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Syllabtrs for M.Sc program in Biotechnology 2020-21

code Course
ooted

Subjects Hours/
semester

Hours/
week

Credits

MBT 101

T
Core -1 Biochemistry

48
03 J

MBT 1O2T Core -2 Cell and Molecular Biology
4B

03 3

MBT 1O3T Core -3 Plant and Animal Biotechnology 48
03 3

MBT 1O4T Core -4 Microbiology 32
02 2

MBT 1O5T
Core-5

Genetics 32
a2 2

MBT 106T
Core-6

Biostatistics 48
03 3

Laboratory

MBT 1O7L Lab 01 Biochemistry and Analytical
Techniques

128
08 4

TVIBT 1O8L Lab 02 Microbiology 64
04 2

MBT 1OgL Lab 03 Plant and Animal Biotechnology
64

04 2

Total 512 32 24

Code Course
opted

Subjects Flours/
semester

Hours/
week

Credits

MBT 201
T

Core -1 Genetic Engineering 48
03 3

MBT 2O2T Core -2 lmmunology 48
03 3

MBT 2O3T Core -3 Bioinformatics 48
03 J

MBT 2O4T Core-4 Genomics and Proteomics 02 2

MBT 2O5T
Core -5

Molecular Diagnostics JZ 02
2

MBT 206T
Core -6 Research Methodology and

Scientific Communication Skills
CZ 02

2

MBT 2O7T Elective-
1

Environmental BiotechnologY JZ 02
2

MBT 2O8T
Elective-
1

Biological lmaging

MBT 2O9T
Elective-
I

Nanobiotechnology

*MBT

21 0S

Elective MOOCs course to be

selected/o pted fronr SWAYAM
portal (SWAYAM-B I OTECH-1 )

Laboratory

MBT 2111 Lab 01 Molecular Biology and Genetic
Enqineering

128
OB 4

MBT 212I Lab 02 lmmunology vb
06 3

Total 24
=!-:"Inr-::=::lllill:

rM.Sb BiotechnologV

Code Gourse
opted

Subjects Hours/
semester

Hours/
week

Credits
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MBT 301

T

Core -1 Bioprocess Engineering and
Technology

4B 03 J

MBT 3O2T Core -2 Emerging Technologies 02 z

MBT 3O3T Core -3 Gritical Analysis of Classical
Papers

02
2

MBT 3O4T Core-4 Bioentrepreneurship CZ 02
2

MBT 3O5T
Core -5

lntel lectual Property Rig hts,
Biosafety and Bioethics

32 02
2

IUBT 306T Core -6
Project Proposal PreParation
and Presentation

32 02
2

MBT 3O7T Core -7 Research Seminar 02
2

MBT 3O8T Elective Microbial Technology 48 03 3

MBT 309

T
Elective

Animal Biotechnology

MBT 310

T
Elective Computational Biology

MBT 311
T

Elective
Drug Discovery and DeveloPment

MBT 312
T

Elective
Vaccines

MBT 313

T
Elective

Protein Engineering

MBT 314
T

Elective
Medical Microbiology and

lnfection Biology
*MBT

31 5T

Elective MOOCs course to be

selected/opted from SWAYAM
portaI (SWAYAM-BIOTECH- 1[
Laboratory

MBT 3161 Lab 01 Laboratory Vl: Bioprocess
Enqineering and TechnologY

128 OB 4

MBT 317 L L,ab 02 Laboratory VII: Bioinfot'matics 64 04 2

Total
480 30 24

'rrr i i,:::::=l:l i

Code Course
opted

Subjects Hours/
semester

Hours/
week

Credits

MBT 40,1 Core -1 Dissertation 512 JZ 22

Total 512 32 22

Total

Credits

94

*M.Sc. Biotechnology str-rdents will select Massive Open Online Course (MOOCs)-SWAYAM course

in the Il and III sernester available at littp://ugcrnoocs.inflibnet.ac.in/courses.php irt consr-rltation rvitlt

Coordinator.
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Sennester One

Biochemistry

Course Objectrves

The objectives of this corrrse are to build

upon undergraduate level knorvledge

of biochemical principles rvith specific

emphasis on different metabolic pathrvays.

The course shall make the students aware

of various disease pathologies within the

context ofeachtopic.

Student Learning Outcomes

On completion of this course.

students should be able to:

. Gain fundan-rental knowledge

in biochemistry;

. Understand the molecular

basis of valious pathological

conditions tiom the perspective

of biocheruicaI reactions.

Credits

s.sr
lstr
N

Unit I

Chernical basis of
life and proteins
7 lectures

Chemical basis of life: Miller-Ure1, experiment, abiotic fbrmation of amino acid

oligomers. con.rposition of living nlatter; Water - properties of water. essential role

of water fbr life on earth pll, bufter, maintenance olblood pH and pl{ of gastric juice,

pH optirna of different enzymes (pepsin, trl,psin ancl alkalirre phosplratase), ionizatiorr

and hydrophobicity, emergent properties of biomolecLrles in u,ater. biomolecular

hierarchy, macromolecules, molecular assemblies.

Unit ll

Protein structure
4 lectures

Structure-function relationships: amino acids - strrrcture and functional group

properties, peptides and covalent stmcture of proteins, elucidation of primary and

higher order structures, Ramachandran plot, evolution of protein structure, protein

degradationandintroductionto molecr.rlar pathwayscontrolling proteindegradation,

strurcture-function relationships in moclel proteins like ribonuclease A, myoglobin,

hemoglobin, chymotrypsin efc.; basic principles of protein purification; tools to

charactelize expressed proteins; Protein folding: Anfinsen's Dogma, l-evinthal paradox,

cooperativityinproteinfolding, freeenergylandscapeofproteinfoldingandpathrvays

of proteinfolding, molten globule state, chaperons, diseases associated u,ith protein

folding, introduction to nrolecular dynamic simulation.

Unit lll

Enzyme kinetics
$ lectures

Enzyme catalysis - general principles of catalysis; qr.rantitation of enzyme activity and

efficiency; enzyne characterization and Michaelis-Menten kinetics; relevance of

enzymes in rnetabolic regulation, activation, inhibition and covalent modification;

single substrate enzymes; concept of catalytic antibodies; catalytic strategies with

specific examples ofproteases, carbonic anhydrases, r'estriction enzyrnes and nucleoside

monophosphate l<inase; regulatory strategies with specific exan.rple of hemoglobin;

isozyrnes: r'ole of covalc'nr modification in enzl'matic actir it1 : zyrnogens.

Unit IV
Glycobiology
2lectures

Sugars - lnono, di, and polysaccharides rvith specific reference to glycogen, arnylose

and cellulose, glycosylation of other biomolecules - glycoproteins and glycolipids;

lipids - structure and properlies of impoftant members of storage and membrane

lipids: lipoproteins.

Unit V

Structure and
functions of
DNA&RNA
3 lectures

Self-assembly of lipids. rnicelle, biornernbrane organization - sidedness and tilnction;

nrembrane bound proteins - structure, properties and function; transport phenomena;

nucleosides, nucleotides, nucleic acids - structure, a historical perspective leading up to

the proposition of DNA double helical structure; difference in RNA and DNA structure

and their iurportance in evolution of DNA as the genetic uraterial.

Unit VI

Bioenergetics
8 lectures

Bioenergetics-basic principles; equilibria and concept offree energy; cotrpled

interconnecting reactions in metabolism; oxidation of carbon fnels; recurring motifs in

,metabolism; 
lntroduction to GPCR, InositoI/DAG//PI(C and Ca++ signaling pathways;

I& '.\, \^,
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glycolysis and gluconeogenesis; reciprocai regulations and non-carbohydrate

sources of glucose; Citric acid cycle, entry to citric acid cycle, citric acid cycle as a

source of biosynthetic precursors; Oxidative phosphorylation; importance of electron

transfer in oxidative phosphorylation; F1-F0 ATP Synthase; shuttles across

r-nitochondria; regr.rlation of oxidative phosphorylation: Photosynthesis - chloroplasts

and two photosystenrs; proton gradient across thylakoid rnembrane;

Unit Vll Calvin cycle and pentose phosphate pathway; glycogen rnetabolism, reciprocal control

ofglycogen synthesis and breakdown, roles ofepinephrine and glucagon and insulin

in glycogen rnetabolisnr; Fatty acid metabolism; protein llrrnover and amino acid

catabolism; nucleotide biosynthesis; biosynthesis of nrenrbrane lipids and sterols with

specific emphasis on cholesterol metabolism and rnevalonate pathrvay; elucidation of

metabolic pathways; logic and integration of central uretabolism; entry/ exit of various

biomolecules from central pathways; principles of metabolic regulation; steps for

regulation; target of rapamycin (TOR) & Autophagy regulation in relation to C & N

metabolism, starvation responses and insulin signaling. Role of vitamins & cofactors

in r.netabolisrn

Lipids, DNA&

TTNA

8 lectures

NN
Recommended Textbooks and Refdrences:

\. Stryer, 1,. (2002). Biochemistry. New York: Freeman.

i Lehninger, A. L. (2004). Principtes of Biochemistry (4'r' ed.). Ner,v York, NY: Worth.

.\ Voet,D.,&Voet,J.G.(2004). Biochemistry(4'r'ed.).Hoboken,NJ:J.Wiley&Sons.

4 Dobson, C. M. (2003). Protein Foldingand Misfoldi ng. Nature,426(6968), 884-890.

doi: I 0.1 038/nature0226\ .

ii Richards, F.M. ( 199 l).The Protein Folding Problem. Scientific Arnerican,

264(l), 54-63 " doi : I 0 " I 03 8/scientifi camericarr0 I 9 I --54.

Cell and
Molecular
Biology

Course Objectives

The objectives of this coul'se are to

sensitize the students to the fact that

as we go down the scale of magnitude

from cells to organelles to molecules,

the understanding of various biological

processes becomes deeper and inclusive.

Student Learning Outcomes

Student should be equipped to understand

three fundanrental aspects in biological

phenornenon: a) what to seek; b) how to

seek; c) why to seek?

Credits

n&*IrlN
Unit I

Dynamic
organization
of ceIl
6 lectures

LJniversal features of cells; cell chemistry and biosynthesis: chemical organization of

cells; internal organization of the cell - cell membr:anes: strLlcture of cell menrbranes

and concepts related to compartrnentalization in eukaryotic cells: intracellular

organelles: endoplasmic reticulum and Golgi apparatlls, lysosomes and peroxisomes,

ribosomes, cellular cytoskeleton, mitochondria, chloroplasts and cell energetics;nuclear

compartment: nucleus, nucleolus and chromosomes.
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Unit ll

Chromatin structure
and dynamics
12 lectures

Chromatin organization - histone and DNA interactome: structure and assembly

of eukaryotic and prokaryotic DNA polymerases, DNA-replication, repair and

recombination; chromatin control: gene transcription and silencing by chromatin-

Writers,-Readers and -Erasers; Transcriptional control: Structure and assembly

of eukaryotic and prokaryotic RNA Polymerases, promoters and enhancers,

transcription factors as activators and repressors, trancriptional initiation,

elongation and termination; post-transcriptional control: splicing and addition of

cap and tail, mRNA flow through nuclear envelope into cytoplasm, breakdown of

selective and specific mRNAs through interference by small non-coding RNAs

(miRNAs and siRNAs), protein translation machinery. ribosomes-composition

and assembly; universal genetic codes, degeneracl, of codons, Wobble

hypothesis; lso-accepting tRNA; mechanism of initiation, elongation and

termination; co- and post-translational modifications, mitochondrial genetic code

translation product cleavage, modification and activation.

Unit lll

Cellular signalling,
transport and
trafficking
3 lectures

Molecular mechanisms of membrane transport, nuclear transpoft, transport across

mitochondria and chloroplasts; intracellular vesicular trafficking from endoplasmic

reticulum tlrrough Golgi apparatus to lysosomes/cellexterior.

Unit lV

Cellular processes
I lectures

Cell cycle and its regulation; cell division: mitosis, meiosis and cytokinesis; cell

differentiation: stem cells, their differentiation into different cell types and organization

into specialized tissues; cell-ECM and cell-cell interactionsl cell receptors and trans-

nrembrane signalling; cell motility and migration; cell death: different modes of cell death

and their regulation.

Unit V

Manipulating and
studying cells
3 lectures

lsolation ofcells and basics ofcell culture; observing cel ls under a microscope, different

types of microscopy; malyzingand manipulating DNA, RNA and proteins.

Unit Vl

Genome
instability and cell
transforination
8 lectures

Mutations, proto-oncogenes, oncogenes and tumour suppressor genes, physical, chemical

and biological mutagens; types of mutations; intra-genic and inter-genic suppression;

transpositions- transposable genetic elements in prokaryotes and eukaryotes, role of

transposons in genome; viral and cellular oncogenes; tumor suppressor genes; structure,

function and mechanism of action; activation and suppression of tumor suppressor

genes; oncogenes as transcriptional activators.

NN
Recommended Textbooks and References:

\ Alberts, B., Johnson, A., Lewis, J", Rafl M., Roberts. I(., & Walter. P. (2008).

Molecular Biology of the Cell (5tr'Ed.). New Yorl<: Garland Science.

ll Lodish, H. F. (2016). Molecular Cett Biotogy (8'r'Ecl.). New York: W.l{. Freeman.

3 Iftebs, J.8., Lewin, B.. Kilpatrick, S. T.,& Goldstein, E. S. (2014). Lewin's Genes XL

Burlington, MA: Jones & BartlettLearning.

.d Cooper,G.M.,&Hausman,R.E.(2013). TheCell:aMolecularApproach(6thEd.).

Washington: ASM ; Sunderland.

* Hardin, J.,Beftoni, G.,Kleinsmith, L. J.,&Becker, W.M. (2012).Becker'sWorldof

the Cetl. Boston (8'hEd.). BenjaminCummings.

S Watson,J. D. (2003). Molecular Biotogy of the Gene (5tr'ed.). Menlo Park, CA:

Benjamin/Cummings.
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Plant and
Animal
Biotechnology

Course Objectives

The ob-iectives of this course are to

introduce students to the principles,

practices and application of animal

biotechnoiogy, plant tissue culture,

plant anci animal genonrics. genetic

transformation and molecular breeding

of plants and animals.

Student Learning Outcomes

Students should be able to gain

fundamental knowledge in animal and

plant biotechnology and their appiications.

Credits

ffi
Unit I

Plant tissue culture
andanimalcellculture
l0lectures

Plant tissue culture: historical perspective; totipotency; organogenesis; Somatic

ernbryogenesis; establislrment of cultures * callus culture. celI suspension culture, media

preparation - nutrients and plant hormones; sterilization techniques; applications of

tissue culfure - micropropagation; somaclonal variation; androgenesis and its applications

in genetics and plant breeding; germplasm conservation and cryopreservationi synthetic

seed production; protoplast culture and somatic hybridization - protoplast isolation;

culture and usage; somatic hybridization - methods and applications; cybrids and

somatic cell genetics; plant cell cultures for secondary rnetabolite production.

Animal cell culture: brief history of animal cell culture: cell culture media and reagents;

culture of mammalian cells, tissues and organs; primary culture, secondary culture,

continuous cell lines, suspension cultures; application ol animal cell culture for virus

isolation and in vitro testing of drugs, testing of toxicity of environmental pollutants in

cell culture, application of cell culture technology in production of human and animal

viral vaccines and pharmaceutical proteins.

Unit ll Genetic engineering: Agrobacterium-plant interactionl virulence; Ti and Ri plasmids;

opines and their significance; T-DNA transfer; disarmed Ti plasmid; Genetic

transformation - Agrobacterium-mediated gene delivery; cointegrate and binary

vectors and their utility; direct gene transfer - PEG-mediated, electroporation,

particle bombardment and alternative methods; screenable and selectablemarkers;

characterization of hansgenics; chloroplast transformation; marker-fiee methodologies;

advanced methodologies - cisgenesis, intragenesis and genome editing; molecular

pharming - concept of plants as biofactories, production of industrial enzymes and

pharmaceutically important compounds.

Plant genetic
manipulation
l0lectures

Unit lll

Animal reproductive
biotechnology and
vaccinology
8 lectures

Animal reproductive biotechnology: structure of sperms and ovum: cryopreservation of

sperlns and ova of livestock; artificial insemination; super ovulation, entbtyo recovery

and in vitro fefiilization; culture of embryos; cryopreservation of embryos; embryo

transfer technology; transgenic manipulation of animal embryos; applications of

transgenic animal technology; animal cloning - basic concept, cloning for conservation

for conservation endangered species; Vaccinology: history ofdevelopment ofvaccines,

introduction to the concept of vaccines, conventional methods of animal vaccine

production, recombinant approaches to vaccine production, modern vaccines.

Unit IV

Plant and animal
genomics
4 lectures

Overview of genomics - definition, complexity and classification; need for genomics

level analysis; methods of analyzing genome at various levels - DNA, RNA, protein,

metabolites and phenotype; genome projects and bioinforrnatics resources for genome

research - databases; overview offorward and reverse genetics for assigning function

for genes.

N*^S(.n-
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unit V

Molecular mapping
and marker assisted
selection
I lectures

Molecular markers - hybridization and PCR based markers RFLP, RAPD, STS, SSR,

AFLP, SNP markers; DNA fingerprinting-principles and applications; introduction to

mapping of genesiQTl-s; rnarker-assisted selection - strategies for Introducing genes

ofbiotic and abiotic stress resistance in plants: genetic basis for disease resistance in

animals; molecular diagnostics of pathogens in plants and aniurais; detection of meat

adulteration using DNA based methods.

NN$
Recommended Textbooks and References:

1 Chawla, H. S. (2000). lntroductionto PlantBiotechnology. Enfield, NH: Science.

.i Razdan, M. K. (2003). lntroductionto PlantTissue Culture. Enfield, NH: Science.

.i Slater,A.,Scott,N.W.,&Fowler,M.R.(2008). PlantBiotechnology:anlntroduction

to Genetic Engineering. Oxfbrd: Oxford University' Press.

-1. Buchanan, B. B., Gruissem, W.,& Jones, R.L.(2015). Biochemistry &Molecular

Biology of Plants. Chichester, WestSussex: John Wiley & Sons.

Umesha, S. (2013). PlqntBiotechnology. The Energy And Resources.

Glick, B. R., & Pasternak, J. J. (2010). Molecular Biotechnology: Principles and

Applications of Recombinant DNA. Washington, D.C.: ASMPress.

Brown, T. A. (2006). Gene Cloning and DNA Analysis: an Introduction. Oxford:

Blackwell Pub.

Primrose, S. B., & Twyman, R. M. (2006). Principles of Gene Manipulationand

Genomics. Malden, MA: Blackwell Pub.

Slater,A.,Scott,N.W.,&Fowler,M.R.(2003). PlantBiotechnology:TheGenetic

Manipulation of Plants. Oxford: Oxford UniversityPress.

Gordon, I. (2005). Reproductiv e Techniques in Fqrm Animols. Oxford:

CAB lnternational"

1l Levine, I\4. M. (2004) . New Generation Vaccines. Nerv York: M. Dekker.
'l:i Pdrtner, R. (2007).AnimalCell Biotechnology: Methods and Protocols.Totowa,

NJ: Hurnana Press.
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Microbiology

Course Objectives

The objectives ofthis course are to

introduce field of microbiology with

special emphasis on microbial diversity,

rnorphology, physiology and nutrition;

methods for control of microbes and host-

microbe interactions.

Student Learning Outcomes

Students should be able to:

. Identify major categories of

microorganisms and analyze their

classifi cation, diversity, and ubiquity;

' Identify and demonstrate structural,

physiological, genetic similarities

and clifferences of major categories

of r.nicroorgan isms;

. Identify and demonstrate how to

control microbial growth;

. Demonstrate and evaluate interactions

betu,een microbes, hosts and

environrnent.

Credits

r&r
l2l
N

Unit I

Microbial
characteristics
6 lectures

Introduction to microbiology and microbes, history & scope of microbiology,

morphology, structure, growthandnutritionofbacteria, bacterialgrowthcurve, bacterial

culture rnethods; bacterial genetics: mutation and recombination in bacteria, plasmids,

transformation, transduction and conjugation; antirnicrobial resistance.

Unit ll

Microbial
9lectures

diversity

Microbial taxonomy and evolution of diversity, classification of microorganisms,

criteria for classification; classification ofbacteria; Cyanobacteria, acetic acid bacteria,

cN^$
V( ^p 

Pseudomonads, lactic and propioni3acid bacteria, endospore forming bacteria,

/".1p '
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Mycobacteria and Mycoplasma. Archaea: Halophiles, Methanogens, Hyperthermophilic

archae, Thermoplasm; eukarya: algae' fungi, slime molds and protozoa; extremophiles

and unculturable microbes.

Unit lll

Control of
microorganisms
3 lectures

Sterilization. disinfection and antisepsis:

of microorganisms. antibiotics, antiviral

microorganisms.

physical and chemical methods for controi

and antilttngal clrugs. biological control of

Unit lV

Virology
5 lectures

virus and bacteriophages, general properlies of viruses. viral structure, taxonomy of

virus, viral replication, cultivation and identification ofviruses; sub-viral particles -

viroids and prions.

Unit V

Host-microbes

interaction
5 lectures

Host-pathogen interaction, ecological impact of microbes; syrnbiosis (Nitrogen flxat]on

andruminantsymbiosis);microbesandnutrientcycles;microbialcommunication

System;bacterialquorttlxsensing;microbialfuelcells;prebioticsandprobiotics.

NN
Recommended Textbooks and References:

l. pelczar,M. J.,Reid, R. D.,& Chan,E. C. (2001) . Microbiology(5tr' ed')'

New York: McGrarv-Hill.

Willey, J. M., Sherwood, L., Woolverton,C' J', Prescott' L' M'' & Willey' J' M' (201 l)'

Prescott's Microbiology. New York: McGraw-l-{ill'

Matthai, W.,Berg, C. Y.,&Black, J' G'(200 5)' Microbiology'Principles and

Explorations. Boston, MA: John Wiley & Sons'

Student Learning Outcomes

On successful completion of this course,

student will be able :

Describe fundamental molecular

principles of genetics;

Understand relationshiP between

phenotyPe and genotype ilr hutnan

genetic traits;

Describe the basics of genetic mapping;

Understand how gene exPression

is regr-rlated.

Genetics

Course Objectives

The objectives ofthis course are to take

students through basics ofgenetics and

classical genetics covering prokaryotic/

phage genetics to yeast and higher

eukaryotic domains' On covering all

classical coucepts ofMendelian genetics

across these life-forms, studentswill

be exposed to concepts ofpopulation

genetics, quantitative genetics

encompassing complex traits, clinical

genetics and genetics of evolution'

Credits

r*r
ru

Unit I

Genetics of bacteria

and bacterioPhages
10 lectures

Concept of a gene in pre-DNA era; mapping of genes in bacterial and phage

chromosomes by classical genetic crosses; fine structure analysis of a gene; genetic

complementation and other genetic crosses using phenotypic markers; phenotype to

g.ro,yp" connectivity prior to DNA-based understanding of gene'

Unit ll Meiotic crosses, tetrad analyses, non-Mendelian and Mendelian ratios' gene conversion'

models of genetic recombination, yeast mating type switch; dominant and recessive

genes/mutations, suppressor or modifier screens' complementation groups' transposon

mutagenesis, synthetic lethality, genetic epistasis'

Yeast genetics

ip-

6lectures
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Unit lll Monohybrid & dihybrid crosses, back-crosses, test-crosses. ar.ralyses of autosorrral and

sex linkages, screening of mutations based on phenotypes and rnapping the same.

hypomorphy, genetic mosaics. genetic epistasis in context of developmental mechanism"

Drosophila genetics
asam0delof higher
eukaryotes
4 lectures

Unit lV

Population genetics
and genetics of
evolution
4 lectures

Introduction to the elements of population genetics: genetic variation, genetic drift,

neutral evolution; mutation selection, balancing selection, Fishers theorem, Hardy-

Weinberg equilibrium, linkage disequilibrium; in-breeding depression & mating systems;

population bottlenecks, migrations, Bayesian statistics; adaptive landscape, spatial

variation & genetic fitness.

Unit V Complex traits, mapping QTLs, yeast genomics to understand biology of QTLs.

Quantitative genetics of
complex traits (QTLs)
2 lectures

Unit Vl Laws of segregation in plant crosses, inbreeding, selfing. heterosis. maintenance of

genetic purily, gene pyramiding.Plant genetics
2 lectures

NN$
Recommended Textbooks and References:

1 Hartl,D.L.,&Jones, E.W.(1998). Genetics:PrinciplesandAnalysrs. Sudbury,

MA: Jones andBartlett.

i Pierce, B. A. (2005). Genetics: a Conceptual Approach. New York: W.H. Freeman.

t Tamarin,R. H., & Leavitt, R. W.(1991). Principles of Genetics. Dubuque,

lA: Wrn. C. Brown.

$ Smith, J. M. (1998). Evolutionary Genetics. Oxford: Oxford University Press.

Bio-Statistics

Course Objectives

The objective of this

course is to give

conceptual exposure of
statistics, eror analysis,

hypothesis testing, and

design of experiments in
biological systems

Student Learning
Outcomes

On completion of this

course, students should be

able to:
. Understand how to surr-

arise statistical data;
. Apply appropriate statistical

tests based on an unders-

tanding of study question,

type of study and type ofdata;
. Interpret results ofstatistical
tests and application in

biological systems.

Credits

rYr
k&f;

Unit I

Introduc
tion
5 lectures

Types of biological data (ordinal scale, nominal scale, continuous and discrete logical

systems data), frequency distribution and graphical representations (bar graph,

histogram, box plot and fiequency polygon), cttmulative ftequency distribution,

populations, samples, simple random, stratified and sy,stentatic sanrpling.

k(
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Unit ll

Descriptive

statistics,
Probability
and distribution
10 lectures

Measures of Location, Properties of Arithmetic Mean, median, mode, range,

Properties of the Variance and Standard Deviation, Coefficient of Variation, Grouped

Data, Graphic Methods, Obtaining Descriptive Statistics on the Computer, Case study.

Introduction to probability and laws of probability, Random Events, Events-

exhaustive, Mutually exclusive and equally likely (with simple exercises), Definition
and properties of binomial distribution, Poisson distribution and normal diqff-buliO1r

Correiation, Covariarrce. calculation of covariance and correlation. Correlation
coefficient from ungrouped data Spearson's Rank
Correlation Coefficient, scatter and dot diagram, General Concepts of regression,
Fitting Regression Lines, regression coefficient, properties of Regression Coefficients,
Standard error of estimate. Making assumption, Nul[ and alternate hypothesis, error in
hypothesis testing, confidence interval, one-tailed and two-tailed testing, decision
making. Making assumption, Null and alternate hypothesis, error in hypothesis
testing, confidence interval, one-tailed and two-tailed testing, decision making.

Unit lll

Correlation and

regressron

analysis,

Statistical
hypothesis

l0lectures

Unit lV

Tests of
significance

8lectures

Steps in testing statistical significance, selection and computation of test of
significance and interpretation of results; Sampling distribution of mean and standard
error, Large sample tests (test fbr an assumed mean and equality of two population

nleans with known S.D.), z-test; Srnall sarnple tests (t-test for an assumed mean and

equality of tneans of two populations when sample observations are independent);
parametric and Non parametric tests (Mann-Whitney test); paired and unpaired t-test,

chi square test.

Unit V
Introduction to study designs: Longitudinal, cross-sectional, retrosp- ective and

prospective study, Principles of experimental designs. Randomized bloc[<, and Simple
factorial designs, Analysis of variance (ANOVA) and its use in analysis of RBD,
introduction to meta-analysis and systematic reviervs, ethics in statistics.

Experimental

designs

8 lectures

INNX Recommended Textbooks and References:

tN WI I . Jaype Brothers, (201 1), Methods in Biostatistics for Medical Studer.rts and

Research Workers (English), Tth Edition

2. Norman T.J. Bailey, (1995), Statistical Methods in Biology, 3rd Edition,

Cambridge Universi4, P1s5s.

3. P. N. Arora and P. K. Malhan, (2006), Biostatistics, 2nd Edition, Himalaya

Publishing House.

4. .lerof d Zar, Biostatistical Analysis, 4th Edition. Pearsorr Education.

5. Biostatistics: a Foundation for Analysis in the Flealtli Sciences, 7th Edition,

Wiley.

6. ML Samuels, JA Witmer (2003) Statistics for the Life Sciences, 3rd edition.

Prentice Hall.
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LaboratoryI:

Course Objectives

The objective ofthis laboratory course is

to introduce students to experiments in

biochemistry. The course isdesigned

to teach students the utility ofset of

experimental methods in biochemistry

in a problem oriented manner.

Student Learning Outcomes

On cornpletion of this course, students

should br:'able to:

' l'o elaborate concepts ofbiochemistry

with easy to run experiments;

" To familiarize with basic laboratory

instruments and understand the

principle of measurements using

those instruments with experiments

in biochemistry"

Biochemi
& Anal
Techniques

st

tical

Credits

&
L

2.

4.

5"

preparing various stock solutions and rvorking solutions that will be needed for the course.

'lo prepare an Acetic-Na Acetate Buffer and validate the Henderson-Hasselbach equation.

To determine an unknown protein concentration by plotting a sta,tdard graph of BSA using UV-

Vis Spectrophotometer and validating the Beer- Larrrbert's Larv.

Titration of Amino Acids and separation of-aliphatic, aromatic and polar amino acids by thin

Iayer chromatography.

purification a1d characterization of an enzyme from a recombinant source (such as Alkaline

Phosphatase or Lactate Dehydrogenase or any enzyme of the institution's choice).

a) Preparationofcell-freelysates

h) Ammonium sulfate precipitation

c) Ion-exchangeChromatograPhY

d) Gel Filtration

si AffinityChromatograPhY

li Diatysis of the purified protein solution against 60%o glycerol as a

demonstration of storage rnethod

$i Generating a Purification Table (protein concentration. amount of total

protein; Computing specific activity of the enzyrne preparation at each

stage ofPurification)

h) Assessing purity of samples from each step of purification by SDS-PAGE

Gel ElectroPhoresis

i) Enzyme Kinetic Parameters: Km, Vmax andKcat.

I Experimental verification that absorption at ODruo is more for denatured DNA as compared to

native double stralded DNA. reversal of the same follorving DNA renaturation' Kinetics

of DNA renaturation as a function ofDNA size.

3. Identification of an unknown sample as DNA, RNA or protein using available laboratory

tools. (Optional Experiments)

4. Biophysical methods (Circular Dichroism Spectroscopy, Fluot'escence Spectroscopy).

ii. Determination of rnass of small molecules and fragmentation patterns by Mass

SPectrometrY.

li preparing various stock solutions and working soltttions that will be needed for the course.

W^p
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Laboratoryll:
Microbiology

Course Objectives

The objective ofthis laboratory course

is to provide practical skills on basic

microbiological techniques.

Student Learning Outcomes

Students should be able to:

I so I ate, char acterize andidentifu

colnrron bacterial organisms;

Determine bacterial load ofdifferent

samples;

Perlorrn antirn icrobial sensitivity tests"

Preserve bacterial cultures.

Credits

tr
fs,

,J7*L
W

Syllabus 1. Sterilization, disinfection and safety in microbiological laboratory.

:. Preparation of media for cultivation ofbacteria.

) Isolation of bacteria in pure culture by streak plate method.

4 Study of colony and growth characteristics of some comrnon bacteria:

Bacillus, E. coli, Stophylococcus, Streptococcus, etc.

$. Preparation of bacterial smear and Gram'sstaining.

i\. Enurneration of bacteria: standard platecount.

? Antimicrobial sensitivity test and demonstration of drugresistance.

$ Maintenance of stock cultures: slahts, stabs and glycerol stock cultures

ii Detennination of phenol co-efficient of antimicrobialagents.

Itr. Detennination of Minimurn Inhibitory Concentration (MIC)

li. Isolation and identification of bacteria fromsoil/water samples.

$NNjr Recommended Textbooks and References:

$N Nl CappLrccino,J. G.,& Welsh,C. (2016 ). Microbiotogy:a Laboratory Manual.

Benj amin-Cummings Publishing Company.

i Collins, C. H., Lyne, P.M., Grange, J. M., & Falkinharr III, J. (2004). Collins and

Lyne's Microbiolog ical M ethods (8'r' ed.). Arnolds.

.l Tille, P. M., & Forbes, B. A. Bailey & Scott's Diagnostic Microbiology.

J
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Laboratory
III: Plant
and Anirnal

Biotechnology

Course Objectives

Theobj ectivesoft hiscoursearetoprovide

hands-on ttaining in basic experiments of

plant and animalbiotechnology.

Student Learnrng Outcomes

On completion of course, students should

be able to gain basic skills in plant and

animal biotechnology.

Credits

&
Syllabus .t

I.
t

$

t:

$

i.

Prepareculturemediawithvarioussupp lementsforplanttissueculture.

PrepareexplantsofVallerianawallichiiforinoculation underasepticconditions.

Attemptrn vifroandroandgynogenesisinp lants ( D a tu r a s tram oniu m) .

Isolate plant protoplast by enzymatic and rnechanical methods and atternpt fusion

by PEG (availablernaterial).

CultureAgrobacteriumtumefaciensandattempttransformationofanydicotspecies.

GenerateanRAPDandlSSRprofileofErem uruspersictrsandVallerianawallichii.

Preparekaryotypesandstudythe morphologyofsornaticchromosor.nesofAllium

c e p a, A. s a tivum, A. tub e ro sumandcon.tparethetrontltebas i sofl<aryotypes.

Pollenmothercellmeiosisandrecornbinationindexofse lectspec ies

(one achiasmate, and the other chiasnrate) and correlate rvith generation ofvariation.

Undertake plant genomic DNA isolation by CTAB nrethod and its quantitation by

visual as well as spectrophotometericntethods.

PerforrnPC Ramplificationof n'numberofgenotypesofaspeciesforstudyingthe

geneticvariationanrongtheindividualsofaspec iesusin gt'andompri mers.

Study genetic fingerprinting profiles of plants and calculate polyrnorphic

informationcontent.

Plant Biotechnology

ti]

il.

Syllabus 'l Countcellsofananimaltissueandchecktheirviabiliry.

ii Prepare cultr"rre media with various supplements for plant and anirnaltissueculture.

,) Prepare single cell suspension from spleenandthyntus.

{. Monitor and tleasure doubling time ofanimalcells.

$ Chromosome preparations front cultured animalcells.

L\. Isolate DNA from anirnal tissue bySDSmethod.

i Atternpt animal cell fusion usingPEG.

AnimalBiotechnology

-$p +
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Semester Two

Genetic
Engineering

Course Objectives

The objectives ofthis course are to teach

students with various approaches to

conducting genetic engineering anci their

appiications in biological research as well

as in biotechnology industries. Genetic

engineering is a technology that hasbeen

developed based on our fundamental

understanding of the principles of
rnolecular biology and this is reflected in

the contents of this course.

Student Learning Outcomes

Given the impact of genetic engineering

in modern society, the students should

be endowed with strong theoretical

knowiedge of this technology. In

conjunction with the practicals in

molecular biology & genetic engineering,

the students should be able to takeup

biological research as well as placement in

the relevant biotech industry.

Credits

r&t
$31
N

Unit I

Introduction and
tools for genetic
engmeerrng
$ lectures

lmpact of genetic engineering in modem society; general requirements for performing a

genetic engineering experiment; restriction endonucleases and methylases; DNA ligase,

Klenow enzyme, T4 DNA polymerase, polynucleotide kinase, alkaline phosphatase;

cohesive and blunt end ligation; linkers; adaptors; hornopolyrneric tailing; labelling

of DNA: nick translation, random ptirning, radioactive and non-radioactive probes,

hybridization techniques: nofihern, southern, soutlt-western and far-rvestern and colonv

hybridization, fl uorescence in srf u hybrid ization.

Unit ll

Different types
of vectors
? lectures

Plasmids; Bacteriophages; Ml3 mp vectors; PUC19 and Bluescript vectors, hagemids;

Lambda vectors; Insertion and Replacement vectors; cosmids; Aftificial chromosome

vectors (YACs; BACs); Principles for maximizing gene expression expression vectors;

pMal; GST; pET-based vectors; Protein purification; His-tag; GST-tag; MBprag efc.;

Intein-based vectors; Inclusion bodies; rnethodologies to reduce formation of inclusion

bodies; nrammalian expression and replicating vectors; Baculovirus and Pichia vectors

system, plant based vectors, Ti and Ri as vectors, yeast vectors, shuttle vectors.

Unit lll

Different types
of PCR techniques
7 lectures

Principles of PCR: primer design; fidelity of thermostable enzymes; DNA polymerases;

types of PCR - multiplex, nested; reverse-transcription pcR, real time pcR, touchdown

PCR, hot start PCR, colony PCR, asymmetric PCR, cloning of pCR products;

T-vectors; proof reading enzymes; PCR based site specific mutagenesis; pcR in

molecular diagnostics: viral and bacterial detection; sequencing nrethocls; enzymatic

DNA sequencing; chemical sequencing of DNA; autontatecl DNA secluencing; RNA

sequencing; chemical synthesis of oligonucleotides; rnr.rtation detection: SSCp,

DGGE, RFLP.

Unit lV

Gene manipulation
and protein-DNA
interaction
7 lectures

lnsertion of foreign DNA into host cells; transformation, electroporation, transfection;

construction of libraries; isolation of mRNA and total RNA; reverse transcriptase and

CDNA synthesis; cDNA and genomic libraries; construction of rricroarrays - genomic

arrays, cDNA arrays and oligo anays; study of protein-DNA interactions: electrophoretic

mobility shift assay; DNase footprinting; methyl interference assay, chromatin

immunoprecipitation ; protein-protein interactions usin g yeast two-hybrid system;

phage display.

Unit V

Gene silencing
and genome editing
technologies
l3lectures 1$ qp

Bx[rf'

Gene silencing techniques; introduction to siRNA; siRNA technology; Micro RNA;

construction of siRNA vectors; principle and application of gene silencing; gene

knockouts and gene therapy; creation of transgenic plants; clebate over GM crops;

introduction to rnethods of genefic manipulation in diff-erent rnodel systents e.g. fruit flies

\./ '')
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(Drosophila), worms (C. elegans), frogs (Xenopus), fish (zebra fish) and chick; Transgenics

- gene replacement; gene targeting; creation oftransgenic and knock-out mice; disease

model; introduction to genome editing by CRISPR-CAS rvith specific emphasis on

Chinese and Arnerican clinical triais.

ENN
Recommended Textbooks and References:
j Old, R" W., Primrose, S. 8., &'f,wyman, R, M. (2001 ). Principles of Gene

Manipulation: an lntroduction to Genetic Engineering. Oxford: Blackrvell

Scientifi c Publications.

il Green, M. R., & Sambrook, J. (2012) . MolecularCloning: a Laboratory Manual.

Cold Spring Harbor, NY: Cold Spring Harbor LaboratotyPress.

ll Brown, T. A. (2006). Genomes (3'd ed.). New York: Garland Science Pub.

4 Selected papers frorrr scientific journals, particularly Nature & Science.

$ Technical Literature from Stratagene, Prornega, Novagen, New England Biolab efc.

Immunology

Course Objectives

The objectives ofthis course are to learn

about structural features ofcomponents of
immttne s),Stem as well as their function.

The rnajor emphasis of this course will be

on development of immune system and

mechanisms by which our body elicits

immune response. This will be imperative

for students as it will help them to predict

about nature of immune response that

develops against bacterial, viral or parasitic

infection, and prove it by designing new

experiments.

Student Learning Outcomes

On cornpletion of this course,

students should be able to:

. Evaluate usefulness of immunology

in dif ferent pharrnaceutical companies;

' Identity proper research lab working

in area of their own interests;

. Apply their knowledge and design

immunological experiments to

denronstrate innate, humoral or

cytotoxic T lymphocye responses and

figure out kind of immune responses in

the setting of infection (viral or bacterial).

Credits

*sh.

lslNt

Unit I

Immunology:
fundamental concepts
and overview of the
immune system
5 lectures

Components of innate and acquired immunity; phagocytosis; complement and

inflammatory responses; pathogen recognition receptors (PRR) and pathogen associated

molecular pattern (PAMP); innate immune response; rtrucosal immunity; antigens:

immunogens, haptens; Major Histocornpatibility Con.rplex: MHC genes, MHC and

immune responsiveness and disease susceptibility, Organs of inrmune system, primary

and secondary lymphoid organs.

Unit ll

Immuneresponses
generatedbyB andT
lymphocytes
B lectures

Immunoglobulins - basic structure, classes & subclasses of immunoglobulins, antigenic

determinants; multigene organization of immunoglobulin genes; B-cell receptor;

Immunoglobulin superfamily; principles of cell signaling; basis of self & non-self

discrimination; kinetics of immune response, memory; B cell maturation, activation

and differentiation; generation of antibody diversity; T-cell maturation, activation and

differentiation and T-cell receptors; functional T Cell subsets; cell-mediated immune

responses, ADCC; cytokines: properties, receptors and therapeutic uses; antigen

processing and presentation- endogenous antigens, exogenous antigens, non-peptide

bacterial antigens and super-antigens; cell-cell co-operation, Hapten-carrier system.

Unit lll Precipitation, agglutination and complement mediated irnmune reactions; advanced

immunological techniques: RIA, ELISA, Western blotting, EI-ISPOT assay,

imnrunofluorescence microscopy, flow cytometry and irrmunoelectron microscopy;

surface plasnron resonance, biosensor assays for assessing ligand -receptor interaction;

CMI techniques: lymphoproliferation assa1,, 11ix.6 lymphocyte reaction, cell cytotoxicity

assays, apoptosis, microarrays, transgenic nrice, gene linock outs.

Antigen-antibody
inteiactions
6 lectures

\P \4V

N



Unit lV Active and passive inrtrtunization; live, killed, attennatecl, sr-rbr,rnit vaccines; vaccine

technology: role and properties of adjuvants, recombinant DNA and protein based

vaccines, plant-based vaccines, reverse vaccinology; peptide vaccines, conjugate vaccines;

antibody genes and antibody engineering:chimeric, generation of monoclonal antibodies,

hybrid monoclonal antibodies; catalyic antibodies and generation of immunoglobulin

gene libraries, idiotypic vaccines and marker vaccines. viral-like parlicles (VLPs),

dendritic cell based vaccines, vaccine against cancer, T cell based vaccine, edible vaccine

and therapeutic vaccine.

Vaccinology
S leetures

Unit V Immunity to infection : bacteria, viral, fungal and parasitic infections (with examples

fi'om each group); hypersensitivity: Type I-IV; autoimmunity; types of autoimmune

diseases; mechanism and role of CD4+ T cells; MHC and TCR in autoirnmunity;

treatment of autoimmune diseases; transplantation: immunological basis of graft

rejection; clinical transplantation and immunosuppressive therapy; tr-rrnor irnmunology:

tumor antigens: imrnune response to tumors and tumor evasion of the imrnune

systeln, cancer imrnunotherapy; immunodeficiency: prirnary intmunodeficiencies,

acquired or secondary itrmunodeficiencies, autoimmune disorder, anaphylactic shock,

immunosenescence, immune exhaustion in chronic viral infection, immune tolerance,

NI( cells in chronic viral infection and malignancy.

Clinical immunology
8 lectures

Unit Vl

Immunogenetics
5 lectures

Major histocompatibility complex genes and their role in autoimmune and infectious

diseases, HLA typing, human major histocompatibility complex (MHC), Complement

genes of the human major histocompatibility complex: irnplication for linkage

disequilibrium and disease associations, genetic studies of rheumatoid arthritis, systemic

lupus erythematosus and multiple sclerosis, genetics of human immunoglobulin,

immunogenetics of spontaneous control of HIV, KIR complex.

NN$
Recommended Textbooks and References:

J l(indt,T.J.,Goldsby,R.A.,Osborne,B.A.,&Kuby,j.(2006). Kubytmmunology.

New York: W.H.Freeman.

il Brostoff, J., Seaddin. J. K., Male, D., & Roitt, I. M. (2002). Clinical Immunology.

London: Gower Medical Pub.

) Murphy, K., Travers, P.,Walport, M., & Janeway, C. (2012). Janeway's

lmmunobiology. New York: Garland Science.

4. Paul, W.E. (2012). Fundamental Immunology. New York: Raven Press.

$ Goding,J .W.(1996).MonoclonalAntibodies:PrinciplesandPractice:Production

and Application of Monoclonal Antibodies in Cell Biology, Biochemistry, and

Immunology. London: Academic Press.

S Parham, P. (2005). The Immune Sysfem. New York: Garland Science.

Bioinformatics

Course Objectives

The objectives ofthis course are to provide

theory and practical experience ofthe

nse of common computational tools and

databases which facilitate investigation of

molecular biology and evolution-related

concepts.

Student Learning Outcomes

Student shor,rld be able to :

. Develop an understanding of basic

theory of these cornputational tools;

. Gain working knowledge of these

cornputational tools and methods;

. Appreciate their relevance for

investi gating spec ifi ccontemporary

biological questions:

' Critically analyse and interpretresults

of their study.

Credits

r$r
uk
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Unit I

Bioinformatics basics
5lectures

Bioinformatics basics: Computers in biology and medicine; Introduction to Unix

and Linux systems and basic commands; Database concepts; Protein and nucleic acid

databases; Structural databases; Biological XML DTD's; pattern matching algorithm

basics; databases and searchtools: bioiogical background for sequence analysis;

Identification of protein sequence from DNA sequence; searching of databases similar

sequence;NCBI; publicly available tools; resources at EBI;resources on web; database

mining tools.

Unit ll

DNA sequence

analysis
5 lectures

DNA sequence analysis: gene bank sequence database; submitting DNA sequences to

databases and database searching; sequence alignment; pairwise alignment techniques;

motif discovery and gene prediction; local structural variants of DNA, their relevance

in molecular level processes, and their identification; assernbl),of data frorn genome

sequencing.

Unit lll

Multiple sequence

analysis
5 lectures

Multiple sequence analysis; multiple sequence alignment; flexible sequence similarity

searching with the FASTA3 program package; use of CLUSTALW and CLUSTALX for

multiple sequence alignment; submitting DNA protein sequence to databases: where and

how to submit, SEQUIN, genome centres; submitting aligned sets of sequences, updating

submitted sequences, methods of phylogenetic analysis.

Unit lV

Protein modelling
$ lectures

Protein modelling: introduction; force field rnethods; energy, buried and exposed

residues; side chains and neighbours; fixed regions; hydrogen bonds; rnapping properties

onto surfaces; fitting monomers; RMS fit of conformers; assigning secondary structures;

sequence alignment- methods, evaluation, scoring; protein completion: backbone

construction and side chain addition; small peptide methodology; software accessibility;

building peptides; protein displays; substructure manipulations, annealing.

Unit V

Protein structure
prediction and
virtual library
$ lectures

Protein structure prediction: protein folding and model generation; secondary structure

prediction; analyzing secondary stmctures; protein loop searching; loop generating

methods; homology modelling: potential applications, description, methodology,

homologous sequence identification; align structures, align model sequence;construction

ofvariable and conserved regions; threading techniques; topology fingerprint approach

fbr prediction; evaluation of alternate models; structure prediction on a mystery

sequence; structure aided sequence techniques ofstructure prediction; structural prohles,

alignment algorithms, mutation tables, prediction, validation, sequence based methods

ofstructure prediction, prediction using inverse folding, tbld prediction; significance

analysis, scoring techniques, sequence-sequence scoring; protein function prediction;

elements of in silico drug design;Virtual library; Searching PubMed, curent content,

science citation index and current awareness services, electronicjournals, grants and

funding information.

NN
Recommended Textbooks and References:

i Lesk, A.M. (2002). lntroductionto Bioinformarics. Oxford: Oxfbrd University Press.

} Mount, D. W. (2001). Bioinformatics: Sequence and GenomeAnalysis. Cold Spring

Harbor, NY: Cold Spring Harbor LaboratoryPress.

S. Baxevanis, A. D.,& Ouellette, B. F.(2001) .Bioinformatics: a PracticalGuidetothe

Analysis of Genes and Proteins. New York:Wiley-lnterscience.

{ Pevsner, J.(201 5).BioinformaticsandFunctionalGen omics. Hoboken,

NJ.: Wiley-Blackwell.

$. Bourne, P. E., & Gu, J . (2009). Structural Bioinformatics. Hoboken, NJ: Wiley-Liss.

l\. Lesk, A.M.(2004).lntroductiontoProteinScience:Architecture,Function,and

MbJ*-
G e n o m i c s. oxford: or"$*"rsity Press.
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Genomics and
Proteomics

Course Objectives

The objectives ofthis course is to provide

introductory knowledge concerning

genomics, proteomics and their

applications.

Student Learning Outcomes

Studentsshould beabletoacquire

knowledge and understanding of
fundarnentals of genomics and proteomics,

transcriptourics and metabolomics and

their appiications in various applied areas

of bioio91,.

Credits

r*r
t2t
M

Unit I Brief overview of prokaryotic and eukaryotic genome organization; extra-chromosomal

DNA: bacterial plasmids, mitochondria and chloroplast.Basics of genomics
and proteomics
I lectures

Unit ll

Genome mapping
4 lectures

Genetic and physical maps; markers for genetic mapping; methods and techniques used

for gene mapping, physical mapping, linkage analysis, cytogenetic techniques, FISH

technique in gene mapping, somatic cell hybridization, radiation hybrid maps, in slfu

hybridization, comparative gene mapping.

Unit lll

Genome sequencing
proiects
3 lectures

Human Genome Project, genome sequencing projects for microbes, plants and animals,

accessing and retfieving genome project information fi'om the web.

Unit lV

Comoarative
l.

genomrcs
5 lectures

Identification and classification of organisms using rrrolecular markers- l6S rRNA

typing/sequencing, SNPs; use of genomes to understand evolution of eukaryotes, track

emerging diseases and design new drugs; determining gene location in genome sequence.

Unit V

Proteomics
5 lectures

Aims, strategies and challenges in proteomics; proteontics technologies: 2D-PAGB,

isoelectric focusing, nlass spectrometry, MALDI-TOF, yeast 2-hybrid system, proteome

databases.

Unit Vl

Functional genomics
and proteomics
8 lectures

Transcriptottre analysis for identification and functional annotation of gene, Contig

assembly, chromosome walking and characterization of chromosomes, mining functional

genes in genome, gene function- forward and reverse genetics, gene ethics; protein-

protein and protein-DNA interactions; protein chips ancl functional proteomics; clinical

and biornedical applications of proteomics; introduction to rnetabolomics, lipidornics,

metagenomics and systerns biology.

NN$
Recommended Textbooks and References;

1 Primrose, S.B., Twyman, R. M., Primrose, S. B., & Pritrrrose, S. B. (2006).

Principles of Gene Manipulation and Genomics. Malden, MA: Blackwell Pub.

il l,iebler,D.C.(2002).lntroductiontoProteomics:T.oolsfortheNewBiology.

Totowa, NJ: Humana Press.

3. Campbell, A. M.,& Heyer,L. J.(2003). Discovering Genomics, Proteomics, and

B i o info rm atrcs. San Francisco : Benj amin Cumm ings.
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Molecular
Diagnostics

Course Objectives

The objectives ofthis course are to sen-

sitize students about recent advances in

molecular biology and various facets of

molecular medicine which has potential to

profoundly aiter many aspects of modern

medicine ine luding pre- or post-natal

analysis ofgenetic diseases and identifica-

tion of individuals predisposed to disease

ranging from common cold to cancer.

Student Learning Outcomes

Students should be able to understand

various facets of rnolecular procedures

and basics of genomics, proteomics and

metabolonrics that could be employed in

early diagnosis and prognosis of human

d iseases.
Credits

6wsq
INI
$dtN

Unit I

Genome biology in
health and disease
4 lectures

DNA, RNA, Protein: An overview; chromosomal structure & mutations; DNA polymor-

phism: human identity; clinical variability and genetically determined adverse reactions

to drugs.

Unit ll

Genome: resolution/
detection & analysis
5 lectures

PCR: Real-time; ARMS; Multiplex; ISH;FISH; ISA; RFLP; DHPLC; DCGE; CSCE; SSCP;

Nucleic acid sequencing: new generations of automated sequencers; Microarray chips;

EST; SAGE; microaray data normalization & analysis: molecular markers: 165 rRNA

typing; Diagnostic proteomics: SELDI-TOF-MS; Bioinfonnatics data acquisition

& analysis.

Unit lll

Diagnostic
metabolomics
2 lectures

Metabolite profile for biomarker detection the body fluids/tissues in various metabolic

disorders by making using LCMS & NMR technologicalplatforms.

Unit lV

Detection and identity
of microbial diseases
4 lectures

Direct detection and identification of pathogenic-organisrr.rs that are slow growing or

currently lacking a system of in vitro cultivation as well as genotypic markers of microbial

resistance to specifi c antibiotics.

Unit V

Detection of
inherited diseases
4 lectures

Exemplified by two inherited diseases for which molecular diagnosis has provided a

dramatic improvement ofquality of medical care: Fragile X Syndrorne: Paradigm ofnew

mutational nrechanism of unstable triplet repeats, von-Hippel Lindau disease: recent

acquisition in growing number of familial cancersyndrotnes.

Unit Vl

Molecular oncology
5 lectures

Detection ofrecognized genetic aberrations in clinical sanrples from cancer patients;

types ofcancer-causing alterations revealed by next-generation sequencing ofclinical

isolates; predictive biornarkers for personalized onco-therapy ofhuman diseases such as

chronic myeloid leukemia, colon, breast, lung cancer and melanoma as well as matching

targeted therapies with patients and preventing toxicity of standard systemic therapies.

Unit Vll

Quality assurance

and control
1 lecture

Quality oversight; regulations and approved testing.

NN$

Dh"jd.

Recommended Textbooks and References:
''l Carnpbell, A. M.,& I-leyer,L. J.(2006). Discovering Genomics, Proteomics,

and Bioinformatics. San Francisco: BenjaminCumnrings.

i Brooker, R. J. (2009). Genetics: Analysis & Principles. New York, NY: McGraw-Hill.
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Glick, B. R., Fasternak, J. J., & Patten, C. L. (2010) . Molecular Biotechnology:

P rincip le s and Applications of Recombinant D N A. Washington, DC: ASM Press.

Coleman, W.8., & Tsongalis, G" 
"f "(2010) . Molecular Diagnostics:for theClinical

Labaratarian Totorva, NJ: HumanaPress.

Research
Methodology
and Scientific
Communica-
tion Skills
Credits

s&r
I?I
N

Course Objectives

The objectives ofthis course are to

give background on history ofscience,

enrphasizing rnethodologies used to

do research, use framework ofthese

rnethodologies for understanding effective

lab practices and scientific communication

and appreciate scientific ethics.

Student Learning Outcomes

Students should be able to:

. Understand history and methodologies

of scierrtific research, applying theseto

recent publ ished papers;

. Understand and practice scientific

read ing. writing and presentations;

. Appreciate scientific ethics through

case studies.

Unit I

Historyof scienceand
science methodologies
8 lectures

Empirical science; scientihc method; manipulative experiments and controls; deductive

and inductive reasoning; descriptive science; reductionist vs holistic biology.

Unit ll

Preparation for
research
2 lectures

Choosing a rrentor, lab and research question; maintaining a lab notebook.

Unit lll

Process of
communication
5 lectures

Concept of effective communication- setting clear goals for communication; determining

outcomes and results; initiating communication; avoiding breakdowns while

communicating; creating value in conversation; barriers to effective communication;

non-verbal communication-interpreting non-verbal cues; impoftance of body language,

power ofeffective listening; recognizing cultural differences; Presentation skills - formal

presentation skills; preparing and presenting using over-head projector, PowerPoint;

defending interrogation; scientific poster preparation & presentation;participating

in group discussions; Cornputing skills for scientific research - web browsing for

information search; search engines and their mechanism of searching; hidden Web

and its importance in scientific research; internet as a rnedium of interaction between

scientists; effective email strategy using the right tone and conciseness.

Unit lV

Scientific
c0mmunication
9lectures

Technical writing skills - types of reports; layout of a formal report; scientific writing

skills - imporlance of communicating science; problerns while writing a scientific

document; plagiarism, software for plagiarisrn; scientific publication writing; elements

of a scientific paper including abstract, introduction, materials & methods, results,

discussion, references; drafting titles and framing abstracts; publishing scientific papers -

peer revierv process and problems, recent developments such as open access and non-

blind review; plagiarism; characteristics ofeffective technical contmunication; scientific

presentations; ethical issues; scientific misconduct.

CIb\'*f t&n
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tNN* Recommended Textbooks and References:

$N"$ 1 Valiela,I. (2001).DoingScience:Design,Analysis,andCommunicationofscientific

Resesrch" Oxford: Oxford University Press.

O n ts e ing a S cientist: a Gui deto Resp onsibl e Co nd u ct i n Resea rch. (2009).

Washington, D.C": National Acadernies Press.

Gopen, G. D.,& Smith, J. A. The Science of Scientific Writing. Anerican Scientist,

78 (Nov-Dec 1990), 550-558"

Mohan, K..& Singh, N. P.(2010).Speaking English Effectively.Delhi Macmillan

India"

Movie: Naturally Obsessed, The Making of a Scientist.

Course Objectives

The objectives ofthis course are to provide

students with experimental knowledge of

molecular biology and genetic engineering.

Student Learning Outcomes

Students should be able to gain hands-

on experience in gene cloning, protein

expression and purification. This

experience would enable them to begin

a career in industry that engages in

genetic engineering as well as in research

laboratories conducting fundamental

research.

Laboratory
IV: Molecular
Biology and
Genetic
Engineering
Credits

&
Syllabus 1. Conceptoflac-operon:

ai LactoseinductionofB-galactosidase.

b) Glucose Repression.

t"l] Diauxic growth curve ofE coli

:. UV mutagenesis to isolate amino acidauxotroph

':r Phage titre with epsilonphage/Ml3

.t Genetic Transfer-Conjugation, genemapping

$ Plasmid DNA isolation and DNA quantitation

$ Restriction Enzyme digestion of plasmidDNA

I Agarose gel electrophoresis

il Polymerase Chain Reaction and analysis by agarose gel electrophoresis

$ Vector and Insert l,igation

1* Preparation of competentcells
'i I Transformation of E.coli with standard plasmids, Calculation of

transformation effic iency

lL Confirmation of the insert by Colony PCR and Restriction mapping

J 3. Expression ofrecombinant protein, concept of soluble proteins and inclusion

body fonnati on in E.coli, SDS-PAGEanalysis

lii. Purifrcation of His-Tagged protein on Ni-NTAcolurnns

n) Random Primer labeling

i)) Southernhybridization.

Otob"K
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Recommended Textbooks and References:

7. Green, M. R., & Sambrook, J. (2012). Molecular Cloning: a Laboratory Manual

Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press.



LaboratoryV;
Immunology

Course Objectives

The objectives ofthis laboratory course

are to develop an understanding about

practical aspects ofcomponents of

immune system as well as their function.

Basic as well as advanced methods will

be taught to detect different antigen and

antibody interactions, i so lation of different

lymphocyte cells efc. and how they can be

used in respective research work.

Student Learning Outcomes

Students should be able to:

. Evah"rate usefulness of irnmunology in

different phannaceutical companies:

. Identity proper research labworking

in area of their own interests;

. Apply their knowledge and design

irnmunological experiments to

demonstrate innate, humoral or

cytotoxic T lymphocyte responsesand

figure out kind of immune responses

in setting ofinfection (viral or

bactelial) by looking at cytokine

profi le.

Credits

&

Syllabus Selection of animals, preparation of antigens, immunization and methods

of blood collection, serum separation andstorage.

: Antibody titre by EllSAmethod.

;\. Double diffusion, Immuno-electrophoresis and Radial Immunodiffusion.

.'{ Complement fixation test.

l\. Isolation and purification ofIgG from serum or IgY from chicken egg.

$. SDS-PAGE, Immunoblotting, Dotblotassays.
'i 

Blood smear identification of leucocytes by Giemsa stain.

{i. Separation of leucocytes by dextranmethod.

$. Demonstration of Phagocytosis of latex beads and their cryopreservation.

J {}. Separation of mononuclear cells by Ficoll-Hypaque and their cryopreservation.

I 1. Demonstration of ELISPOT.

1t. Demonstration of FACS.

Semester Three

Bioprocess
Engineering &
Technology

Course Objectives

The objectives ofthis course are to educate

students about the fundamental concepts

ofbioprocess technology and its related

applications, thus preparing them to meet

the challenges of the new and emerging

areas of biotechnology industry.

\j{--d

Student Learning Outcomes

Students should be able to:

Appreciate re levance of microorganisms

from industrial context;

, Carry out stoichiornetric calculations

and specify models of theirgrowth;

. Give an accoLlnt of design and

operations of various fermenters;

, Present unit operations together with

the fundamental principles for basic

methods in production technique for

bio-based products;

. Calculate yield and production rates in

a biological production process, and

also interpret data;

' Calculate the need for oxygenand

oxygen transfer;

. Critically analyze any bioprocess from

market point of view;

. Give an account of important

nr icrob ial/enzyrnatic industrial

processes in food and fuelindustry.

Credits

r&r

ru
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Unit t

Basic principles
of biochemical
engineering
4 lectures

Isolation, screening and maintenance of industrially irnporlant microbes; microbial

growth and death kinetics (an example from each gror"rp, particularly with reference to

industrially r,rsefhl microorganisms); strain improvement tbr increased yield and other

desirable sl.raracteristics.

Unit il Elementalbalance equations;metabolic coupling-ATP andNAD+;yield coefficients;

unstructured models of microbial growth; structured models of microbialgrowth.Stoichiometrv and
models of miirobial
growth
4 lectures

Unit lll

Bioreactor design
and analysis
8 lectures

Batch and continuous fermenters; modifying batch and continuous reactors: chemostat

with recycle, multistage chemostat systems, fed-batch operations; conventional

fermentation v/s biotransformation; immobilized celI systems; large scale animal and

plant cell cultivation; ferrnentation economics; upstrearlr processing: media formulation

and optirnization; sterilization; aeration. agitation and lieat transfer in bioprocess; scale

up and scale down; measurement and control of bioprocess parameters.

Unit lV

Downstream
processing and
product lecovery
B lectures

Separation of insoluble products - filtration, centrifugation, sedinrentation, flocculation;

Cell disruption; separation of soluble products: liquid-liquid extraction, precipitation,

chromatographic techniques, reverse osmosis, ultra and micro filtration, electrophoresis;

final purification: drying; crystallization; storage and packaging.

Unit V

Fermentation

economics
4 lectures

Isolation of micro-organisms of potential industrial interest; strain improvement; rnarket

analysis; equipment and plant costs; media; sterilization, heating and cooling; aeration

and agitation; bath-process cycle times and continuous cnltures; recovery costs; water

usage and recycling; effluent treatment and disposal.

Unit Vl

Applications of
enzyme technology
in food processing
4 lectures

Mechanism of enzyme frrnction and reactions in process techniques; enzymatic

bioconversions e.g. starch and sugar conversion processes; high-fructose corn syrup;

interesterified fat; hydrolyzed protein etc. and their dorvnstrearn processing; baking by

amylases, deoxygenation and desugaring by glucoses oxidase, beer rnashing and chill

proofing; cheese making by proteases and various other enzyme catalytic actions in

food processing.

Unit Vll

Applications of micro-
bial technology in food
process operations and
production, biofuels
and biorefinery
4lectures

Fermented foods and beverages; food ingredients and additives prepared by fermentation

and their purification; fermentation as a method of preparing and preserving foods;

microbes and their use in pickling, producing colours and flavours, alcoholic beverages

and other products; process wastes-whey, molasses, starch substrates and other food

wastes for bioconversion to useful products; bacteriocins from lactic acid bacteria -
production and applications in food preservation; biofuels and biorefinery

INNX Recommended Textbooks and References:

tN W i. Shuler, M. L., & I(argi,F.(2002). Bioprocess Engineering: Basic Concepts.

Upper Saddle River, NJ: Prentice Hall.

StanbLrry,P.F.,&Writaker,A.(2010). PrinciplesofFerntentationTechnology.Oxford:

Pergamon Press.

Blanclr, H. W.,& Clark, D. S. (1997). Biochemical Engineering. New York: M. Dekker.

Bailey, J. 8., & Ollis. D. F. (1986). Biochemical Engineering Fundamenfais. New York:

McGrarv-Hi11.chr'tr \-s(
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5 El-Mansi,M.,&tsryce,C.F.(2007).FermentqtionMicrobiologyandBiotechnalogy.

Boca Raton; CRClTaylor & Francis.

Emerging
Technologies

Course Objectives

This course is broad-based in nature

encompassingseveralnervtechnologies

that current experinrentai researchers

areemployingtoprobecomplexsystent

bioiogyquestlonsinl ife-sciences.The

objectivesofthiscoursearetoteachbasics of
the new principles to students so as to

appreciate current-day research tool-kit

better.

Student Learning Outcomes

Students should be to learn history,

theoretical basis and basic understanding

of latest technologies in area of

biotechnology. They should also be able

to learn about various applications of

thesetechnoIogies.Thestudentslnayalso

learn one application in depth through an

assignment and/orseminar.

Credits

,&*
I:IW

Unit I

Optical microscopy
methods
B lectures

Basic Microscopy: I.ight Microscopy: lenses and tnicroscopes, resolution: Rayleigh's

Approach, Dakfield; Phase Contrast; Differential lnterfbrence Contrast; fluorescence

and fluorescence microscopy: what is fluorescence, rvhat nrakes a urolecule fluorescent,

fluoresceuce microscope; optical arrangement, liglrt source; filter sets: excitation filter,

dichroic nrirror, and barrier, optical layout for irnage capture; CCD cameras; back

illumination. binning; recording color; three CCD elernents with dichroic bearnsplitters,

boosting the signal.

Unit ll

Mass spectroscopy
4 lectures

lonizationtechniques;massanalyzers/overviewMS;FT-lCRandOrbitrap,fragmentation

ofpeptides;proteomics,nanoLC-MS;Phosphoproteornics;interactionproteomics,nrass

spectroscopy in structural biology; imagingmassspectrontetry.

Unit lll

Systems biology
3 lectures

I{igh throughput screens in cellular systeuts, target identification, validation of
experimental methods to generate the omics data, bioinformatics analyses, mathematical

modeling and designing testable predictions.

Unit lV

Structural biology
3 lectures

X-raydiffractionmethods,solution&solid-stateNMR,cryo-electronmicroscopy,small-

angle X-ray scattering, Atornic forcemicroscopy.

Unit V

CRISPR.CAS
6 lectures

History of its discovery. elucidation of the meclranisnr inclLrdirrg intloduction to all

themolecu larplayers,developrlentofapp licationsforinurvogenorneengineeringfor

geneticstudies,pronriseofthetechnologyasanextgenerationtherapeuticmethod.

0,hr^(
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Unit Vl

Nanobodies
4 lectures

Introduction to nanobodies, combining nanobody with phage-display method for

development ofantibody against native proteins, nanobody as a tool for protein

structure-function studies, use of nanobodies for molecular imaging, catabolic

antibodies using nanobodies.

NN
Recommended Textbooks and References:

i Campbell, i. D. (2012) . Biophysical Techniques" Oxford: Oxford University Press.

.:l Serdyuk.l. N., Zaccai, N .R.,&Zaccai,G.(2007). Methods in Molecular Biophysics:

Structure, Dynomics, Function. Cambridge: Cambridge University Press.

}. Phillips, R., Kondev, J., & Theriot, J. (2009).Physical Biology ofthe Ce1l. NewYork:

Garland Science.

.$. Nelson, P.C.,Radosavljevii, M.,& Bromberg, S. (2004). Biological Physics: Energy,

lnformation, trrle. New York: W.H.Freeman.

ii Huang, B., Bates, M., & Zhuang, X. (2009). Super-Resolution Fluorescence

Microscopy. Annual ReviewofBiochemistry,78( I ),993- I016. doi: I0.1 I46lannurev.

biochem.77.0 6 1906.0920 I 4.

$. Mohanraju, P.,Makarova, K. S., Zetsche,B.,Zhang, F., I(oonin, E. V.,& Oost, J. V.

(2016). Diverse Evolutionary Roots and Mechqnistic Variations of the CRISPR-Cas

Sy stem s. Science, 3 53 (6299). doi : I 0. I 126 I science. aad5 | 47 .

7.Latder, E. (2016). TheHeroesof CftlSPR.Cell.164(1-2), l8-28. doi:10.10161i.

ce|l.2015.12.041.

$ Ledford, H. (2016). The Unsung Heroes of CRISPR. Nature, 535(7 612),342-344.

doi: I 0.1 038/535342a.

$ Jinek, M., Chylinski, I(, Fonfara, I., Hauer, M., Dor-rdna, J. A., & Chatpentier, E.

(2012). A Programmable Dual-RNA-Guided DNA Endonuclease in Adaptive

Bocterial lmmunifl. Science, 337(6096),8 16-821. doi: I 0. I I 26lscience. I 225829.

1il. I-Iamers-Casterman, C., Atarhouch, T., Muyldermans, S., Robinson, G., Hammers,

C., Songa, E.8., Hammers, R.(1993). NaturallyOccurring AntibodiesDevoid of Light

Chain s. Nature, 3 63 (6428), 446 -448. doi I 0. 1 03 8/3 63 446a0.

11. Sidhu, S. S., & Koide, S. (2007). Phage Display for Engineering and Analyzing

Protein Interactionlnterfaces. CurrentOpinionin Structural Biology,lT (4),481-487 .

doi: 10.1 0 16/j.sbi.2007.08.007.

1?. Steyaerl,J.,&I(obilka,B.K.(2011).NanobodyStabilizationofGProtein'Coupled

Receptor Conformationsl Stafes. Current Opinion in Structural Biology,

2 1 (4), 5 67 -572. doi : I 0. I 0 1 6lj.sbi.20l I .06.0 I I .

1$. Vincke, C., & Muyldermans, S. (2012) .lntroduction to Heavy Chain Antibodies and

Derived Nanobodies. Single Domain Antibodies, l5-26. doi:10.10071978-l-61719-

e68-6-2.

l4 Verheesen, P..& Laeremans, T.(2012). Selection by Phage Display ofSingle

Domain Antibodies Specific to Antigens in their Native Confornroflon. Single

Domain Antibodies, 8l - 104. doi:10 .1007 /978-1-61779-968-6-6.

l$. Li, J., Xia, L., Su, Y.,I.iu, H., Xia, X., Lu, Q. Reheman, I(. (2012). Molecular lmprint

of Enzyme Active Site by Camel Nanobodres. Journal of Biological Chemistry J. Biol.

Chem., 287(17), 137 13-13721. doi:10.1074/jbc.m I I 1 .336310.

'i$. Sohier, J., Laurent, C., Chevign6, A., Pardon, E., Srinivasan, V., Wemery, U. Galleni,

M. (2013). Allosteric Inhibition of VIMMetallo-B-Lactamases by a Camelid Nanobody.

Biochemical Journal, 450(3), 47 7 -486. doi: I 0. I 042/bj20 I 2 I 305.

'1i. Chakravarty,R.,Goel,S.,&Cai,W.(2014).Nanobody:The"MagicBullet"for

Moleculqr lmaging? Theranostics, 4(4), 386-398. doi : I 0.7 1 50/thno.8006.
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Critical Analy-
sis of Classical
Papers
Credits

f *,rl*tr
kkt

How does the Course Module work? Students may be divided in groups and each group may be responsible for one

classical paper. Each weehthere may be a 1.5 hour presentation cum discussion for each of the papers. At the end of the

semester each student will be asked to write a mini-review (2-3 pages long) on any one classical paper' other than the

one he/she presented/discussed.

A Iist of sixteen classic papers and some suggested reference materials:

Syllabus

Molecular Biology

Course Objectives

The objectives ofthis course are to

familiarize students witl-r classic literature

to rnake them appreciate how ground-

breaking discoveries were made without,

necessarily, use of high-end technologies.

Student Learning Outcomes

Students should be able to train in the

exercise of hypothesis building and

methods of addressing the hypothesis with

readily avai lable technologY"

l. Studies on the chernical nature of the substance inducing transformation of

Pneumococcal types: lnduction of transformation by a desoxyribonr.rcleic acid

fraction isolated from Pneumocaccus type I I l.

Avery OT, Macleod CM, McCarty M.; J Exp Med. 1944 Feb l:79(2):131-58'

Note: This paper demonstrates that DNA is the transfbrming Principle originally

described by Fredrick Griffith.

:. Independent functions ofviral protein and nucleic acid in growth ofbacteriophage

Hershey AD and Chase M.; J Gen Physiol. 1952 May;36(l):39-56.

Note: Note: This paper demonstrates that DNA, and not protein, component of

phages enter bacterial cells.

3 Molecular structure of nucleic acids; a structure for deoxyribose nucleic acid

Watson JD and Crick FH; Nature' I 953 Apr 25 ; I 7 1 (43 56):7 37 -8

Note: ln this one page paper Watson and Crick first described the structure of

DNA double helix

Study help - Watson-Crick-Nature-l 953-annotated

4. Transposable mating type genes inSaccharomyces cerevisiae

James Hicks, Jeffrey N. Strathern & Amar J.S. I(lar; Nature 282,478-483,1979

Note: This paperprovided evidence for'cassette hypothesis' ofyeast matingtype

switclres r.e. interconversion of mating types in yeast (5. cerevisiae) occurs by

DNA rearrangement.

$. Messelson & Stahl experiment demonstrating semi-conservative replication of DNA.

Meselson M and Stahl FW.;Proc NatlAcad Sci U S A. 1958 Jul 15;44(7):671-82

Note: The experiment demonstrating semi-conservative mode of DNA replication is

referred to as "the most beautiful experiment in biology"

$. Invivoalteration oftelomere sequences and senescence caused by mutated

T e tr ahym e n a telomerase RNAs

Guo-Liang Yu, John D. Bradley, Laura D. Attardi & Elizabeth H. Blackburn;

Nature 344, 126-132, 1990

Note: This paper derlonstrates that the telomerase contains the template for

telomere synthesis

Syllabus

Cell Biology

i A protein-conducting channel in the endoplasrnic reticulum

Simon SM AND Blobel G.; Cell. 199 1 May 3;65(3 ):3 7 I -80

Note: This paper dentonstrates the existence ofa protein conducting channel

Study help - A brief history of Signal Hypothesis
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Identification of 23 complementation groups required for post-translational events

in the yeast secretorypathway

Novick P, Field C, Schekman R.; Cell. 1980 Aug;2 l( l):205- l5

Note: In this groundbreaking paper Randy Schekrran's group used a mutagenesis

screen for fast sedimenting yeast mutants to identify genes involved in cell secretion

A yeast mutant defective at an early stage in import ofsecretory protein precursors

into the endoplasmic reticululn

Deshaies RJ and Schekman R.;J Cell Biol. 1987 Aug;105(2):633-45

Note: Using another yeast mutation screen Schekman lab identifies Sec61, a

component of ER protein Conducting Channel (PCC)

Suggested reference paper - A biochemical assay for identification of pCC.

Reconstitution of the Transport of Protein between Successive Compartments

of the Golgi

Balch WE, Dunphy WG, Braell WA,Rothman JE.; Cell. t 984 Dec;39(2pt l):405-16

Note: This paper describes setting up of an in vitro reconstituted system for

transport between golgi stacks which eventually paved the way for identification of
most of the molecular players involved in these steps including NSF, SNAp efc-

A complete immunoglobulin gene is created by somatic recombination

Brack C, Hirama M, Lenhard-Schuller R, Tonegawa S. ; Cel l. I 978 Sep; I 5( I ): I - I 4

Note: This study demonstrates DNA level molecular details of somatic

rearangentent of ir.rrrnunoglobulin gene sequences leading to the generation of
functionally competent antibody generating gene tbllowirrgrecornbination.

A novel multigene family may encode odorant receptors: a molecular basis for

odor recognition

Buck L and Axel R; Cell. 1991 Apr 5;65(l):175-87

Note: This paper suggests that different chemical odorants associate with different

cell-specific expression of a transmembrane receptor in Drosophila olfactory

epithelium where a large family of odorat receptors is expressed.

Kinesin walks hand-over-hand

YildizA, TomishigeM, ValeRD, SelvinPR.; Science.2004 Jan 30;303(5658):676-8

Note: This paper shows that kinesin motor works as a twoJreaded dimeric motor

walking hand-over-hand rather than like an inchworrn on microtubule tract using

the energy of ATPhydrolysis.

Syllabus

Developmental
Biology/ Genetics

Mutations affecting segment number and polarity in Drosophila

Christiane Nusslein-Volhard and Eric Weischaus; Nature 287, 795-801, 1980

Note: This single mutagenesis screen identified majority of the developmentally

important genes not only in flies but in other lnetazoans as well.

Infornration for the dorsal--ventral pattern of the Drosophila embryo is stored

as maternal mRNA

Anderson I(V and NUsslein-Volhard C; Nature. 1984 Sep 20-26;3tt(5983):223-7

Note: This landmark paper demonstrated that early dorsal-ventral pattern

information is stored as maternal mRNA in flies and devised the rnethod of
identi$,ing genes encoding such genes

Hedgehog signalling in the mouse requires intraflagellar transpoft proteins

Huangfu D, Liu A, Rakeman AS, Murcia NS, Niswander L, Anderson KV.;

Natrre. 2003 Nov 6 ;426(69 62):83 -7

Note: One of the architects of original fly mutagenesis screens conducted a mouse

mutagenes screen which identified a gene Kif3a as a lnajor component of hedgehog

signaling pathway. Eventually this discovery revolutionizes our understanding of
mechanisms of action of signaling pathways by demonstrating central role of
cillia in it.

suggested Reference paper - Design and execution of a en.rbryonic lethal mutation

screen in rnouse.
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Bioentrepre-
neurship

Course Objectives

Researchandbusinessbelongtogether

and both are needed. In a rapidly

developinglifescienceindustry, there

is an urgent need for people who

cornbine business knowledge withthe

understanding of scienee & technoiogy.

Bio-entrepreneurship, an interdisciplinary

course, revolves around the central theme

ofhow to manage and develop life science

companies and projects. Theobjectives

of this course are to teach students

about concepts of entrepreneurship

including identifying a winningbusiness

opportunity, gathering funding and

launching a business, growing and

nurturin g the organization andharvesting

the rewards.

Student Learning Outcomes

Students should be able to gain

entrepreneurial skills, understand

the various operations involved in

venture creation, identi$ scope for

entrepreneurshipinbiosciencesand

utilize the schemes promoted through

knowledge centres and various agencies.

The knowledge pertaining to management

should also help students to be able to

build up a strong network within the

industry.

Credits

f &,r
IrlN

Unit I

Innovation and
entrepreneurship
in bio-business
8 lectures

Introduction and scope in Bio-entrepreneurship, Types of bio-industries and competitive

dynamics between the sub-industries of the bio-sector (e.9. pharmaceuticals vs. Industrial

biotech), Strategy and operations ofbio-sector firnrs: Factors shaping opportunities

for innovation and entrepreneurship in bio-sectors, and the business implications of

those opportunities, Alternatives faced by emerging bio-firms and the relevant tools

for strategic decision, Entrepreneurship development programs of public andprivate

agencies (MSME, DBT, BIRAC, Make [n India), strategic dimensions of patenting &

commercialization strategies.

Unit ll

Bio markets -
business strategy
and marketing
8 lectures

Negotiating the road from lab to the market (strategies and processes of negotiation

with frnanciers, government and regulatory authorities), Pricing strategy, Challenges

in marketing in bio business (market conditions & segments; developing distribution

channels. the nature, analysis and management ofcustonrer needs), Basic contract

principles, different types of agreement and contract terms typically found in joint

venture and development agreements, Dispute resolution skills.

Unit lll

Finance and
accounting
B lectures

Business plan preparation including statutory and legal requirements, Business feasibility

study, financial managentent issues of procurement of capital and management of costs,

Collaborations & paftnership, Information technology.

Unit lV

Technology
management
8 lectures

Technology - assessment, development & upgradation, Managing technology transfer,

Quality control & transfer of foreign technologies, I(nor.vledge centers and Technology

transfer agencies, Understanding of regulatory compliances and procedures (CDSCO,

NBA, GCP, GLA, GMP).

M\^"K

NN
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Recommended Textbooks and References:

1. Adams,D.J.,& Sparrow,J.C. (2008). f nterprisefor LifeScientists:Developing

I nn ov a ti on a n d Entrep reneurship in th e B i o sc ien ces. B loxham : Scion.

I Shimasaki, C. D. (2011). Biotechnology Entrepreneurship: Starting, Managing, and

Leading Biotech Companies. Amsterdam: EIsevier. Academic Press is an imprint

of Elsevier.
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Onetti, A., & Zucchella, A. Business Modeling for Life Science and Biotech

Companies: Creating Valueand Competitive Advantagewith the Milestone Bridge.

Routledge.

J ordan, J.F.(2 01 4). l nnov ati o n, c om m e r c i al i za ti o n, a n dS tart- U p s i n L ife s c i e n c e s.

London: CRC Press.

Desai, V.(2009). The Dynamics of Entrepreneurial Development and Management.

New Delhi: Himalaya Pub. House.

Intellectual
Property
Rights,
Biosafety and
Bioethics

Course Objectives

The objectives ofthis course are:

' To provide basic knowledge on

intellectual properly rights and their

implications in biological researchand

product development;

, To become familiar withlndia's

IPRPolicy;

' To learn biosafety and risk assessment

of products derived from biotechnolo-

gy and regulation ofsuchProducts;

. To become familiar with ethical issues

in biological research. This course

will focus on consequences of

biomedical research technologiessuch

as cloning of whole organisms, genetic

modifi cations, DNA testing.

Student Learning

Outcomes On completion

of this course, students

should be able to:

" Understand the rationale for and

against IPR and especiallypatents;

. Understand why India has adoPted

an IPR Policy and be familiar with

broad outline of patent regulations;

. Understand different tyPes of

intellectr.ral property rights in general

and protection of products derived

from biotechnology research and

issues related to application and

obtaining patents:

' Gain knowledge of biosafetY and

risk assessment of productsderived

from recombinant DNA research

and environmental release of

genetically modifi ed organisms,

national and international regulations;

. Understand ethical aspects related to

biological, biomedical, health care and

biotechnology research.

Credits

ffi

Unit I

IntroductiontolPR
5 lectures

Introduction to intellectual propeffy; types oflP: patents, trademarks, copyright &

related rights, industrial design, traditional knowledge. geographical indications,

protection of new GMOs; International framework for the protection of IP; IP as a factor

in R&D; IPs of relevance to biotechnology and few case studies; introduction to history of

GATT, WTO, WIPO and TRIPS; plant variety protection and farmers rights act; concept

of'prior art': invention in context of"prior afi"; patent databases - country-wise patent

searches (USPTO, EPO, India); analysis and repofi fornration.

Unit ll

Patenting
5 lectures

Basics of patents: types of patents; lndian Patent Act 1970; recent amendments; WIPO

Treaties; Budapest Treaty; Patent Cooperation Treaty (PCT) and implications; procedure

for filing a PCT application; role of a Country Patent Office; filing of a patent application;

precautions before patenting-disclosure/non-disclosure - patent application-forms

and guidelines including those of National Bio-diversity Authority (NBA) and other

regulatory bodies, fee structure, time frames; types of patent applications: provisional

and complete specifications; PCT and conventional patent applications; international

patenting-requirement, procedures and costs; financial assistance for patenting-

introduction to existing schemes; publication of patents-gazette of India, status in Europe

and US; patent infringement- meaning, scope, litigation, case studies and examples;

commercialization of patented innovations; licensing - outright sale, licensing, royalty;

patenting by research students and scientists-university/organizational rules in India and

abroad, collaborative research - backward and forward IP; benefit/credit sharing among

pafties/comntunity, cotnttrercial (financial) and non-corrtnercial incentives.

.,r/ \
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[Jnit lll

Biosafety
5 lectures

Biosafety and Biosecurity - introduction; historical background; introduction to

biological safety cabinets; primary containment for biohazards; biosafety levels; GRAS

organisms, biosafety levels of specific microorganisms; recommended biosafety levels

for infectious agents and infected animals; definition of GMOs & LMOs; principles of
safety assessment oftransgenic plants - sequential steps in risk assessment; concepts

of familiarity and substantial equivalence; risk - environmental risk assessment and

food and feed safety assessment; problem formulation - protection goals, cornpilation

ofrelevant information, risk characterization and development of anaiysis plan; risk

assessment of transgenic crops vs cisgenic plants or products derived fiom RNAi, genome

editing tools.

Unit lV

National and
international
regulations
5 lectures

International regulations - Cartagena protocol, OECD consensus documents and

Codex Alimentarius; lndian regulations - EPA act and rules, guidance documents,

regulatory framework - RCGM, GEAC, ItsSC and other regulatory bodies; Draft bill
of Biotechnology Regulatory authority of India - containments - biosafety levels and

category of rDNA experiments; field trails - biosafety research trials - standard operating

procedures - guidelines of state governments; GM labeling - Food Safety and Standards

Authority of India (FSSAD.

Unit V

Bioethics
5lectures

Introduction, ethical conflicts in biological sciences - interference with nature,

bioethics in health care - patient qonfidentiality, informed consent, euthanasia,

artificial reproductive technologies, prenalal diagnosis. genetic screening, gene therapy,

transplantation. Bioethics in research - cloning and stem cell research, Humanand

anirnal experimentation, animal rights/welfare, Agricultural biotechnology - Genetically

engineered food, environmental risk, labeling and public opinion. Sharing benefits and

protecting future generations - Protection ofenvironrnent and biodiversity - biopiracy.

NN
Recommended Textbooks and References:

i Ganguli, P.(2001).lntellectual Propergt Rights: Ilnteashingthe Knowledge Economy.

New Delhi: Tata McGraw-Hill Pub.

L Nqtional IPR Policy, Department of Industrial Policy & Promotion, Ministry of
Commerce, GoI

3 Complete Referenceto lntellectual Property Rights Laws.(2007).

Snow White Publication Oct.

4 Kuhse,H. (2010). Bioethics: an Anthology. Malden, MA: Blackwell.

$ Office ofthe Controller General of Patents, Design & Trademarks; Depaftment of
lndustrial Policy & Promotion; Ministry of Commerce & Industry; Government

of India. http ://www. ipindia.nic.irV

$ I(aren F. Greifand Jon F. Merz, Current Controversies in the Biological Sciences

-Case Studies of Policy Challenges from New Technologies, MII' Press

i World Trade Organisation.http://www.wto.org

il Wortd Intellectual Property Organisation. http://wrvw.wipo.int

il International Union for the Protection of New Varieties cfPlants. http://www.upov.int

iil National Portal of India. http://www.archive.india.gov.in

It National Biodiversity Authority. http://www.nbaindia.org

f: Recombinant DNA Safety Guidelines, 1990 Department of Biotechnology, Ministry

of Science and Teclnology, Govt. of India. Reffieved from http:i/www.envfor.nic.inl

divisions/csurv/geac/annex-5.pdf

:: Wolt, J, D., Keese, P., Raybould, A., Fitzpatrick, J. W., Burachik, M., Gray, A., Wu,

F.(2009).ProblemFormulationinthe EnvironmentalRlsk ssessm entforGenetically

Modified Planfs. TransgenicResearch, 19(3),425-436. doi:10.10071sL1248-009-9321-9

l{ Craig, W.,Tepfer,N4., Degrassi, G., & Ripandelli, D. (2008). An )verview of General

Fea ture s of Ri sk As s e s s m ents of G en e tically M o d ifi e d Crops. E uphytica,

164(3), 8s3-880. doi: 10. 1007/sl068l-007-9643-8O*WJT
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Guidelines for Safety Assessment ofFoods Derived from Genetically Engineered
Plants. 2008.

Guidelines and Standard operating procedures for confined Field Trialsof
Regulated Genetically Engineered plants. 2008. Retrieved ffom
http ://www.igmori s. nic. in/guidelines 1 . asp

Aionso, G. M. (20 I 3 ) . safety Assessment of Food and Feed Derived from GM

crops:usingFroblemFormulationtoEnsure"Fitforpurpose"RiskAssessments.

Retrieved fromhtp;/biosafety.icgeb.org/inhousepublicationscollectionbiosafeffreviews.

Project
Proposal
Preparation&
Presentation

Course Objectives

The purpose of this course is to help stu-

dents organize ideas, material and objec-

tives for their dissertation and to begin de-

velopment of communication skills and to

prepare the students to present their topic

of research and explain its importance to

their fellow classmates and teachers.

Student Learning Outcomes

Studenrs shorrld be able to demonstrate

the follorving abilities:
. Formulate a scientific question;

. Present scientific approach to solve

the problem;

. Interpret, discuss and communicate

scientific results in writtenform;
. Gain experience in writing ascientific

proposa l;

, Learn how to present andexplain

their research findings to the

audience effectively.

Credits

.&.

H
Syllabus Selection of research lab and research topic: Students should first select a lab wherein

they would like to pursue their dissertation. The supervisor or senior researchers should
be able to help the students to read papers in the areas of interest ofthe lab and help them
select a topic for their project. The topic ofthe research should be hypothesis driven.
Review of literature: Students should engage in systematic and critical review of
appropriate and relevant information sources and appropriately apply qualitative and,lor

quantitative evaluation processes to original data; keeping in mind ethical standards of
conduct in the collection and evaluation ofdata and other resources.

Writing Research Proposal: With the help of the senior researchers, students should be

able to discuss the research questions, goals, approach, methodology, data collection, efc.

Students should be able to construct a logical outline for the project including analysis
steps and expected outcomes and prepare a complete proposal in scientific proposal

format for dissertation.

Project Proposal
Preparation

Syllabus

PosterPresentation
Students will have to present the topic of their project proposal after few months of their
selection of the topic. They should be able to explain the novelty and importance of their
research topic.

Syllabus

Oral Presentation

At the end of their project, presentation will lrave to be given by the students to explain
work done by them in detail. Along with summarizing their findings they should also
be able to discuss the future expected outcome of their work.

Ofiw$ \."$(Nd



Laboratory VI:
Bioprocess
Engineering &
Technology

Course Objectives

The objectives of this laboratory course

are to provide hands-on training to
students in upstrearn and downstream

unit operations.

Student Learning Outcomes

Students should be able to:

. Investigate, design and conduct

experiments, analy ze and interpret

data, and apply the laboratoryskills

to solve complex bioprocess

engineering problems;

, Apply skills and knowledge gained will

be useful in solving problems typical of

bio industries andresearch.Credits

YT
,$t"

1a\
**i.*

Syllabus 1. Basic Microbiology techniques

n) Scale up fi'om frozen vial to agar plate to shake flask culture.

t)) Instrumentation: Microplate reader, spectrophotometer, microscopy.

*) Isolation of microorganisms from soilsamples.

Experimental set-up

a) Assembly of bioreactor andsterilization.

b) Growth kinetics.

c) Substrate and product inhibitions.

tJi Measurement of residual substrates.

Data Analysis

$i Introduction to Metabolic Flux Analysis(MFA).

Fermentation

s) Batch.

S) Fed-batch.

e) Continuous.

Unit operations

*) Microfiltrations: Separation of cells frombroth.

l:) B ioseparations: Various chromatographic techniques and extractions.

Bioanalytics

a) Analyticaltechniques like HPLC, FPLC, GC, GC-MS efc. formeasurement

of amounts of products/substrates.

NN$
Recommended Textbooks and References:

''1. Shuler. M.L., & Kargi, F. (2002). Bioprocess Engineering: Basic Concepfs. Upper

Saddle River. NJ: Prentice Hall.

i Stanbury, P.F.,& Whitaker, A. (2010) . Principles of FermentationTechnology.

Oxford: Pergamon Press.

.t Blanch, H. W., & Clark, D. S. ( 1997). Biochemical Engineering. New York:

M. Dekker.

4. Bai1ey,J.E.,&Ollis,D.F.( 1986).Bio chemicalEngineeringFundamentals.NewYork:

McGraw-Hill.

$ El-Mansi, M., & Bryce, C. F.(2007). Fermentation Microbiology and Biotechnology.

Boca Raton: CRC/Taylor &Francis.
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Laboratory
VII:Bioinfor-
matics

Course Objectives

The aim of this course is to provide

practical training in bioinformatic

methods including accessing rnajor public

sequence databases, use of different

computational tools to find sequences,

analysis ofprotein and nlrcleic acid

sequences by various software packages.

Student Learning Outcomes

On completion of this course,

students should be able to:

Describe contents and properties of
most i mportant bioinformatics

databases:

. Perfornt text- and sequence-based

searclres and analyze and discuss

results in light of molecularbiological

knorvledge;

, Explain major steps in pairwise and

multiple sequence alignment, explain

principle and execute pairwise

sequence alignment by dynamic

prograrnming;

. Predict secondary and tertiary

structures of protein sequences.

Credits

&

Syllabus I. Using NCBI and Uniprot web resources.

:.1. Introduction and use of various genome databases.

3. Sequence information resource: UsingNCBI, EMBL, Genbank, Entrez,swissprot/

TTEMBL, UniProt.

$. Similarity searches using tools like BLAST and interpretation of results.

$. Multiple sequence alignment using ClustalW.

$ Phylogenetic analysis ofprotein andnucleotidesequences.

i. Use of gene prediction methods (GRAIL, Censcan,Clirrrmer).

$ Using RNA structure predictiontools.

$i. Use of various primer designing and restriction site predictiontools.

1$. Use of different protein structure prediction databases (pDB, SCOP, CATH).
.11. 

Construction and study of protein structures usingDeepview/pyMol.

1t. Homology rnodelling ofproteins.
j3. Use of tools for mutation and analysis ofthe energy minimization of

protein structures.

'1$. [Jse of miRNA prediction, designing and target predictiontools.

Semester Four

Dissertation
Credits

-&-
I Z*l (semester rrr: 4 credits;

Eg Semexer tv: za Creorsl

Gourse Objectives

The objectives ofthis course are to

prepare the students to adapt to the

research environment and understand

how pro.jects are executed in aresearch

laboratory. lt will alsoenablestudents to

learn practical aspects ofresearch and

train students inthe art ofanalysis and

thesis rvriting.

Student Learning Outcomes

Students shoLrld be able to learn how to

select and defend a topic oftheir research,

how to eflbctively plan, execute, evaluate

and discuss their experiments. Students

should be able to demonstrate considerable

improvement in the following areas:

' In-depth knowledge of the chosen

area ofresearch.

' Capability to critically and

systematical lyintegrate knowledge

to identify issues that must be

addressed within fi'amework of
specific thesis.

. Competence in research design

CI$^Jr
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and planning.

Capability to create, analyse and

crit ica I I yevaluated ifferenttechn i cal

solutions"

Ability to conductresearcl.r

independently.

Ability to perform analytical

techn iques/experimentalntethods.

Pro.f ect rnanagementskil ls.

I{eport writingsl<i I ls.

Problem solvingskil ls.

ConrnLrn ication and interpersonal

sl<ills.

Syllabus Based on the pro.iect proposal submitted in earlier semester, students should be able to

plan, and engage in, an independent and sustainecl critical investigation and evaluate a

chosen research topic relevant to biological sciences and society. They should be able to

systentatically identify relevant theory and concepts, r'elate these to appropriate method-

ologies and evidence, apply appropriate techniques and draw appropriate conclusions,

Senior researchers should be able to train the students such that they can work inde-

pendently and are able to understand the aim of each experiment performed by them.

They should also be able to understandthe possible outcontes of each experiment.

Planning &
performing
experiments

Syllabus

Thesis writing

At the end of their project, thesis has to be rvritten giving all the details such as ainr,

rrethodology, results, discussion and future work related ro their project. Students may

aim to get their research findings published in a peer-reviewed journal. Ifthe research

findings have application-oriented outcomes, the str"rdents may file patent application.

Recommended

Electives

Biological
Imaging
Credits

r&r
l?lM

Course Objectives

Theobj ectivesofthiscoursearetoprovide

complete overview of state-of-art live-cell

imaging techniques using microscopes

currently available in literature.Live-

cell imaging techniques allow real-time

exarnination of almost every aspect of

cellular function under normal and

experimental conditions. With Iive-cell

imaging experiments, nrain challenges

are to keep cells alive and healthy over a

period of tirrre. The gror.ving number of

live-cell imaging techniques means one

can obtain greater amounts ofinformation

without stressing outcel Is.

Student Learning Outcomes

On completion of this course, students

shallbeab letogainacornpleteoverviewof

super-resolution fi eld from fundamentals

to state-of'-art methods andapplications

in biomedical researclr. The students shall

learn the cornparative advantages and

disadvantages of each technique, covers

all key techniques in field of biomedical

science. The students shall also learn how

to use new tools to increase resolution in

sub-nanorleter-scale intages of living cells

and tissLre. rvhich leads to new information

about nrolecules, patlrways and dynamics

and state-of-the-aft examples of

applications usingmicroscopes.

Unit I

Widefield fluorescent
microscopy 

t

3lectures /
$/ ^?

aNs"

One of the most basic techniques for live-cell imaging is rvidefield fluorescent

microscopy. Standard inverted research grade microscopes can yield valuable results if
youareimagingadherentcells,largeregionsofinterest(srichasorganelles)orverythin

tissuesections(lessthan5 nricrometer).Inwidefield,aCC Dcameraisusuallyusedto

1t'\iq



capture images and the epi-fluorescence illumination source can be a mercury lamp,

xenon lamp, LED's" etc.Each of light sources require carefully matcl.red interference

filters for speeific excitation and ernission wavelengths of your fluorophore"of interest.

with lvidefield microscopy, your specimen is only exposed to excitation light for

relatively short tipre periods as the fuli apel'ture of emission light is collected by the

objectives. Widefield fluorescence microscopy carr be Ltsed in combination rvith other

common contrast techniques such as phase contrast and diffelerltial interference contract

(DlC) microscopy. This combination is LrsefLrl when lterfbrtrring live-cell inraging to

examine geleral cell morphology or viability while also imaging regions of interest

within cells"

Unit ll

Confocal laser
scanning microscopy
(CI.SM)
3 lectures

CLSM has ability to eliminate out-of-focns light and information. It is also possible to

obtail optical serial sections frorn thicker specimens. A conjugate pinhole in optical path

of confocal microscope prevents fluorescence from outside of focal plane from being

collected by photomultiplier detector or imaged by catrera' In CLSM, a single pinhole

(and single focused laser spot) is scanned across specimen by scanl.ring system. This spot

forurs a reflected epi-fluorescence image back on original pinhole. When specimen is in

focus, fluorescelt light fi'om it passes through pinhole to detector. Any out-of-focus light

is defocused at pinhole and very little of this signal passes throttgh to detector meaning

that background fluorescence is greatly reduced. The pinhole acts as a spatial filter for

emission light from the specimen.

Unit lll Th isntethoclutilisesa'N ipliorvD isc'wh ich isamechan ica lopaqLred iscwh ichhas

aseriesofthousandsofdri l ledoretchedpinho lesarrangecl i nasp i ra lpattern. Each

illupinated pishole on disc is imaged by microscope objective to a diffraction-limited

spot olt region of interest on specimen. The emission froltt fluorophores passes back

though Nipkow disc pinholes and can be observed and captured by a CCD camera. The

effect of spinning disc is that many tl.rousands of points on specimetr are sitnultaneously

itluminated" Using SDCN4 to examine a specimel'l ueans that real-time irnaging

(3 0-frames-per-secondorfaster)canbeachieved,rvhich isextreuelyuseful ifyouare

lookingatdynamicchangeswithinlivingcellsoverawidespectrumoftime-scales.

Soinnine discconfocal
niicrosc"opy(SDCM)
2 lectures

Unit lV

Light-sheet
fluorescence
microscopy
(LSFM, or SPIM)
2 lectures

Thismethodenablesonetoperformlive-cellimagingonwholeembryos,tissuesand

cellspheroidsinvi vo inagentle mannerwithhightemporalresolutionandinthree

dimensions. One is able to track cell movement over extended periods of time and follow

developrnept of organs arrd tissues on a cellular level. The next evolLltion of light-sheet

fluorescence tnicroscopy, tertrred lattice light-sheet nricroscopy as developed by Eric

Betzig (Nobel prize Laureate 2014 for PALM super-resolution microscopy) will even

allow live-cell imaging with super-resolvecl in vrvo cellLrlar localization capabilities.

Unit V

Super-resolved

fluorescence
microscopy
B lectures

Super-Resolutiol in a Standard Microscope: Front Fast Fluorescetrce Lnaging to

lr4olecular Difflsion [,aws in Live Cells; Photoswitching Fh,rorophores itt Super-

Resolutiol Fluorescence Microscopy; Image Analysis for Single-Molecule Localization

Microscopy Deconvolutiotr of Nanoscopic Irnages; Super-Resolution Fluorescence

Microscopy ofl the Nanoscale Organization in cells; Correlative Live-Cel[ and Super-

Resolution Microscopy and Its Biological Applications; SAX Microscopy and lts

Application to Imaging of 3D-Cultured Cells; Quantitative Super-Resolution Microscopy

for Cancer Biology and N4edicine.

Structured Il
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Unit Vl

Re-scan confocal

microscopy
4 lectures

lumination N4icroscopy; Correlative Nanoscopy: AFM Super-Resolution

RM) ; Stochastic Optical Flttcttration lmaging.

ffi'



$NNS Recommended Textbooks and References:

N W 1 Rajagopal Vadivambal, Digvir S. Jayas. (2015). Bio-lmaging: Principles, Techniques,

and Ap p licatrons. I SBN 97 8 1466593 67 1 -C AT # IC06 1 8.

I AlbertoDiaspro,MarcA.M.J.vanZandvoort. {2016).Super-Resolutionlmagingin

B i o m e d i c i n e. ISBN 97 I 1 4822443 42 -C AT # K23 483 .

} Taatjes, Dou*elas, Roth, Jiirgen(Eds.) .(2012). Celllmaging TechniquesMethods qnd

Protocols. ISBN 978- 1 -627 03 -056-4.

Computational
Biology

Course Objectives

The objective ofthis course is to provide

students with theory and practical

experience of essentials to aid for genomic,

proteomic and metabolomics courses and

drug design program.

Student Learning Outcomes

On completion of this course, the

students are expected to:

, Develop an understanding of the

basic theory of these computational

tools;

' Develop required database extraction,

integration, coding for computational

tools and methods necessary for

all Ornics;

. Create hypothesis for investigating

specifi c contemporary biological

questions, provide help to experiment

with or develop appropriatetools;

. Critically analyze and interpretresults

of their study with respect to whole

systenrs.

Credits

rtr
N

Unit I

Introduction to
Computers in biology and medicine; Overview of biological databases, nucleic acid &

protein databases, primary, secondary, functional, corrrposite, structural classification

database, Sequence forrnats & storage, Access databases, Extract and create sub

databases, limitations of existing databases.

computational biology
basics and biological
databases
4 lectures

Unit ll

Pairwise and
multiple sequence

alignments
$ lectures

Local alignment, Global alignment, Scoring matrices - PAM, BLOSUM, Gaps and

penalties, Dot plots. Dynamic programming approach: Needleman and Wunsch

Algorithm, Smith and Waterman Algorithm, Hidden Markov Model: Viterbi Algorithm.

Heuristic approach: BI.AST, FASTA. Building Profiles, Profile based functional

identification.

Unit lll

Genome analysis
S lectures

Polymorphisms in DNA sequence, Introduction to Next Ceneration Sequencing

technologies, Whole Genome Assembly and challenges. Sequencing and arralysis of Iarge

genomes, Gene prediction, Functional annotation, Cornparative genomics, Probabilistic

functional gene networl<s, Human genome project, Genourics and crop improvement.

Study available GWAS, ENCODE, HUGO projects, extract and build sub databases;

Visualization tools including Artemis and Vista for genome comparison; Functional

genomics case studies.

Unit lV

Structure
visualization
3lectures

Retrieving and drawing stmctures, Macromolecule viewing platforms, Structure

validation and correction, Structure optimization, Analysis of ligand-protein

interactions; Tools such as PyMol or VMD.

Arb#C qrFYor
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Unit V Significance and need, force field methods, energy, buried and exposed residues; side

chains and neighbours; fixed regions; hydrogen bondsl mapping properties onto surfaces;

RN4S fit of conformers and protein chains, assigning secondary structtrres; sequence

alignment: methods, evaluation, scoring; protein curation: backbone construction and

side chain addition; different types of protein chain modelling: ab initio, homology,

hybrid, loop; Template recognition and alignments; Modelling parameters and

considerations; Model analysis and validation; Model optimization; Substructure

rnanipulations, annealing, protein folding and model generation; loop generating

methods; loop analysis; Analysis of active sites using different methods in studying

protein-protein interactions.

Molecular modelling
6 iectures

Unit Vl

Structure-based
drug development
6 lectures

Molecular docking; Types and principles, Semi-flexible docking. Flexible docl<ing; Ligand

and protein preparation, Macromolecule and ligand optimization. Ligand conformations,

Clustering, Analysis of docking results and validation with known information. Extra-

precision docking platforms, Use of Small-molecule libraries, Natural compound libraries

for virtual high throughput screenings.

Unit Vll Quantitative structure activity relationships; Introduction to chemical descriptors like

2D,3D and Group-based; Radar plots and conffibution plots and Activity predictions,

Pharmacophore modeling, Pharmacophore-based screenings of compound library,

analysis and experimental validation.

Ligand-based drug
development
0 lectures

I N N X Recommended Textbooks and References:

LW X,.$ i Mount,D.W.(2001). Bi oinformatics: SequenceandGenomeAnalysrs. ColdSpring

Harbor, NY: Cold Spring Harbor LaboratoryPress.

Bourne, P.E., &Gu, J.(2009). Structural Bioinformotics. Hoboken,

NJ: Wiley-Liss.

Lesk, A.M.(2004).lntroductiontoProteinScience:Architecture,Function,and

G en om ics. Oxford: Oxford University Press.

Campbell, M& Heyer, L. J.(2006), D iscovering G en o m i cs, Prote omi cs a nd

B i o i nfo r m a tics, Pearson Education.

Oprea, T.(200 5). Chemoinforma tics in D rug D iscov ery,Volume23.

Wiley Online Library.

Gasteiger, J. & Engel,T. (2003),Chemoinformatics: a Textbook,W iley Online Library.

Course Objectives

This course will give abroad overview of

research and development carried out in

industrial setup towards drugdiscovery.

Student Learning Outcomes

On completion of this course, students

should be able to understand basics of

R&D in drug discovery and should be able

to apply knowledge gained in respective

fields of pharmaceutical industry.

Drug
Discovery and
Development

Credits
.&.

k
Unit I

Target identification
and molecular
modelling
7 lectures

Identification of target or drug leads associated with a particular disease by a number

of different techniques including combinations of molecular modeling, combinatorial

libraries and highthroughput screening (HTS); Conceptualizing the automation of the

HTS process and the importance of bioinformatics and data processing inidentification

of lead compounds; Rational drug design, based on understanding the three-dimensional

C^-rV}r RfrN$
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structures and physicochemical properties of drugs and receptors; Modelling drug/

receptor interactions with the emphasis on molecular mechanisms, molecular dynamics

simulations and homology modelling; Conformational saurpiing, macromolecular

folding, structural bioinformatics, receptor-based and ligand-based design and docking

methods, in silico screening of libraries, semi-empirical and ab-initio methods, QSAR

methods, molecular diversity, design of combinatorial libraries of drug-like molecules,

macromolecular and chemical databases.

Unit ll Identification of relevant groups on a molecule that interact with a receptor and are

responsible for biological activity; Understanding structure activity relationship;

Structure modification to increase potency and therapeutic index; Concept of
quantitative drug design using QLrantitative structure-activity relationship models

(QSAR models) based on the fact that the biological properties of a compound are a

function of its physicochemical parameters such as solubility, lipophilicity, electronic

effects, ionization, stereochemistry, etc.; Bioanalytical assay developnrent in support of

in vitro andinvivo studies (LCIMS/MS, GC/MS and ELISA).

Lead optimization
5lectures

Unit lll

Preclinical
development
5 lectures

Principles of drug absorption, drug metabolism and distribution - intestinal absorption,

metabolic stability, drug-drug interactions, plasma protein binding assays, metabolite

profile studies, Principles of toxicology, Experimental design for preclinical and clinical

PK/PD/TK studies, Selection of animal model; Regulatory guidelines for preclinical Pl(/

PD/TK studies; Scope of GLP, SOP for conduct of clinical & non clinical testing, control

on animal house, report preparation and documentation Integration of non-clinical and

preclinical data to aid design ofclinical studies.

Unit lV

Drug
manufacturing
4 lectures

Requirements of GMP implementation, Documentation of GMP practices, CoA,

Regulatory certification of GMP, Quality control and Quality assurance, concept

and philosophy of TQN,I, ICH and ISO 9000; ICH guidelines for Manufacturing,

Understanding Impurity Qualification Data, Stabi lity Studi es.

Unit V

Clinical trial
design
4lectures

Objectives of Phase I, tt, III and IV clinical studies, Clinical study design, enrolhnent,

sites and documentation, Clinical safety studies: Adverse events and adverse drug

reactions, Clinical PK, pharmacology, drug-drug interaction studies, Statistical analysis

and documentation.

Unit Vl

Fundamentals of
regulatory affairs
and bioethics
4 lectures

Global Regulatory Affairs and different steps involved, Regulatory Objectives, Regulatory

Agencies; FDA guidelines on IND and NDA submissions, Studies required for IND and

NDA submissions for oncology, HIV, cardiovascular indications, On-label vs. off.label

drug use GCP and Requirements of GCP Compliance, EtlTical issues and Compliance

to current ethical guidelines, Ethical Committees and their set up, Animal Ethical issues

and compliance.

NN
Recommended Textbooks and References:

1 lftogsgaard-Larsen etal. Textbookof Drug Design and Discovery.4'1'Edition.

CRC Press.

I l(ulrse,H. (2010). Bioethics: anAnthology. Malden. MA: Blackwell.

.t Nally, J. D, (2006) GMPfor Pharmaceutrcals. 6tr'eclition. CRC Press

-{ Brody,T .(2016) ClinicalTrials: Study Design, Endpointsand Biomarkers,Drug

Safety, and FDA and ICH Guidelines. AcademicPress.
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Environmental
Biotechnology

Course Cbjectives

This course aims to introduce

fundamentals of Environmental

Biotechnology. The course will introduce

maj or groups of microorganisms-

tools in biotechnology and their most

important environmental applications.

The environmental applications of
biotechnology will be presented in detail

and will be supported by examples from

the national and international literature.

Student Learning Outcomes

On completion of course, students

will be able to understand use ofbasic

microbiological, molecular and analytical

methods, which are extensively used in

environmental biotechnology.
Credits

,&r

H

Unit I

Introduction to
environment
6 lectures

Introduction to environment; pollution and its conhol; pollution indicators; waste

management: domestic, industrial, solid and hazardous wastes; strain improvemen!

Biodiversity and its conservation; Role of uricroorganisms in geochemical cycles;

microbial energy metabolism, microbial growth kinetics and elementary chemostat

theory, relevant microbiological processes, microbial ecology.

Unit ll

Bioremediation
6 lectures

Bioremediation: Fundamentals, methods and strategies of application (biostimulation,

bioaugmentation) - examples, bioremediation of metals (Cr, As, Se, Hg), radionuclides

(U, Te), organic pollutants (PAHs, PCBs, Pesticides, TNT efc.), technological aspects of

bioremediati on (in situ, ex situ).

Unit lll

Role of microorgan-
isms inbioremediation
6 lectures

Application of bacteria and fungi in bioremediation: White rot fungi vs specialized

degrading bacteria: examples, uses and advantages ys disadvantages; Phytoremediation:

Fundamentals and description of major methods of application (phytoaccumulation,

phytovolatili zation, rhizofi ltration phytostabilization).

Unit lV Bioinsecticides: Bacillus thuringiensis, Baculoviruses. Llses. genetic modifications

and aspects of safety in their use; Biofungicides: Description of mode of actions and

mechanisms (e.9. Trichoderma, Pseudomonas fluorescens): Biofertilizers: Symbiotic

systems between plants - microorganisms (nitrogen fixing syrnbiosis, mycorrhiza fungi

symbiosis), Plant growth promoting rhizobacteria (PCPR) - uses, practical aspects and

problems in application.

Biotechnology
and agriculture
11 lectures

Unit V

Biofuels
11 lectures

Environmental Biotechnology and biofuels: biogas; bioethanol; biodiesel; biohydrogen;

Description of the industrial processes involved, microorganisms and biotechnological

interventions for optimization of production; Microbiologically enhanced oil recovery

(MEOR); Bioleaching of metals; Production ofbioplastics; Production of biosurfactants:

bioemulsifiers; Paper production: use of xylanases and white rot fungi.

NN$
Recommended Textbooks and References:

1. G. M. EvansandJ. C. Furlong(2003) ,EnvironmentqlBiotechnology: Theory

and Applications, Wiley Publishers.

L B. Ritmannand P.L. I\4cCarly,(2000), Environmental Biotechnology: Principle &

Applications,2nd Ed., McGraw Hill Science.

:i. Scragg A., (2005) Environmental Biotechnology. Pearson Education Limited.

t\. J. S. Devinny, M. A. Deshusses and T. S. Webster, ( I 998), Biofiltrationfor Air

Pollution Control, CRC Press.

}. H. J, Rehmand G. Reed ,(2001),Biotechnology - AMulti-volume Comprehensive

Treatise, Vol. I l, 2'dEd., VCH Publisherslnc.
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ii H. S. Peary,D.R. RorveandG" Tchobanoglous,(20 I 3).EnvironmentalEngineering,

McGraw-Hill lnc.

Microbial
Technology

Course Objectives

The objectives ofthis course are to

introduce students to developments/

advances made in field of microbial

technology for use in human welfare and

solving problems of the society.

Student Learnin g Outcomes

On completion of this course, students

would develop deeper understanding

of the microbial technology and its

applications.

Credits

r*r
H
Unit I

Introduction to
microbial technology
8 lectures

Microbial technology in human welfare; Isolation and screening of microbes important

for industry - advances in methodology and its application; Advanced genome and

epigenome editing tools (e.g., engineered zinc finger proteins, TALEs/TALENs, and

the cRISPR/cas9 system as nucleases for genome editing, transcription factors for

epigenome editing, and other emerging tools) for manipulation of useful microbes/

strains and their applications; Strain improvement to increase yield of selected molecules.

e. 9., antibiotics, enzymes, biofuels.

Unit ll

Environmental
applications of
microbial technolo
6 lectures

Environmental application of microbes; Ore leaching; Biodegradation - biomass recycle

and removal; Bioremediation - toxic waste removal and soil remediation; Global

Biogeochemical cycles; Environment sensing (sensor organisms/ biological sensors);

International and National guidelines regarding use of genetically modified organisms in

environment. food and pharmaceuticals.

Unit lll

Pharmaceutical
applications of
microbial technology
B lectures

Recombinant protein and pharmaceuticals production in microbes - common

bottlenecks and issues (technical/operational, commercial and ethical); Attributes

required in industrial microbes (Streptomyces sp., Yeast) to be used as efficient cloning

and expression hosts (biologicals production); Generating diversity and introduction of

desirable propefties in industrially important microbes (StreptomyceslYeast); Microbial

cell factories; Downstreaur processing approaches used in indr"rstrial production process

(Streptomyces sp., Yeast)

Unit lV Application of microbes and microbial processes in food and healthcare industries - food

processing and food preservation, antibiotics and enzymes production, microbes in

targeted delivery application - drugs and vaccines (bacterial and viral vectors); Non-

recombinant ways of introducing desirable properties in Generally recognized as safe

(GRAS) microbes to be used in food (e.9., Yeast) - exploiting the existing natural diversity

or the artificially introduced diversity through conventional acceptable techniques

(mutagenesis, protoplast fusion, breeding, genome shuffling, directed evolution etc.).

Food applications of
microbial technology
i lectures

Unit V

Advances in microbial
technology
S lectures

Microbial genomics for discovery of novel enzymes, drugs/ antibiotics; Limits

of microbial genomics with respect to use in human welfare; Metagenornics and

tnetatranscriptomics - their potential, methods to study and applications/use (animal

and plant health, environmental clean-up, global nutrient cycles & global sustainability,

understanding evolution). Global metagenomics initiative - surveys/projects and

olltcome, metagenomic library construction and functional screening in suitable hosts -
tools and techniques for discovery/identification ofnovel enzynres, drugs

(e.9., protease, antibiotic) efc.
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tffi M I Recommended Textbooks and References:

W {X$ 1. Lee, Y.K. (2013). Microbial Biotechnology: Principles andApplications.

F{ackensack, NJ: World Scientiflc.

Moo-Young, M. (201 l). Comprehensive Biotechnology. Amsterdam: Elsevier.

Nelson, K. E. (201 5). Encyclopedia of Metagenom ics. Genes, Genomes and

Metagenomes: Basics, Methods, Databases and Tools. Boston, MA: Springer US.

The New Science of Metagenomics Revealing the Secrets of )ur Microbial Planet.

{2007). Washington, D.C. : National Academies Press.

Journals: (a) Nature, (b) Nature Biotechnology, (c) Applied microbiology and

biotechnology, (d) Trends in Biotechnology, (e) Trends in Microbiology,

(f) Current opinion in Microbiology, (g) Biotechnology Advances,

(h) Genome Research)

Websites: http ://j gi.doe. gov/our-science/
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3.

Course Objectives

The aim of this course is to introduce

methods and strategies commonly used in

protein engineering.
Protein
Engineering

Student Learning Outcomes

On corrpletion of this course, students

should be able to:

. Analyse structure and consffuction of

proteins by computer-based methods;

' Describe structure andclassification

ofproteins;

, Analyse purity and stability ofproteins

and explain how to store them in

best rvay;

Explain how proteins can be usedfor

different industrial and academic

purposes such as structure

determ ination, organic synthesis and

drr"rg design.

Credits

ffi

Unit I

Introduction to
protein engineering
5 lectures

Protein engineering - definition, applications; Features or characteristics ofproteins

that can be engineered (dehnition and methods of study) - affinity and specificity;

Spectroscopic properties; Stability to changes in paranteters as pH, temperature and

amino acid sequence, aggregation propensities. efc. Protein engineering with unnatural

amino acids and its applications.

Unit ll Methods of measuring stability of a protein; Spectroscopic methods to study

physicochemical properties of proteins: far-UV and near-UV CD; Fluorescence; UV

absorbance; ORD; Hydrodynamic properties-viscosity, hydrogen-deuterium exchange;

Brief introduction to NMR spectroscopy - emphasis on parameters that can be

measured/obtained from NMR and their interpretation.

Stability of protein
structure
5 lectures

Unit lll

Applications
5lectures

Forces stabilizing proteins - Van der waals, electrostatic, hydrogen bonding and weakly

polar interactions, hydrophobic effects; Entropy - enthalpy compensation; Experimental

methods of protein engineering: directed evolution like gene site saturation mutagenesis;

Module shuffling; Guided protein recombination, etc., Optimization and high throughput

screening methodologies like GigaMetrix, High throughput microplate screens erc.,

Application to devices with bacteriorhodopsin as an example; Engineering antibody

affinity by yeast surface display; Applications to vaccines. Peptidomiuretics and its use in

drug discovery.

Obpr €( W
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tJnit lV Computational approaches to protein engineering: sequence and 3D structu'e

analysis, Data mining, Ramachandran map, Mechanism of stabilization of proteins

from psychrophiles and thennophiles vrs-ri-vls those fi'om mesophiles; P,roteindesign,

Directed evolution for protein engineering and its potential.

Computational
appioaches
5 lectures

UnitV

Case studies
1 lecture

Case Studies.

NN
Recommended Textbooks and References:

1. EditedbyTECreighton,(1997),Protein Structure : a Practical Approach,

2nd Editiorr. Oxford university press.

: ClelandandCraik,(2006),Protein Engineering,Principles andPractice,Y ol7 ,

Springer Netherlands.

3 Mueller and Arndt, Protein Engineering Protocols.l't Edition, Humana Press.

,.1 Ed. RobertsonDE, NoelJP,(200 4),ProteinEngineering Methods in Enzymology,

388, Elsevier Acaden.ric Press.

$ J Ky,te; (2006), Structure in Protein Chgmistry,2"d Edition, Garland publishers.

Nano-
biotechnology

Course Objectives

The course aims at providing a general and

broad introduction to multi-disciplinary

field of nanotechnology. It will familiarize

students with the combination ofthe

top-down approach of microelectronics

and micromechanics with the bottom-

up approach of chemistry/biochemistry;

a development that is creating new and

exciting cross-disciplinary research fi elds

and technologies. The course will also give

an insight into complete systems where

nanotechnology can be used to improve

our everyday life.

Student Learning Outcomes

On successful completion of this course,

students should be able to describe basic

science behind the properties of materials

at nanomeffe scale, and the principles

behind advanced experimental and

computational techniques for studying

nanomaterials.

Credits

r*t
IzIM

Unit I

Introduction to
nanobiotechnology
5 lectures

Introduction to Nanobiotechnology; Concepts, historical perspective; Different

formats of nanomaterials and applications with example for specific cases; Cellular

Nanostructures; Nanopores; Biomolecular motors; Bio-inspired Nanostructures,

Synthesis and characterization of different nanomaterials

Unit ll

Nano - films
5 lectures

Thin films; Colloidal nanostrucfures; Self Assembly, Nanovesicles; Nanospheres;

Nanocapsules and their characterisation.

Unit lll Nanoparticles for drug clelivery, concepts, optimization of nanopafticle properlies for

suitability of administration through various routes of delivery, advantages, strategies for

cellular internalization and long circulation, strategies tbr enhanced permeation through

various anatonrical barriers.

Nano - particles
5 lectures

Unit lV Nanoparticles for diagnostics and imaging (theranostics); concepts of smaft stimuli

responsive nanoparticles, implications in cancer therapy, nanodevices for biosensor

development.

Applications
ofnano-part
5 lectures

icles



Unit V

Nano-materials
5lectures

Nanomaterials for catalysis, development and characterization of nanobiocatalysts,
application of nanoscaflolds in syhesis, applications of nanobiocatalysis in the
production of drugs and drug intermediates.

Unit Vl

Nano - toxicity
5 lectures

Introduction to Safety of nanomaterials, Basics of nanotoxicity, Models and assays for
Nanotoxicity assessment; Fate of nanomaterials in different stratas of environment;
Ecotoxicity models and assays; Life Cycie Assessment. containment"

NN$
Recommended Textbooks and References:

I GeroDecher, Joseph B. Schlenoff.(2003); Muttitayer Thin Films: SequentialAssembty
of Nanocomposite Materials, Wiley-VCH Verlag CrrbH & Co. KGaA

r. David S. Goodsell, (2009; Bionqnotechnology: Lessonsfrom Nature;wiley-Liss
3 Neelina H. Malsch (2005), Biomedical Nanotechnology. CRC press

$. Greg T' Hermanson , (20r3); Bioconjugate Techniques,(3rd Edition); Elsevier
S Recent review papers in the area ofNanomedicine.

Vaccines

Course Objectives

This course will provide students with

an overview of current developments in

different areas of vaccines.

Student Learning Outcomes
Bythe end ofthis course, students

should be ableto:
. Understand fundamental concepts

of human immune system and basic

immunology;

' Differentiateandunderstandimnrune

responses in relation to infection

and vaccination;

. Understand requirerlent and designing

of diflt'erelrt types ofvaccines;

. Understand importance of
conventional and new emerging

vaccine technologies.

Credits

.$r-

H

Unit I

Fundamentals of
immune system
6 lectures

overview of Immune system; Human Immune system: Effectors of immune system;
Innate & Adaptive Lnmunity; Activation of the Innate Immunity; Adaptive
Imrnunity; T and B cells in adaptive immunity; Immune response in infection;
Correlates of protection.

Unit ll

Immune resDonse

to infectioir
9 lectures

Protective immune response in bacterial; viral and parasitic infections; primary and
Secondary immune responses during infection; Antigen presentation and Role of
Antigen presenting cells: Dendritic cells in immune response; Innate immune response;
Humoral (antibody mediated) responses; cell mediated responses; role of cD4+ 3n6
cD8+ T cells; Memory responses: Memory and effector T and B cells. Generation and
Maintenance of memory T and Bcells.

Unit lll

Immune response
to vaccination
8 lectures

vaccination and immune response; Adjuvants in vaccination; Modulation of immune
responses: Induction of Thl and rh2 responses by using appropriate adjuvants and
antigen delivery systems - Microbial adjuvants, Liposonral and Microparticles as delivery
systems; Chemokines and cytokines; Role of soluble rrrediators in vaccination: Oral
immunization and Mucosal Immunity.

Unit lV History of vaccines, Conventional vaccines; Bacterial vaccines; Viral Vaccines; Vaccines
based on routes of administration: parenteral, oral, mucosal; Live attenuated and
inactivated vaccine; Subunit vaccines and Toxoids; pepticlevaccine.

Vaccine types &design
3 lectures

R-&\oly\rK



[Jnit V NewVaccineTechnologies;RationallydesignedVaccines;DNAVaccination;Mucosal

vaccination; New approaches for vaccine delivery; Engineering virus vectors f,or

vacc ination;Vaccinesfomargeteddelivery(VaccineDeliverysystents);D iseasespecific

vaccine desigr-l: T'uberculosis Vaccine; Malaria Vaccine: HIV/AIDS vaccine; New

emerging diseases and vaccine needs (Ebola,Zika).

Vaccine technologies
4 lectures

NN$
Recommended Textbooks and References:
'i. Janeway,C.A.,Travers,P.,Walpor1,M.,&Shlorlchik,M.J.(2005).lmmunoBiology:

th e I mmuneSy s tem i n H e alth an d D i se a s e.U SA : G arl and Sc ience Pub.

t Kindt,T..l.,Osborne,B.A.,Goldsby,R.A.,&I(uby,J.(2013).Kubylmmunology.

New York: W.H.Freeman.

I l(aufinann,S.H.(2004) .NovelVaccinqtionStrategies. Weinheim:Wiley-VCH.

$ Jour nalArticles(relevantissues)fi'om;AnnualReviervoflmtnunology,Annual

ReviewofMicrobiology,CurrentOpin ionin lmmuno l ogy,Naturelmmunology,

Expert revierv ofvaccines.
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Medical
Microbiology
and Infection
Biology

(..) ;:.j,Jt'i+': {} hI * *ti'; r;r5

This course will provide a perspective

and exposure to medical aspecls of

bacteriology, virology, mycology,

parasitology and infectious diseases along

with concepts of symptoms, pathogenesis,

transmission, prophylaxis and control,

a conceptual understanding ofhost -
pathogen interactions using well charac-

terized systems as examples. The student

should have a good grasp ofdisease

causing microbes and their interactions

rvith host.

On completion of this course, students

should be able to:

Compare and contrast different

microbial diseases, including

properties of different types of patho-

gens, and mechanisms ofpathogenesis;

Summarize role of host in infectious

disease, including natural barriers to

infection, innate and acquired

immune responses to infection,

and irr llarnrnation;

Compare and contrast experimental

approaches for identifiiing virulence

genes and advantages/disadvantages of

each approach for specificpathogens.

i.".i tli!-Jii::i
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tJnit I

Bacterial diseases
& l**txr*x

Normal microflora (microbiome) of human body and its role * Skin, mouth and

respiratory tract, intestinaltract, urogenital tract; Pathogenesis and virulence factors

- Koch's postulates, Adherence and'invasion, Toxins, Enzymes, Antiphagocytic

factors, Antigenic heterogeneity, Iron acquisition; Bacilhts anthracis, Clostridium spp.,

Corynebacterium diptherise; E. coli, Vibrio cholerae, llelicobacter rylori, Salmonella

typhi and paratyphi, Shigella dysenteriae; Listeria monocytogetes, Mycobacterittm

spp., Rickettsial diseases; Haemophilusinfluenzae, Bordetellapertussis, Brucellosis,

Streptococcal and Staphylococcal infections; Antibacterial chemotherapy (with examples

of antibiotics) - Inhibition of cell wall synthesis, inhibition of cell membrane function,

inhibition of protein and nucleic acid synthesis, antimetabolites; Drug resistance - origin

(genetic and non-genetic), rnechanisms, antimicrobial activity itt ttitro and in aiao,

Multi-drug resistance and its mechanisms e.g. MDR-TB.

ilnit il

Viral diseases
1 1^^0,,-^*
, tsL.ujr sa

Viral Pathogenesis - Routes of entry, Viral spread (local and systemic infection), Viral

persistence (chronic and latent infection); Polio, Chicken pox, Mumps, Measles, Rubella;

Viral hemorhagic fever, viral encephalitis, Dengue and Yellow fever; Influenza virus

infection (emphasis on Avian and swine flu), Rabies and Prion diseases; Hepatitis

and Human Cancer viruses; Emerging viral diseases - Ebola, Marburg, SARS, Hanta,

Chikungunya, Zika, Chandipura; Antiviral chemotherapy and Viral vaccines; Nucleotide

and nucleoside analogs, Reverse transcriptase inhibitor, protease inhibitor, fusion

inhibitor efc., Interferons, Killed and attenuated vaccines.

LJnii lll

Fungal and
protozoan infections
Y l^^t,,-^,.

Types of Mycoses (with specific example of causative fungi) - Superficial, Cutaneous,

Sub-cutaneous; Types of Mycoses (with specific exatnple of causative fungi) - Endemic

and Opportunistic; Mycotoxins and Antifungal chemotherapy - Mycetismus, Aflatoxins,

classes of currently available drugs and new inhibitors in the pipeline; Protozoan

diseases - Giardiasis, Amoebiasis; Leishmaniasis, Afiican sleeping sickness; It4alaria,

Cryptosporidiosis; Infection by Helminths - Nematodes, Trematodes, Cestodes.

1..],rtit lV

Sexually transmitted
diseases and
congenital infections

Syphilis and Gonorheal infections; AIDS and Lentiviral infection; Herpes infections;

Chlamydial infections (Chlamydia trachomatis); Mycoplasma and LJreaplasma infection;

Toxoplasmosis; Congenital viral infections - Cytonregalovirus, Varicella zoster, I{BV,

Enterovirus, Parvovirus Bl9 etc.
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Host-pathogen

interaction
* !x*lur**

Intracellular and extracellular pathogens, Principles of microbial pathogenesis, host

damage, inflammatory responses, adaptation strategies of pathogen- impact of host

and pathogen metabolism on immunity and pathogen survival; Chronic pathogens

and mechanisms ofpersistence; Evasion mechanisms of pathogens; Bacterial -host

interaction- Mycobacterium tuberculosis, Borreliaburgdorferi;Viruses - host interaction:

HIV, Influenza;Protozoan- host interaction: Plasmodium spp., Leishmaniamajor,

i'1.ryr;4x1"a;y7r;117u3,ttt;1 ""i r,.ttt],ui;ttrs:g* lLt.ut"2 T*,*2+::{t^tt,,t}t:,:t ,

KC Caroll, SA Morse, T Mietzner, S Miller. (20 l6) Jawetz, Melnick and Adelbergs's

Medical Micr obiolo gtt 27th edition, McGraw Hill.

J Owen, J Punt and Sharon Stranford, (2012), Kuby Immtntologrl ,7't'edition,

W.H. Freeman and Co.

lT Kudva, NA. Cornick, PJ Pltunmer, Q Zhang, TL N icholson. JP Bannantine

and BH Bellaire. Virtience Mechanisms of Bacterial Pathogens, (20 l6)

5th edition, ASM Press.

V Kumar, AK. Abbas and JC Aster, (20 I 5), Robbitrs & Cotran P athologic Basis

of Disease. gth Edition, Elsevier.

, K Murphy and K Weaver,(20|6),Janaoay'slmmunobiology,9'h Edition,

Garland Science.

i AK Abbas, (2015), Cellular and Molecular lmmwrologrl. S'r' Edition, Elsevier.

; Ananthan aray anand Paniker, T extbook of Microb i olo gy, 8'h Edition.

l, BavejaCP,(2001) Textbookof Microbiotogy.5tl'Ed., McgrawHill Education.
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Course: Animal Biotechnology

Course Code: N{BT 3097

Course Credit: 3

Unit I

Introduction to the balanced salt solutions and simple growth medir-ttn. Brief discussion on

the chemical, physical and metabolic ftrnctions of different constituents of culture medium,

Serum & protein fiee defined media and their applications.

Unit II

Primary and secondary cell culture, Development of cell lines, Biology and characterization

of the cultured cells. Basic techniques of mammalian cell cultures in vitro.

Unit III

N4aintenance of cell culture, Cell Passaging, Measuring parameters of growth, Measurement

of viability and cytotoxicity.

Unit I\r

Cell synchronization, Cell transformation, Apoptosis. Cryopreservatiou. Cotnmon cell

culture contaminants.

Unit V

Applications of animal cell culture: cell culture based products. vaccines, Hybridorna

technology ancl monoclonal antibodies, stem cells and their applications, Animal cloning,

IVF technology, Organ, organotypic and histotypic cultures.

Suggested Readings

1. Culture of Animal Cells: Freshney

2. Animal Cell Culture: John RW Masters

3. Anirnal Cell Culture Techniques: I\4artin Clynes

4. Transgenic Animals: Generation and Use: Louis-l\4arie Ifoudebine
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