VISVESVARAYA TECHNOLOGICAL UNIVERSITY , BELGAVI
CHOISE BASED CREDIT SYSTEM ( CBCS)
SCHEME OF TEACHING AND EXAMINATION 2016 -17

MTECH IN INDUSTRIAL BIOTECHNOLOGY

| Semester CREDIT BASED
Teaching hours/week Marks for
. Practical / Field .
Subject . Duration of Exam Total
Name of the Subject Work / , CREDITS
Code Lecture Assignment/ in Hours I.A. Exam Marks
Tutorials
16BBT11/16 4
NUMERICAL METHODS &
BBC11/161B BIOSTATISTICS 4 - 3 20 80 100
TT11
161BT12 FERMENTATION TECHNOLOGY - | 4 -- 3 20 80 100 4
161BT13 ADVANCED MOLECULAR BIOLOGY 4 -- 3 20 80 100 4
161BT14 BIOPROCESS ENGINEERING 4 -- 3 20 80 100 4
16IBT15X | ELECTIVE -1 3 -- 3 20 80 100 3
FERMENTATION TECHNOLOGY & 3 2
16IBTLI6 | \IOLECULAR BIOLOGY LAB B 3 20 80 100
16IBT17 SEMINAR -- 3 -- 100 - 100 1
Total 19 6 18 220 480 700 22
ELECTIVE -1
16IBT151 INSTRUMENTAL METHODS OF ANALYSIS
16IBT152 BIOPROCESS MODELING & AUTOMATION
161BT153 MICROBIAL BIOTECHNOLOGY
161BT154 BIOREACTION ENGINEERING




VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAVI

SCHEME OF TEACHING AND EXAMINATION 2016 -17

CHOISE BASED CREDIT SYSTEM (CBCS)

MTECH IN INDUSTRIAL BIOTECHNOLOGY

CREDIT BASED

Il Semester
Teaching hours/week Marks for
. Practical / Field .

Subject Name of the Subject Work / Duration of Exam Total CREDITS

Code Lecture . in Hours LA, Exam Marks

Assignment/
Tutorials
16IBT21 | FOOD PROCESS ENGINEERING 4 -- 3 20 80 100 4
161BT22 | FERMENTATION TECHNOLOGY — I 4 - 3 20 80 100 4
16I1BT23 | QUALITY, SAFETY AND PROJECT
MANAGEMENT 4 - 3 20 80 100 4
161BT24 | B|JOREACTOR DESIGN AND ANALYSIS 4 - 3 20 80 100 4
16IBT25X | ELECTIVE-2 3 -- 3 20 80 100 3
FOOD PROCESSING & DOWNSTREAM 3 2
16IBTL26 | JoC B ATIONS LAB -- 3 20 80 100
16IBT27 | SEMINAR - 3 -- 100 - 100 1
Total 19 6 18 220 480 700 22

ELECTIVE - 2

161BT251 INDUSTRIAL WASTE TREATMENT

161BT252 NANO MATERIALS AND NANO TOOLS

161BT253 CANCER BIOLOGY

16IBT254 STEM CELL BIOLOGY




VISVESVARAYA TECHNOLOGICAL UNIVERSITY , BELGAVI
CHOISE BASED CREDIT SYSTEM( CBCS)
SCHEME OF TEACHING AND EXAMINATION 2016 -17
MTECH IN INDUSTRIAL BIOTECHNOLOGY

Il Semester: INTERNSHIP CREDIT BASED
No. of Hrs./Week : Marks for

Course . - Duration of the Total

Code Subject Lecture F_’racncal / Exam in Hours I.A. Exam Marks CREDITS

Field Work
16IBT31 | Seminar/Presentation on Internship - - - 5 2 25
16IBT32 | Report on Internship. - - - 25 25 20
161BT33 | Evaluation and Viva on Internship 50 50 100
161BT34 | Evaluation of Project Phase: | - - - 50 05 1
Total - - - 150 200 21




VISVESVARAYA TECHNOLOGICAL UNIVERSITY , BELGAVI

CHOISE BASED CREDIT SYSTEM( CBCS)

SCHEME OF TEACHING AND EXAMINATION 2016 -17

MTECH IN INDUSTRIAL BIOTECHNOLOGY

IV Semester CREDIT BASED
No. of Hrs./Week Marks for
Subject . Field Work / Duration of Exam Total
Code Subject Lecture Assignment / in Hours LA, Exam Marks CREDITS
Tutorials
16BT41/16
4
BCAL/LEBI | popricty e HOPOLOGY, 4 - 3 20 80 100
41/161BT41
161BT42X | ELECTIVE-II 3 -- 3 20 80 100 3
16IBT43 | Evaluation of Project Phase-II - - - 50 - 50 3
16IBT44 Evaluation of Project Work and Viva- _ ) 3 i 100+100 200 10
voce.
Total 7 - 09 90 360 450 20
Grand Total (b IV Sem.) : 2050 Marks; 85 Credits

ELECTIVE — 3

161BT421 ADVANCED BIOINFORMATICS

161BT422 METABOLIC ENGINEERING

161BT423 ENTREPRENEURSHIP DEVELOPMENT

161BT424 PETROLEUM BIOTECHNOLOGY







NUMERICAL METHODS & BIOSTATISTICS

Subject Code 16BT11/16BC11/16IBT11IA Marks 20
Number of
Lecture 04 Exam Marks 80
Hrs./Week
Total number of 50 Exam Hours 03
lecture hours

CREDITS 04

Course objectives The course will enables the students

» To develop skills towards the design & analydistatistical experiments
» Use appropriate numerical and statistical methodsalyze and interpret data
» Demonstrate effective use of these tools in moldolving and analysis

MODULES

TEACHING

HOURS

REVISED
BLOOM'S

TAXONOMY
(RBT) LEVEL

MODULE -1

Introduction to statistics and study desi
Introduction to statistics, data, variables, typédata,
tabular, graphical and pictorial representatiordata.
Significance of statistics to biological problen
experimental studies; randomized controlled styc
historically controlled studies, cross over, faib
design, cluster design, randomized; complete, bl
stratified design, biases, analysis and interpoetat

yn:

ns,
lies
"

ock

10

L1,L2,L3, L4

MODULE -2

Descriptive statistics and Observational study gles
Types of variables, measure of spread, logarith
transformations, multivariate data. Basics of st
design, cohort studies, case-control studies, owsg
odd ratio and relative risks. Principles of stated
inference: Parameter estimation, hypothesis tes
Statistical inference on categorical variabl
categorical data, binomial distribution, norn
distribution, sample size estimation

i
mic
Ldy

ting
es;
nal

10

L1, L2,L3,L4

MODULE -3

Comparison of means: Test statistics; t-test
distribution, independent and dependent sar
comparison, Wilcoxon Signed Rank Test, Wilcox
Mann-Whitney Test, ANOVA. Correlation ar
simple linear regression: Introduction, Karl Pear
correlation coefficient, Spearman Rank correlal
coefficient, simple linear regression, regressiardet
fit, inferences from the regression model, ANO
tables for regression. Multiple linear regressiom
linear models: Introduction, Multiple linear regses
model, ANOVA table for multiple linear regressi

nple
DN-

d
ion

VA

DN

10

L2, L3,L4

1




model, assessing model fit, polynomials and
interactions. One-way and Two-way ANOVA tables,
F-tests. Algorithm and implementation using
numerical methods with case studies.

MODULE -4

Design and analysis of experiments: Random block
design, multiple sources of variation, correlatedac
and random effects regression, model fitting.
Completely randomized design, stratified design.
Biological study designs. Optimization strategiaghw
case studies.

=

10 L3, L4, L5

MODULE -5

Statistics in microarray, genome mapping and
bioinformatics: Types of microarray, objectivestoé
study, experimental designs for micro array stydies
microarray analysis, interpretation, validation and 10 L3, L4, L5
microarray informatics. Genome mapping, discrete

sequence matching, programs for mapping sequences
with case studies.

Course outcomesAfter studying this course, students will be alole t

» Demonstrate strong basics in statistics and ngaleanalysis,

« foundation to tackle live problems in variousigpes of bioscience and bioengineering
» Study and design various statistical problems

Graduate Attributes ( as per NBA)
* Problem Analysis.
» Design / development of solutions.
* Modern Tool Usage

Question Paper Pattern:

* The question paper will have ten questions.

» Each full question consists of 16 marks

* There will be 2 full questions (with a maximum afuf sub questions) from ea
module.

» Each full question will have sub questions coveatighe topics under a module.

* The students will have to answer 5 full questis®ecting one full question fror
each module.

TEXT BOOKS
1. Alvin E. Lewis, Biostatistics, McGraw-Hill Professial Publishing, 2013.
2. J.D. Lee and T.D. Lee. Statistics and NumericalHdds in BASIC for Biologists
Van Nostrand Reinhold Company, 1982.

3. T.P. Chapman, Statistical Analysis of Gene ExpogsBlicroarray Data, CRC, 2003.

REFERENCE BOOKS
1. Wolfgang Boehm and Hartmut Prautzsch, Numericalndés, CRC Press, 1993.
2. John F. Monahan. Numerical Methods of Statistican(@ridge Series in Statistic|
and Probabilistic Mathematics), Cambridge UnivgrBitess, 2011.
3. Joe D. Hoffman. Numerical Methods for Engineers &atentists, CRC Press, 2
Edition, 2001.
4. Warren J. Ewens Gregory Grant, Statistical Methads Bioinformatics: An

al

Introduction (Statistics for Biology and Healthpriiger, 2005




FERMENTATION TECHNOLOGY- |

Subject Code 161BT12 IA Marks 20
Number of Lecture 04 Exam Marks 80
Hrs./Week
Total number of lecture 50 Exam Hours 03
hours

CREDITS 04

Course objectives:

To learn various cell culture methods, strain inveroent and to design and develop medi

for inoculum development;

To understand techniques of sterilization andudysthe various aspects of fermenter for «

industrial fermentation process;

To apply the knowledge of control system for cohtfandustrial fermentation process.

an

MODULES

TEACHING
HOURS

REVISED
BLOOM'S

TAXONOMY
(RBT) LEVEL

MODULE -1

CELL  CULTIVATION  AND GROWTH
KINETICS

Cell culture (Bacteria, fungal, plant, animal), kéibial
growth kinetics, logistic growth model, growth
filamentous organism Strain improvement of indast
micro organism. Measurement of cell mass. (
immobilization. Numericals.

of 10
Il

Cell

L1,L2,L3

MODULE -2

INOCULUM DEVELOPMENT AND MEDIA
PREPARATION
Media components and optimization (PB, RS

techniques), types of media, Strain preservati

inoculum preparation, Development of inocula
industrial fermentation/ seed fermenter.

SM

10N, 10
for

L1,L2,L3

MODULE -3

STERILIZATION

Sterilization: death kinetics, del factor, batchdsz
continuous; insitu and ex-situ sterilization, Sization
of medium, air, filters, fermenter. Numericals.

AN 10

L3,L4,L5

MODULE -4

FERMENTATION PROCESS

Parts of fermenter. Body, Baffles, Sparger, val
ports, Aeration: Oxygen requirement, Oxygen upt
in cell culture, Oxygen transfer in fermentgas hold
up, Kia measurement, Measurement of dissol

es,
ake 10

ved

L3,L4,L5
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oxygen concentrationgstimating Oxygen Solubility,
Measurement of Ka, factors effecting Ka in
fermenter, Agitation: fluid rheology. Numericals.

MODULE -5

CONTROL OF INDUSTRIAL FERMENTATION

Requirements for control, sensors, controllersigmhes
of fermenter control specification, control of 10 L2,L3,L5
incubation, advanced incubation control.

Course outcomes At the end of this course, student will be able to:

Demonstrate the methods of cell culture under warmonditions, strain improvement
methods

Design and develop medium for cell cultivation femmentation process

Apply the knowledge of sterilization techniques

Understand needs of various parts of fermentettlaeid operation

Apply the knowledge of control theory for industifi@ermentation control

Graduate Attributes ( as per NBA)
Problem Analysis

Design / Development of Solutions
Project Management and Finance
Innovation and Entrepreneurship

Question Paper Pattern:

* The question paper will have ten questions.

» Each full question consists of 16 marks

* There will be 2 full questions (with a maximum of éur sub questions) from each
module.

» Each full question will have sub questions coveringll the topics under a module.

* The students will have to answer 5 full questionselecting one full question from
each module.

TEXT BOOKS
1.

. El-Mansi (Ed.), “Fermentation Microbiology and Béchnology”, CRC Press,“3Ed.,

Stanbury, Vitaker and Hall, “Principles of Fermditta Technology, Butterworth
Heinemann, % Ed., 1999.

2011.

REFERENCE BOOKS
1.

2.

Pauline M. Doran, “Bioprocess Engineering Prinaplé\cademic Press/2Ed., 2012.
Badal C. Saha (Ed.), “Fermentation Biotechnolo@BS Publishers & Distributors Pvt,
2004.

Brian McNeil and Linda Harvey (Ed), “Practical Feamation Technology”, Wiley
2008.




ADVANCED MOLECULAR BIOLOGY

Subject Code 161BT13 IA Marks 20
Number of Lecture | 04 Exam Marks 80

Hrs./Week

Total number of 50 Exam Hours 03

lecture hours

CREDITS 04

Course objectives:

To learn and understand procedures in moleculdodpaesearch to work with nucleic acid
processing;

To gain the knowledge of gene expression modetsaKaryotic and eukaryotic system;
To apply the knowledge of molecular research in AQtBichnology and in therapeutics;

To use fundamental experimental knowledge of mddeaesearch procedures in
understanding molecular biology concepts, detedcimhtherapy.

REVISED
TEACHING BLOOM'S
MODULES HOURS TAXONOMY

(RBT) LEVEL

MODULE -1

MOLECULAR RESEARCH PROCEDURES
AND WORKING WITH NUCLEIC ACIDS
Chemical synthesis of DNA[GIick], synthetic genes,

isolation of DNA, RNA, handling and quantification
of nucleic acids, labeling, nucleic acid hybridieat
PCR: essential features, designing of primers, DNA
polymerases of PCR, exotic PCR techniques (PCR
using mMRNA (RT-PCR), nested PCR, inverse PCR,
RAPD, processing of PCR products, applicatians. 10 L1,L2,L3
Alternative amplification techniques, Production|of

gene probes: gene probe labeling, non radioactive
DNA labeling, end labeling of DNA, labeling hy
primer extension, nick translation labeling.
Nucleotide sequencing: Maxam Gilbert, Sanger
method, direct PCR sequencing, cycle sequencing,
automated flourosense DNA sequencing (primner
walking).

MODULE -2

GENE EXPRESSION IN PROKARYOTES AND
EUKARYOTES AND MANIPULATION OF
GENE EXPRESSION: Prokaryotes; Prokaryotic
gene expression and control of gene expression;
isolation of functional promoters: Promoter seleati
with E. coli plasmid pBR316 and pKO01l. Genhe
expression from strong and regulatable promoters:
Regulatable  promoters, increasing protein

10 L1,L2,L3




production, large scale systems, expression inrg
microorganisms. Fusion proteins: cleavage of fus
proteins, uses of fusion proteins, expression
native protein, DNA integration into ho
chromosome.Eukaryotes: some considerations
choice of cell lines, endogenous selectable mar
and dominant selectable markers, stepv
amplification of transgene, plasmid vectors

transfection, major expression systems used
animal cells.

the
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MODULE -3

rDNA TECHNOLOGY

Early thoughts and experiments in cloning, firgps
towards cloning frogs and toads, nuclear totipoger
Prokaryotic vectors: Bacterial plasmids, vi
vectors: cosmids, phasmids, M13 vectors, broad
range vectors. Eukaryotic vectors: Generali
eukaryotic expression vector, Yeast expres
systems: Saccharomyces cerevisiae vectors, yeas
selectable  markers, direct expression
Saccharomyces cerevisiae, secretion of heterologod
proteins by Saccharomyces cerevisia; Other yeas
expression systems: Expression of hepatitis B
surface antigen, expression of bovine lysozyme
cloning of large DNA fragments in BAC and YA
vectors; cultured insect cell expression syst
Baculovirus transfer vector, Scaleup problem v
Baculovirus system; Mammalian cell line express
system: Human Papova BK virus shuttle vec]
Production of protein drug for clinical trials, alr
vectors-adenovirus, retrovirus, pox Virus &
bacculovirus. Plant as bioreactors: biopharming
neutraceuticals (edible vaccines, Ab, polyn

t
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ral
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producers from plants). Live recombinant vaccine

L2,L4,L5

MODULE -4

GENE EXPRESSION DIRECTED
MUTAGENESIS AND PROTEIN
ENGINEERING Oligonucleotide directe
mutagenesis with M13 DNA, PCR amplifi
oligonucleotide directed mutagenesis, degene
oligonucleotide primers, random mutagenesis
site directed mutagenesis. Adding disulphide bp
changing aspargine to other amino acids, redu
number of free sulphahydril residues, increas

enzyme activity, modifying enzyme specificity,

increasing protein stability. Applications: Po

mutation- Interferons f16(betaseron/ betaferon),

0l
pd

rate

and

nds 10
cing

ing

nt

lispro insulin(humalog), novel vaccine adjutants,

L2,L4,L5
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domain shuffling, linking domains, swapping protein

domains, deleting domain , whole protein shuffli
fusion proteins.

MODULE -5

rDNA TECHNOLOGY FOR PRODUCTION OF
THERAPEUTICS

Recombinant interferon. Subunit vaccines: agdinst
herpes simplex virus, foot and mouth disease,
peptide vaccines. Live recombinant vaccines:

Vaccinia virus recombinants, BCG vaccin
poliovirus chimaeras. Attenuated vaccines: Chol
Salmonella as live bacterial vaccine. Vect
vaccines: vaccines directed against virus
bacteria.Monoclonal antibodies: Isolation

es,
era,
Or
and
of

immunoglobulin  variable region genes and

expression on the surface of bacteriophage- isolati
of mRNA for Vy and \{ and generation of cDNA,

PCR amplification of cDNA for antibody Y and

V.. Linking of V4 and \{ to give scFv, Insertion of

10

scFv into phagemid vector, expression of scFv on
the surface of bacteriophage, screening phage

display libraries of immunoglobulin genes,

preparation of soluble scFv, screening supernatants

containing soluble scFv, application of monoclo
antibodies in biomedical research, diagnosis
treatment of diseases.

nal
and

L2,L3,L5

Course outcomes At the end of this course, student will be able to:
» Demonstrate working procedures and protocols iremgéar research

* Understand gene expression models

» Apply molecular research concepts in rDNA technglagd in therapeutics

* Analyze and know the requirements of vectors antepr expression

» Design recombinant vectors for therapeutic appboat

Graduate Attributes ( as per NBA)
Problem Analysis

Design / Development of Solutions
Modern Tool Usage

Professional Ethics

Life-long Learning

Societal and Environmental Concern

Question Paper Pattern:

* The question paper will have ten questions.

» Each full question consists of 16 marks

* There will be 2 full questions (with a maximum of dur sub questions) from each

module.

» Each full question will have sub questions coveringll the topics under a module.
* The students will have to answer 5 full questionselecting one full question from

each module.

7




TEXT BOOKS
1.

2.

Primrose, S. B and Twyman, R. M. “Principles of genanipulation and genomics”.
Blackwell Publishing, ¥ Ed, 2006.
Gerald Karp. “Cell and Molecular Biology”. John \&i, 6" Ed., 2009.

REFERENCE BOOKS

1. Walker, J. M. and Rapley, R. “Molecular Biology ariotechnology”. Panima
Publishing Corporation,"4Ed., 2003.

2. Glick, B. R and Pasternak, J. J. “Molecular Biotealgy-Principles and applications p
Recombinant DNA”. ASM Press, Washington DC, 1994.

3. Nicholl, D. S. T. “An introduction to Genetic Engiering”. Cambridge University Press,
3 Ed., 2008.

4. Nancy Craig et al. “Molecular Biology: Principlest éenome Function”, Oxford
University Press,*1Ed., 2010.

BIOPROCESS ENGINEERING

Subject Code 161BT14 IA Marks 20

Number of Lecture | 04 Exam Marks 80

Hrs./Week

Total number of 50 Exam Hours 03

lecture hours

CREDITS 04

Course objectives:

To learn the fundamental concepts of bioprocessergng;

To learn and understand fluid flow process, mixangcess and mass transport;
To apply the concepts of fluid flow, mixing andifdtion to industrial operations;
To understand and design measurement & contrdegies for these operations.

REVISED

TEACHING | BLOOM'S
HOURS TAXONOMY

(RBT) LEVEL

MODULES

MODULE -1

INTRODUCTION

Introduction to bioprocess engineering, Balances:
elemental balances, material balance (steady|and
unsteady) and heat balance, Energy balancing for
bioreactors. Yield: The yield values for anaerokiq
aerobic systems. Mass and energy yield coefficients
overall yield for microorganisms

10 L1,L2,L3

MODULE -2




FLUID FLOW AND MIXING

Fluid statics: Pressure at a point and measurement,
osmotic pressure. Viscosity and its measurements:
Newton’s laws of viscosity, Newtonian and non

Newtonian fluids (NF & NNF), Rheology of
fermentation broth. 10 L1,L2,L3,L4
Fluid Flow: types of fluid flow, laminar, turbulent

flow. Bernoulli equation. Flow measuring devices:
Variable head & area meters, wheel flow me
Hydrodynamic boundary layer, boundary layer shear
force.

MODULE -3

MASS TRANSFER

Diffusion: Types of diffusion, Fick’'s law, Role of
diffusion in bioprocessing, L-L, L-S and G-L mgss
transfer. Aeration: Oxygen uptake in cell culture, 10 L1,L2,L4,L5
Gassed fluid, Ka and its measurement, oxygen
supply and demand, sparger, aeration number, ppwer
requirement, bubble shear.

MODULE -4

UNIT OPERATIONS
Filtration: Filter aids, filtration theory. Centufation:
centrifugation theory. Mixing: Mechanisms [of

mixing. Flow pattern: radial and axial flow impelle 10 LLL2L4Ls
mixing theory, mixing time, effectiveness of mixing
and power requirement.
MODULE -5
BIOPROCESS CONTROL
Concept of bioprocess control, Elements of feedback
controller, types of controller action, advanged
10 L2,L3,L5

control strategies, controller tuning, online affidiree
measurements (P,T, pH, agitator speed, off |gas
analysis).

Course outcomes At the end of this course, student will be able to:

» Demonstrate the concepts of fluid flow, mass transhixing and filtration for industria
application.

» Identify rheological behavior and diffusion phenaraef fermentation broth.

* Apply mass transfer concepts to design aeratioragitdtion of fermentation process.

» Demonstrate knowledge of filtration and mixing pss in industrial operation.

» Develop control strategies for bioprocess operation

Graduate Attributes ( as per NBA)

Problem Analysis

Design / Development of Solutions

Conduct investigations of Complex Computing Proide
Modern Tool Usage




Question Paper Pattern:

* The question paper will have ten questions.

» Each full question consists of 16 marks

* There will be 2 full questions (with a maximum of dur sub questions) from each
module.

» Each full question will have sub questions coveringll the topics under a module.

* The students will have to answer 5 full questionselecting one full question from
each module.

TEXT BOOKS
1. Pauline M. Doran, “Bioprocess Engineering Princplécademic Press"2Ed., 2012.

2. Stanbury, Vitaker and Hall, “Principles of Fermditta Technology, Butterworth
Heinemann, %' Ed., 1999.

REFERENCE BOOKS
1. Shuler and Kargi, “Bioprocess Engineering”, PHf Bd., 2001.

2. Brian McNeil and Linda Harvey (Ed), “Practical Feantation Technology”, Wiley,

2008.

3. David Himmelblau, “Basic principles and Calculasonn Chemical Engineering],

Prentice Hall. 8 Ed, 1996.

4. Donald R. Coughanowr, Lowell B. Koppel, “Processteyns analysis and contro
MGH, 2" Ed., 1991.

5. Richardson and Coulson, “Chemical Engineering”,Weé 1, Butterworth Heineman
6" Ed., 1999.

>

INSTRUMENTAL METHODS OF ANALYSIS

Subject Code 161BT151 IA Marks 20
Number of Lecture | 03 Exam Marks 80

Hrs./Week

Total number of 40 Exam Hours 03

lecture hours

CREDITS 03

Course objectives :

To learn fundamentals of analytical methods;

To understand various components of instrumentaystem used in analysis;

To learn the concepts and applications of speatpscchromatographic and electrophore
techniques used for analysis of biomolecules;

To understand working principle and instrumentasgstem of spectroscopic,
chromatographic and electrophoretic techniques

tic

REVISED
TEACHING | BLOOM'S

MODULES HOURS TAXONOMY

(RBT) LEVEL

MODULE -1

10



INTRODUCTION

Introduction to analytical methods, types
analytical methods, selection of analytical metl
(accuracy, precision, sensitivity, selectivity, 18¢3
time and cost).Measurement and error. Types
error, measurement of error and accuré
Electromagnetic radiation: Properties
electromagnetic radiation, interaction of radiat
with matter, Born — Oppenheimer approximation.

Sources of radiation: Continuous sources of |
visible and IR radiation (D2, Tungsten filame

Xenon arc lamps, Nernst glower, Globar sources).

Components of an analytical instrument, sig
amplifiers (Transistors, Operational Amplifiers
noise, signal to noise ratio, sources of noisenai
to noise improvement.

Sampling: types of samples, sample preparaf
sample size, sampling error, stock solutions, sar
dilution. Calibration methods: reagent blank, ¢
point calibration, linear calibration, standg
addition method, internal and external standard.
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L1,L2,L3

MODULE -2

ABSORPTION &
SPECTROSCOPY

Optical spectroscopy: Source, optical componeg
wavelength selector, sample holders, detectors.

UV-Visible spectroscopy: Theory (Beer — Lambe
law), chromophores and their characteris
absorption, theory of UV absorption (electro
transition — n to pi*, pi to pi*, sigma to sigma
Solvatochromism, Conjugated dienes — Woodw
Fieser rules), instrumentation (single and dol
beam), qualitative and quantitative analysis, s
and multiple component analysis, numeric

EMISSION

nts,

t's
5tic
Nic
e =

ard 08
ible

ngl

als.

Infrared spectroscopy: Theory, instrumentation,

gualitative analysis, FT-IR. Atomic absorpti
spectroscopy:  Theory, instrumentation &
applications. Fluorescence and Phosphoresc
spectroscopy:  Theory, instrumentation &
applications.

DN
and
ence
and

L1,L2,L4,L5

MODULE -3

RESONANCE &
SPECTROSCOPY

Nuclear magnetic resonance spectrometry: Th
(Larmor Equation), environmental effects on pNM
chemical shift, spin-spin splitting, application$
pPNMR, data interpretation.

SCATTERING

Bory
R, 08
0

Molecular mass spectrometry: Theory, methods

5 of

L3,L4,L5
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ionization (El, ESI, lon Spray, MALDI), mass
Quadrupole, TOF),

analyzers (Magnetic sector,
MALDI-TOF in protein analysis and applications.
Turbidimetry:  Theory,
applications. Introduction to ICP-MS, ICP-OES

instrumentation and

MODULE -4

CHROMATOGRAPHIC TECHNIQUES

Introduction to chromatographic separatio
classification. Basic principles and theory
chromatography (Plate theory, Rate theory —

ns,
of
van

Deemter equation), numericals. Gas chromatography 08

and HPLC: principle, instrumentation,
detector, mobile phase, sample
Application of chromatographic techniques.

column,
preparation.

L1,L2,L3

MODULE -5

ELECTROPHORETIC TECHINQUES

General principle, support media- Agarose
starch gel, agarose starch gel, polyacrylamide
Electrophoresis of protein: SDS-PAGE, native g
gradient gels, isoelectric focusing gels,
polyacrylamide gel electrophoresis, cellulose deg
electrophoresis. Detection, estimation and reco
of proteins in gels. Electrophoresis of nucleicdac
Capillary electrophoresis: Zeta potential, Elect
endo-osmotic flow, Instrumentation, detectg
Applications.

yel,

els,
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ta
very
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s,

L1,L2,L3,L4,L5

Course outcomes At the end of this course, student will be able to:

* Explain application of electromagnetic radiatiorbiomolecule analysis.
 Demonstrate fundamental concepts of analytical guores like sampling, samp
preparation, use of calibration of analytical mekhcand Identify suitable technique.

* Explain the fundamental concepts and applicatidrspectroscopic, chromatographic a

electrophoretic techniques.
 Understand working principle of
chromatography and electrophoresis.

instrumentation

teys  of

spectroscopy

* Apply concepts of spectroscopic, chromatographid afectrophoretic techniques
analyse biomolecules qualitatively and quantitdgive

le

nd

to

Graduate Attributes ( as per NBA)
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Question Paper Pattern:

* The question paper will have ten questions.

» Each full question consists of 16 marks

* There will be 2 full questions (with a maximum of dur sub questions) from each
module.

» Each full question will have sub questions coveringll the topics under a module.

* The students will have to answer 5 full questionselecting one full question from
each module.

TEXT BOOKS

1. Willard and Merit, “Instrumental Methods of Analgsi CSS Publishers, 1986.

2. Douglas A. Skoog, F. James Holler and Timothy AeriNan, “Principles of Instrument
Analysis”, Harcourt Brace College Publisher$,Ex., 1998.

3. R.M. Silverstein and W.P. Webster,Spectrometric Identification of Organ
Compounds’Wiley & Sons, ¥ Ed., 2005.

4. Chatwal & Anand,” Instrumental Methods of Chemical Analysidimalaya Publishing
House, § Ed., 2013.

5. K. Wilson and J. Walker, “Principles and Techniquefs Practical Biochemistry”
Cambridge University Press, 1994.

6. S. Ahuja & N. Jespersen, “Modern Instrumental Asey Elsevier, 2006

7. David Harvey, “Modern Analytical Chemistry”, MGH'Ed., 2000.

8. B. Sivasankar, “Instrumental Methods of Analysi®%ford University Press, 2012.

BIOPROCESS MODELING AND AUTOMATION

Subject Code 161BT152 IA Marks 20

Number of Lecture | 03 Exam Marks 80

Hrs./Week

Total number of 40 Exam Hours 03

lecture hours

CREDITS 03

Course objectives :

To learn the concepts and need for process modafidgimulation.

To apply the concepts of modeling to linear andlinear bioprocesses.

To apply the modeling principles to systems gemggairdinary and partial differential
model equations.

To understand principle of stochastic modeling.

To use and apply software tools for simulation ofdel equations.

REVISED

TEACHING BLOOM'S
MODULES HOURS TAXONOMY
(RBT) LEVEL

MODULE -1

ic

)

13



PRINCIPLES OF MODELING

Concept of modeling and simulation, general asp
of modeling, dependent and independent variak
classification of models. Material and ener
balance equations, constitutive equations, ger
strategy of modeling, Solution strategies @
simulation. Measurements, errors and accur
Modeling of simple systems.

ects
nles,
gy
eral
and
acy.

08

L1,L2,L3

MODULE -2

LINEAR AND NON LINEAR EQUATIONS

Elemental balances and degrees of reduc
extractor, absorber. Models of enzyme kine
(Michaelis-Menten), growth kinetics (Monod) a
product formation Kkinetics. Receptor-liga
dynamics, RT-PCR modeling. Numerical solutig
to linear and nonlinear algebraic equations.

tion,
tics
nd
nd
NS

08

L1,L2 L3 L4

MODULE -3

ORDINARY DIFFERENTIAL EQUATIONS

Models of predator-prey, commensalism &
mutualism, Structured kinetic mode
pharmacokinetic models. Bioreactors model
(MFR and PFR with linear and nonlinear kinetig
models of heat transfer and mass transfer
bioreactor. Numerical solutions to ODEs.

and
S,

ing
s),

08

L1,L2,L3

MODULE -4

PARTIAL DIFFERENTIAL EQUATIONS &
STOCHASTIC MODELING

Kinetics of immobilized system with internal ma
transfer, diffusion across biological membran
fluid flow in physiological vessel (blood flow
numerical solutions to PDEs. Principles of stodka
modeling, age distribution of microbial cel
budding of yeast cells.

SS
€s,
st
S,

08

L1,L3,L4,L5

MODULE -5

MODEL SIMULATION

MATLAB: Basic commands, plotting tools, matric
and operation, flow control, solving linear, noelan
equations, ODEs, PDE toolbox, SIMULINK. Use
MATLAB to solve problems formulated in Unit 1 1
Unit 4

eS

of

08

L1,L2,L3

Course outcomes At the end of this course, student will be able to:
» Understand the concepts and need for process mgaeid simulation.

» Apply the concepts of modeling to linear and nogdinbioprocesses.
* Apply the modeling principles to systems generatondinary and partial differentia

model equations.
» Describe principle of stochastic modeling.

A
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* Use and Apply software tools for simulation of mbelguations.

Graduate Attributes ( as per NBA)

Computational knowledge

Problem Analysis

Design / Development of Solutions

Conduct investigations of Complex Computing Protdem
Modern Tool Usage

Question Paper Pattern:
* The question paper will have ten questions.
» Each full question consists of 16 marks
* There will be 2 full questions (with a maximum of dur sub questions) from each
module.

» Each full question will have sub questions coveringll the topics under a module.
» The students will have to answer 5 full questionselecting one full question from
each module.

TEXT BOOKS
1. 1.J. Dunn, E. Heinzle, J. Ingham and J.E. Pren®Biblogical Reaction Engineering,

Wiley-VCH, 2" Ed., 2003.
2. Stanley M. Dunn, Alkis Constantinides and Prabha$/gghe, “Numerical Methods in
Biomedical Engineering”, Academic Press, 2006.
3. W. Fred Ramirez, “Computational Methods in Proc8&sulation”, Elsevier, % Ed,
1998.

REFERENCE BOOKS
4. Ashim K. Datta, “Biological and Bioenvironmental &eand Mass Transfer”, Marcgl

Deccer Inc., 2002.
5. Jens Nielsen, John Villadsen and Gunnar Liden, r&otion Engineering Principles’
Plenum Publishers"2Ed., 1994.
6. Pauline M. Doran, “Bioprocess Engineering Principlécademic Press"2Ed., 2012.

MICROBIAL BIOTECHNOLOGY

Subject Code 161BT153 IA Marks 20
Number of Lecture | 03 Exam Marks 80
Hrs./Week

Total number of 40 Exam Hours 03
lecture hours

CREDITS 03

Course objectives :

» This course on microbial biotechnology has the maipective to learn the various
aspects of industrial applications of microbiologyom the basics of microbiology
the Course is oriented towards the industriallyongnt product development. The
topics cover most of the applications of microbgyldike enzyme production,
bioremediation, protein production, bioleaching.

REVISED
MODULES TEF’?OCJ'I'Q'\S'G BLOOM'S
TAXONOMY
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(RBT) LEVEL

MODULE -1

INTRODUCTION
Study of Prokaryotes & Eukaryotes, Classification
and Identification of Microorganisms: Phenotypic
and Genotypic

08 L1,L2,L3

MODULE -2

FUNGAL BIOTECHNOLOGY

Classification and Identification of fungi, (Barhet
manual reference). Industrial applications of fung
Fungal diseases

08 L1L2L3

MODULE -3

MICROBIAL PROTEINS
Introduction of DNA to Bacteria: By
Transformation, Conjugation, Transduction and
Injection of bacteriophage DNAwicrobial enzymes; 08 L1,L3,L4
Strain selection and development, fermentation
process and composition of the medium, large Scale
application of microbial enzymes

MODULE - 4

STRAIN IMPROVEMENT OF INDUSTRIAL

MICROBES

Mutation methods: chemical and physical, selection 08 L2 L4.L5.L6
of induced mutants, isolation of auxotropic mutants o
isolation of resistant mutants, protoplast fusion

technique, recombinant DNA technique.

MODULE -5

STRAIN IMPROVEMENT OF INDUSTRIAL

MICROBES

Mutation methods: chemical and physical, selectipn

of induced mutants, isolation of auxotropic mutants 08 L1L2L3L4L5

isolation of resistant mutants, protoplast fusion
technique, recombinant DNA technique.

Course outcomes At the end of this course student will be able to

1. Recall the identification of microbes based phepiatgnd genotypic characteristics.
2. Explain the uses of fungal strains in industrigblagations.

3. Apply the concepts of microbial technology to vasdields of bioprocessing.

4. Appraise the production of microbial enzymes frasing native and engineered strains.

Graduate Attributes ( as per NBA)

Computational knowledge

Problem Analysis

Design / Development of Solutions

Conduct investigations of Complex Computing Proide
Modern Tool Usage

Innovation and Entrepreneurship

16



Question Paper Pattern:

* The question paper will have ten questions.
Each full question consists of 16 marks
There will be 2 full questions (with a maximum of édur sub questions) from each
module.
Each full question will have sub questions coveringll the topics under a module.
The students will have to answer 5 full questionselecting one full question from
each module.

TEXT BOOKS
1. Paule Prave, Uwe Faust, Wolfgang Sitting and Diét&ukatschFundamentals of

Biotechnology, Wiley-Blackwell, 1987.

2. P.F. Stanbury and A. WhitakePrinciples of Fermentation Technology, Pergamon
Press, 1984.

3. Alexander N. Glazer, Hiroshi NikaiddJicrobial Biotechnology: Fundamentals of
Applied Microbiology, 2YEd., Cambridge University Press, 2007.

REFERENCE BOOKS
1. Bernard Davis & Renato Dulbeccdicrobiology, 4" Ed., Lippincott Company

Philadelphia, 1990.

2. SJ Prit,Principle of Microbe & Cell Cultivation, Blackwell Scientific Co, 1975.

BIOREACTION ENGINEERING

Subject Code 161BT154 IA Marks 20
Number of Lecture | 03 Exam Marks 80

Hrs./Week

Total number of 40 Exam Hours 03

lecture hours

Course objectives :

* To learn kinetics of enzymatic reactions and toausthnd enzyme substrate model
of enzyme reactions;

* To analyse the effects of parameters affecting meziinetics and to identify and
formulate methods to evaluate enzyme kinetics mdgeneous and heterogeneous
systems;

* To analyse mass transfer effects on enzyme kinatid€o know the technologies of
production of industrial enzymes;

* To learn and understand methods of protein putibodor applications at higher

concentrations.
REVISED
MODULES TEFfOCSF'Q'\éG BLOOM'S
TAXONOMY

17



(RBT) LEVEL

MODULE -1

BIOLOGICAL KINETICS
Enzyme nomenclature and enzyme classification,
energy potentials of enzyme (Stern layers). Tyges o
reaction, elementary and non elementary reaction,
molecularity and order of reaction, The enzyme-
substrate complex and enzyme action, simple
enzyme Kkinetics with one and two substrate.
Derivation of Michaelis-Menten kinetics, Briggs-
Haldane approach, Monod equation. Double
Michaelis—Menten kinetics, allosteric kinetics,esftf

of temperature and Ph on enzyme kinetics. Substrate
and product inhibition of growth. Substrate uptake
kinetics. Interacting microorganisms

08

L1,L2,L3

MODULE -2

ENZYME REACTION IN HOMOGENEOUS
SYSTEMS

Basic reaction theory, reaction thermodynamics,
Reaction rate & kinetics: first, second and zembeor
reaction. Estimation of reaction rate: integral| &
differential method. Enzyme kinetics: Michaells-
Menten Kinetics Enzyme immobilization kinetigs,
enzyme deactivation kinetics, Mass transfer
limitations. Enzyme inhibition kinetics (substrate,
product, inhibitor), Competitive, Noncompetitive
and Mixed Inhibition kinetics.

08

L1,L2,L3

MODULE -3

ENZYME REACTION IN HETEROGENEOUS
SYSTEMS

Catalyst immobilization, substrate concentration
profile in an immobilized biocatalyst particl
Steady state shell balance. Zero, first order ard M
kinetics. Concentration profile in other geometry.
Dimensionless parameters from diffusion reaction
model. Effect of internal and external mass transfe
Effect of Mass-Transfer Resistance

08

L1,L3,L4

MODULE -4

INDUSTRIAL ENZYMES & APPLICATIONS

Enzyme engineered for new reactions-novel catalyst
for organic synthesis. Case studies: thermozymes
cold adopted enzymes. Ribozymes, hybrid enzymes,
diagnostic enzymes, therapeutic, inteins. enzymes o
industrial importance (amylase, glucose isomergse,
cellulose, lipase, protease, xylanase, invertase,
peroxidases).

08

L2,L3,L4,L5

MODULE -5
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ENZYME PURIFICATION
Separation of insolubles: filtration, centrifugatio
Extraction and purification of solubles: Ultra
filtration, high performance tangential flow
filtration, Liquid liquid extraction (ATPS). Recore
and purification of intracellular products: cell
disruption, chromatographic techniques. Analytical
assays of purity level of enzymes.

08 L3,L4,L5

Course outcomes At the end of this course, student will be abte to

* Explain enzyme substrate models and kinetics ojraezreaction.

* Demonstrate effects of process parameters on enmsawgons.

» Formulate evaluation methods for kinetic paramdm@mréiomogeneous and heterogene
enzyme reactions.

* Analyse mass transfer effects involved in immobilizZnzyme systems.

* Explain production of industrial enzymes.

» Describe protein enrichment or purification methods

ous

Graduate Attributes ( as per NBA)

Computational knowledge

Problem Analysis

Design / Development of Solutions

Conduct investigations of Complex Computing Proise
Modern Tool Usage

Project Management and Finance

Innovation and Entrepreneurship

Question Paper Pattern:
* The question paper will have ten questions.
» Each full question consists of 16 marks
* There will be 2 full questions (with a maximum of éur sub questions) from each
module.

» Each full question will have sub questions coveringll the topics under a module.

» The students will have to answer 5 full questionselecting one full question from
each module.

TEXT BOOKS
1. Pauline M. Doran, “Bioprocess Engineering Princplécademic Press,"2Ed., 2012.

2. El-Mansi (Ed.), “Fermentation Microbiology and Béshnology”, CRC Press %3Ed.,
2011.

REFERENCE BOOKS
1. Ashok Pandey et al., “Enzyme Technolog$pringer Publisher, 2006.

2. Nielsen et al., “Bioreaction Engineering PrincipleRlenum Publishers"2Ed., 2002.
3. Mohammed A. Desai (Ed.), “Downstream Processing Pobteins: Methods an
Protocols”, Humana Press, 2000.
4. Satinder Ahuja, “Handbook of Bioseparations”, VoliZzademic Press™Ed., 2000.
5. Devasena, T. “Enzymology”, Oxford University Pre2812.
Marangoni, “Enzyme kinetics: A modern approach”]a¥ilndia 2012
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FERMENTATION TECHNOLOGY & MOLECULAR BIOLOGY LAB

Subject Code 16IBTL16 IA Marks 20
No. of Lab Hrs./ 03 Exam Marks 80
Week :
Exam Hours 03
CREDITS 02

Course objectives :

To learn the methods involved in preparation of medfor microbial and plant cell culture
To understand methods of medium design and reduofitag phase.

To gain hands on experience in plant tissue cullntemolecular biology techniques.

REVISED
. BLOOM'S
SI.LNO Experiment TAXONOMY
(RBT) LEVEL

1 Preparation of inoculums and aseptic inoculum fearnato L3

media.

Preparation of medium for microbial culture, Media

RSP : L4

optimization using RSM.
3 Study of growth kinetics using different carbon is@s. L3

Strategy to reduce lag phase.

Case Inoculum media Production media
a. Same composition Same composition L3
4 b. Different Composition  Different composition
[Compare growth curve of case 1 & 2 using same
microorganism]

5 Production of callus, preparation of media and sasion L3

culture.
6 Secondary metabolite production using suspensitiareu L4
- Plasmid Isolation by Mini Prep Method. L3
8 Restriction Digestion and Restriction Mapping Taqgoe. L4
9 PCR Technique and the Use of Gel-Doc System. L3
10 Salt Extraction and Estimation of High Quality Gemnio L3

DNA obtained from Plant Source.
11 Small-Scale Extraction and Estimation of RNA obégin L3

from Plant Source.
12 Western blotting technique. L3

Course outcomes:

At the end of the course the graduates should leetab

* Prepare and develop inoculum for industrial ferragan.

* Design medium for optimal fermentation and redagederiod.
» Design and Perform experiments on plant tissueicult

» Design and Perform molecular biology experiments.

Graduate Attributes ( as per NBA)
Computational knowledge
Problem Analysis

Design / Development of Solutions

20




Societal and Environmental Concern

Individual and Team Work

Innovation and Entrepreneurship

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddmactical examination.
2. Students are allowed to pick one experiment fiioenot.

3. Strictly follow the instructions as printed dretcover page of answer script for breakup

marks.

4. Change of experiment is allowed only once arb Marks allotted to the procedure par

to be made zero.

t

| SEMESTER

FOOD PROCESS ENGINEERING

Subject Code 16I1BT21 IA Marks 20
Number of Lecture
Hrs /Week 04 Exam Marks 80
Total number of 50 Exarm Hours 03
lecture hours

CREDITS: 04

Course objectives :

* To learn methods involved food processing;
» To understand and apply drying method in food pgsice) operations;

* To study the food conversion methods and descgbh@ments required;
* To apply method of cooling for food processing aneservation;

* To analyze and investigate properties of food, iuaf food and design various fog

processing operations through experiments.

MODULES

TEACHING
HOURS

REVISED
BLOOM'S

TAXONOMY
(RBT) LEVEL

MODULE -1

FOOD PROCESSING METHODS -Scope and
importance of food processing; Properties of food-
Physical, thermal, mechanical, sensory. Raw
material preparation- Cleaning, sorting, grading,
peeling.

Processing methods: Heating- Blanching and
Pasteurization. Freezing- Dehydration- canning-
additives-  fermentation-  extrusion  cooking-

hydrostatic pressure cooking- dielectric heating-
micro wave processing and aseptic processing —
Infra red radiation processing- Concepts and
equipment used.

10

L1, L2

MODULE -2
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DRYING -Moisture content- definition, methods
determination- direct and indirect metho

of
0s.

Equilibrium moisture content- Hysteresis effect-

Psychrometry- properties of air, water- vap
mixer, problems in psychrometry. Dryin
mechanisms-constant rate period and falling
period- methods and equipment used- fac
affecting rate of drying.

DUr
g_
rate
tors

10

L3, L4

MODULE -3

FOOD CONVERSION OPERATION -Size
reduction- Fibrous foods, dry foods and liquid feo

Theory and equipments- membrane separation-

filtration- equipment and application

10

L3, L4, LS

MODULE -4

FOOD PRESERVATION BY COOLING-

Refrigeration, Freezing-Theory, freezing time

calculation, methods of freezing, freezi

ng

equipments, freeze drying, freeze concentration,
thawing, effect of low temperature on food. Water

activity, methods to control water activity

10

L4,L5

MODULE -5

FOOD ADULTARTION & LAWS - Intentional
and unintentional: Preservatives, antioxida
sweeteners, flavours, colours, vitamins, stabiiz

nts,
er

Indirect additives: organic residues, inorganic

residues and contaminants.

FSSAI, Essential Commodities Act, BIS, Codex

Alimentarius, PRP, GAP, GRAS, SSOP, HACCP

10

L2, L3

Course outcomes: After going through this course # student will be able to:

* Understand the need for food processing.

* Apply drying methods, heat transfer methods fodfpoocessing applications.
» Describe food conversion methods and equipmentsrest
» Analyse properties of food and their quality befarel after processing steps.

» Design food processing operations.

Graduate Attributes ( as per NBA)
* Problem Analysis

» Design / Development of Solutions

* Professional Ethics

* Life-long Learning

* Project Management and Finance

» Societal and Environmental Concern
* Innovation and Entrepreneurship

Question Paper Pattern:

The question paper will have ten questions.
» Each full question consists of 16 marks.

* There will be 2 full questions (with a maximum afuf sub questions) fror

each module.

» Each full question will have sub questions coveralgthe topics under

module.

3

D
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=]

* The students will have to answer 5 full questi@®ecting one full questio
from each module.

TEXT BOOKS
1. R. Paul Singh., “Introduction to Food Engineeringtademic Press/BEd., 2004.

2. P. Fellows, “Food Processing Technology: Principlasd practice”. Woodhead
Publishing Ltd., Cambrideg"2Ed., 2005.

REFERENCE BOOKS
1. Dennis,R.H. , “Food Process Engineeringtademic Publishing and Press, King Saud

University, 1981.

2. Rao, M.A. and Rizvi, and Ashim K. Datta “EnginegyiRroperties of Foods”, CRC Pre
2010.

3. Singh, R. Paul and D.R. Heldman, “Introduction tm& Engineering”Academic Presg/
Elsevier, 4' Ed., 2009.

U
v

4. Gopala Rao, Chandra, “Essentials of Food Procegmé&gring’, B.S. Publications, 2006.
5. Toledo, Romeo T., “Fundamentals of Food ProcessnErgng’, Springer, & Ed.,2007.
6. Smith, P.G., “Introduction to Food Process Engimegr Springer, 2004.
7. Berk, Zeki, “Food Process Engineering and Technglogcademic Press / Elsevier,
2009.
FERMENTATION TECHNOLOGY I
Subject Code 161BT22 IA Marks 20
Number of Lecture
Hrs /Week 04 Exam Marks 80
Total number of 50 Exam Hours 03
lecture hours
CREDITS: 04

Course objectives :
* To understand the importance of downstream op&&tio a fermentation industry

and to obtain a purified marketable product.

* To apply the knowledge of purification techniques femoval of insoluble materials
and for mass transfer operations in product ismati

* To describe the method of chromatography in progueification and to apply th
concept of crystallization to product enrichment.

» To apply the knowledge of downstream processinigriigeies to fermentation process
and evaluate fermentation products by conductimgements.

[$2)

REVISED

TEACHING | BLOOM'S
MODULES HOURS TAXONOMY
(RBT) LEVEL

MODULE -1
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OVERVIEW OF DOWNSTREAM
OPERATIONS- Role and importance of
downstream  processing in  biotechnological

processes. Problems and requirements of biopraoduct
purification. Process economy: Economics & Cost

cutting strategies, process design criteria forouer
classes of bioproducts (high volume, low value
products and low volume, high value products),
Process overview: General account of downstream
processing steps: removal of insoluble’s, cell
disruption, isolation, product purification and
product formulation, Quality analysis: Analysis |of

product purity: Chromatography, electrophoresis gnd
spectroscopy.

10 L1, L2

MODULE -2

REMOVAL OF INSOLUBLES -Filtration: Bead or
depth filters, plate and frame filter, pressuref lea
filter, continuous rotary drum filters, filter medand
filler  aids. Microfiltration. Centrifugation(
Flocculation and sedimentation, simple and ultra 10 L3, L4
centrifugation, density gradient centrifugatiddell
types: Bacteria, fungal mycelia, plant cell and
animal cell, cell disruption: Mechanical and non-
mechanical disruption

MODULE -3

ISOLATION - Extraction: Liquid-liquid extraction,
agueous two-phase extraction, and supercritical flu
extraction, Adsorption: The chemistry of adsorptipn 10 L1, L2, L3
batch adsorption, adsorption in continuous stifred
tank, fixed bed, distillation, evaporation.

MODULE -4

PRODUCT PURIFICATION - Chromatography
Adsorbent, yield and purity, discrete stage analysi
kinetics analysis. Precipitation: With non solvent,
with  salt, with temperature, large scale
precipitations. Ultra filtration: Basic ideas,
equipment. Electrophoresis.

10 L3,L4,L5

MODULE -5

POLISHING- Crystallization: Theory — nucleation,
crystal growth; mixed product removal crystallizer
with mixed suspension. Crystallization processes,
Drying: drying curve, tray dryer, flash dryer, fees
drying — principle and process, freezing, primang a
secondary drying, application. Downstream 10 L2, L3
processing for the following products: Antibiotigs,
organic acids, vitamins, insulin. ancillary opevas:
Water quality, solvent recovery, waste disposal.
Case studies Ethanol, Vinegar, Beer, Win¢
Antibiotics

D
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Course outcomes: After going through this course # student will be able to:
* Demonstrate the importance of downstream operatroagermentation industry.

» Apply the knowledge of purification techniques femoval of insoluble materials.

» Describe and apply the knowledge of mass trangberations in fermentation produ
isolation.

» Describe the method of chromatography in produdfipation.

» Demonstrate and apply concept of crystallizatioprmduct enrichment.

* Apply and design experimental procedures to profegssentation products.

Graduate Attributes ( as per NBA)
Computational knowledge

Problem Analysis

Design / Development of Solutions
Societal and Environmental Concern
Individual and Team Work
Innovation and Entrepreneurship

Question Paper Pattern:

The question paper will have ten questions.

» Each full question consists of 16 marks.

* There will be 2 full questions (with a maximum oiuf sub questions) from ea
module.

» Each full question will have sub questions coveatighe topics under a module,

» The students will have to answer 5 full questi@®ecting one full question frot
each module.

TEXT BOOKS

1. Paul A. Belter, “Bioseparations: Downstream progesdor Biotechnology”. Wiley
Interscience, 31 Ed., 1988.

2. Roger Harrison et al., “Bioseparation Science angieering”, Oxford Uni. Press, 200

REFERENCE BOOKS
1. Jenkins R.O. (Ed.). “Product Recovery in Bioprocésshnology” - BIOTOL Serieg

Butterworth Heinemann, 1992.

2. Ghasem D. Nazafpour, “Biochemical Engineering aimte®hnology”, Elsevier, L Ed.,
2007.

3. N. Krishna Prasad, “Downstream Process TechnologyA—-New Horizon in
Biotechnology”, £ Ed., PHI, 2010.

QUALITY, SAFETY & PROJECT MANAGEMENT

Subject Code 16I1BT23 IA Marks 20
Number of Lecture
Hrs /Week 04 Exam Marks 80
Total number of 50 Exam Hours 03
lecture hours

CREDITS: 04
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Course objectives :

* To understand the importance and principles ofiuebntrol in process industry.
» To describe good manufacturing practices and téyappIP procedures for QC in

pharmaceutical and process industries.

* To know the treatment and disposal methods in gooelustry.

* To apply GLP to laboratories, field studies, inwistudies and to apply safety
measures and regulatory affairs in implementing @Gh& GMP.
» To learn concepts of project management and appiy to process industry

MODULES

TEACHING
HOURS

REVISED
BLOOM'S
TAXONOMY
(RBT) LEVEL

MODULE -1

PRINCIPLES OF QUALITY CONTROL-
Regulation, standards and guidelines of GMP
GLP, basic terminology and validation overvie

&
W,

validation master plan, scope, documentation format
elements of qualification, numbering system, risk-
based assessment, revalidation and its applications
Quality benchmarking, details of international

standards (ISO, GMP, GLP, TGM, VAN and IS

),

its need and fact sheet evaluation. Role of quality
audit and quality circle in quality assurance;

measurement of quality, information and decis
ma king or utilization of data. Quality operatioits,
inspection and test used for it. Human resource
training for quality.

ion

10

and

L1, L2

MODULE -2

GMP (Good manufacture practice- Basic

components of GMP Facilities, design, materials,

flow, environment control, prevention of crg
contamination. Quality, concept of GMP, qual
assurance & quality control. Legal requireme
pertaining to GMP. Regulatory considerations
application of encapsulated cell therapies: GMP

SS

ity

nts
in
on

cell-based therapies, FDA regulations of human

tissues and products. Treatment of diabetes

intravascular  designs,  biocompatibility
microcapsule composition.

d

10

with
encapsulated islets: Concepts of encapsulaFon
a

L3, L4

MODULE -3

GLP (Good Laboratory Practices- principles;
commodities; apparatus; reagents and materials;
control; cryogenic safety - general precautig
storage; test systems; standard protocols; qu
assurance; Laboratory signage - biosafety le
treatment and disposal —sharps, cultures, stockb
ware; Biotoxin and pathological waste — fix
tissues & bedding; storage and retention of recor
Implementation of GLP: Implementation as

Project, stepwise implementation of G

ns;

vel;
2 |
ed
s
a
| P

pes

ality

10

L3, L4
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requirements. Quality assurance and LP
compliance of laboratory suppliers with GLP
Principles, The application of the GLP Principleg t
field studies, The role and responsibilities of the
study director in GLP Studies, The applicationrad t
principles of GLP to in-vitro studies, Establishrhén
and control of archives that operate in compliance
with the principles of GL.

MODULE -4

SAFETY AND REGULATIONS -The GM-food
debate and biosafety assessment procedures for
biotech foods & related products, includipng
transgenic food crops, case studies of relevance.
Environmental aspects of biotech applications. Use

of genetically modified organisms and their relegse

in environment. Biosafety assessment procedures in 10
India and abroad. International dimensions]| in
biosafety: bioterrorism and convention on biologica
weapons. Biosafety regulations and national @and
international guidelines with regard to rDNA
technology, transgenic science. Experimental
protocol approvals, levels of containment

L3,L4

MODULE -5

PROJECT MANAGEMENT - Project planning +
scope — problem statement — project goals —

objectives — success criteria — assumptions — HS
obstacles — approval process — projects and sita
planning

Project implementation — project resou

ks
teg

[CE

requirements — types of resources — men —materials
— finance. Project monitoring — evaluation — cohtro

— project network technique —planning 1
monitoring and evaluation — project audits — proj

or

ec 10

management information system — project

scheduling — PERT & CPM —project communicat

on

— post project reviews - Closing the project — g/pe

of project termination — strategic implications
project in trouble — termination strategies
evaluation of termination possibilities — termiat
procedures Project management — definitions
overview — project plan — management princig
applied to project management — proj
management life cycles and uncertainty

es
ect

L2, L3

Course outcomes: After going through this course th student will be able to:

* Demonstrate importance of GMP and GLP in procedssiny.

* Demonstrate safety measures and guidelines to mgrieGMP and GLP in industry.

» Demonstrate fundamental concepts of project

managem

* Apply GMP and GLP protocols to process industry.
* Design and apply GMP and GLP protocols to laborasofield studies, in-vitro studies.

* Apply principles of project management to pharmécabindustry.
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Graduate Attributes ( as per NBA)
Problem Analysis

Modern Tool Usage

Professional Ethics

Life-long Learning

Project Management and Finance
Societal and Environmental Concern
Innovation and Entrepreneurship

Question Paper Pattern:
The question paper will have ten questions.
» Each full question consists of 16 marks.
* There will be 2 full questions (with a maximum @iuf sub questions) from ea
module.
» Each full question will have sub questions coveatighe topics under a module,

* The students will have to answer 5 full questi@®decting one full question from

each module.

TEXT / REFERENCE BOOKS
1. Mindy J. Allport-Settle. “Current Good ManufactuginPractices: Pharmaceutic

Biologics, and Medical Device Regulations and Goada Documents Concise

Reference”, CreateSpace, 2009.
2. Erik Kopp. “Pharmaceutical Good Manufacturing Piges / DRUG GMPs plu
Electronic Records; Electronic Signatures ReguisfioEK Publications, LEd., 2010.

al,

[72)

REFERENCE BOOKS

1. Carol DeSain. “Documentation Basics That SupporbdGManufacturing Practices and

Quality System Regulations” Tamarack Associate<; L 2004.

2. Graham Bunn, Joseph D. Nally. “Good ManufacturimgcBces for Pharmaceuticals”,

Informa Healthcare,'6Ed., 2006.

BIOREACTOR DESIGN AND ANALYSIS

Subject Code 161BT24 IA Marks 20
Number of Lecture
Hrs /Week 04 Exam Marks 80
Total number of 50 Exam Hours 03
lecture hours

CREDITS: 04

Course objectives :

* To understand and describe operation of diffengmeg of bioreactors used in
fermentation and bioprocess industry.

* To learn the concepts of reaction engineering plas and apply them to
bioreactors.

* To study and evaluate non-ideal behavior of bidarac

* To design bioreactor based on thumb rules.

» To apply the computational analysis methods foluatang dynamics of bioreactor.
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REVISED
BLOOM'S
TAXONOMY
(RBT) LEVEL

TEACHING

MODULES HOURS

MODULE -1

BIOREACTOR AND ITS OPERATION - Purpose
and importance, basic requirements for operat
classification - SLF, SSF, animal, pla
sterilization, immobilized, seed reactor. Operadio
modes of bioreactor: batch, semi-batch/fed-ba
continuous. Bioreactors: Fermenter, packed

reactor, airlift reactor, hollow fibre reactor, otar
for plant cells and mammalian cell culture, S
reactor

ion;

nt,

n

tch, 10
bed

SF

L1, L2, L3

MODULE -2

BIOCHEMICAL ASPECTS OF BIOREACTOR

DESIGN -Performance of batch reactor — with @
growth and product formation. Performance
continuous reactors — Chemostat, turbidos
dilution rate and washout. Performance of PFR,
recycle bioreactor. Combination of bioreactor
multistage chemostat, multistage combinatig
Performance of semi-batch or fed batch react
Performance of immobilized enzyme reactors.

ell

of

stat,

and 10
ns.

ors.

L3, L4, LS

MODULE -3

NONIDEALITY IN BIOREACTOR - Zero, | and
[l order models. Prediction of conversion in ng

bn-

ideal chemostat. Transient behavior in bioreactors. 10

Stability analysis of bioreactors: Phase — pl
analysis, bifurcation analysis

ane

L3, L4

MODULE -4

DESIGN ASPECTS OF A BIOREACTOR -
Mechanical design aspects of a fermenter (To
Packed bed, Air lift only): L/D ratio, Effect g
rheology on fermenter operation, agitati
requirement (shaft/other means, calculatio
aeration requirement (nozzle design). Mix
pattern in fermenter, back mixing in tow
fermenter, heat requirements in fermenter. Ase

wer,

ns), 10
ng

er

ptic

measures and sterilization requirements

L3,L4, L5

MODULE -5
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COMPUTATIONAL ANALYSIS OF
BIOREACTOR DYNAMICS AND SCALE UP -
Computational fluid dynamics (CFD) analysis
bioreactor — basic concepts, meshing meth
application to bioreactor dynamics analysis (mix

pattern, aeration pattern). Use of supervisoryrcbnt

and data Acquisition (SCADA) for ferment
control. Neural networks and stability analysis

of
ods,

ing

er
of

10

L2, L3, L4

bioreactor.
Bioreactor Scale up: Strategies and methods -
Similarity criteria, Hubbard method, method |of
Wang et al., Ettler's method. Dimensionlgss
numbers and scale up. Scale up based on aeration
and power requirement (Aeration and power
number)

Course outcomes: After going through this course # student will be able to:

Describe different types of bioreactors and thperation.

Apply reaction engineering principles to bioreastand evaluate their performance.
Describe non-ideality in bioreactors and evaluate-ideal parameters.

Design bioreactor based on thumb rules for fermemtaperation.

Apply computational techniques for dynamic analydibioreactors.

Graduate Attributes ( as per NBA)
Design / Development of Solutions
Project Management and Finance
Communication Efficiency
Innovation and Entrepreneurship

Question Paper Pattern:

The question paper will have ten questions.

» Each full question consists of 16 marks.

* There will be 2 full questions (with a maximum oiuf sub questions) from ea
module.

» Each full question will have sub questions coveatighe topics under a module,

» The students will have to answer 5 full questi@®ecting one full question frot
each module.

TEXT BOOKS
Tapobrata Panda, “Bioreactors — Analysis and Dé&sigviH, 2011.

Vogel and Todaro, “Fermentation and Biochemical iBegring Hand Book”, ¥ Ed.,
Standard Publishers and Distributors, 2005.

REFERENCE BOOKS
1.

w

Mukhopadhyay, “Process Biotechnology Fundamenta#’a Books Pvt. Ltd., % Ed.,
2004.

Dunn et al., “Biological Reaction Engineering”, \&§tVCH, 2" Ed., 2000.

Mukesh Doble et al., “Biotransformations and Biag@sses”, Marcel Decker Inc.2004.
Peppler and Periman, “Microbial Technology: Fermagoh Technology” Vol 2

Academic Press/Elsevier’“Ed., 2004.

INDUSTRIAL WASTE WATER TREATMENT
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Subject Code 16IBT251 IA Marks 20
Number of Lecture
Hrs /Week 03 Exam Marks 80
Total number of 40 Exam Hours 03
lecture hours

CREDITS: 03

Course objectives :

* To learn about water quality, types of waste watet their characterization, sampling

methods for analysis of parameters.

» To describe water quality standards and their irnpad to explain primary and

secondary treatment methods of waste wa

* To apply membrane filtration techniques and desitibn methods to purify waste
water, and to understand importance of reclamati@hreuse of waste water.

* Describe the methods of water reusage.

* To know various issues related to the performari¢eeatment plant and identify the

ter.

problems associated with them and to combat them

MODULES

TEACHING
HOURS

REVISED
BLOOM'S

TAXONOMY
(RBT) LEVEL

MODULE -1

WATER AND WASTE WATER
ENGINEERING AN OVERVIEW -Water quality,
Physical chemical and biological parameters

water, water quality standards, water quality iedi¢

Waste water: Terminology, impact of regulation
waste water engineering, health and environme
concern in waste water management, waste W

of

on

ntal

ater 08

characteristics and treatment methods, currenisstat

and future trends, waste water reclamation
reuse, biosolids and residual management.

Constituents of waste water, physical chemical
biological parameters of waste water, samp

and

and
ing

methods, waste water effluent standards, sewage

disposal methods

L1, L2, L3

MODULE -2

PRIMARY AND SECONDARY TREATMENT
OF WASTE WATER- Screens, oil traps, gr
chambers, coagulation, clariflocculation, oxidat
ponds and lagoons, Attached growth biolog
treatment Activated sludge process and
modifications, trickling filter, biological nitritation
and denitrification, anaerobic process, slu
disposal

it
on
cal

its 08

L3, L4, LS

MODULE -3

ADVANCED WASTE WATER TREATMENT-

Removal of dissolved organic, inorganic constitae

and biological constituents, Filtration: modelingda 08

backwashing for slow sand and rapid sand filt

adsorption principle and isotherms, gas strippioig,

L3, L4
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exchange, advanced oxidation process. Membrane

filtration: RO, UF, MF, NF, electrodialysis.
Disinfection: chlorine  dioxide, chloramines,

ozonation, UV radiation

MODULE -4

WASTE WATER RECLAMATION AND
REUSE- Waste water reuse application, need

for

water reuse, public health and environmental issues
in water reuse, introduction to risk assessment for

water reuse, different reuse options: Agricultune
landscape irrigation, industrial reuse, ground w
recharge, non-potable uses with case studies.

a
ate

08

L3,L4, LS

MODULE -5

ISSUES RELATED TO TREATMENT PLANT
PERFORMANCE-Need for upgrading treatme
plant performance, treatment process reliabilitgl

nt
an

selection of design values, odour management,
introduction to automatic process control, energy

efficiency, upgrading waste water treatment p

ant

performance by process optimization, important
design consideration for new waste water treatment

plants: Liquid stream, solid processing, od
control.

DUr

08

L3, L4

Course outcomes: After going through this course t student will be able to:

» Define water quality and explain methods to chandoe water quality.

» Describe water quality standards and their impact.

* Explain primary and secondary treatment methodsgaste water.

* Apply membrane filtration techniques, and disinf@ctmethods to purify waste water.
* Analyze the importance of reclamation and reusgaste water.

» Describe methods of water reusage.

» Identify various issues related to the performantdreatment plants and probler

associated with them to combat them

Graduate Attributes ( as per NBA)
Problem Analysis

Design / Development of Solutions
Life-long Learning

Project Management and Finance
Communication Efficiency

Societal and Environmental Concern
Innovation and Entrepreneurship

Question Paper Pattern:

The question paper will have ten questions.

» Each full question consists of 16 marks.

» There will be 2 full questions (with a maximum oiuf sub questions) from ea

module.

» Each full question will have sub questions coveatighe topics under a module,
» The students will have to answer 5 full questi@®ecting one full question frot

each module.

32



TEXT BOOKS

1.

2.

Weber, W.J., “Physicochemical process for watelityueontrol”, John Wiley and sons

Py

New York, 1983.
Metcalf and Eddy, “Waste Water Engineering: Treathand reuse”, Tata McGraw. H
Publication, New Delhi, Ed., 2003.

REFERENCE BOOKS

1. Fair and Gayer. “Water and waste water Engineerdogih Wiley & Sons,"3Ed., 2010.
2. C.A. Shastry, “Water treatment plants”, Narosa Bhiohg House, Bombay, 1996.
3. Peavy, H.S., Rowe, D.R. and Tchobanoglous, G. ‘i®nwnental Engineering”, MGH

NY, 1985.
4. Arundel, “Sewage and Industrial Effluent TreatmeiViley India, 2012.

NANO MATERIALS AND NANO TOOLS
Subject Code 16IBT252 IA Marks 20
Number of Lecture
Hrs /Week 03 Exam Marks 80
Total number of 40 Exam Hours 03
lecture hours
CREDITS: 03

Course objectives :

» To learn fundamental concepts of nanotechnologynamdmaterials in various
dimensions and characterize them.

* Apply the concepts of hanotechnology for drug ovsry and drug delivery
applications.

* To describe use of nanomaterials in microfluiding develop microfluidic cell
culture devices.

* To design BioMeMs for use in medical and analytiigdd.

» To understand the risks, safety factors associatttdnanomaterials

REVISED
TEACHING BLOOM’'S
MODULES HOURS TAXONOMY

(RBT) LEVEL

MODULE -1

INTRODUCTION -Introduction to nanoscience,
guantum mechanics, structure-property relationships
in materials,

Fabrication methods: Top down and bottom |up 08 L1, L2, L3

approaches, Nanolithography(Dip pen, photo, X-ray,
electron beam, nanosphere).

MODULE -2
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NANOMA TERIAL AND NANO TOOLS - Zero
dimensional : Nano particle, 1-D: Nano wires, ng
rods, 2-D: thin films, special nanomaterig
Buckyballs (Fullerenes), nanotubes, dendrim
nanoshells, magnetic nanoparticle. Quantum
(Nanocrystals), self-assembled monolay
scanning probe microscopy (Scanning tunne
microscopy, atomic force microscopy
Characterization of nanomaterials:  Physiq
chemical and  structural.  applications
nanomaterial.

ANo
Is:

ers,

dot

oIS, 08
ng

cal,
of

L3, L4, LS

MODULE -3

NANOTECHNOLOGY FOR DRUG
DISCOVERY & DRUG DELIVERY- Drug
discovery using nanocrystals and resonance
scattering (RLS),Nanosensors in drug discove
Benefits of nanoimaging agents, controlled rele
of drugs, benefits of nano-drug delive
nanomaterials and biocompatibility: BioMEMS a
dendrimers, carbon nanotubes and fullerenes.

ight

ase
Y,

nd 08

acids: PAMAM dendrimers as nanoscale oral

delivery systems, nanoemulsions for intraven
drug delivery, cancer vaccine delive
nanotherapeutics, nanorobots, use of microneg
and nanoparticles for drug delivery.

Delivery of small molecules, proteins and nuc{ic

rug
us

y,

rdles

L3, L4

MODULE -4

MICROFLUIDICS - Microflows (laminar flow),
micro drops, Hagen-Pouiselle equati
micromixing,  microvalves &  micropumps
fabrication of soft materials, application
microfluidics: Lab on a chip(cellomics
immunoassay), Microparticle based assays, mag
particle in biotechnology

Micro manipulations and separations using eleg
fields. On chip single cell cultivation system.
Microfluidic cell culture device, micro machine
bioreactor. Microchips for genomic and proteor
analysis.

~

5,

netic 08

tric

ad
nic

L3,L4, L5

MODULE -5

APPLICATIONS AND RISK ASSESSMENT -
Introduction to MEMS, biomems, design

of

bioMEMS, process steps for MEMS. Recent
developments in BioMEMS and nanochips. DNA

based BioMEMS, application of BioMems
diagnostics.  Bioconjugated nanoparticles

in

for 08

biotechnology and bioanalysis, surgical application

of MEMS. Drug delivery systems. Effects

of

nanoparticle exposure in humans, risks assessment,

management, ethical aspects

L3, L4
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Course outcomes: After going through this course # student will be able to:

Describe and characterize nanomaterials and thapepties.

Apply concepts of nanotechnology in drug discovamyg delivery systems.
Apply nanotechnology concepts in designing micidiludevices.

Develop microfluidic devices for the microfluic €ellture systems.
Design BioMeMs and demonstrate its applicationarious fileds.
Understand the risks associated with nanomatgsaications

Graduate Attributes ( as per NBA)

Computational knowledge

Problem Analysis

Design / Development of Solutions

Conduct investigations of Complex Computing Proise
Modern Tool Usage

Innovation and Entrepreneurship

Question Paper Pattern:

The question paper will have ten questions.

» Each full question consists of 16 marks.

* There will be 2 full questions (with a maximum oiuf sub questions) from ea
module.

» Each full question will have sub questions coveatighe topics under a module,

» The students will have to answer 5 full questi@®ecting one full question frot
each module.

TEXT BOOKS

1. Bharat Bhushan (Ed.). “Springer Handbook of Nartutetogy”, Springer, 8 Ed.,
2010.

2. H.Brune, H.Ernst. “Nanotechnology: Assessment ardpectives”, Springer, 2006.

3. Tuan Vo-Dinh. “Nanotechnology in Biology and Medhiel, CRC press, 2007.

4. Melgardt M. de Villiers et al. (Ed.). “Nanotechnglpin Drug Delivery”, Springer
publications, 2009.

5. Jean Berthier, Pascal Silberzan.“Microfluidics Biotechnology”, Artech House2

Ed., 2009.

REFERENCE BOOKS

1. Guozhong Cao and Ying Wang (Ed.). “Nanostructurel &fanomaterial” \(\Vorld
Scientific Series in Nanoscience and Nanotechnoldgplume 2) Imperial Collegs
Press, 2 Ed., 2004.

2. M.S. Ramachandra Rao, Shubra Singh. “Nanosciencd &anotechnology;
Fundamentals to Frontiers”, Wiley India, 2012.

CANCER BIOLOGY

Subject Code 16IBT253 IA Marks 20

Number of Lecture

Hrs. /Week 03 Exam Marks 80

Total number of 40 Exam Hours 03

lecture hours

CREDITS: 03

D
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Course objectives :

* To understand fundamental concepts of cancer artitelopmental stages.

» To describe origin of cancer and process of capa®gression.

* To study and analyse the genetic and epigenetiocriamvolved in

carcinogenesis.

* To identify tumour suppressor genes and their ctaraation.

» To study the genes responsible for suppressioarafar and to explain

therapeutic treatments of cancer.

MODULES

TEACHING

HOURS

REVISED
BLOOM'S
TAXONOMY
(RBT) LEVEL

MODULE -1

FUNDAMENTALS OF CANCER -Cancer cel
characteristics, terminologies used in cancer

cell

biology, different forms of cancer, differences
between benign and malignant tumor, different

stages in development of cancer, Influential factor

in human carcinogenesis, carcinoge

nic

contaminants, dietary deficiencies, obesity, chooni

alcohol consumption, hormones and cancer, tu
markers, detection using biochemical ass
molecular tools for early diagnosis of cancer

mor
ay's,

08

L1, L2, L3

MODULE -2

PROCESS OF CARCINOGENESIS -
Environmental causes for carcinogenesis, chen
carcinogenesis, carcinogen metabolism, radig
and carcinogenesis, DNA and RNA tumor virus
Cancer cell origin from single abnormal cell (clb
origin) and different cell types (polyclonal origjn
change in cells DNA sequence and origin of can
Mutations that accelerate the development of car
Contribution of non-mutagenic agents, toxic &
mitogenic agents and inflammation to tumorigene
Multi-step origin of cancer, Genetic instability ca
Chromosomal anomalies in cancer cells, tul
progression involving mutation, collaboration ofot
or more mutant genes Darwinian evolution &
natural selection, Deranged control of ¢
differentiation during carcinogenesis, Enhan
mutability and drug resistance in cancer ceg
defects in DNA repair mechanism leading
tumorigenesis

nical
tion

na

cer,
cer
and
Sis,
n
mor
N
and
ell
ced
IS,
to

08

L1, L2, L3

MODULE -3

MOLECULAR ASPECT OF CANCER -
Epigenetic regulation of transcription, Evidence
role for epigenetics in carcinogenesis: hist
modification and cancer, methylation and can

fo
bne
cer,

Telomeres and Telomerases in cancer. Pr

oto-

08

L3, L4
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oncogenes and Oncogenes, Oncogenes that en

code:

growth factors or their receptors, cytoplasmic
protein kinases, nuclear transcription factors,

mechanism of oncogenic activation, product t

hat

affect apoptosis, promote tumor formation through
secondary effect on other genes. Association of
different oncogenes with immortalization and

transformation. Angiogenesis is the key for can
progression, involvement of blood vessels
metastasis, the angiogenic switch, angiog¢
inducers, angiogenic inhibitors: antiangioge
approach to combat cancer. Metastasis:

adhesion molecules-E-cadherins, integrins

proteases, epithelial-mesenchymal transi
(EMT), intravasation and extravasation, metast
colonization, metastatic  tropism, metasta
suppressor gene

cer
in
Bnic
nic
Cell
and
tion
atic
SIS

MODULE -4

TUMOR SUPPRESSOR GENE! -Definition of
tumor suppressor genes, tumor suppressor gene
their functions, genetic status of tumor suppres
genes and oncogenes-Cell fusion experiment
prove the status of tumor suppressor genes
oncogenes. Hereditary predisposition to cancer
to mutant tumor suppressor gene, loss
heterozygosity. Loss of heterozygosity

retinoblastoma gene and its expression. The 1o
retinoblastoma gene in regulating cell cycle clo

s and
5S0r
5 1o
and
due
of
of
eo
ck-

cyclin dependent kinases (CDKs), CDK inhibitars,

retinoblastoma proteins (pRb) and its role in

cycle regulation, viral oncoproteins and blockirfg
pRb, perturbation in pRb function ai
tumorigenesis, the role of TGFin cell cycle, the
role of p53 in normal cell, mutant p53 interferer
with normal p53 function, mutation in the p
pathway and cancer, interaction of DNA vi
protein products with RB and p53, Mdm2 and A
role in p53 function, inactivation of p53 ai
inherited mutant allele of p53 in predisposition
cancer, inactivation of apoptotic machinery

cancer cells. Other tumor suppressor ge
Neurofibromatosis (NF1), Adenomatous Polypg
Coli (APC) and von-Hippel Lindau syndron

cell
0
\d 08
ce

53

ral

RF

nd

to

by

hes-

sis

ne

(VHL).

L1, L2, L3

MODULE -5

THERAPIES FOR CANCER-The role of
molecular targets in cancer therapies, conventi
therapies: chemotherapy of cancer, Therapy f

onal
rom

plant derived materials, radiation therapy, Stra®

08

[(®]

inhibitors, inhibitors of histone deacetylases,

that target DNA repair pathways, DNA methylatiEn

telomerase inhibitors. antiEGFR drugs, strategies

L3, L4, LS
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against Raf, Imatinib, cyclin dependent kinase
inhibitors, othe cell cycle kinase targets, inlobst of
mitotic spindle, strategies that aim to correct58 p
mutation, strategies that aim to activate endogenhou
p53, strategies that aim to suppress, endogendus
apoptotic drugs: Direct and indirect activation |of
caspases, regulation of the Bcl-2 family of prasein
targeting TRAIL and its receptors. Inhibitors bkt
wnt pathway and Hh pathway, leukemia and
differentiation  therapies. Metalloproteinase
inhibitors (MPIs), strategis for restoring metastas
suppressors, antiangiogenic therapy and vascular
targeting. Immune therapy of cancer: nonspecific

immune stimulation, vaccination against cancer:

therapeutic vaccines, whole-cell vaccines, peptide
vaccines, dendritic cell vaccines, vaccines forcean
prevention, adoptive immune therapy, passive
therapy with anti-tumor antibodies, cytokine

therapy, inhibition of inflammation, vaccine agdins
cervical cancer, second-and third generation
therapeutics, pharmacogenomics, nanomedicing in
treatment of tumors.

Course outcomes: After going through this course # student will be able to:
» Demonstrate fundamental concepts of cancer amlkslopmental stages.

» Describe origin of cancer and process of cancdif@ration.

* Analyse the genetic and epigenetic factors invoiwechrcinogenesis.
» Identify tumour suppressor genes and their chaiaaten.

Describe the genes responsible for suppressioarufet.

* Explain therapeutic treatments of cancer

Graduate Attributes ( as per NBA)

Computational knowledge

Problem Analysis

Design / Development of Solutions

Conduct investigations of Complex Computing Proise
Modern Tool Usage

Professional Ethics

Life-long Learning

Question Paper Pattern:

The question paper will have ten questions.

» Each full question consists of 16 marks.

* There will be 2 full questions (with a maximum @iuf sub questions) from ea
module.

» Each full question will have sub questions coveatighe topics under a module,

* The students will have to answer 5 full questi@®decting one full question frol
each module.

TEXT BOOKS
1. Robert A. Weinberg, “The Biology of Cancer”, Gaidb8cience, New York, 2007.

Gerald Karp, “Cell and Molecular Biology”, John \@4 and Sons Inc. New York, 1996,

2.

3. Benjamin Lewin, “Genes VIII”, Pearson Prentice Hah04.

4. Bruce Alberts and other, “Molecular Biology of ti@ell”, Garland Publishing, 3 Ed.,
1994.
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5. Lauren Picorino, “Molecular Biology of Cancer: Mectism, Targets and Therapeutic
Oxford University Press, 2012.

6. Graham L. Patrick. “An introduction to Medical Chistny”, Oxford University Press
New York 1995

REFERENCE BOOKS
1. Lodish & David Baltimore, “Molecular Cell Biology'Scientific American Pub. 2003.

2. Hansh D., Sammes, P. G., Toylor, J. B. “ComprelvendViedicinal Chemistry”
Pergamon press, Oxford, 1990.

3. “Wilson and Gisvold’'s Text book of organic medidireand pharmaceutical chemistry
Lippincott-Raven Pub. 1bEd. 1998

(%]

STEM CELL BIOLOGY

Subject Code 161BT254 IA Marks 20
Number of Lecture
Hrs. /Week 03 Exam Marks 80
Total number of 40 Exam Hours 03
lecture hours

CREDITS: 03

Course objectives :
* broad out line of different types of stem cells aimeir origin,
» differentiation of stem cells into different typestissues, the process of
transdifferentiation
» application of stem cells in curing certain dissase

REVISED

TEACHING | BLOOM'S
MODULES HOURS TAXONOMY
(RBT) LEVEL

MODULE -1

INTRODUCTION  -Definition of stem cells
Unique properties of stem cells, Embryonic stem
cells (ES cells), Growing of ES cells in laboratary
markers of ES cells, differentiation of ES ce
Adult stem cells (AS cells), Characteristics and
locations of AS cells, Potential use of AS cells |A
cell plasticity, Similarities and differences betme
embryonic and adult stem cells, Definition |of
progenitor and stem cells, Multipotent adult
progenitor cells (MAPC), Amniotic fluid derived
pluripotent cells, Isolation, characterization and
differentiation potential of amniotic fluid derived
cells, Stem cells and progenitor cells from cprd
blood, characteristics and cryopreservation of stem
and progenitor cells from cord blood, cardiac stem
cells (CSC), distribution of CSC in the heart.

08 L1, L2

39



TRANSDIFFERENTIATION:  Definition  an
process of transdifferentiation, Transdifferenaat|

of: liver to pancreas, pancreas to liver, bone ovarr

to other cell types, prerequisites
transdifferentiation, transdifferentiation of naiet
cells to islet cells-pancreatic acinar cells, b

or

bne

marrow cells to islet cells, engineering other non

cells to produce insulin

MODULE -2

ORGAN SPECIFIC STEM CELLS -Human epide
stem cells in adult brain, glial characterizatioh
neural stem cells, adult neurogenesis in vivo.

0]

Mesenchymal stem cells (MSCs): skeletal muscle
stem cells-phenotype, in bone marrow vasculature,
adipose tissue derived stem cells-cell population,

composition and characterization, multipotential
adipogenesis, osteogenesis and chondroger
Stem cells in the adult kidney- stem cell theragy

renal failure, Liver stem cells, pancreatic stertsee

progenitor cells during early embryogenesis
pancreas and in adult pancreas. Adult proge

cells as potential treatment for diabetes-defining

cells, stem cells and progenitor cells

ty 08
f

of
nitor

L1, L2, L3

MODULE -3

HAEMATOPOIETIC STEM CELLS (HSCs)-

Sources of HSCs, isolation HSCs based on fungtion

and biological response, isolation of HSCs base
cell surface antigen expression, separation of Imu

0 on
ma

HSCs, Ex-vivo expansion of haematopoigtic
progenitor cells (HPCs), clinical trials with HPCs,

Ex-vivo expansion of HSCs, circulating HS
transplantation, nomenclature of haematopoi
colonies and lineages, colony forming un
Haematopoietic stem cells transplantation (HCT)
solid tumors-HCT as allogenic immunothera
allogenic immunotherapy for solid tumors; ng
myeloblastic HCT for renal cell carcinoma (RC(
for other solid tumors and for melanon

Cs
etic 08

for
PY,
n_
C),

na,

Immunoreconstitution of HCT: autologous aEd

allogenic, HCTSs for treating autoimmune disease

L2,L3, L4

MODULE -4

APPLICATION OF STEM CELLS 1| -

Neurological diseases: sources of stem cells
brain cell repair, isolation and manipulation cérat
cells for cell replacement in CNS, inductive sign
in the adult CNS environment, strategies to pron

the intrinsic neurogenic potential of the adult CN$
neurogenes

Restoration of vision: retinal

for

al 08
1ote

D

is,

D

L2, L3
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neurogenesis in the central visual targets,
regeneration of optic tectum
Repair of myocardial damage by: non resident
primitive cells and resident primitive cells,
myocardial regeneration in humans.
Regeneration of epidermis from adult keratinogyte
stem cells: characteristics of keratinocyte steits,c
keratinocyte  cultivation,  transplantation |of
keratinocyte stem cells, regeneration of epidermis

[¢)

MODULE -5

APPLICATION OF STEM CELLS II-
Orthopedic application of stem cells: bone, cagtla
meniscus, ligaments and tendons, spine.
Stem cells in tissue engineering and gene thernapy:
Current approaches to tissue engineering, tissue
engineering by mesenchymal stem cells (MSCs), ex-
vivo delivery of stem cells, reconstruction of-
skeleton, bone, cartilage, teeth, skeletal andiaard
muscle.
Ex-vivo reconstruction: cells and scaffolds,
Recruitment and mobilization of distant cells
Stem cell gene therapy: gene addition, gene editing

08 L3, L4

Course outcomes: After going through this course t student will be able to:

1. Explain various types of stem cells in the humardyb@nd explain their trans

differentiation and application.
2. Make use of stem cells for tissue repair, regermrand restoration.
3. Appraise the use of stem cells in tissue engingeximd gene therapy.
4. Elaborate on different conditions required for nbaimance of different types of stem ce

D

Graduate Attributes ( as per NBA)
Problem Analysis

Design / Development of Solutions
Modern Tool Usage

Professional Ethics

Life-long Learning

Innovation and Entrepreneurship

Question Paper Pattern:

The question paper will have ten questions.

» Each full question consists of 16 marks.

* There will be 2 full questions (with a maximum @iuf sub questions) from ea
module.

» Each full question will have sub questions coveatighe topics under a module,

» The students will have to answer 5 full questi@®ecting one full question frol
each module.

TEXT BOOKS

1. Robert Lanza EdHandbook of Sem Cells-Vol. 2, Adult and fetal stem cells, Elsevier
Acad. Press, 2004.

2. Sem cdl information, The National Institute of Health, Bethesda, MDAJResource
for stem cell research, 2008.

3. Bruce Albertset al., Molecular Biology of the Cell, 5" Ed., Garland Sci., 2007.
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REFERENCE BOOKS

1. Darnell, Lodish & BaltimoreMolecular Cell Biology, 4" Ed., WH Freeman, 2000.

2. Bernard R. Glick and Jack J. Pasterndiolecular Biotechnology-Principles and
Applications of Recombinant DNA, 4" Ed., ASM Press, Washington DC, 2010.

3. Scott GilbertDevelopmental Biology, 10" Ed., Sinauer Associates Inc., 2013.

FOOD PROCESSING & DOWNSTREAM OPERATIONS LAB

Subject Code 16IBTL26 IA Marks 20
No. of Lab Hrs./ 3 Exam Marks 80
Week :

Exam Hours 3

Course objectives :
* To learn and demonstrate experiments for the aisalfeod products and it
constituents.
* To understand concepts of food processing andiitsiples.
* To gain hands on experience in downstream operafitermented products.
* To be able to design downstream processing siesteg

REVISED
BLOOM'S
TAXONOMY
(RBT) LEVEL

SI.LNO Experiment

Analysis of quality of food products:
a. Determination of total soluble solids

1 b. Determination of titratable acidity and pHof |2 |3
fruit juice
c. Determination of ash and acid insoluble ash

Determination of processed food content (any three)
d. salt content in processed products.

e. fat content

2 f. gluten content L2,13, L4
g. crude fiber in foods
h. ascorbic acid.
3 Quality analysis of milk and water L3, L4
4 Determination of b, Z and F value in thermal preoes L3, L4
Experiments on determination of drying rate of gifeod
5 . L3, L4
materials
Experiments on determination of physical propernies
6 foods L4, L5
Experiments on determination of heat transfer ccefit of
7 L3, L4
parallel flow heat exchanger.
8 Production of citric acid usingspergillus niger L4, L5
9 Ethanol production from oil cake using Baker’s yeas L3, L4, L5
10 Microbial production of protein and enrichment wgin L3 L4 L5

aqueous two-phase extraction

11 Production of exopolysaccharides using bacteria. L3, L4, L5
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Intracellular lipid production from cellulosic sa&s using

12
red yeast or green alga

L3, L4, LS

Course outcomes:

At the end of the course the graduates should lectab

* Demonstrate analytical procedures to determineityuatifood products.

* Explain the principles involved in food processoperations through experiments.

» Perform downstream operations involved in purifmaiof fermented products.

* To design downstream operation strategies for ointgifinal finished product fron
fermentation broth.

Graduate Attributes ( as per NBA)
Problem Analysis

Design / Development of Solutions
Professional Ethics

Life-long Learning

Project Management and Finance
Societal and Environmental Concern
Individual and Team Work
Innovation and Entrepreneurship

Conduct of Practical Examination:

1. All laboratory experiments are to be includedgactical examination.

2. Students are allowed to pick one experiment fiioenot.

3. Strictly follow the instructions as printed dretcover page of answer script for breakup
marks.

4. Change of experiment is allowed only once artdh Marks allotted to the procedure par
to be made zero.

t

SEMESTER Il

16I1BT31- 16IBT34  INTERNSHIP / PROJECT WORK
(PROJECT | PHASE EVALUATION)

IV SEMESTER

RESEARCH METHODOLOGY, BIOSAFETY& IPR

Subject Code | 16BT41/16BC41/16Bl141/16I1BT4{LIA Marks 20

Number of 04 Exam Marks 80
Lecture
Hrs./Week

Total number | 50 Exam Hours 03
of lecture
hours

CREDITS 04

Course objectives The course will enable the students:
« To understand and apply different methodologiescantific research
« To appreciate the Basic concepts of IPR

« To apply the principles of biosafety guidelinesintech practices
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REVISED
BLOOM'S
MODULES TEF'IA‘OCSFI;;G TAXONOMY
(RBT)
LEVEL

MODULE -1

CONCEPT OF RESEARCH: Types & classification,
steps involved. Identification of the research does
hypotheses, and justification for the topic Literat
Collection: Review of literature, review processdan
bibliography, research/discriminative reading, coisg
source material, Research Objectives and hypothesis
Research Design : detailed discussion of |[the
conceptualization and operationalization of vaeabl|
Research method and materials, Research actiom | Dat
collection and analysis plan: data gathering —dtgh
description of methods of data gathering and saurce 10 L1, L2,L3
Analytical techniques — detailed discussion of data
gathering and analytical methods, including expiana
of their suitability of these techniques compareihy
others and any possible problems arising from |the
methods selected; application and execution ofyéinal
techniques and interpretations of findings. Forrfoat
manuscript writing, documentation, organization | of

reference material, bibliography, end note etc ®| b

discussed with case studies. Research budget| and
resources.

<

MODULE -2

INTRODUCTION TO INTELLECTUAL PROPERTY
Types of IP: Patents, Trademarks, Copyright & Foel:
Rights, Issues related to plagiarism in researcpyiight
laws, acknowledging the sources etc to be discusgéd
case studies. Basics of Patents and Concept af Ritip
Introduction to Patents; Types of patent appliceic
Ordinary, PCT, Conventional, Divisional and Patent
Addition; Specifications: Provisional and complete;
Forms and fees Invention in context of “prior afatent
databases; Searching Internatio nal Databases;tgoun
wise patent searches (USPTO, esp@cenet(EPO),
PATENTScope(WIPO), IPO, etc.)

504
~—+

=4

10 L2,L3,L4

MODULE -3

Industrial Design, Traditional Knowledge, Geograjalh
Indications, Protection of GMOs IP as a factor &R
IPs of relevance to Biotechnology and few Case iSsud
Patent filing procedures; National & PCT filing
procedure; Time frame and cost; Status of the paten
applications filed; Precautions while patenting - d
isclosure/non-disclosure;  Financial assistance | for
patenting - introduction to existing schemes Pa*:ent

10 L3,L4

licensing and agreement Patent infringement- meganin
scope, litigation, case studies.
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MODULE -4

BIOSAFETY: Introduction & historical background;
Primary Containment for Biohazards; Biosafety Level
for Microbes, Plants & Animals; Biosafety guideline
Government of India; Definition of GMOs & LMOs:
RCGM, GEAC etc. for GMO applications in food and 10 L2, L3, L4
agriculture; Environmental release of GMOs; Risk
Analysis; Risk Assessment; Risk management |and
communication. Roles of Institutional Biosafety

Committees

MODULE -5

History, broad account & latest amendments (if amiy,
the provisions of :- Indian Patent Act 1970 & reicen

amendments, GATT & TRIPS Agreement, Madrid 10 L2, L3, L4, L5
Agreement, Hague Agreement, WIPO Treaties, Budapest
Treaty, PCT.

Course outcomesAfter studying this course, students will be alole t
» Demonstrate strong basics in principles of Researethodology, IPR and biosafet
issues

Graduate Attributes ( as per NBA)
* Problem Analysis
» Design / development of solutions.
* Professional Ethics

Question Paper Pattern:The question paper will have ten questions.
» Each full question consists of 16 marks.
* There will be 2 full questions (with a maximum otif sub questions) from each
module.
» Each full question will have sub questions coveatighe topics under a module.
* The students will have to answer 5 full questiaedecting one full question from
each module.

TEXT BOOKS
1. C R Kothari Research Methodology, New Age Inteworadl (P) Ltd. 2008 .
2. Wayne Goddard, Stuart Melville Research MethodaldgyIntroduction: Juta and
Company Ltd, 2004
3. P. Hambleton, J. Melling, T. T. Salusbury Biosafetyndustrial biotechnology —
Springer
4. M. K. Sateesh. Bioethics and Biosafety By IK Intgranal 2008

REFERENCE BOOKS
1. D K Bhattacharyya, Research Methodology By ExcddlBber Publishing Co. Pvt.
Ltd., 2007
2. Kankanala C., Genetic Patent Law & Strategy 1sti&di Manupatra Information
Solution Pvt. 2007
3. BAREACT Indian Patent Acts & Rules, Universal La@7D

ADVANCED BIOINFORMATICS

Subject Code 161BT421 IA Marks 20
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Number of Lecture
Hrs./Week 03 =xam Marks %
Total number of 40 Exam Hours 03
lecture hours

CREDITS 03

Course objectives The course will enables the students

*To learn fundamentals of bioinformatics tools.

To describe tools for sequence alignment and dpplghylogenetic analysis.

To describe tools for pattern analysis and appfyahalysis of motifs and profiles.
To describe tools for prediction of protein folgiand their applications.

To describe tools for tertiary structure predictaord methods of validation.

To apply tools of bioinformatics for molecular olog, primer design, drug design,
proteomics, transcriptomics & metabolomics

REVISED
TEACHING | BLOOM'S
MODULES HOURS TAXONOMY

(RBT) LEVEL

MODULE -1

SEQUENCE-ALIGNMENT : Sequence databases
Formats, querying and retrieval, Nucleic acid
Protein sequence databas Genome Databas
NCBI, EBI, TIGR, SANGER Various file formats
for bio-molecular sequencesSimilarity matrices
Pairwise alignment; BLAST; Statistical significan
of alignment; Sequence assembly; multiple sequ
alignment; Clustal; Phylogeneticglistance base
approaches, maximum parsimony.

PATTERN ANALYSIS IN SEQUENCES: Basic
concept and definition of sequence patterns, motifs
and profiles, various types of pattern represemati
viz. consensus, regular expression (Prosite-typd) a
sequence profiles; trees Motif representation:

consensus, regular expressions; PSSMs; Markov
models; Regulatory sequence identification using

Meme; Gene finding: composition based finding,

sequence motif-based finding. Profile-based

database searches using PSI-BLAST, analysis| and
interpretation of profile-based searches.

08 L1, L2

MODULE -2

FOLD PREDICTION MEHO DS- PDB, NDB,
Chemical Structure database. Pubchem, Gene
Expression database: GEO, SAGE, InterPro, Prasite,
Pfam, ProDom, Gene Ontology Structure
classification database: CATH, SCOP, FSSP,
Protein-Protein interaction databases. Representati
of molecular structures (DNA, mRNA, protein),
secondary structures, domains and motifs; Protein
structure classification, evolution; structural bfya
assessment; structure comparison and alignment;
Visualization software (Pymol, Rasmol etg.);
Experimental determination of structures (X-ray

08 L2, L3
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crystallography, NMR); Secondary structure
prediction; prediction of membrane helices, solvent

accessibility; homology modelling, oltd
recognition methods; RNA structure prediction;
Mfold.

MODULE - 3
STRUCTURE PREDICTION AND

VALIDATION - Tertiary Structure prediction:
Fundamentals of the methods for 3D struc
prediction (sequence similarity/identity of tar
proteins & known structure, fundamental princip
of protein folding etc.) Homology/comparati
modeling, fold recognition, threading approacl
and ab initio structure prediction methodsorce
fields backbone conformer generation by Mo
Carlo approaches, siddrin packing; Energ
minimization; a brief introduction to molecul;
dynamics Macranolecular force fields, solvatio
long-range forces Geometry optimization algorith
Steepest descent, conjugate gradient, Va
simulation  techniques, Molecular mectics,
conformational searches, Molecular Dynamics.

Structure analysis and validation: Pdbsum,

08

ms:

Whatcheck, Procheck, Verify3BD and Prosall;

Rosetta; Critical assessment of Structure predhc

tio

(CASP) Structures of oligomeric proteins and study

of interaction interfaces.

L2, L3, L4

MODULE -4

APPLICATIONS - Role of Bioinformatics i
Molecular Cloning, Primer Design, Drug desi
Proteomics, Transcriptomics & Metabolomics.
Cloning & Primer DesignRestriction mapping, Weg
based tools (MAP, REBASE); Primer desigmeed
for tools, Primer design programs and software
Structure-based drug design: Identification &
Analysis of Binding sites and virtual screeni
Ligand based drug design: Structure Activ
Relationship QSARs and QSPRs, QS
Methodology, In silico prediction ADME]
properties for Drug Molecules. Computer-aided d
design (pharmacophore identification); Prote
Protein interactions. Principles of docking 3
ligand design. Protein-ligand docking; Vacc
Design Techniques

and

ng

ity 10
AR

-

rug

in-

nd

ne

L3, L4

MODULE -5

APPLICATIONS - Chemoinformatics. Comparati
Genomics, Genomes of Viral, Archeal, Bacte
Eukaryotic genomes with special reference to m
organisms (Yeast, Drosophila, C. elegans,

Mouse, Human, plants such as Arabidopsis thal

08

Rice, etc.)

L3, L4, L5
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System-wide analyse&ranscriptomics: Microarra
technology, expression profiles, data analysis;
SAGE; MPSS,Clustering, Probabilistic Models
Evolution, Proteomics: 2D gel electrophoresis; M
Spectrometry; Protein arrays;

Metabolomics: Metabolic networks in moticfiC-
based flux analysis; Gene Mapping, SNP analysis,
Machine learning, Molecular Network Analysis,
Probabilistic framework  for  modelling and
inference, Systems Biology.

Course outcomesAfter studying this course, students will be alole t

» Describe tools for sequence alignment and applpligtogenetic analysis.

» Describe tools for pattern analysis and apply falgsis of motifs and profiles.

» Describe tools for prediction of protein foldingdatiheir application.

» Demonstrate tools used for tertiary structure mtezh and their validation methods.

* Apply tools of bioinformatics formolecular cloning, primer design, drug des
proteomics, transcriptomics & metabolomics

Graduate Attributes ( as per NBA)

Computational knowledge

Problem Analysis

Design / Development of Solutions

Conduct investigations of Complex Computing Proise
Modern Tool Usage

Life-long Learning

Project Management and Finance

Innovation and Entrepreneurship

Question Paper Pattern:
* The question paper will have ten questions.
» Each full question consists of 16 marks

* There will be 2 full questions (with a maximum afuf sub questions) from each
module.
» Each full question will have sub questions coveatighe topics under a module.
* The students will have to answer 5 full questiselecting one full question from
each module.
TEXT BOOKS

1. David W. Mount. “Sequence and Genome Analysis” iB@matics CSHL Press"2Ed.,
2004.

2. Baxevanis and F. B. F. Ouellette. “Bioinformatiagoractical, guide to the analysis of ge
and proteins”, JohnWiley,"2Ed., 2001.

3. Jonathan Pevsner. “Bioinformatics and Functionaid®gcs”, Wiley-Liss, i' Ed., 2003.

Philip E. Bourne & Helge Weissig Tsai. “StructuBabinformatics”, Wiley, 2003.

5. C. Branden and J. Tooze. “Introduction to Proteim@ure”, Garland Publishing,"2Ed.,
1999.

»

REFERENCE BOOKS
1. Durbinet al. “Biological Sequence Analysis: Probabilistic misdaf protein and Nucle

acids”, Cambridge University Press, 2007.
2. Johann Gasteiger and Thomas Engel “Chemoinformatidsy-VCH, 2003.
Sheen, David. “Physical Biochemistry”, Wiley & So2900.

w

nes

4. Ramakrishnan and Gehrke. “Database Management8y$#GH, 39 Ed., 2002
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METABOLIC ENGINEERING

Subject Code 161BT422 IA Marks 20
Number of Lecture
Hrs. /Week 03 Exam Marks 80
Total number of 40 Exam Hours 03
lecture hours

CREDITS 03

Course objectives The course will enables the students
* To understand fundamental concepts of metabolioymts and manipulation strategies.
* To learn and describe material balancing througitisiometry and analysis.

* To describe linear programming methods to metalfloicanalysis.

* To explain experimental methods to determine flux.

* To learn fundamentals of metabolic flux control @waluate parametric coefficients.
» To describe methods to build metabolic networks.

REVISED
TEACHING BLOOM'S
MODULES HOURS TAXONOMY
(RBT) LEVEL
MODULE -1
INTRODUCTION TO EXAMPLES OF
PATHWAY MANIPULATION -
QUALITATIVE TREATMENT - Enhancement of
Product Yield and Productivity, Extension |of 08 L1,L2
substrate Range, Extension of Product spectrum and
Novel products, Improvement of Cellular properties,
Xenobiotic degradation.

MODULE -2

MATERIAL BALANCES  AND DATA
CONSISTENCY -Comprehensive models of
cellular reactions; stoichiometry of cellular
reactions, reaction rates, dynamic mass balances, 08 L1, L2,L3
yield coefficients and linear rate equations, asialy
of over determined systems- identification of grpss
measurement errors. Introduction to MATLAB®

MODULE -3

METABOLIC FLUX ANALYSIS - Theory,
overdetermined systems, underdetermined systems-
linear programming, sensitivity analysis, methods

for the experimental determination of metabolic 08 L2,L3L4
fluxes by isotope labeling, applications of metabol
flux analysis.
MODULE -4
METABOLIC CONTROL  ANALYSIS -
Fundamentals of Metabolic Control Analysis, 08 1314

control coefficients and the summation theorems,
Determination of flux control coefficients, MCA of
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linear pathways, branched pathways, theory of large
deviations.

MODULE -5

ANALYSIS OF METABOLIC NETWORKS -
Control of flux distribution at a single branch pbi
Grouping of reactions, case studies, extension of
control analysis to intermetabolite, optimizatiof|o 10 L1,L2,L3
flux  amplifications, consistency tests and
experimental validation.

Course outcomesAfter studying this course, students will be alole t

Demonstrate fundamental concepts of metabolic pathvand manipulation strategies.
Apply material balancing methods to evaluate mdialfiox.

Describe linear programming methods and apply mé&babolic flux analysis.

Explain experimental methods to determine flux.

Demonstrate fundamentals of metabolic flux corswad Evaluate parametric coefficients.
Describe methods to build metabolic networks.

Graduate Attributes ( as per NBA)
Problem Analysis

Design / Development of Solutions
Life-long Learning

Societal and Environmental Concern

Question Paper Pattern:

* The question paper will have ten questions.

» Each full question consists of 16 marks

* There will be 2 full questions (with a maximum afuf sub questions) from each
module.

» Each full question will have sub questions coveatighe topics under a module.

* The students will have to answer 5 full questiselecting one full question from
each module.

TEXT BOOKS
1.

w

Stephanopoulos, G.N. “Metabolic Engineering: Pples and Methodologies].
Academic Press / Elsevier, 1998.

Lee, S.Y. and Papoutsakis, E.T. “Metabolic Engimegr Marcel Dekker, 1998.
Nielsen, J. and Villadsen, J. “Bioreaction EngitegPrinciples”. Springer, 2007.
Voit, E.O. “Computational Analysis of Biochemicayssems : A Practical Guide for
Biochemists and Molecular Biologists”. Cambridgeidnsity Press, 2000.
Scheper, T. “Metabolic Engineering” Vol 73 (Advaacan Biochemical Engineering
Biotechnology) Springer, 2001.

REFERENCE BOOKS

1. Rhodes, P.M. and P.F. Stanbury “Applied Microbiahy$lology: Practica
Approach”. IRL Press, 1997.
2. Caldwell, D.R. “Microbial Physiology & Metabolism¥¥m. C. Brown, 1995.

3. Rehm, H.J. and G. Reed, “Biotechnology : Produ€tBronary Metabolism” Vol.6
and “Biotechnology : Products of Secondary MetadmliVVol.7, VCH / Wiley, 1997.
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ENTREPRENEURSHIP DEVELOPMENT

Subject Code 161BT423 IA Marks 20
Number of Lecture
Hrs /Week 03 Exam Marks 80
Total number of 40 Exarm Hours 03
lecture hours

CREDITS 03

Course objectives The course will enables the students

* To demonstrate the knowledge and understandindgpedfehgineering and managem
principles in bioprocess industry.

* To explain types of entrepreneurship, and motigptactors.

* To identify business opportunities and financingrages.

* To understand need and essentials of report wiitinfinancial assistance.

* To learn and understand role of management arfidntgions in a business.

* To learn record maintenance methods and preparatibalance sheets.

» To know the strategies of marketing and its imacbusiness

REVISED
BLOOM'S
TAXONOMY
(RBT) LEVEL

TEACHING

MODULES HOURS

MODULE -1

ENTREPRENEURSHIP-ENTERPRISE-
Conceptual issues. Entrepreneurship
Management. Roles and functions of Entreprene
relation to the enterprise and in relation to
economy. Entrepreneurship is an interactive pro
between the individual and the environment. Srj
business as seedbed of Entrepreneurs
Entrepreneur competencies, Entrepren
motivation, performance and rewards.

VS.
ur in
the
cess 08
nall
5hip.
eur

L1L2L3

MODULE -2

OPPORTUNITY SCOUTING AND IDEA
GENERATION- Role of creativity and innovatio
and business research. Sources of business
Entrepreneur opportunities in contemporary busi
environment, for example opportunities in net-w
marketing, franchising, business process outsogi
in the early 21 century. The process of settingau
small business: Preliminary screening and aspéc
the detailed study of the feasibility of the busi
idea and financing/non-financing support agenae
familiarize themselves with the policies/progra
and procedures and the availa
schemes.Preparation of Project Report and Re
on Experiential Learning of successful 4
unsuccessful entrepreneurs.

n
deas.
1ess
Drk
cin

ip

s o 08
e
st
ms
ble
Bport
nd

L1L2L3 L4
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MODULE -3

MANAGEMENT ROLES AND FUNCTIONS IN
A SMALL BUSINESS -Designing and re-designirg
business process, location, layout, operations
planning and control. Basic awareness on the issues
impinging on quality, productivity and environment. 08 L1L3L4L5
Managing business growth. The pros and cons of
alternative growth options: internal expansipn,
acquisitions and mergers, integration and
diversification. Crisis in business growth.

MODULE -4

PRINCIPLES OF DOUBLE-ENTRY BOOK-
KEEPING -Journal entries, cadhvok, pass book
and Bank Reconciliation Statement, ledger accounts,
trail balance and preparation of final accounts:
Trading and Profit and Loss Account; Balance-sheet. 08 L1L2L41L5
Brief introduction to Single-Entry system of recard

keeping. Sources of risk/venture capital, fixed

capital, working capital and a basic awareness of
financial services such as leasing and factoring.

MODULE -5

ISSUES IN SMALL BUSINESS MARKETING -
The concept and application of product life cycle,
advertising and publicity, sales and distributjon
management. The idea of consortium marketing,
competitive bidding/tender marketing, negotiating
with  principal customers. The contemporary
perspectives on Infrastructure Development, Product
and Procurement Reservation, Marketing Assistance,
Subsidies and other Fiscal and Monetary Incentives.
National state level and grass-root level financial
and non-financial institutions in support of small
business development.

08 L1L2L3

Course outcomesAfter studying this course, students will be alole t
Demonstrate the knowledge and understanding aénigeneering and management
principles in bioprocess industry.

* Explain types of entrepreneurship, and motivataxgdrs.

» ldentify business opportunities and financing agesic

» Demonstrate the need and essentials of reporhgiitir financial assistance.

* Understand role of management and its functiorssbasiness.

* Apply techniques of record maintenance methodspagplaration of balance sheets.
» Understand the strategies of marketing and its anpa business

Graduate Attributes ( as per NBA)
Design / Development of Solutions
Professional Ethics

Life-long Learning

Project Management and Finance
Communication Efficiency

Societal and Environmental Concern
Innovation and Entrepreneurship
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Question Paper Pattern:

The question paper will have ten questions.
Each full question consists of 16 marks

There will be 2 full questions (with a maximum afuf sub questions) from each

module.
Each full question will have sub questions coveatighe topics under a module.

The students will have to answer 5 full questiseecting one full question from

each module.

TEXT BOOKS

1. Brandt, Steven C., “The 10 Commandments for Bugda Growth Company”
Macmillan Business Books, Delhi®Ed., 1977.

2. Bhide, Amar V., “The Origin and Evolution of New 8iness”, Oxford University
Press, New York, 2000.

3. Dollinger M.J., “Entrepreneurship strategies anddreces”, Pearson Education, New
Delhi, 3¢ Ed., 2006.

4. Desai, Vasant Dr., “Management of small scale entss”, Himalaya Publishin
House, 2004.

5. Taneja, Gupta, “Entrepreneur Development New Vent@reation; Galgotia
Publishing Company,"2Ed., 2001.

6. Shiba Charan Panda, “Entrepreneurship Developmeh&w Delhi, Anmol

Publications, 1996.

REFERENCE BOOKS

(=]

1. Patel, V.G., “The Seven Business Crises and Hoett Them”, TMH, 1995.
2. SIDBI Report on Small Scale Industries Sector fagslition]
3. Verma, J.C.., and Gurpal Singh, “Small Business #&mtlstry-A Handbook for
Entrepreneurs”, Sage, New Delhi, 2002.
4. Manohar, “Entrepreneurship & Management”, Wileyi&n®012.
5. Schaper, “Entrepreneurship & Small Business”, Wiladia, 2012.
6. Trehan, “Entrepreneurship”, Wiley India, 2012.
PETROLEUM BIOTECHNOLOGY
Subject Code 161BT424 IA Marks 20
Number of Lecture
Hrs. /Week 03 Exam Marks 80
Total number of 40 Exam Hours 03
lecture hours
CREDITS 03

Course objectives The course will enables the students

To understand concepts of bio-refineries and useooholecules in bio-refineries.

To describe the processing of methane and arom@tipounds using biocatalysts.

To learn concept of bio-corrosion and describedaioosion of various metals and th
prevention.

To understand emulsification and describe methad®noulsification by biologica
components.

To apply principle of bio-emulsification in sewaigeatment.

To learn methods of bioremediation and apply thememediation of oil spills and i
petroleum industry waste water treatment.

U

-

>
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MODULES

TEACHING
HOURS

REVISED
BLOOM'S
TAXONOMY
(RBT) LEVEL

MODULE -1

BIOREFINARIES - Petroleum biotechnology as an
integrated approach, microbial diversity in pil
reservoirs and DNA fingerprinting, Potential use| of
biocatalyst in oil refineries, extremophiles and |oi

refineries — a new application. Bio-desulfurizatien

enzymatic treatments; Bio-denitrogenation | of
petroleum; Enzymatic transformation of asphaltenes.

10

L1, L2

MODULE -2

BIOPROCESSING OF METHANE AND
AROMATIC COMPOUNDS -Bioprocessing of

crude oils and distillates in oil-water system,

aromatic bioprocessing biocatalysts and its genetic

engineering. Aromatic bioprocessing of BioARC
(Biological Aromatic Ring Cleavage). Biological
distribution and classification of methane

monooxygenases, soluble methane monooxygenase,
Methane monooxygenase in biocatalysts @and

Biomimetics

L1L2L3

MODULE -3

BIOCORROSION- Bio-corrosion of steel,

aluminum alloy in fuel/water system; aerobic

corrosion of iron; microbial inhibition of corrosio

electrochemical interpretation of bio-corrosion;
prevention, control and monitoring of bio-corrosion

Molecular tools in bio-corrosion — DNA
hybridization technique

08

L1L2L3

MODULE -4

BIOEMULSIFIERS - Low molecular weight biot
surfactants; Bio-emulsifiers — Protein Polysacater

interactions, emulsan paradigm, microbial sources,

engineering of novel emulsans; Polymeric b

transportation.

o_
emulsifiers — Alasan, Liposan, Biodispersan,
Production techniques of bio-emulsifiers.
Application — Bio-emulsification, cleaning and
sludge recovery, viscosity reduction and |olil

08

L1L2L3 L4

MODULE -5

BIOREMEDIATION - Phytoremediation;

mechanisms and pilot studies, and mathematical

modeling. Bioremediation of Marine Oil spills:
Anthropogenic input of oil into ocean, Physicalefat

of spilled oil, eventual fate of spilled oil, spil
response — at sea, on shore.

Biotreatment of water pollutants from the Petroleum

08

L1,L2,L3,L4
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industry: Anaerobic biodegradation and
biotransformation, Biotransformation of S- and |N-
bearing inorganic compounds, Oxygenated fuel
additives (MTBE biodegradation).

Course outcomesAfter studying this course, students will be alole t
* Understand concept of bio-refineries and their i@ppbns.

» Describe processing of methane and aromatic congsousing biocatalysts.

» Demonstrate biological corrosion and methods tolairthem.

» Describe emulsification methods used for industradplication using biologica
materials.

* Apply bio-emulsification method to sewage wateatmeent process.

» Describe bioremediation process and apply it toropmim industry waste wate
treatment.

1

el

Graduate Attributes ( as per NBA)
Problem Analysis

Design / Development of Solutions
Project Management and Finance
Societal and Environmental Concern
Innovation and Entrepreneurship

Question Paper Pattern:

» The question paper will have ten questions.
Each full question consists of 16 marks
There will be 2 full questions (with a maximum afuf sub questions) from ea
module.
Each full question will have sub questions coveatighe topics under a module.
The students will have to answer 5 full questieecting one full question fror
each module.
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