of Mitochondria in human Cheek epithelial  Cells; Differential Staining for DNA and RNA in human Cheek epithelial  Cells; Study of different stages of Mitosis in Onion Root Tip Cells; Study of different stages of Meiosis in Grasshopper Testis Cells. Cell viability assay by Trypan Blue Exclusion; Blood Smears and Identification of Blood Cells; Blood Cell count; Squash preparation of Polytene Chromosomes from Drosophila larvae; Visit to SEM, TEM and Confocal Microscope Facility

D. Computers and Programming   
SEMESTER: 6 (Jan – April) (THIRD YEAR)
39.  SB 351 Cell Biology -   3cr

Organization of prokaryotic and eukaryotic cells, Biogenesis, traffic and functions of plasma membrane, Cytoskeletal elements, Mitochondria-structure, biogenesis, function and evolution, Biogenesis, traffic and functions of lysosomes and peroxisomes, Cell cycle and division (mitosis and meiosis), Structure of nucleus and its functional dynamics, Biosynthetic process and vesicular traffic in endoplasmic reticulum and Golgi apparatus (endocytosis, exocytosis and trans-golgi network), Physiological methods to characterize and understand cellular processes, High throughput technology to study cells at systems level: Microscopy and live cell imaging, Computation methods to predict three dimensional structure of protein and modeling

40. SB 352 Enzymology and Bioenergetics - 3cr

Enzymology and Bioenergetics and Biomembrane courses are clubbed to Enzymology and Bioenergetics (will also be offered to the IMSC students of the School of Chemistry) 

Enzymes: basic definitions. Nomenclature (EC recommended and classical), enzyme purification, enzyme activity, specific activity and turnover number, Bioenergetics and enzymes: Energy as understood by biochemist, energy transformations in living systems, activation energy, standard free energy change ((G0') and its relationship to products to substrate ratio. Additive nature of (G0', calculations of free energy change ((G) of few common reactions, Enzyme kinetics: Single substrate-single intermediate. Michaelis-Menten and laneweaver burk plots. Graphical analysis of kinetic data. Determination of Vmax and Km-Experimental aspects.  Enzyme inhibition and mechanism: Mechanisms of enzyme activity and rate, studies. Degree of inhibition. competitive, non-competitive and uncompetitive inhibition. Two substrate reactions. Sequential and Ping-pong mechanisms. Allostericenzymes: subunit interactions, Jocob and Monod model of allosteric enzymes.Koshland model, detailed discussion using haemoglobin, ATcase (effects of ATP  and CTP) as examples. Single and Double displacement reactions.  Industrial enzymology: Immobilized enzymes, Covalent and non covalent, attachments to various substrates.  Characteristics of immobilized enzymes.   Applications in industry and medicine.Coenzymes: Coenzymes structure and function in metabolism, Redox potential:  redox reactions and reactions that generate  reducing equivalents, (NADH, NADPH and FADH2), importance of redox potential, calculation of free  energy decrease for substrate oxidation, Structure and function of individual complexes of electron transport chain.  Complex I, II, III, IV and V, Mechanisms of oxidative phosphorylation:  Chemical coupling hypothesis, conformational coupling hypothesis, chemiosmotic hypothesis, mechanism of    proton translocation, Photosynthesis: Biological occurrence, various electron donors and acceptors,   Photosynthetic pigments, Photosynthetic electron transport chain, and   photophosphorylation.

41. SB 353 Developmental Biology (Plants and Animals) -3cr

Section I (Animal system) 
Introduction to developmental biology: Overview of developmental biology, history and basic concepts, cell-cell communication, cell adhesion, morphogen gradients, cell specification (3h). Early embryonic development:Overview of gametogenesis, fertilization, cleavage and gastrulation.  Antero-posterior axis formation and dorso-ventral patterning (Model organisms: Cenorhabditis elegans, Drodophila, Zebrafish, Xenopus, Mouse) (4h).The stem cell concept and organogenesis: Derivatives of ectoderm, mesoderm and endoderm. Stem cell concept and cell lineages. Chromosomal and environmental sex determination, metamorphosis, regeneration (4h).Medical implication of developmental biology:Genetic errors of human development, human syndromes, cancer as a disease of development, teratogenesis- environmental assault on human development, developmental therapies (4h). Evolution and development: Developmental mechanisms of evolutionary change- heterotopy, heterochrony, heterometry,  and heterotypy. Developmental constraints on evolution- Physical, morphogenetic and phyletic constraints. Selectable epigenetic variation (4h).

Plant Devlopmental Biology: Introduction- A comparison of plant and animal development; Introduction- comparison of plant and animal development; Plant cell division and expansion; Plant cell cycle- Endoreduplication and control of plant cell size (one hr each); Shoot apical meristem; Root apical meristem and positional control of root development ( 2 hrs each) ; Phyllotaxy; (one hr);  Lateral organ development- Leaf primordia imitation; Leaf development (2 hrs each) ; Generation of patterns- regulation of stomatal patterning in plants (one hr); Environmental regulation of Plant Development; Reproductive development of Plants (tw hrs each) total 17 hrs

Reading reference: Developmental Biology, Scott F. Gilbert, Ninth Edition. Sinauer Associates Developmental Biology: A Guide for Experimental Study, Mary S. Tyler, Sinauer Associates, Inc. 
Analysis of Biological Development, Klaus Kalthoff, McGraw Hill
42. SB 354 Physiological processes (Plants and Animals) – 3cr

Section I (Animal system)-Introduction to course; Foundations of Physiology: Why study animal physiology Levels of biological organization, homeostasis of the internal milieu, time frames, evolutionary processes (2h). Physiological responses to temperature: Basis for heat transfer with the environment, biochemical, physiological and behavioral effects of temperature, Strategies in thermal biology (endothermy versus ectothermy), Adaptations to extreme environments such as freeze tolerance, Implication of Global warming (3 h).Digestion and metabolism: Nutrition, feeding, and digestion, aerobic and anaerobic forms of metabolism, energy balance and thermal physiology, mechanisms of ATP production, metabolism during oxygen deficiency and exercise (3h).Circulation and respiration: Design and evolution of circulatory systems and respiratory surfaces, gas transport in blood and at gas-exchange surfaces, regulation of pH. Adaptations in various aquatic mammals to a diving lifestyle, circulatory adjustments, oxygen storage capacity, aerobic dive limit (3h).Solute, water and nitrogen balance: Design and evolution of excretory systems, movement of water and solutes across membranes, solute regulation in freshwater and seawater vertebrates, nitrogenous waste excretion in mammals of deserts and dry savannas (3h).Muscle and movement: Muscle structure and function, control of movement - the motor bases of animal behavior, plasticity in response to use and disuse (2h). Nervous and endocrine integration: Patterns and evolution of nervous systems, introduction to sensory systems, endocrine physiology, integration of mineral balance, hormones and cell signaling, biological clocks; endocrine disruptors (3h).

Section I I (Plant system)- Section II (Plant system)- Introduction:
Plant Cell Structure, Biomolecules. Water Relations: Soil and water,Water absorption, Transpiration, Guttation, Ascent of sap. Mineral Nutrition:Essential elements, Uptake and transport, Role of mineral elements in plant metabolism. Photosynthesis: Primary processes in photosynthesis, Photon requirement, Photophosphorylation, Carbon assimilation:C3, C4 and CAM pathways, Photorespiration, Factors affecting photosynthesis. Respiration: Glycolysis, TCA cycle, Oxidative pentose phosphate pathway.Transport of organic solutes: Structure of phloem tissue, phloem loading, Pressure flow model of assimilate transport. Plant Growth and Development: Role of Plant hormones in plant growth and development: auxins, gibberellins, cytokinins, abscisic acid, ethylene.Plant Movements:Tropisms, Nastic movements. Photoperiodism: Photoperiodic responses in plants, flowering hormone, phytochrome and florigin. 

Reading references:Introduction to Plant Physiology by W G Hopkins and N P Huner, John Wiley & Sons (Fourth Edition), 2010Plant Physiology by L. Taiz and E. Zeiger, Sinauer Associates, USA,2010
43.  SB355 Biological Host defense: Systems Immunology-3cr 
Evolution of host defense: from unicellular to multicellular organisms Why defense mechanisms evolved and how are they manifested; The tug of war between the host and the pathogen for survival; Concept of colonization, persistence and latency of pathogen; Innate and adaptive mechanisms; Recognition of self vs non-self; Recognition of small and large molecules; Receptors and defense signaling; Specificity and diversity in recognition; Generation of receptor diversity and basis of specific recognition; Immunological tolerance; Chemical mediators of immune response; Bacterial defense molecules; Cytokines: lymphokines, interleukins, and chemokines and mode of chemical communications amongst immune cells; Antimicrobial chemicals and proteins in plant defence; Unity and diversity in immune mechanisms of unicellular and multicellular organisms; Networking and redundancy in chemical signaling; Impact of microflora in immunity and concept of metagenomics.
44. SB 356 Lab Techniques    6 credits
Biochemistry Lab (Enzy and Bio)
Expt.1 Assay of alkaline phosphatase from E.coli using P-nitrophenyl phosphate as substrate. Expt.2.Partial purification of alkaline phosphatase from E.Coli.Expt.3. Characterization of alkaline phosphatase. A)Effect of pH, b) Effect of substrate concentration (Calculation of Km) b) Effect of Temperature (Q 10) c) Competetive inhibition (KH2Po4) d) Uncompetitive inhibition (Phenylalanine) Expt 4.   Estimation of protein in mitochondria and homogenate by Biuret method. Expt 5.  Preparation of tightly coupled mitochondria from rat liver.Expt 6. Estimation of SDH activity in mitochondria and homogenate and calculation of recovery of mitochondria. Expt7. Measurement of rate of respiration and oxidative phosphorylation in mitochondria using succinate as substrate using oxytherm respirometer.Expt.8. Measurement of rate of respiration and oxidative phosphorylation in mitochondria using glutamate and malate as substrates using oxytherm respirometer.

      Plant Physiology/Dev Biol Lab

 1)  Estimation of leaf pigments by arnon's method

 2) Estimation of free proline content in plant tissue

 3) Determination of vitamin c concentrtaion in fruit juice

 4) Assay of catalase activity in plants
Animal Physiology lab :

Biological Host defense practicals  

Expt1. Isolation of IgG from serum using ion exchange chromatography. Expt.2. Isolation of IgG from serum using affinity chromatography. Expt.3. Separation of heavy and light chains of IgG. Expt.4. Study of antigen-antibody interaction by double immunodiffusion. Expt.5. Electrophoresis (SDS - PAGE) of purified IgG. Expt.6. Single radial immunodiffusion for quantitative estimation of human serum IgA. Expt.7. Production of polyclonal antibodies to Tetanus toxoid in rat.Expt.8. Identification and quantitation of B and T cells using direct immunofluorescence. Expt.9. Estimation of serum Igs by sandwich ELISA. Expt10.  Hemagglutination assay.

