BT511 - Mathematics for Biologists

BT512 - Biophysical Chemistry

BT513 - Computational Biology-I

BT514 - Biochemistry

BT515 - Enzymology

BT516 - Immunology

BT517 - Cell Biology

BT518 - Laboratory Techniques-I

Credits: 2

Preliminaries: Coordinates, lines and increments, function, shifting graphs, trigonometric functions.

Limits and Continuity: Rates of change and limits, rules for finding limits, target values and formal definitions of limits, extensions of the limit concept, continuity, tangent lines.

Derivatives: The derivative of a function, differentiation rules, rates of change, derivatives of trigonometric functions, the chain rule, implicit differentiation and rational exponents, related rates of change.

Applications of derivatives: Extreme values of functions, the mean value theorem, the first derivative test for local extreme values, graphing with y' and y",, limits as x→ ±∞ , Asymptotes, and dominant terms, optimization, linearization and differentials, Newton's method.

Integration: Indefinite integrals, differential equations, initial value problems and mathematical modeling, integration by substitution-running the chain rule backward, estimating with finite sums, Riemann sums and definite integrals, properties, area and the mean value theorem, the fundamental theorem, substitution in definite integrals, numerical integration.

Applications of integrals: Areas between curves, finding volumes by slicing, volumes of solids of revolution disks and washers, cylindrical shells, lengths of plane curves, areas of surfaces of revolution, moments and centres of mass, work, fluid pressures and forces, the basic pattern and other modeling applications.

Credits: 3

A. Interactions in Biological Systems

1. Intra and inter molecular forces

electrostatic interactions and Hydrogen

bonding interactions

2. van der Waals and Hydrophobic interactions

3. Disulphide bridges

4. Role of water and weak interactions

B. Structure of Proteins

1. Conformational properties of polypeptides

2. Primary and secondary structure α-helix, β-sheet structures etc.

3. Tertiary and quarternary structure

4. Structural features of membrane proteins

5. Secondary and tertiary structure prediction of protein conformation

C. Multiple equilibrium

1. Titration of proteins to evaluate net and total charge

2. Scatchard and Hill plots

3. Folding-unfolding equilbrium and denaturation of proteins

4. Effect of temperature and solvent conditions on the thermodynamics of protein folding-unfolding equilibrium

5. Kinetics of protein folding

D. Techniques for the study of Macromolecular Structure

1. Analytical Ultracentrifugation : Sedimentation velocity and equilibrium, determination of molecular weights

2. Micro calorimetry (DSC and ITC) and its application

3. Circular Dichroism spectroscopy

4. UV, visible and Fluorescence spectroscopy

5. X-ray Diffraction

6. Nuclear Magnetic Resonance (NMR)

8. Mass Spectrometry

Reading Material

1. Proteins: Structure and Molecular Properties by T.E. Creighton

2. Biophysical Chemistry Part I & II by C.R. Cantor and P.R. Schimmel

3. Physical Biochemistry by K.E. van Holde

4. Physical Biochemistry by David Freifelder

5. Introduction to Protein Structure: C. Branden and J. Tooze

6. Protein Physics by A.V. Finkelstein and O.B. Ptitsyn

Credits: 2

Biological Sequence Databases:

Overview of various primary and secondary databases that deal with protein and nucleic acid sequences. Databases to be covered in detail are GenBank, EMBL, DDBJ, SwissProt, PIR, and MIPS for primary sequences. Various specialized databases like TIGR, Hovergen, TAIR, PlasmoDB, ECDC etc., will also be discussed. Preliminary ideas of query and analysis of sequence information.

Sequence Comparison Methods:

Method for the comparison of two sequences viz., Dot matrix plots, Needleman-Wusch & Smith-Waterman algorithms. Analysis of computational complexities and the relative merits and demerits of each method. Theory of scoring matrices and their use for sequence comparison.

Database Search Algorithms:

Methods for searching sequence databases like FASTA and BLAST algorithms. Statistical analysis and evaluation of BLAST results.

Pattern Recognition Methods in Sequence Analysis:

Concept of a sequence pattern, regular expression based patterns. The use of pattern databases like PROSITE and PRINTS. Concept of position specific weight matrices and their use in sequence analysis. Theory of profiles and their use with special reference to PSIBLAst. Markov chains and Markov models and their use in gene finding. Concept of HMMS, the forward-backward and the Viterbi algorithm. The Baum-Welch algorithm for training a HMM. Use of profile HMM for protein family classification.

Credits: 2

1. Biochemistry : The molecular logic of living organisms

2. The cell and its biochemical organization

3. Metabolism: Basic concept and design

4. Glycolysis: Key structure and reactions, formation of1,6 bisphosphate, formation of glyceraldehyde 3-phosphate, formation of pyruvate and generation of second ATP, entryof fructose and galactose into glycolysis, phosphofructokinase as key enzyme in glycolysis,hoxokinase and pyruvate kinase as regulatory enzymes, conversion of pyruvate into ethanol lactate or acetyl CoA.

5. Pentose phosphate pathway : Generation of NADPH and interconnection of glycolysis and pentose phosphate pathway, control of rate of pentose phosphate pathway by NADPH+, regulation of flow of glucose 6 phosphate by the need of NADPH, ribose 5 phosphate and ATP, glucose 6 phosphate dehydrogenase defficiency.

6. Gluconeogenesis: Synthesis of carbohydrates by noncarbohydrate precursors, gluconeogenes is nota reversal of glycolysis, activation of pyruvatecarboxylase by acetyl CoA, oxaloacetate shuttle,energy consumption in the synthesis of glucose from pyruvate, reciprocal regulation of gluconeogenesis and glycolysis, conversion of lactate and alanine intoglucose in liver.

7. Citric acid cycle: Formation of acetyl CoA from pyruvate, condensation of oxaloacetate with acetyl CoA to form citrate, isomerization of citrate intoisocitrate, oxidative decarboxylation of succinyl CoA, generation of high energy phosphate from succinylCoA, regeneration of oxalate, sloichiometry of citricacid cycle, pyruvate dehydrogenase complex, citricacid cycle as a source of biosynthetic precursors, control of pyruvate dehydrogenase complex, controlof citric acid cycle, citric acid cycle and its high energy yield.

8. Electron transport and oxidative phospherylation, energetics of oxidative phosphorylation, en enrgy yield by complete oxidation of glucose.

9. Amino acid degradation oxidative deemination, conversion of NH4+ into urea, linkage between ureacycle and citirc acid cycle, conversion of alanineserine and cystein into pyruvate, conversion of aspartate and asparagine into oxalocetate, conversion of several amino acid into alpha ketoglutarate through glutamate, succinyl CoA as a point of entry for some amino acids, leucine degradation to acetylCoA and acetoacetyl CoA, phenyl alanine degradation to acetoacetate and fumarate.

10. Biosynthesis of amino acids : Conversion of nitrogen to NH4 by micro-organisms, conversion of amonia into amino acids by way of glutamata and glutamine,conversion of citric acid Intermediates to amino acids,glutamate as precursor of glutamine, proline and arginine, conversion of 3-phosphoglycerate to serine, synthesis of cystein from serine and homocysteine,feed back regulation of amino acid biosynthesis.

11. Biosynthesis and degradation of Nucleotides:

Purine biosynthesis : formation of PRPP, Biosynthesis of IMP, Purine nucleotide interconversions, regulation of purinebiosynthesis.

Pyrimidine Biosynthesis : Assembly of the pyrimidinenucleus, synthesis of di & tri phosphates, formation of deoxyribonucleotides, thymine biosynthesis salvage pathway for purine and pyrimidine nucleotides, Degradation of purines and pyrimidines to uric acid and urea.

12. Lipids : Fatty acids, glycerols, waxes, phospholipids,sphingolipids, sterols lipoproteins

13. Fatty acid oxidation

Digestion, mobilization and transport of fatty acids, Mobilization of stored triglycerides by hormones, activation of fatty acids and their transport tomitochondria, oxidation of saturated fatty acids, Oxidation of unsaturated fatty acids, and oxidation of odd chain fatty acids. Ketone bodies, over production of kelone bodies.

14. Biosynthesis of fatty acids

Formation of malony CoA, fattyacid synthase complex, fattyacid synthase multifunctional proteins, shuttling of acitate out of mitochondria as citrate, Reactions of fatty acidsynthase, regulation of fatty acid biosynthesis, Biosynthesis of triglycerols, membrane phospholipids and prostaglandins.

15. Integration of Metabolism

Credits: 2

1. Enzymes

General characteristics and Catalytic power of enzymes and their classification

Energy considerations

Factors affecting enzyme activity

Enzyme kinetics, Michaelis-Menten equation

Allosteric enzymes and their regulation

Enzyme inhibition, activation of enzymes

Immobilized enzymes

Different mechanisms of enzyme catalysis acidbase and covalent catalysis

Molecular mechanism of action of chymotrypsin

Lysozyme and carboxy peptidase

Structure-function relationship of enzymes

2. Biological membranes : Structure, function and dynamics

3. Transport of biomolecules into the cells

4. Signal Transduction cascades

Receptor higgerd phosphorylation cascade, G protein cascade, cyclic CAMP as a second messenger, protein kinases, receptor higgard hydrolysis of phosphotidyl inositol, IP3, Diacyl glycerol, calcium ion as a cytosolic messenger, Calmodulin

5. Secondary metabolites with special reference to antibiotics and microbial toxins

Credits: 2

A. The Immune System

1. Innate Immune response and its role in protection

2. Adaptive Immune response The humoral and cellular component of the Immune response, Overlap between Innate and adaptive immunity.

3. Cells involved in the Immune response The lymphoid organs, their interaction

B. The antigens seen by the Immune System

1. Antigenicity and Immunogenicity

2. The epitopes seen by B Cells and T Cells

3. Antigen engineering-Increasing Immunogenicity

C. Antibody Molecule

1. Structure of antibody molecules

2. Function of antibody molecules

3. Antibody Antigen interactions

4. Generation of antibody diversity

5. Antibody engineering

-Hybridoma secreting monoclonal antibodies

-Recombinant antibody molecules

D. Major Histocompatibility Complex

1. MHC molecules and organisation of their genes

2. Structure and function of MHC gene products

E. Antigen Presentation

1. Antigen processing

2. Role of MHC and non-MHC molecules

In antigen presentation

F. T Cell receptor

1. αβ T cells

2. γδ T cells

3. TCR-CD complex

4. Structure of TCR and its interaction With MHC-I and MHC-II peptide Complex - T cell selection

5. Organization of TCR gene segments And their rearrangement

G. Activation of T cells

1. Activation TH and TC cells

2. Generation of T memory cells

3. Apoptosis in T cells

H. B Cell matuvation

1. Activation of B Cells

2. Regulation of B Cell mediated

Effector functions

I. Cytokines

1. Structure of Cytokines

2. Cytokine receptors

3. Function of Cytokines

J. The Complement System

K. Cell mediated effector responses

Credits: 2

A. Plasma membrane : Composition and structure : Membrane associated receptors. Artificial membranes (liposomes)

B. Membrane proteins and principles of membrane Organization. Cell junction.

C. Cytoskeleton : topography, Microtubules, microfilaments, lattice and cytosol

D. Microtubules and cell mobilitycilia and flagella

E. Cell organelles and secretion : Golgi, endoplasmic reticulum, lysosomes, peroxisomes. Internalization of macromolecules and particles : endo and exocytosis.

F. Mittochondrial structure and oxidative phosphorylation

G. Nucleus : Nuclear envelope, nucleolus, chromosomes

H. Cell division and cell cycle : Go - G1 transition. Chromosome movements Regulation of cell division.

I. Cell differentiation : cortical differentiation, Nuclear differentiation, differentiation of erythrocytes. Difference between normal and cancer cells.

Credits: 4

General

a. Making of buffers

b. Titration of Polybasic acids and evaluation of pKa's

c. Titration of amino acids

d. Two dimensional TLC of amino acids

e. Paper chromatography of carbohydrates

Proteins :

a. Isolation of proteins

b. Estimation of proteins by Lowry and Brandford methods

c. Gel filtration, ionexchange and affinity chromatography

d. Gel Electrophoresis

e. Wavelength scan of proteins

f. Thermal unfolding of proteins and calculations of thermo-dynamic parameters from temperature scanning UV spectrophotometer, Effect of solvent conditions on thermal stability of proteins.

g. pH titrations of protein, calculation of net charge and total charge at a particular pH.

h. Reduction of disulphide bonds of proteins.

DNA and RNA

a. Isolation of DNA and RNA

b. Estimation of DNA and RNA by chemical means

c. Wavelength scan of DNA and RNA

d. Melting studies of calf thymus DNA

Carbohydrates:

a. Estimation of glucose by Glucose oxidase (Trinder's reagent)

b. Estimation of reducing sugars by Nelson Somogyi's method

c. Effect of temperature, time and substrate concentration on salivary alpha amylase activity.
