VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAUM

CHOICE BASED CREDIT SYSTEM (CBCS)
SCHEME OF TEACHING AND EXAMINATION 2016-2017

M.TECH. IN BIOTECHNOLOGY AND BIOCHEMICAL ENGINEERIN G

| Semester CREDIT BASED
Teaching hours/week Marks for
Subiject . Practical / Field Duration of Total
Code Name of the Subject Lecture Work / Exam in Hours l.A. Exam Marks CREDITS
Assignment
16BBT11/1 4
NUMERICAL METHODS AND
6BBC11/16 BIOSTATISTICS 4 - 3 20 80 100
IBT11
16BBT12/1 | CONCEPTS IN BIOTECHNOLOG
6BBC12 4 - 3 20 80 100 4
16BBC13/1 | PRINCIPLES OF BIOCHEMICAL
6BBT13 | ENGINEERING 4 h 3 20 80 100 4
16BBC14 | MOLECULAR BIOLOGY AND
GENETIC ENGINEEIRING 4 - 3 20 80 100 4
16BBC15X | ELECTIVE - 1 3 -- 3 20 80 100 3
BIOTECHNOLOGY AND 3 2
16BBC16 | 515 CHEMICAL ENGINEERING LAB - 3 20 80 100
16BBC17 | SEMINAR - 3 - 100 -- 100 1
Total 19 6 18 220 480 700 22
ELECTIVE-1
16BBC1E | ANALYTICAL TECHNIQUES
1
16BBC1t | COMPUTATIONAL BIOLOGY
2
16BBC1E | BIOPROCESS CONTROL & INSTRUMENTATION
3
16BBC1E | METABOLIC ENGINEERING
4
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VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAUM

CHOICE BASED CREDIT SYSTEM (CBCS)
SCHEME OF TEACHING AND EXAMINATION 2016-2017

M.TECH. IN BIOTECHNOLOGY AND BIOCHEMICAL ENGINEERIN G

Il Semester REDIT BASED
Teaching hours/weel Marks for
. Practical / Field .
Subject . Duration of Total
Code Name of the Subject Lecture Work/ Exam in Hours I.A. Exam Marks CREDITS
Assignment/
Tutorials

16BBC21 | FERMENTATION TECHNOLOGY 4 - 3 20 80 100 4
16BBC22 | BIOREACTOR PLANT DEYIGN 4 - 3 20 80 100 4
16BBC23 | BIOSEPARATION AND PFODUCT

RECOVERY 4 -- 3 20 80 100 4
16BBC24 | PLANT AND ANIMAL

BIOTECHNOLOGY 4 - 3 20 80 100 4
16BBC25X | ELECTIVE -2 3 - 3 20 80 100 3

FERMENTATION TECHNOLOGY AND 3 2
16BBC26 | 5 15SEPARATION LAB - 3 20 80 100
16BBC27 | SEMINAR -- 3 -- 100 - 100 1

Total 19 6 18 220 480 700 22

ELECTIVE-2

16BBC2t | CELL CULTURE TECHNIQUES

1

16BBC2t | ENVIRONMENTAL BIOTECHNOLOGY

2

16BBC2t | BIOPROCESS OPTIMIZATION, MODELING & SIMULATIONS
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3

16BBC2E | NANOBIOTECHNOLOGY
4

VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAUM

CHOICE BASED CREDIT SYSTEM (CBCS)
SCHEME OF TEACHING AND EXAMINATION 2016-2017

M.TECH. IN BIOTECHNOLOGY AND BIOCHEMICAL ENGINEERIN G

Il Semester: CREDIT BASED
No. of Hrs./Week . Marks for
Course . - Duration of the Total
Subject Practical / : CREDITS
Code Lecture Field Work Exam in Hours [.A. Exam Marks
SEMINAR/PRESENTATION ON
16BBC31 | INTERNSHIP (8 WEEKS FROM THE - - - 25 25
COMMENCEMENT OF 3° SEMESTER)
16BBC32 | REPORT ON INTERNSHIP - - - 25 25 20
EVALUATION AND VIVA ON
16BBC33 INTERNSHIP 50 50 100
16BBC34 | EVALUATION OF PROJECT PHASE: | - - - 50 05 1
Total - - - 150 200 21
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VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAUM

CHOICE BASED CREDIT SYSTEM (CBCS)
SCHEME OF TEACHING AND EXAMINATION 2016-2017

M.TECH. IN BIOTECHNOLOGY AND BIOCHEMICAL ENGINEERIN G

IV Semester CREDIT BASED
. No. of Hrs./Week . Marks for
Subject . . Duration of Total
Code Subject Lecture F'eld. work / Exam in Hours I.A. Exam Marks CREDITS
Assignment
16BBT41/1 4
6BBC41/16| RESEARCH METHODOLOGY,
BI41/16IBT | BIOSAFETY AND IPR 4 - 3 20 80 100
41

16BBC42X | ELECTIVE -3 3 -- 3 20 80 100 3

EVALUATION OF PROJECT
16BBC43 PHASE-I] - - - 50 - 50 3

EVALUATION OF PROJECT WORK
16BBC44 AND VIVA-VOCE. - - 3 - 100+100 200 10

Total 7 - 09 90 360 450 20
Grand Total (b IV Sem.) : 2050 Marks; 85 Credits
ELECTIVE-3

16BBC421 PROJECT MANAGEMEN"

16BBC422/16BBT42Z | QC, QA & VALIDATION

16BBC425/16BBT42% | INDUSTRIAL ECONOMICS

16BBC424/16BBT424 | ENTREPRENEUR DEVELOPMEN
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NUMERICAL METHODS & BIOSTATISTICS

(CORE SUBJECT)

[As per Choice Based Credit System (CBCS) scheme]

SEMESTER — |
Subject Code 16BBT11/16BBC11/161BT11 | IA Marks 20
Number of| 04 Exam Marks 80
Lecture
Hours/Week
Total Number off 50 Exam Hours 03
Lecture Hours

CREDITS - 04

* Course objectives:The course will enables the students

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

Revised
Modules Teaching | Bloom's
Hours Taxonomy

(RBT)
Level

MODULE -1

INTRODUCTION TO STATISTICS AND STUDY DESIGN :

Introduction to statistics, data, variables, typedata, tabular, graphicallO Hours | L1,L2,L3,

and pictorial representation of data. Significanck statistics tg L4

biological problems, experimental studies; rand@aizcontrolled

studies, historically controlled studies, cross roviactorial design

cluster design, randomized; complete, block, dtedtidesign, biases,

analysis and interpretation.

MODULE -2

DESCRIPTIVE STATISTICS AND OBSERVATIONAL STUDY | 10 Hours | L1,

DESIGN: L2,L3,L4

Types of variables, measure of spread, logarithtransformations

multivariate data. Basics of study design, cohtuties, case-control

studies, outcomes, odd ratio and relative riskéicifiles of statistica

inference: Parameter estimation, hypothesis tes8taistical inference

on categorical variables; categorical data, binbwhistribution, normal

distribution, sample size estimation.

MODULE -3

COMPARISON OF MEANS: 10 Hours | L2, L3,L4

Test statistics; t-test, F distribution, indeperidemd dependent samp
comparison, Wilcoxon Signed Rank Test, Wilcoxon-Mafhitney

le

Test, ANOVA. Correlation and simple linear regressilntroduction,
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Karl Pearson correlation coefficient, Spearman Raskrelation
coefficient, simple linear regression, regressioodet fit, inferences
from the regression model, ANOVA tables for regi@ss Multiple
linear regression and linear models: Introductiddultiple linear
regression model, ANOVA table for multiple lineagression model|,
assessing model fit, polynomials and interactiddse-way and Twor
way ANOVA tables, T-tests; F-tests. Algorithm andpiementation
using numerical methods with case studies.

MODULE -4

DESIGN AND ANALYSIS OF EXPERIMENTS : 10 Hours | L3, L4, L5
Random block design, multiple sources of variatmorrelated data and
random effects regression, model fitting. Completeandomized
design, stratified design. Biological study desigm@ptimization
strategies with case studies.

MODULE -5

STATISTICS IN MICROARRAY, GENOME MAPPING AND | 10Hours | L3, L4, L5
BIOINFORMATICS :
Types of microarray, objectives of the study, expental designs fof
micro array studies, microarray analysis, intemgreh, validation and
microarray informatics. Genome mapping, discretpuieace matching,
Tools, software and programs for mapping sequenibscase studies.

Course outcomes:

After studying this course, students will be alole t
» Demonstrate strong basics in statistics and nualaaialysis,
» foundation to tackle live problems in various s@seof 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.
e There will be Zull questions (with a maximum of four sub quessipfrom each module.
« Each full question will have sub questions coveatighe topics under a module.

ch

e The students will have to answer 5 full questiosslecting one full question from eal
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, Va
Nostrand Reinhold Company, 1982.

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

-

Reference Books:

1. Wolfgang Boehm and Hartmut Prautzsch, Numericalhdeés, CRC Press, 1993.

BOARD OF STUDIESIN BIOTECHNOLOGY. VTU, BELGAUM, KARNATAKA.



2. John F. Monahan. Numerical Methods of Statisticani@ridge Sries in Statistical an
Probabilistic Mathematics), Cambridge Universite$d, 2011. N

3. Joe D. Hoffman. Numerical Methods for Engineers Sotentists, CRC Press,dZEdition,
2001.

4. Warren J. Ewens Gregory Grant, Statistical Methmd8ioinformatics: An Introductior]
(Statistics for Biology and Health), Springer, 2005

CONCEPTS IN BIOTECHNOLOGY
(CORE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER — |
Subject Code 16BBT12/16BBC12A Marks 20
Number of Lecture 04 Exam Marks 80
Hours/Week
Total Number off 50 Exam Hours 03
Lecture Hours

CREDITS - 04

Course objectives The course will enables the students
» Appreciate the Basic concepts and apply the knoyded Biotechnological problems
» Use these skills towards the design & analysig®fikience experiments
» Demonstrate effective use of these tools and tgdesi in solving problems relevant for

society
Revised
Modules Teaching | Bloom’s
Hours Taxonomy
(RBT) Level
MODULE -1

INTRODUCTION TO BIOLOGY :
Macromolecules; Carbon chemistry; Proteins: Stmact folding,| 10 Hours | L1, L2,L3
catalysis; Nucleic acids: DNA & RNA; storage andnsfer of genetic
information; Lipids: membranes, structure & funaticCarbohydrate
chemistry, energy storage, building blocks.

14

MODULE -2

CELL STRUCTURES AND ITS FUNCTIONS: Llo Hours | L1,L2,L3,L4
Eukaryotic and Prokaryotic cells, plant and aniglls, structure o

nucleus, mitochondria, ribosomes, Golgi bodies, odgsnes
endoplasmic reticulum, chloroplast, vacuoles; Gsajtle and cel
division: Different phases of cell cycle, cell dilon: Mitosis and
meiosis. Mendelian law of inheritance: Monohybriddadihybrid
inheritance, law of segregation and independenorament; Gene
Interaction; Multiple alleles, supplementary andnptementary genes
epistasis. ldentification of genetic material: slaal experiments;
chromosome structure and organization, chemical position of
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chromatin, structural organization of nucleosomesterochromatinj,
polytene and lamp-brush chromosomes, human chromes
chromosomal disorders.

O

MODULE -3

SCOPE OF MICROBIOLOGYAND IMMUNOLOGY:
Introduction to the structure and functions of manganism: Bacterig,
Viruses, Fungi and Protozoan’s. Microscopy and afi@l techniques;
Study of microscopes; sterilization techniques: tHsteam, Radiation,
Filtration and chemical methods; Pure culture temhes: Seria
Dilution, Streak, Spread, Pour Plate.

Immune System, Innate and adaptive immunity, anigeand
antibodies; types of immune response, hyperseitgitiHumoral
immunity:  B-lymphocytes, Immunoglobulin  classes, jid
Histocompatibility Complex (MHC). Cell mediated inomity.
Thymus derived lymphocytes (T-cells), Antigen prasey cells
(APC); Immunity to infection, Cytokines.

10 Hours

L1, L2,
L4

L3,

MODULE -4

SCOPE OF AGRICULTURAL BIOTECHNOLOGY:

Role of Microbes in agriculture, Biopesticides, Bitrtilizers
(Nitrogen fixing microbes), GM crops. Plant metaboténgineering
and industrial products: Molecular farming for tipeoduction of
industrial enzymes, biodegradable plastics, antésyckdible vaccines.
Metabolic engineering of plants for the productioh fatty acids,
industrial oils, flavonoids etc. Basic aspects of Fa%dNutrition.
Discussion of case studies for addressing heallhn@adnutrition, via
agri BT.

10 Hours

L3, L4,
L6.

L5,

MODULE -5

INDUSTRIALLY IMPORTANT MICROORGANISMS AND
PRESERVATION TECHNIQUES:

Different media for fermentation, basic structure fermenter ang
different types. Types of fermentation processesfdse, submerged
and solid state) and their products (ethanol, cciaeid, lactic acid
enzymes, antibiotics) Biological treatment of wastater, primary,
secondary and tertiary treatments. Bio indicat&isremediation of
xenobiotic compounds, Bioleaching of minerals frares, Bio-
sorption of toxic metals. Solid waste managemerafugl production
from agricultural wastes. Case studies and solstfon current issues
of waste management.

10 Hours

L3, L4,
L6.

L5,

Course outcomes:
After studying this course, students will be alole t
« Demonstrate strong basics in principles of biotedbgy
» Demonstrate strong basics in biotechnology and nigaleanalysis,

Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
» Societal and Environmental concern
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Question paper pattern:
» The question paper will have ten questions.
* Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.

ch

* The students will have to answer 5 full questiosslecting one full question from ea
module.
Text Books:

1. De Robertis EDP and De Robertis Jr. EMF, Cell andleiular Biology, Wippincot
Williams and Wiilkins publisher, 2001.

2. Strickburger M W, Principles of Geneticst, &dition, Prentice Hall Publication, India, 201
3. Prescott and Dunn, Industrial Microbiology, Macimaitl, 1982

4. Ashim K Chakravarthy, Immunology & Immunotechnolo@xford University Press, 2006.

Reference Books: 0
1. Gardner, Simmonns and Snustad, Principles of Gcené}i edition, 2005
2. P S Verma, V R Agarwal, Cell Biology, Genetics, Exmn and Ecology, New
Publisher Delhi, 2007.
3. K. Lindsey and M.G.K. Jones, Plant biotechnologygriculture, Prentice hall, New Jerse
1989.
4. Munnecke DM, Johnson LM and others, Biodegradatiand Detoxification of

Y.

Environmental Pollutants CRC Press, 1982

PRINCIPLES OF BIOCHEMICAL ENGINEERING
(CORE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER — |
Subject Code 16BBT13/16BBC13A Marks 20
Number of Lecture 04 Exam Marks 80
Hours/Week
Total Number off 50 Exam Hours 03
Lecture Hours

CREDITS - 04

Course objectives The course will enables the students
» To, appreciate the concepts underlying in varioberical engineering streams like Un
operations, Fluid Mechanics, Thermodynamics, Heausfer etc
» To comprehend the essentials of design of Bioreac¢termenters
* prepare them to leverage their knowledge of bickgnolecules / products,
scale up operations and productions.

Revised
Modules Teaching | Bloom's
Hours Taxonomy
(RBT) Level
MODULE -1
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HISTORICAL DEVELOPMENT OF BIOPROCESS
TECHNOLOGY:
An overview of traditional and modern applicationgf

biotechnological processes, Roles and responghsilbf a Chemical
engineer in bioprocess industry, Steps in biopcdsvelopment.

Biology of the cell, classification, constructiomda cell nutrients
Industrial enzymes -, Nomenclature and Classificatof enzymes
structure and functions of enzymes with relevasecgudies.

10 Hours

L1, L2,L3

MODULE -2

EQIPMENTS: Mixing-Power requirement (Calculation of power n
Ungassed and gassed fluids, factors affecting tteeh bviscosity,
Mixing equipments (Banbury mixers, Muller Mixersize Reductior
(laws of size reduction, Mechanical efficiency amrdshing efficiency
Concept of Sphericity, Volume surface Mean Diametearithmetic
Mean Diameter, Mass mean diameter, Volume Mean Bliemand
Proof for sphericity is unity for regular objectyuShing equipment
(Jaw crusher, Garyatory crusher, Shredders, Ball) rkiltration

(constant pressure and constant rate filtratioreggions with only the

equations.

01,0 Hours

w

14

L2, L3, L4,
LS

MODULE -3

INDUSTRIALLY IMPORTANT FILTRATION EQUIPMENTS
AND ACCESSORIES:

(Rotary filters, Plate and frame filters and Leidtefs) Settling and it$
type (free and Hindred settling: equation for newstolntermediate

Stokes regimes and Criteria for selection of thaatign) Problems
Size Enlargement operations. Flow pattern in agftatessel, Role g
shear in fermentation broth, bubble shear, rheocdbgbehavior of
fermentation broth, 3-D Continuity equation, Pressdrop in flow
through packed bed and Fluidized bed (Kozeny,CarnmBilake

Plummer Equations), Flow of compressible fluidan&ito empty the

liquid from a tank (Rectangle Tank and Hemisphéridank),
problems, Problems on calculation of resultant ¢igfjoand resultan
acceleration of fluid on space ordinates (x,y,2)mérical Problems.

10 Hours

174

—h

L2, L3, L4,
LS

MODULE -4

BASICS OF THERMODYNAMICS:

Procedure for Energy balance and Energy balancecdtr culture,
Concept of Internal energy, Enthalpy-calculationscpdure (Enthalpy
and internal energy changes calculations usingt fi@y of
Thermodynamics), calculations of Entropy changestr(ipy changes
for constant Temperature, Constant volume, congt@sisure and wor|
lost due to entropy) Differential equations of Eply, Problems or
entropy and Its calculations, Gibbs Free energyathdr free energie
of systems, Effect of temperature and Pressuré®®tbbs free energ
and Helmoltz free energy. Discussion of case studie

10 Hours

<<

< 0O - XN D

L2, L3, L4

MODULE -5

INTRODUCTION TO HEAT TRANSFER: | 10 Hours | L3, L4, L5,
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over view of Industrial Heat Exchangers (Constarctand working L6
principle of DPHE, STHE, Helical coil heat exchargyalong with the
heat transfer equations) and Concept of LMTD, BgilCondensation
Nucleate and film boiling (Regimes of pool boilinBegenerators an
Recupretors. Transient growth kinetics, measurenwnmicrobial
population by turbidometry and studying the effeictemperature, pH,
carbon and nitrogen Batch, fed batch and continuoulures.
Discussion of design strategies and case studies.

o -

Course outcomes:
After studying this course, students will be alole t
» Demonstrate strong basics in principles of bioeagjimg
» Tackle live problems in various spheres of biocloainengineering
» Search for information from relevant data hand Isodkr the design and execution @
experiments using bioreactors / fermenters

Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
» Life-long Learning

Question paper pattern:
» The question paper will have ten questions.
* Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
« Each full question will have sub questions coveatighe topics under a module.

e The students will have to answer 5 full questiosslecting one full question from each
module.
Text Books:
1. Paulin and M Doran Bioprocess engineering and jpies 2nd Edition, Wiley, 2006
2. R.M. Felder and R.W. Rousseau, Elementary Pringipie Chemical Processes, 3rd
Edition, J. Wiley, New York, 2000.
3. D.M.Himmelblau, Basic Principles and CalculationsGhemical Engineering, 6th Edition,

Prentice Hall of India. New Delhi, 1996

Reference Books:

1. SC Arrora And Domkundar Process Heat Tran %eﬂltlon Wiley, 2006.
2. Engineering Thermodynamlcr by K.V. Narayan &dition 2010

3. R.K. Bansal Fluid Mechanics 3edition 2010.

4.Bird et al., Transport Phenomena, 2ndtion, Wiley, 200¢
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MOLECULAR BIOLOGY AND GENETIC ENGINEERING
(CORE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER — |
Subject Code 16BBC14 IA Marks 20
Number of Lecture 04 Exam Marks 80
Hours/Week
Total Number off 50 Exam Hours 03
Lecture Hours

CREDITS - 04

Course objectives The course will enables the students
* To impart theoretical knowledge of the MoleculaoBpy and Genetic Engineering.
* To develop technical skills including the abilitydesign & conduct experiments
* To use appropriate analytical methods to criticallyiew the experimental observatio

and results
Teaching | Revised
Modules Hours Bloom'’s
Taxonomy
(RBT) Level
MODULE -1
DNA REPLICATION:

Comparative account on initiation, elongation aedmination in| 10 Hours | L1, L2,L3
prokaryotes and eukaryotes DNA Repair. Mismatchremion,
Mechanisms in thymine-dimer repair: PhotoreactoratiNucleotide
excision repair, SOS repair DNA Recombination: Hgous and
non-homologous recombination; Holliday Model; Siwpecific
recombination: General mechanism, Examples: SSHBanteria-
bacteriophage, FLP/FRT and Cre/Lox recombinatiamngcription:
Prokaryotic & Eukaryotic Mechanisms; Significance Rromoters,
Enhancers, Silencers, Transcription factors, Atbisea and
repressors; Post transcriptional modifications; n$aaiption
inhibitors

MODULE -2

GENETIC CODE AND ITS PROPERTIES: 10 Hours | L1,L2,L3,L4
Wobble hypothesis. Translation: Role of RibosomestRNA,;
Mechanism of translation: Activation of amino agcidsitiation
complex formation, elongation of polypeptide, temation and
release of polypepetide; Post-translational modlifons; Transport of
proteins and molecular chaperones. Transcriptioegulation in
Prokaryotes: General mechanism of positive and tivga&ontrol;
Operon concept: lac, trp, and gal operons; Trapseonal control in
Eukaryotes: Chromatin remodeling: Acetylation aeaaktylation of
histone proteins; Regulatory proteins: DNA bindingnsactivators),
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coactivators; Homeotic gene and their role in gegeilation.

MODULE -3

VECTORS: 10 Hours | L2,L3,L4
Plasmids, Phage Vectors, Phagemids, Cosmids, YAWsBACS;
Cloning & Expression vectors. Enzymes in genetigimeering:
Restriction Enzymes, DNA ligase, Klenow enzyme, DNA
polymerase, Polynucleotide kinase, Alkaline phosgpde Methods in
construction of recombinant vectors: Linkers, Adapt
Homopolymeric tailing. Techniques in Genetic Enginieg:
Construction of libraries: Genomic and cDNA libesi
Hybridization techniques: Northern and Southern riaybations.
Polymerase Chain Reactioeneral mechanism and applications;
Variants of PCRIn vitro mutagenesis.

MODULE -4

GENE TRANSFER TECHNIQUES INTO PLANTS: |10Hours | L3,L4,L5
Microprojectile bombardmentAgrobacterium transformation, T
plasmid: structure and functions, Ti plasmid baseectors,
mechanism of T-

DNA transfer; Chloroplast transformation; Transgemsicience in
plant improvement: resistance to biotic and abiostresses,
biopharming — plant s as bioreactors.

MODULE -5

Introduction of DNA into mammalian cells; Animal aters and 10 Hours L3, L4, L5
Transfection techniques; Transgenic science forrongment of
animals and livestock, animal as bioreactors foomgbinant proteins.
Gene transfer techniques into microbial cells: gfarmation,
electroporation, lipofection, calcium phosphate iaed; Genetic
manipulation of microbes for the production of ilsu growth
hormones.

Course outcomes:

After studying this course, students will be alole t
» Demonstrate strong basics in principles of Molechlalogy and Genetic engineering
» foundation to tackle live problems in various sgsenfGeneticengineering

Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
» Life-long Learning

Question paper pattern:
* The question paper will have ten questions.
* Each full question consists of 16 marks.
e There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.
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* The students will have to answer 5 full questiosslecting one full question from ea
module.

ch

Text Books:
1. Bruce Alberts, Alexander Johnson, Julian Lewis, tMaRaff, Keith Roberts, and Pet
Walter. Molecular Biology of the Cell, 4th editioNew York: Garland Science; 2002.
2. Harvey Lodish, Arnold Berk, S Lawrence Zipursky,uPdatsudaira, David Baltimore, ar
James Darnell. Molecular Cell Biology, 4th editibiew York: W. H. Freeman; 2000.
3. S.B. Primrose, R.M. Twyman and R.W.OId; PrinciptdsGene Manipulation. 6th Editior
S.B.University Press, 2001

Reference Books:
1. Brown TA, Genomes, 3rd edition. Garland Science5200
2. T. A. Brown. Gene Cloning: An Introduction, StanlBlyornes Publishers Limited, 1995
3. J. Sambrook and D.W. Russel; Molecular Cloning:abdratory Manual, Vols 1-3, CSHL,

[1%)
—

d

4

2001
ELECTIVES |
ANALYTICAL TECHNIQUES
(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER — |
Subject 16BBC151 IA Marks 20
Code
Number of| 03 Exam Marks 80
Lecture
Hours/Week
Total 40 Exam Hours 03
Number of
Lecture
Hours
CREDITS - 03

Course objectives The course will enables the students
» To develop technical skills of all basic biocherhi@ad biophysical techniques

» To use appropriate analytical methods and to eflficeview the experimental observations
* To inculcate the ability to design & conduct capessfic experiments, and analyze the

results.
Teaching | Revised
Modules Hours Bloom's
Taxonomy
(RBT)
Level
MODULE -1
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BRIEF REVIEW OF ELECTROMAGNETIC SPECTRUM AND
ABSORPTION OF RADIATIONS:

Theory of spectroscopy, absorption by organic mdes; choice of
solvent and solvent effects, modern instrumentationdesign anc
working principle. Applications of UV-Visible speoscopy (qualitative
and quantitative analysis). Principles of vibraéibnspectroscopy
frequency and factors influencing vibrational fregay, instrumentatio
and sampling techniques, interpretation of specapplications in

biology. FT-IR-theory and applications, Attenuat&€dtal Reflectance

(ATR). Raman Spectroscopy, theory, instrumentatiowl, applications t
biology. Discussions with Case studies.

08 Hours

=)

1

O

L1, L2,L3

MODULE -2

FUNDAMENTAL PRINCIPLES OF NMR:
Instrumentation, solvents, chemical shift, and dextaffecting chemicag
shift, spin-spin coupling, coupling constant, aadtérs influencing thg

value of coupling constant, spin-spin decouplingotgn exchange

reactions, FT-NMR, 2D -NMR, NMDR, NOE, NOESY, COSand
applications in Pharmacy, interpretation of spect@l3 NMR-
Introduction, Natural abundance, C13 NMR Spectrd #s structura
applications. Discussions with Case studies.

08 Hours

VU —

L2,L3,L4,
L5

MODULE -3

BASIC PRINCIPLES AND INSTRUMENTATION OF ION

FORMATION AND TYPES: Fragmentation processes 4
fragmentation pattern, Chemical ionization massctspscopy (CIMS),
Field lonization Mass Spectrometry (FIMS), Fast lt@ombardmen
MS (FAB MS), Matrix Assisted laser desorption / imation MS

(MALDI-MS), GC-MS. LC-MS. MS-MS. Discussions withaSe studies|

08 Hours
nd

t

L2, L3,L4,
L5

MODULE -4

INTRODUCTION TO X-RAY: Generation of X-rays, X-ray|
diffraction, Bragg's law, X-ray powder diffractionnterpretation of
diffraction patterns and applications. Single aistliffractions of
biolomolecules. Fibre diffraction. Neutron difframt. XAFS. ORD
Principle, Plain curves, curves with cotton effemttant rule and its
applications with example, circular dichroism at&l relation to ORD.
Discussions with Case studies.

08 Hours

L2, L3, L4,
L5

MODULE -5

CHROMATOGRAFIC TECHNIQUES:
Classification of chromatographic methods based nmchanism of
separation: paper chromatography, thin layer chtography, ion
exchange chromatography, column chromatography afiihity
chromatography — techni ques and applications. @asmatography
Theory and principle, column operation, instrumgatg derivatisation
methods and applications. HPLC, LC-MS and applecetiin  HPTLC.

08 Hours

Discussions with Case studies.

L2, L3, L5

Course outcomes:
After studying this course, students will be alole t
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» Demonstrate strong basics in principles of Anahfttechniques
» Tackle live problems in various spheres of biolaggriences

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

Question paper pattern:
» The question paper will have ten questions.
» Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.

ch

* The students will have to answer 5 full questiosslecting one full question from ea
module.
Text Books:

1. Fundamentals of Bioanalytical Techniques and Imsénmtation, Sabari Goshal & A
Shrivastava, PHI, 2009

2. Donglas A. Skoog, James, J. Leary, Principles siriimental Analysis by, 4th Edition. 1992.
3.George T. Tsao, Philip M. Boyer Chromatography,rgpmar-Verlag, 1993

4. James W. Munson, Pharmaceutical Analysis — Moddethods, Taylor & Francis, 2001.

Reference Books: .
1.A. H. Beckett & J. B. Stenlake, Practical PharmacalChemistry, 4{1 Edition, 1988.

2. B. K. Sharma, Instrumental Methods of Chemical As@l, Goel Publishing House Meeru 9
Edition, 2000.
3. Saroj Dua & Neera Garg, Biochemical Methods of Asel, Alpha Science, 2010.

4. Robert. M. Silverstein, Spectrometric identificatiof Organic Compounds, 7th Edition, 1981

COMPUTATIONAL BIOLOGY
(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER — |
Subject Code 16BBC152 IA Marks 20
Number of Lecture 03 Exam Marks 80
Hours/Week
Total Number of Lecture 40 Exam Hours 03
Hours

CREDITS - 03

Course objectives The course will enables the students
» To appreciate the concepts underlying in variootston computational biology
» To comprehend the essentials of design of bioldgixperiments vian silico tools

Teaching | Revised
Modules Hours Bloom’s
Taxonomy
(RBT)
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Level

MODULE -1

Sequence databases Formats, querying and retridualeic acid &
Protein sequence databases, Genome Databases, ®BBI,TIGR,
SANGER ; Various file formats for bio-molecular seqces: Similarity
matrices; Pair-wise alignment; BLAST; Statisticalgrsficance of]
alignment; Sequence assembly; multiple sequengemaént; Tools an
techniques. Phylogenetics: distance based and atbharabasec
approaches. Discussions with Case studies.

08 Hours

j=m

L1, L2,L3

MODULE -2

SEQUENCE PATTERNS AND PROFILES:

Basic concept and definition of sequence pattamstjfs and profiles
various types of pattern representations viz. aoss® regula
expression (Prosite-type) and sequence profilesestr Motif
representation: consensus, regular expressiondy1®38arkov models
Regulatory sequence identification using Meme; Gefeding:
composition based finding, sequence motif-basedirftn Profile-basec
database searches using PSI-BLAST, analysis aretpietation of
profile-based searches. Discussions with Caseestudi

08 Hours

L2, L3, L4

MODULE -3

DATABASES:

PDB, NDB, Chemical Structure database. Pubchemge@®etpressior
database: GEO, SAGE, InterPro, Prosite, Pfam, Rrgi&ene Ontology
Structure classification database: CATH, SCOP, E338Btein-Proteir
interaction databases. Representation of molecsiiarctures (DNA,
MRNA, protein), secondary structures, domains aratifen Protein
structure classification, evolution; structural iyaassessment; structu
comparison and alignment; Visualization softwargniBl, Rasmol etc.)
3-D structure comparison and concepts, CE, VAST BAdll, concept

of coordinate transformation, RMSD, Z-score foustaral comparison.

Discussions with Case studies.

08 Hours

e

L3,
L5

L4,

MODULE -4

STRUCTURE PREDICTION:

Chou Fasman, GOR methods; analysis of results asasuming the
accuracy of predictions. Prediction of membraneickg| solvent
accessibility; RNA structure prediction; Mfold; Fidementals of thg
methods for 3D structure prediction (sequence ammy/identity of
target proteins of known structure, fundamentah@ples of protein
folding etc.) Homology/comparative modelling, foldecognition,
threading approaches, aat initio structure prediction methods. For

fields, backbone conformer generation by Monte @agproaches, side

chain packing; Energy minimization; Structure asayand validation
Pdbsum, Whatcheck, Procheck, Verify3D and ProsdRipsetta;
Discussions with Case studies.

08 Hours

\1%4

ce

L3, L4, L5

MODULE -5

COMPUTATIONAL BIOLOGY IN DRUG DESIGN:

| 08 Hours | L2, L3, L5,
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Target identification, validation and Identificatioand Analysis of L6
Binding sites; virtual screening, lead optimizatidngand based dru
design: QSARs and QSPRs, In silico prediction ADMg&®perties for
Drug Molecules. Pharmacophore identification. Hmtigand docking;
Rigid and Semi Flexible Molecular Docking. StudyiRgotein-Protein
interactions via computational biology tools.

Computational Biology applications for proteomic§omparative
genomics Transcriptomics, Microarray technology, expressprofiles
data analysis; SAGE; MS Data analysis, Probalalis¥odels of
Evolution, Protein arrays; Metabolomics, Gene MagpiSNP analysis
Systems Biology. Discussions with case studies.

©

Course outcomes:

After studying this course, students will be alole t
* Demonstrate strong basics in principles of compartat biology
» Connect between tools, databases and biologichlgms

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.
e There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.

e The students will have to answer 5 full questiosslecting one full question from each
module.
TEXT BOOKS
1. David W. Mount. Sequence and Genome Analysis, CBHiss, 2nd Edition, 2004.
2. Baxevanis and F. B. F. Ouellette, Bioinformaticgractical, guide to the analysis of genes and
proteins, 2nd Edition, JohnWiley, 2001.
3. Jonathan Pevsner, Bioinformatics and Functionalo@ecs, Wiley-Liss, it Edition, 2003.
4. Philip E. Bourne & Helge Weissig Tsai, StructuraiBformatics, Wiley, 2003
Reference Books:
Biological Sequence Analysis: Probabilistic miedef protein and Nucleic acids, Durbin et|al
Cambridge University Press. 2007.
5. Thomas E. Creighton Proteins: structures and mtaepuoperties, New York Freeman, 1992
6. Johann Gasteiger and Thomas Engel Chemoinformatiiesy, 2003
7. Tsai, C Stan, Biomacromolecules Introduction tau&tire, function and Informatics, Wiley&

Sons, 2007Robert A. Meyers. Systems Biology WiléacBwell. 2012.
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BIOPROCESS CONTROL AND INSTRUMENTATION

(ELECTIVE SUBJECT)

[As per Choice Based Credit System (CBCS) scheme]

SEMESTER — |
Subject Code 16BBC153 IA Marks 20
Number of Lecture 03 Exam Marks 80
Hours/Week
Total Number of Lecture 40 Exam Hours 03
Hours

CREDITS - 03

Course objectives The course will enable the students

* To, appreciate the concepts underlying in varioasstin bioprocess control
» To comprehend the essentials of design of biopsocestrol and instrumentation

Revised
Modules Teaching | Bloom’s
Hours Taxonomy

(RBT)
Level

MODULE -1

AIMS AND OBJECTIVES OF CONTROL SYSTEMS:

Closed loop control and open loop control systexaniples, Elements08 Hours | L1, L2,L3

of control system, process variables, process peteas) Representatign

of control systems in terms of block diagrams atgl explanation

Laplace transforms. Z transforms.

MODULE -2

FUNDAMENTALS OF STATIC AND DYNAMIC |08 Hours | L2,L3,L4

CHARACTERISTICS:

Indicators and recorders. Pressure measurementrd@oudiaphragnm

and bellow type gages. Vacuum measurements. Tetopefa

measurement- Bimetal and resistance thermometexanbcouples and

pyrometers, Flow measurement, Level measurememntete\pH and D(C

analyzers, on-line and off-line analysis of biomassmation

MODULE -3

INTRODUCTION TO CONTROLLER : 08 Hours | L2, L3,L4

Mode of action of controllers and the Transfer tioit, Response of thf

controller to Step, Pulse, Linear changes to esignals, qualities 0
good controller, proportional Band. Transmittergddurements systenm
Measurement of process variables, Actuators, Bogits, Contro
valves, Valve body, valve Plug, Variable Displacam@umps, ang
constant output pumps, PLC. Sequential control,id.cand security
systems.

S.

MODULE -4
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Block diagram Deduction, Analysis of typical contsgstem-Closed 08 Hours | L3, L4, L5
loop analysis -Servo and Regulatory problems festkind second order
systems, Closed and loop transfer functions, Probet for set point
change, off-set,P-controller for load change, Pitagler with set point
change. Stability. Process identification, RoougdRrouth Array, Bode
and Nyquist diagrams. Stability margins. Robustn®s=sady state errors.
Frequency domain respol

MODULE -5

Elements of tuning and closed loop dynamics Indistontrollers.| 08 Hours | L3, L4, L5
Design methodology. Control specifications. PIDitign Rule and mode
based tunning. Autotunners. Common control loopscéss design and
operability. Control structures. Cascade. Feed ddwRatio. Examples.
Interactive systems. Multivariable processes. RGAcoupling control
Design, scale up and optimization of various eqe@piand biosystems
used for biotechnological process industries (egeimt used in
upstream, downstream and fermentation processes).

Course outcomes:

After studying this course, students will be alole t
» Demonstrate strong basics in principles of Biopssamntrols and automation techniques
» Design and develop various control systems in bictegs

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.
e There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.

ch

e The students will have to answer 5 full questiosslecting one full question from eal
module.
TEXT BOOKS

1. Smith & Corrlpio, Principles and practice of autdgim@rocess control. John Wiley, 1985.
2.LuybenW.L., Luyben M.L., Essentials of processtoainMc Graw-Hill, 1997

3.0gunnake B.A., Ray W.H., Process dynamics, modedingy control, Oxford University Preg
1994

REFERENCE BOOKS
1. Luyben, Process modeling, simulation and corfitnothemical engineers. McGraw Hill, 1990.
2. McMillan, Tuning and Control loop performanc8Al 1990.

3. D E Seborg, T F Edger, Process dynamics andatpdbhn Wiley, 1999
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METABOLIC ENGINEERING
(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER — |
Subject Code 16BBC154 IA Marks 20
Number of Lecture 03 Exam Marks 80
Hours/Week
Total Number of Lecture 40 Exam Hours 03
Hours

CREDITS - 03

Course objectives The course will enables the students
» To, appreciate the concepts underlying in varicodst in cell metabolic engineering
technology

» To comprehend the essentials of metabolic pathveaysanalyze them

Teaching | Revised

Modules Hours Bloom’s
Taxonomy
(RBT)
Level
MODULE -1
INTRODUCTION AND METABOLIC REGULATION: L1, L2, L3

Introduction: Importance of metabolic engineeringnda its| 08 Hours
multidisciplinary nature. An overview of Cellularééabolism, Transpot
Processes, Passive Transport, Facilitated Diffusfctive Transport
Fueling Reactions, Fermentative Pathways, Glycs]y§CA Cycle and
Oxidative Phosphorylation, Anaplerotic PathwaysfaBalism of Fats
Organic Acids, and Amino Acids, Biosynthetic ReantiBiosynthesis o
Amino Acids, Biosynthesis of Nucleic Acids, Fattgids.

~—+

—h

MODULE -2

METABOLIC FLUX AND APPLICATIONS OF METABOLIC 08 Hours | L2,L3, L4
FLUX ANALYSIS:
Metabolic flux analysis and its application, MetBofbr experimental
determination of metabolic flux by isotope dilutiomethod. Production
of Glutamic Acid and regulation by Bacteria, Ca#tidn of Theoretica
Yields, Metabolic Flux Analysis of Lysine Biosyntite Network in C.
glutamicum, Metabolic Flux Analysis of Specific Deletion Muta of C.
glutamicum, Metabolic Fluxes in Mammalian Cell Culture
Determination of Intracellular Fluxes, ApplicatiohFlux Analysis to the
Design of Cell Culture Media.

174

S,

MODULE -3
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REGULATION OF METABOLIC PATHWAYS: 08 Hours | L2,L3, L4
Regulation of Enzymatic Activity, Overview of EnzgnKinetics, Simple
Reversible Inhibition Systems, Irreversible Inhidnit, Allosteric
Enzymes: Cooperativity, Regulation of Enzyme Cotregion, Control
of Transcription Initiation, Control of TranslationGlobal Control:
Regulation at the Whole Cell Level, Regulation oétibolic Networks
Branch Point Classification, Coupled Reactions #re Role of Globa
Currency Metabolites.

MODULE -4

METABOLIC ENGINEERING IN PRACTICE: 08 Hours | L3, L4
Enhancement of Product Yield and Productivity, BtiaAmino Acids,
Solvents, Extension of Substrate Range, Metabolgirteering of
Pentose Metabolism for Ethanol Production, Celledblemicellulose
Depolymerization, Lactose and Whey Utilization, fse Utilization,
Starch Degrading Microorganisms, Extension of Peodipectrum and
Novel Products, Antibiotics, Polyketides, Vitamingiopolymers,
Biological Pigments, Hydrogen, Pentoses: Xylitompkovement of
Cellular Properties, Prevention of Overflow Metabwl, Alteration of
Substrate Uptake, Maintenance of Genetic Stability.

MODULE -5

BIOSYNTHESIS OF METABOLITES AND BIOCONVERSIONS: | 08 Hours | L4, L5
Primary metabolites: Alteration of feedback regolat limiting of
accumulation of end products, resistant mutantsoigary metabolites:
Precursor effects, prophage, idiophase relationsdmzyme induction,
feedback repression, catabolic repression, impbganups of secondarny
metabolic enzymes, phosphotransferase, ligases ooxebuctases
oxygenases, carboxylases.Advantages of bioconvessigpecificity,
yields. Factors important to bioconversions, regoma of enzyme
synthesis, permeability co metabolism, conversioh insoluble
substrates.

Course outcomes:
After studying this course, students will be alole t
» Demonstrate strong basics in metabolic engineering
» Develop and design different metabolic pathwaysnderstand the cell regulatory eventsl|

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 Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.
* The students will have to answer 5 full questiosslecting one full question from ea

ch

module.
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TEXT BOOKS
1. Metabolic Engineering — Principles and Method@s by Gregory N. Stephanopoulos, Aristos
A. Aristidou, Jens Nielsen. 1998

2. Control of metabolic process by A.C. Bowden &ht. Cardens, Plenum Publisher. 1991
3. Principle of Fermentation Technology by P.Fn8tay and A. Whitkar, Pergammon press. 19§
4. Metabolism of Agrochemicals in Plants by TergbRrts, Willey Int., 1988

sz

REFERENCE BOOKS

1. Bioprocess engineering basic concepts by M.ulé&land Kargi. 1992

2. Fermentation and enzyme Technology by Wang OCbG@ney C | Demain, A L John Willey,
1991

3. Scale-up Methods in Chemical Engineering by $ohrand Thring. 2006

BIOTECHNOLOGY & BIOCHEMICAL ENGINEERING LAB
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER - |
Laboratory Code 16BBC16 IA Marks 20
Number of Lecture | O1Hr Tutorial Exam Marks 80
Hours/Week (Instructions) + 02
Hours Laboratory
Exam Hours 03

CREDITS - 02

Course objectives:
This laboratory course would enable the students
» To gain practical knowledge of the basic biotecbggland Biochemical engineering

* Use appropriate analytical methods to criticallyiee/ the experimental observations ang

)

results
Laboratory Experiments: Revised
Bloom’s
Taxonomy
(RBT) Level
1. Preparation of buffers and biochemical reagents. L2, L4, L5
Estimation of proteins by Lowry’s and Bradford neds L2,L3, L4

win

Methods in genomic DNA/plasmid Isolation, Quangation of nucleic | L2, L3, L4
acids by agarose electrophoresis/spectrophotonmegibods

4. Quentification of nucleic acids by agaro| L5, L6
gelectrophoresis/spectrophotometric methods

5. Amplification of DNA by PCR

6. Isolation and screening of microbes for Enzymesddig| L5, L6
acids/secondary metabolites(antibiotics)/nitrogeimg

7. Cell differentiation by gram stainir L2, L3, L4

8. Isolation of Enzymes/organic acids (from suitaldarses) L2, L5, L6
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9. Perform bioassays like, Enzyme activity, specitit\aty, Antibiogram | L3, L4

10. Enzyme Kinetic Parameters: Km, Vmax and Kcat ter L2,L3, L4

11. Optimization of biotic and abiotic parameters fozyme production in L5, L6
batch fermentation

12.Batch growth kinetics of microbes L5, L6

Course outcomes
On the completion of this laboratory course, thuglehts will be able to:
» Understand the screening of microbes for metalsolite
» Isolate DNA plasmid and quantification of Nuclemds;
» Perform bio assays like enzyme assay, antibiogradrkenetics of enzymes
» Analyze the products by shake flask culture

Graduate Attributes (as per NBA)
* Problem Analysis.

» Design/Development of solutions.
» Professional Ethics

» Individual and Team Work

Conduct of Practical Examination:
1. All laboratory experiments are to be included foagtical examination.
2. Students are allowed to pick one experiment froendk
3. Strictly follow the instructions as printed on tta&ver page of answer script for breakup o
marks.
4. Change of experiment is allowed only once and 158fkislallotted to the procedure part t
be made zero.

O

Reference Book:
1. Sandhya Mitra, Genetic Engineering : Principles Brattice, 2007

2. S.B. Primrose, R.M. Twyman and R.W.OId; PrinciptdsGene Manipulation. 6th Edition

S.B.University Press, 2001.
3. Hans Bisswanger Practical Enzymology, Wiley-Blackw2013
4. T. A. Brown. Gene Cloning: An Introduction, StanlByornes Publishers Limited, 1995
5. J. Sambrook and D.W. Russel; Molecular Cloning: abdaratory Manual, Vols 1-3, CSH

2001.
6. Keith Wilson and John Walker, Pricniples and Teghes of Biochemistry and Molecul
Biology, 2000.
Il SEMESTER
FERMENTATION TECHNOLOGY
(CORE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER —lI

Subject Code 16BBC21 IA Marks 20
Number of Lecture 04 Exam Marks 80
Hours/Week
Total Number of Lecture 50 Exam Hours 03
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Hours \ | |

CREDITS - 04

Course objectives The course will enable the students

» Appreciate the Basic concepts and apply the knayddeermentation Technology
» Use these skills towards the design & analysig®fikience experiments

 Demonstrate effective use of these tools and tegciesi in solving problems relevant for

industry and society

Modules

Teaching
Hours

Revised
Bloom'’s
Taxonomy
(RBT)
Level

MODULE -1

HISTORY OF DEVELOPMENT OF FERMENTATION

INDUSTRY: The range of fermentation process, Microbial bissnpl0 Hours

enzymes, metabolites, recombinant products, Tramsfiion process,
the component parts of Fermentor. Types of indaistrioprocesses;

submerged, surface, solid state fermentations:bagranaerobic and

light based processes. The differences betweenaty, pilot, and
manufacturing scale bioreactor experiments, Gre@lodics of
fermentation technology, types of Reactor and oeaidsign, proces
economics. Discussions with case studies

n

L2,L3, L5,
L6

MODULE -2

SCREENING OF IMPORTANT METABOLITES FROM
MICROBIAL SOURCES:

Primary and secondary screening of indusyriallimportant
microbes, Screening methods, General Techniguiesprovement
of industrial strains, Isolation of auxotrophic m@nts, resistant
mutants, revertant mutants, Selection by inducethntsi producing
improved yields of secondary metabolites. Presemaind storage
at reduced temperature; Agar slopes, liquid nitnoggehydrated
form, dried culture and lyophilisation. Quality ¢osi of preservatior]
of stock cultures.

A1

10 Hours

L2,
L4, LS

L3,

MODULE -3

INTRODUCTION TO CULTURE MEDIUM AND
FORMULATION: Energy sources, Carbon & Nitrogen sourg
Minerals, Growth factors, Buffers, Precursors aegutators, Oxyger
and antifoam ingredients, Medium optimization. Stdies for solid
state fermentation, Evaluation methods for
differences based on product use.

compl8ubstrates

10 Hours
es,
]

D

L2, L3, L4

MODULE -4

STERILIZATION PROCESS AND INOCULUM

DEVELOPMENT

Medium sterilization, Design for Batch sterilizatio process
Calculation of del factors and holding time. Desigh continuous
sterilization process, Sterilization of FermenteFeeds & liquid

10 Hours

L3, L4
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wastes, Filter sterilization of media. Discussiongh case studie
Development of Inoculum, criteria for transfer, dBpment of
inoculum in yeast, bacterial and mycelial procesassptic inoculation
of plant fermenters. Inoculum development methods.

[

MODULE -5
LABORATORY TO LARGE SCALE FERMENTATION 10 Hours L3, L4,
PROCESSES: Batch, Continuous culture, Synchronouson- L5, L6

synchronous growth kinetics, Feedback systems, agsgn of Batch
and Continuous culture in industrial processes iamdstigative tools
Fed batch culture, Applications of Fed back cukuf@chniques an
trends in Fermentation technology for the produrctod recombinant
vaccines, therapeutic proteins, antibiotics andjabatics. Discussions
with case studies. Treatment and disposal procetturandustrial
effluents.

[N

Course outcomes:

After studying this course, students will be alole t
» Demonstrate strong basics in principles of ferm@naechnology
» Demonstrate strong basics numerical analysis,
» Design and devop various fermentation proces:

Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
» Societal and Environmental concern
» Life-long Learning

Question paper pattern:
» The question paper will have ten questions.
» Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveafighe topics under a module.

ch

* The students will have to answer 5 full questiosslecting one full question from ea
module.
TEXT BOOKS:

1. Stanbury& Whitaker, Principles of Fermentation Tealogy, Second Edition, BH publication
1995

2. W. Crueger and A. Crueger, Biotechnology — Textkoob Industrial Microbiology, Sinaue
Publishers,1990

3.S O Enfors & L Hagstrom, Bioprocess Technology ndamentals and Applications, RI
Stockholm, 1992

REFERENCES BOOKS:
1. Casida, Industrial Microbiology, Wiley, 1986. A. NGlazer and H. Nikaids, Microbiz
Biotechnology, 2007

2. T.D. Brock, Biotechnology : A Text Book of IndusttiMicrobiology, Smaeur Associate
1990

3. Moo-Young, M., Bull, A. T., Dalton, H. ComprehensiBiotechnology, Pergamon Pre
1987.
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BIOREACTOR PLANT DESIGN
(CORE SUBJECT)

[As per Choice Based Credit System (CBCS) scheme]

SEMESTER -l
Subject Code 16BBC22 IA Marks 20
Number of Lecture 04 Exam Marks 80
Hours/Week
Total Number of Lecture50 Exam Hours 03
Hours

CREDITS - 04

Course objectives The course will enable the students

» Appreciate the Basic concepts and apply the knaydexd Bioreactor plant design

» Use these skills towards the design & analysis éetiors

» Demonstrate effective use of these tools and teclesi in solving problems relevant for

industry
» Gain knowledge on design Bioreactors using C,

Modules

Teaching
Hours

Revised
Bloom’s
Taxonomy
(RBT)
Level

MODULE -1

INTRODUCTION TO BIOPROCESS:
Objectives, Material and energy balance involvedierBy baseq
calculation involved in bioprocess technology(Upatn and
Downstream process Both steady state and Unstéaitdy, Process Floy
diagrams development, validation (introductionustuire and resource
for validation) of systems and processes includiig and CIP, cGMH
guidelines. Seed culture and inoculum developmauture cell banks
Operational models of reactors (Batch, continuéiesl Batch, repetitive
batch, recycle and continuous cultivation), Noveréactors (Stirreg
tank, Air lift & Loop reactors, fluidized bed react Packed bed an
Hollow fiber membrane bioreactors, immobilized Riactor),
Bioreactors for waste treatment processes; SSleditors, Selection @
bioprocess equipment (upstream and downstream}, thaasfer and
mass transfer equipment’s.

10 Hours
|

L1, L2,L3

MODULE -2

BASIC DESIGN AND CONSTRUCTION OF FERMENTERS AND

ITS AUXILIARIES:

Material of construction, Vessels for Bioprocesegsel geometry an
vessel design), bearing assemblies, Motor drivesepfic seals, Flov
measuring and control devices, Agitator and Spafdesign, piping,
valves, Pressure relief system, Conveyor and elevaensors an

10 Hours

d
v

d

instrumentation, control system and stability ofittol system

L2,L3,L4
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MODULE -3

REACTOR CONFIGURATION:

Facility design aspects and Utility supply aspe&iquipment cleaning
aspects, Design considerations for maintaininglisyenf process stream
and process equipment, Materials of constructiom Eoprocess
plants.Medium requirements and formulation for fentation processe
(examples of simple and complex media), design arsédge oOf
commercial media for industrial fermentations, Baand continuous he
sterilization of liquid media, Filter sterilizationof liquids, Air
sterilization-Techniques involved, sterility testnda integrity test
Inoculation process, sampling process, cell hamvgstCooling of
fermenter system, water system for bioprocess imgyproduction of
triple distilled water), Primary packing and secand packing, wastg
disposable technology, environmental aspects.

10 Hours
)

(2]

1%

L4, L5, L6

MODULE -4

Mass transfer in heterogeneous biochemical readimiems; Oxyge
transfer in submerged fermentation processes, Oxygetake rates af

determination of oxygen transfer coefficients dk role of aeration ar
agitation in oxygen transfer. Heaamisfer processes in biological syste
Numerical using Reynold’s, Prandtl’s, Chil ton &18orn analogies. Sca
up and scale down, effect of scale up on oxygenaissues, mixing
sterilization, pH, temperature, nutrient availaiiland supply; Bioredor
scale up based on constant power consumption pemeo mixing time
impeller tip speed(Shear), mass transfer coeffisierScale up
downstream processes: Adsorption; (LUB method)rdetors (geometr
based c rules); Filtration (cross flow Chrdography constant resoluti
etc. Centrifugation (equivalent times etc.). Sade¢n related aspects.

10 Hours

L3, L4, LS

MODULE -5

CONCEPTS OF CAED:

Detailed process and mechanical design of thevilig equipments vig
CAED - Agitated and jacketed vessels, fermenteselss shell and tub
heat exchanger and double pipe heat exchangersTfgeints (welded)

10 Hours

(‘DF’

pipe and pipe fittings.

L5, L6

Course outcomes:
After studying this course, students will be alole t

* Demonstrate strong basics in principles of fermignaechnology

« Demonstrate skills
fermenters via CAE,

in applying the concepts talsadesign of bioreactors and

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

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

* There will be 2Zull questions (with a maximum of four sub quessipfrom each module.

BOARD OF STUDIESIN BIOTECHNOLOGY. VTU, BELGAUM, KARNATAKA.




» Each full question will have sub questions coveafighe topics under a module.
* The students will have to answer 5 full questiosslecting one full question from each
module.

TEXT BOOKS:

1. Bailey and Ollis, Biochemical Engineering Fundanaés)tPrentice Hall, 1992

2. Atkcijnson, B. & Maviuna, F. Biochemical Engg. andoiichnology Handbook, Mc-Graw hil
2" Edition), 1993)

3. W.R.Vieth et al., Design and Analysis of ImmobitidEnzyme Flow Reactors. 1993.

4. M. L. Schuler & F. Kargi, Basic concepts Bioproc&sgineerin¢- by Entice Hall 199

REFERENCES BOOKS:

1. Pauline M Dorar, Bioproces Engineering Principles, Academic Pi 1995
2. H. C.Vogel & C. L. Todaro, Fermentation & Biochemical Engineeringdanc
Book (1983), Principles, Process Design and Equippme

3. Butterworth-Heiemann, A compendium of Good Rcast in Biotechnology, BIOTOL Series,
1993.

BIOSEPARATIONS AND PRODUCT RECOVERY
(CORE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER -lI
Subject Code 16BBC23 IA Marks 20
Number of Lecture 04 Exam Marks 80
Hours/Week
Total Number of Lecture 50 Exam Hours 03
Hours

CREDITS - 04

Course objectives The course will enable the students
» Appreciate the basic concepts and apply the knayeléor separations of biomolecules
» Use these skills towards the isolation of fermemextiucts and product recovery
 Demonstrate effective use of these tools and tegciesi in solving problems relevant for

industry
Teaching | Revised
Modules Hours Bloom’s
Taxonomy
(RBT)
Level
MODULE -1
INTRODUCTION TO DOWNSTREAM PROCESSES 10 Hours L1, L2,L3

Role and importance of downstream processing inebimological
processes. Problems and requirements of bio proguetfication.
Economics of downstream processing in biotechnglogyst cutting
strategies, characteristics of biological mixturg®cess design criteria for
various classes of by-products (high volume, lowe&agroducts and low
volume, high valve productdpiscussion of case studies.
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MODULE -2

PRIMARY SEPARATION AND RECOVERY PROCESS: 10 Hours | L3, L4, L5
Cell disruption methods for intracellular produgesnoval of insoluble
(particulate debris), centrifugation and filtrationethods. Membrane
based separations (dialysis, micro and ultra-fitirg reverse osmosis
theory design and configuration of membrane sejparatquipment
application. Enrichment operations; precipitatioethods (with salts,
organic solvents and polymer extractive separataapgous two phase
extraction). Discussion of case studies.

MODULE -3
ELECTROPHORETIC TECHNIQUES; 10 Hours | L2, L3,L4,
Theory of Electrophoresis; Classification; Applicas : Moving L5

boundary electrophoresis, Zone Electrophoresis, EBettrophoresis)
Continuous Gel Electrophoresis, Disc gel Electropbis, Agarose Geg
Electrophoresis, Cellulose Acetate, Starch Gel armuhge
(Polyacrylamide gel electrophoresis) and SDS - &olglamide, High
voltage electrophoresis, Isoelectric focusing, Imowlectrophoresis.
Capillary electrophoresis. PFGE. Discussion of cigdies.

MODULE -4
INTRODUCTION TO MOLECULAR INERACTION AND |10Hours | L2, L3, L4,
CHROMATOGRAPHY: L5

Adsorption and absorption, Kinds of adsorption riatéions. Adsorptio
characteristics, molecular orientation, adsorpismtherms: quantiteve
Relationships; adsorption from solutions, and thepdrtance o
Adsorption phenomena. Principle and classificatbrthromatography
important terms of chromatography, Partition chrageaphy -Single
dimensional (Both Ascending and Descending) &nd dimensiong
chromatography; Paper chromatography, Thin layeorohtography
Adsorption Chromatography. Discussion of case studi

MODULE -5
ADVANCED PURIFICATION TECHNIQUES: 10 Hours | L2, L3, L4,
lon Exchange Chromatography, Gel Filtration Chragedaphy, Affinity L5

Chromatography. Principle of HPLC, theory and chtans,
Instrumentation both analytical and preparativepégy of Columns,
Detectors; Sampling Methods; Applications of HPLEGMS, GCMS.
FPLC, HPTLC. Drying techniques, Crystallization,ophilisation,
Pervaporation, super liquid extraction, foam baseparations, in sit
product removal, Single step purification, Supeitical extraction,
online membrane separation, Discussion of caseestud

o

Course outcomes:
After studying this course, students will be alole t
» Demonstrate strong basics in principles of separaechniques, purification of fermente
products and towards isolation of desired molecule
» Design and develop various techniques with respgatoduct recovery

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

Question paper pattern:
» The question paper will have ten questions.
» Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveafighe topics under a module.

* The students will have to answer 5 full questiosslecting one full question from each

module.

TEXT BOOKS

1. Belter P.A., Cussler E. and Wei Shan Hu. Bioseparat- Downstream Processingr
Biotechnology Wiley Interscience. 1988.

2. Asenjo, Juan A. Asenjo Separation Processes ireghoiblogy. CRC Press. 1990

3. Biotol. Product Recovery in Bioprocess TechngledBIOTOL Series). Butterworth-
Heinemann College. 1992.

4. Ganapathy Subramanian, Bioseparations and Biomsimgg3/Viley, 2007

REFERENCE BOOKS
5. Wang D.I.C., Cooney C.L.,, Demain A.L., Dunnil.P.,urdphery A.E. and Lilly M.D|
Fermentation and Enzyme Technology John Wiley anmtsS1979.

6. Engelbert Buxbaum, Biophysical chemistry of proseipinger, 2011

7. David Freifelder Physical Biochemistry W H Freema882

PLANT AND ANIMAL BIOTECHNOLOGY
(CORE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER -l
Subject Code 16BBC24 IA Marks 20
Number of Lecture 04 Exam Marks 80
Hours/Week
Total Number of Lecture 50 Exam Hours 03
Hours

CREDITS - 04

Course objectives The course will enables the students
* To, appreciate the concepts underlying in variobsr@ical engineering streams like Un
operations, Fluid Mechanics, Thermodynamics, Heasfer etc

» To comprehend the essentials of design of Bioreac¢tiermenters

—t

ind

» To leverage their knowledge of biological moleculggoducts for scale up operations &
productions.
Teaching | Revised
Modules Hours Bloom’s
Taxonomy
(RBT)
Level
MODULE -1
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INTRODUCTION TO PLANT TISSUE CULTURE:
Tissue culture media (composition and preparatgiajlization methods

Culture media and growth regulators; Various typlesulture and singlé

cell isolation techniques; callus, suspension,gaiéncy; Organogenesi

somatic embryogenesis. Embyo culture. Androgerasisgynogenesis.
selection aybrids and

Endosperm culture. Protoplast culture,
asymmetric hybrids. Cryopreservation.

;10 Hours

n)

S,

L1, L2,L3

MODULE -2

INTRODUCTION TO PLANT GENETIC ENGINEERING:
Gene isolation — General strategies for cloningegenom plants. Type
of plant vectors; Ti and Ri-plasmids: structure &makctions, Ti plasmig
based vectors, advantages. Gene transfer technigupkants; Vector
mediated Agrobacterium and Virus mediated gene transfer), Direct g
transfer (Physical and Chemical methods). Screeaimj selection o

transformants — Marker g enes (Reporter genes @edtable markers).
Molecular markers and Marker-Assisted selection-ni{R€CR based

approaches (RFLP) and PCR based techniques- RAFRP ASSRs
STS.

10 Hours

[2)

Fne

L3,L4

MODULE -3

TRANSGENICS: for long shelf life of fruits , Stress Resistan

Herbicide resistance - phosphoinothricin, glyphesaitrazine; Insect

resistance, Transgenics for increased nutrition@lity (Golden Rice)

male sterile lines- barstar and barnase systemkedular farming for the

production of lipids, fatty acids, biodegradablelypmers, industria
enzymes, antibodies and edible vaccines.

c&é0 Hours

L3, L4, L5

MODULE -4

BIOLOGY OF CULTURED CELLS :

Animal Cell culture media- Physiochemical propesti@alanced sa
solutions, complete media, Serum containing andirBerfree media
Primary culture- Types, Primary explants and methaoid tissue
disaggregation, Chick embryo cell culture, Mousebem cell culture,
Human biopsy materials. Subculture and Propagatiocell cultures.
Quantitation and Cytotoxicity assays - hemocytometglectronic
counting, Dye exclusion and inclusion tests, cl@rog assay, Metaboli
assays, MTT based assay. Cell lines — Propertiénitd and continuous
cell lines, characterization, authentication, no@timaintenance an
preservation of cell lines. Contamination - Detectand Prevention g
contaminants. Scale-up of animal cell cultures-l&aa in suspensio
and monolayer. Immortalization of cell lines.

10 Hours
t

-0 V0

=]

L2, L3, L4

MODULE -5

Invitro fertilization and embryo culture., Embryo presdiom Artificial
insemination, preparation of foster mother, embingmsfer, Cloning -
concept of nuclear transfer, nuclear reprogrammamg creation o
Dolly; Stem cells - embryonic and adult stem cgllasticity and concep
of regenerative medicine; Genetherapy (ex vivo iandvo), Tansgenid

10 Hours

—

animals: Methods of transgenesis and applicatibimpliarming, diseas

e

L3, L4, L5
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models, functional knockouts), Application of anlmeell culture -
Vaccine production, monoclonal antibody productispecialized cel
types, Concepts of tissue engineering , outlineshwman genoms
project, human disease genes, Molecular technitpresapid diagnosis
of genetic diseases, applications.

11

Course outcomes:

After studying this course, students will be alole t
» Demonstrate strong basics in principles of Plantsanimal biotechnology
» foundation to tackle live problems in various sg@seof biological sciences

Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
» Life-long Learning

Question paper pattern:
» The question paper will have ten questions.
» Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.

ch

* The students will have to answer 5 full questiosslecting one full question from ea
module.
TEXT BOOKS

1.R.A. Dixon & Gonzales Plant Cell Culture: A Piiaat Approach, IRL Press. 1994.
2. Murray Moo-Young, Animal Biotechnology, Pergamore$y, 1989

3.S.S. Bhojwani and M K Razdan, Plant Tissue Cultéeplications and Limitations, Elsevie
Amsterdam. 1996

4. William G Hopkins, Plant Biotechnology, Infobasebi'shing, 2007.

=

Reference Books:

R lan Freshney, Culture of Animal Cells, &yiLiss Publications, 2011

HS Chawla, Biotechnology in Crop Improvement, Bwlok Distributing Company. 1998
Butler M, Animal Cell Technology: Principles anthetices, Oxford Press. 2005

PN E

R.E. Spier and J.B. Griffiths, Animal Cell biotexhiogy, Academic press. 1992.

ELECTIVES-II

CELL CULTURE TECHNQIUES
(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER — I

Subject Code 16BBC251 IA Marks 20

Number of Lecture 03 Exam Marks 80
Hours/Week

Total Number of Lecture 40 Exam Hours 03
Hours

CREDITS - 03
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Course objectives The course will enables the students

» To, appreciate the concepts underlying in varioosstin cell culture technology

» To comprehend the essentials of design of reactardll culture bi

ology

Modules

Teaching
Hours

Revised
Bloom’s
Taxonomy
(RBT)
Level

MODULE -1

INTRODUCTION TO PLANT CELL AND TISSUE CULTURE:
Definition and technologies; Design of typical pglatissue culture
laboratory and its management. Sterilization methadd principles|
Plant tissue culture (PTC): Media composition, phgrmones and the
selective usage, Concept of Cellular Totipotencglls & suspension
cultures. Plant propagation: Regeneration throughistem and callus
cultures; Somatic embryogenesis: production, pvasen and use of
somatic embryos as propagules; Artificial Seeds Awmtiomation of
Somatic Embryo Production. Embryo culture; Haplpidnt production
Protoplast culture; Somatic hybridization; Induatié utilization of
somatic variants; Cryopreservation: Storage of géasm.

=

08 Hours

L1, L2, L3

MODULE -2

PLANT TISSUE CULTURE AND BIOSYNTHESIS OF
SECONDARY PRODUCTS:

Principles and the technology, pharmaceutical, pigg$y other natura
products and beverage production; Kinetics, scalp and
Characterization: optimization of physiochemicalrgmaeters. Plan
secondary metabolites manipulation of differenthpatys (Metabolig
engineering), genetic stability of production. Largcale production @
secondary metabolites: Different types of reactamsl their design
Biotransformation: Principle and applications; Coenamalization of
tissue culture technology: Concept of commercitibra

—

—h

08 Hours

L2, L3, L4

MODULE -3

ANIMAL CELL CULTURE TECHNIQUES, LABORATORY
DESIGN & EQUIPMENTS:

Sterilization of different materials used in anint&ll culture; Aseptig
concepts; Maintenance of sterility; Cell culturessels. Media and
reagents: Types of cell culture media; Ingredieraé media;
Physiochemical properties of the culture media;aBe¢ salt solutions;
Natural and artificial media, Serum and its impoce Serum freg
media, chemically defined media, Protein free me®igparation an
sterilization of cell culture media, serum and otteagents.

19720

L

08 Hours

L3, L4, L5

MODULE -4

PRIMARY CULTURE TECHNIQUES AND CELL LINES:
selection, isolation and preparation of tissue (seoand chick embryp
isolation); isolation of cells by tissue disaggrega enzymatic &

08 Hours

L3, L4, L5,
L6
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mechanical methods. Viability tests and QuantitatiGriteria for Sub
culture. Secondary culture. Characterization andnt@aance of cel
lines. Continuous cell lines, Organotypic cultupeeservation of cell
lines. Common cell culture contaminants. Biologycoltured cells. Sten
cells; Types, identification, culture andpdipations. Scale up studie
Concepts of tissue engineering and case studies

-

MODULE -5

MICROBIAL CELL CULTURE TECHNIQUES: 08 Hours | L2, L3, L5
Sterilization, media preparation and Culture maiatee. Isolation of
pure-colonies. Bacterial titre estimation. Growthinetics. Culture
characterization. Auxotroph culture isolation. Biemical
characterization. Antibiotic sensitivity. Bacteri@combination, Replic
plating technique, Preservation methods. Screemind isolation of
microorganisms, Primary and secondary screeningalddic screening,
Enrichment and specific screening for the desireddyct. Strain
improvement for the selected organism: strategiegtrain improvement
for primary, secondary metabolites with relevanaraples. Use o
UV/Chemicals, recombinant DNA technology, protoplagusion
techniques for strain improvement of primary ancbselary metabolites.
Selection of improved Strain/Cell line.

je¥

=

Course outcomes:

After studying this course, students will be alole t
» Demonstrate strong basics in principles of celturel techniques
» Design and develop different bioreactors for celture

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

Question paper pattern:
* The question paper will have ten questions.
* Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
« Each full question will have sub questions coveatighe topics under a module.

ch

* The students will have to answer 5 full questiosslecting one full question from eal
module.
TEXT BOOKS

1. Bhojwani SS. Plant Tissue Culture:. Theory and Elsevier. 1983

2. Chawla H S. Introduction to Plant Biotechnolog;?_'r.| edn).Science Publishers Inc. 2002
3. Roberta H. Smith Plant Tissue Culture: Second &dtitAcademic Press. 2000

4. Freshney I., Culture of Animal Cells : 5th EditidNjley-Liss. 2005.

REFERENCE BOOKS

1. John R. W. Masters. Animal Cell Culture:. A Praatidpproach. g‘ edn. Oxford University
Press. 2000

2. M M Ranga. Animal Biotechnology: 3rd Edition. Agiiob (India) 2007.

3. M. Prescott Microbiology. Lansing. WCB/McGraw-Hill999.

4. Stanbury P.F., and Whitaker A Principles of FerraBah Technology, Pergamon Pre
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1984

ENVIRONMENTAL BIOTECHNOLOGY

(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER - I
Subject Code 16BBC252 IA Marks 20
Number of Lecture 03 Exam Marks 80
Hours/Week
Total Number of Lecture 40 Exam Hours 03
Hours

CREDITS - 03

Course objectives The course will enable the students
* To understand the significance of sustainable @gvieént and protection of ecosystem
 To comprehend the importance of various treatmeahrtologies to clean up the
environment

Revised
Modules Teaching | Bloom’s
Hours Taxonomy
(RBT)
Level
MODULE -1
INTRODUCTION TO ENVIRONMENT: 08 Hours | L1,L2,L3

Concerns pertaining to Ecological damage, EnviramaiePollution
Types - Water, Soil, Air, Noise and Thermal pothus, their sources and
ecological effects of pollutants on living and nlonAg systems.. Acid
rain: sources and solutions. Significance of GHGd @arbon footprint
Biodegradation, of xenobiotic compounds, organismsolved in
degradation of chlorinated hydrocarbons, substitidenple aromati¢
compounds, polyaromatic hydrocarbons, pesticidagfacgtants and
microbial treatment of oil pollution. Microbial ddéurization of coal.
Environmental implications of Acid mine drainagedats remediation
Role of Biotechnology in providing solutions to @awvmental problems

MODULE -2
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BOD, COD and TOC — Estimation and correlation; Ditfon of Waste;
Physical, Chemical and Biological characteristi¢sirustrial waste

Nitrification and Denitrification and their kine¢c Wastewater treatment

systems. Waste Management in different industrfesd( processing

leather tanning, pharmaceutical, textile) Solid twasnanagement:

landfills, composting, earthworm treatment, reaygland processing ¢
organic residues, Sources and dispersion of atneosppollutants anc
dispersion models. Control methods for air polltdéanoxious pollutant
and odor control; Design of air pollution controlqugpments;
Photochemical reactions.

08 Hours

—
—

==

L2,L3,L4,
L6

MODULE -3

WASTE TREATMENT METHODS:
Types (Suspended and Attached growth processesjpbise and
Anaerobic treatment of wastes; Other biologicalatiment process

Anaerobic digestion — Stoichiometry & Kinetic retatships, design

consideration, Process modeling and control, Bickdgwutrient removal
Biological treatments with Case studies; Bioremigalia types and
biorestoration of contaminated lands. Handling a#drdous wastes fro
bioprocess industries and related case studies.

08 Hours

il

L2, L3,L4,
L5, L6

MODULE -4

ENVIRONMENTAL SENSING TECHNIQUES :

Characterization of water contaminants and theirasueement
Spectroscopic techniques, AAS, NAA, GCMS, HPLC,dile analytical
techniques, Environmental sensing techniques. Bsoos with Cas
studies.

08 Hours

D

L2, L3, L4

MODULE -5

ENVIRONMENTAL POLICIES AND REGULATIONS:
Waste minimization and its plan; Conservation daitev and energy
Fugitive loss, Programs of municipal pollution aoht Risk evaluatior
and decision analysis. Sustainable development, irémental
Management Systems, ISO and ISO 14000 series:dlnttion, Areas
covered in the series of standards, Necessity @ [rtification,
Environmental Auditing; Other tools for environmanhtmanagement
Environmental
Objectives, Elements of EIA, Baseline studies Mdtlogies of EIA , ,
Types of impacts, Prediction of impacts and its huodblogy,
Uncertainties in EIA, Status of EIAs in India. E& various industries

Impact assessment(EIA) and its futawed scope|

08 Hours

L2, L3, L4

Course outcomes:
After studying this course, students will be alole t

» Demonstrate strong basics in principles of envirental biotechnology for sustainablg

development and protection of our ecosystem

» Apply the foundation principles and technologiesackle live problems in various sphere

of environmental sciences

v

C

Graduate Attributes (as per NBA):
* Problem Analysis
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» Design / development of solutions.
» Societal and Environmental concern.
» Life-long Learning

Question paper pattern:
* The question paper will have ten questions.
» Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questiosslecting one full question from each

module.
TEXT BOOKS
1. Pradipta Kumar Mohapatra, Textbook of Environmeatechnology, | K Internationa
2007

2. Buckingham and Evans, Hazardous Waste Managema@Gtega, Qd Edition, McGraw Hill
International Edition, 2001.

3. Noel De Nevers Air Pollution Control Englneerlng 2Ed|t|on McGraw Hill International
MetcalFEHiBN \RBQfbwater Eineerina Treatment and Reus: Edition. Tata McGraw Hill. 200.

REFERENCE BOOKS

1. Bailey & Ollis, Biochemical Engineering Fundarteds, f Edition, McGraw Hill International
Edition, 1986

2. Standard Methods for the Examination of Watel Afaste Water, ilfl Edition , American
Public Health Association, American Water M#goAssociation & Water Enwronment
Federation, 2012.

3. Environmental Management, N KUber0| Edltlon Excel Books publication, 2007
4. Environmental Impact Assessment, Canter[—ZJhtlon McGraw Hill International Edition,1996

BIOPROCESS OPTIMIZATION, MODELING AND SIMULATIONS

( ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER - |l
Subject Code 16BBC253 IA Marks 20
Number of Lecture 03 Exam Marks 80
Hours/Week
Total Number of Lecture 40 Exam Hours 03
Hours

CREDITS - 03

Course objectives The course will enable the students
* To, appreciate the concepts underlying in varioaéstin modeling and simulations
* To comprehend the essentials of design of biopsoaptmization
* Prepare them to leverage the knowledge towards mdmlelogical processes.

Revised
Modules Teaching | Bloom’s
Hours Taxonomy
(RBT)
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Level

MODULE -1

SCOPE AND HIERARCHY OF OPTIMIZATION:

Examples of applications of optimization, the essénfeatures,
procedure of optimization problems, obstacles totinupation.
Classification of models, fitting functions to empal data, the metho
of least squares, factorial experimental desigmisng a model to dat:
subject to constraints, Continuity of functions, imadal versus
Multimodel functions. Convex and Concave functioBgnvex region
Necessary and sufficient conditions for an extremi$ an unconstraine
function one-dimensional search quadratic approtona

08 Hours

e d o X

L1, L2,L3

MODULE -2

NUMERICAL METHODS :
Function of one variable, scanning and bracketiggdures, Newton’s
Quasi-Newton’s and Secant methods of uni-dimensisearch, regior
elimination methods, polynomial approximation methomultivariable

optimization: Direct methods, random search, gearsh, uni-variate

search, simplex method, conjugate search diregtiBogell’'s method
indirect methods- first order, gradient method,jagate method, indirec
method- second order: Newton’s method forcing tkeeddin matrix to b
positive definite, movement in the search diregtidermination,
summary of Newton’s method.

08 Hours

—

D

L2,L3,L4

MODULE -3

OPTIMIZATION OF UNIT OPERATIONS:

Recovery of waste heat, STHE and DPHE (Pinch tdolagh optimal
design of stages in distillation column. Optimabgidiameter, optima
residence time for maximum yield in an ideal isoth@ batch reactor
chemostat, optimization of thermal cracker usingedi programming
Optimization of components in bioreactor- mediaygen requirement
pH, temperature. L/D ratio, Flow rate optimizatioh fluids. Optimal
speed of agitator, paddles.

08 Hours

L3,L4, L5

MODULE -4

Solution of General form of dynamic models, dimen&gss models
General form of linear systems of equations, neairfunction. Genera
state-space form. Solving homogeneous, linear OWIlES distinct and
repeated Eigenvalues. Solving non-homogeneousiequatjuation with

time varying parameters. Introduction to systentgrandelling - discreté

and continuous system - Limitations of simulatiareas of application
Monte Carlo Simulation. Discrete event simulatioRandom numbe|
generation and their techniquestests for random numbers Rand
variable generation

.08 Hours
|

17

=

L3, L4, L5

MODULE -5

Analysis of simulation data - Input modelling — véication and

08 Hours

validation of simulation models — output analyis a single model

L3, L4, L5
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Related to li near regression and generalizationirefar regressiof
technique. Stirred tank heaters: model equatiswthérmal continuou
stirred tank chemical reactors, Biochemical reactonodel equations,
linearization. Case studies

O -

Course outcomes:

After studying this course, students will be alole t
» Demonstrate strong basics in principles of systeiniegy
» foundation to tackle live problems in various s@seof biological sciences
» connectivity between all major metabolic pathways

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.
e There will be Zull questions (with a maximum of four sub quessipfrom each module.
« Each full question will have sub questions coveatighe topics under a module.

e The students will have to answer 5 full questiosslecting one full question from each
module.

TEXT BOOKS

1. T.F.Edgar and Himmelblau DM. Optimization of cheatiprocesses by Mc-Graw. Hill.2001.

2. William L. Luyben: Process Modelling, simulationca@ontrol for Chemical engineers.
McGraw-Hill publishing company 1973.

3. Coughanowr and Koppel: Process system analysis@mtdol. McGraw-Hill publishing
company. 2009

REFERENCE BOOKS

1. Kalyan Moy Deb, Optimization for Engineering DesigHI-2000

2. Mickley, Sherwood and REED: Applied mathematicshemical engineering. McGraw-Hill

publishing company.2006
3. George Stephanopoulos: Chemical process controintesduction to theory and practice.

Prentice-Hall of India Private Ltd. 1994.

NANOBIOTECHNOLOGY
(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]

SEMESTER - |l
Subject Code 16BBC254 IA Marks 20
Number of Lecture 03 Exam Marks 80
Hours/Week
Total Number of Lecture 40 Exam Hours 03
Hours

CREDITS - 03
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Course objectives The course will enable the students

» To comprehend the essentials of Nanotechnologybardchnology
* To appreciate the concepts underlying the varieasrtiques in Nanotechnology

» To prepare them leverage their knowledge towarddumt development

Teaching | Revised
Modules Hours Bloom’s
Taxonomy
(RBT)
Level
MODULE -1
INTRODUCTION TO NANOMATERIALS AND
NANOBIOMATERIALS: 08 Hours | L1,L2,L3
History of Nanotechnology and Nanobiotechnology,opgc and
Applications. Structures and properties of Carbaseld, metal based and
bionanomaterails: Fullerenes, Bucky Ball, Nanotub@santum Dots
Magnetic, Nano Shells,Dendrimers, Nanocarriers, ddgystals,
Nanowires, Nanomembranes, hybrid biological/inorgarprotein &
DNA based nanostructures. Introduction & overvigwist, 2nd and 3rd
generation biomaterials.
MODULE -2
CHARACTERIZATION OF NANOSTRUCTURES: 08 Hours | L2,L3,L4
UV-Visible spectroscopy, Electron Microscopy-Scamgdlectron
microscopy (SEM), Atomic Force microscopy (AFM),afismission
electron microscopy (TEM), Scanning Probe microgcof&PM),
Scanning tunnel microscopy (STM); Fourier Transformfrared
spectroscopy (FTIR); X-ray spectroscopy.
MODULE -3
NANO SYNTHESIS AND FABRICATION: 08 Hours | L3,L4, L5,
Introduction & overview of Nanofabrication: Bottonp-self L6

assembly and Top down approaches using processe84ll milling,
Sol-gel Process, ChemicalVapour deposition (CVDasia or flame
spraying synthesis, lon-Bean sculpting electrodéipos and various
lithography techniques. Nanolithography and Softthography.
Biosensors: types, applications and developmentseBsor in moder

medicine.

MODULE -4
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APPLICATION OF NANOBIOTECHNOLOGY : 08 Hours | L3, L4, L5
Medical Nanobiotechnology: Diagnostics: Imaging: nBfts and
Applications. Nanotherpeutics: cancer treatmenendtechnology based
chemotherapy (Smart Bomb), Pebbles, wound careuptedimplantable
materials for vascular interventions, Implantablesaterials for|
orthopaedics and dentistry. Active implantable desi and biomics.
Nanosurgery. Pharmaceutical Nanobiotechnology: Ddsajivery —
Nanoparticles used as drug delivery systems, tgpesug loading, drug
release (sustained and targeted release mechanBimjegradable
polymers. Application in the field of Nano Surgend Tissue
Engineering. Nano Safety IssueNanotoxicology: Toxicology healt
effects caused by Nanopatrticles, Ethics,Challeages-uture.

=

MODULE -5

BIOMEMS AND NEMS: 08 Hours | L3, L5
Micro & Nano-Electromechanical systems — Fabrigapoocess — choic
of materials — advantages and limits of variousa@pghes, Applications
Thermal Radiations, Magnetic, Chemical and Mecladnicansducers -
Sensing and Actuators.

[

Course outcomes:
After studying this course, students will be alole t
» Demonstrate strong basics in principles of Nanateldgy
» Tackle live problems in Nanobiotechnology
» Conceptualize the design and development aspetiie idlomains like NEMS/BIOMEMS

Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
» Societal and Environmental Concern

Question paper pattern:
* The question paper will have ten questions.
* Each full question consists of 16 marks.
* There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questiosslecting one full question from each
module.

TEXT BOOKS
1. Nanotechnology in biology and Medicine by Tuan Vi) Tylor and Francis
2. Introduction to NanoScience and nanotechnologidaye C P and Owens F J
3. Nanobiotechnology protocols by Rosenthal, Sandemd Wright and David W. Human
press.
4. Nanotechnology — Basic science and Emerging Teolgies 2002, Chapman Hill
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REFERENCE BOOKS

1. Nanotechnology by Greggory Timp (Ed) Spring
2. Nanotechnology by M. Karkere IK international pahlion
3. Biological molecules in Nanotechnology by Stephremadnd Lynn M Savage
4. Nanotechnology-A gentle Introduction to Next bigdd Mark Ratner and Daniel Ratner
5. Application of Nanotechnology in drug delivery 204 Ali Demir
FERMENTATION TECHNOLOGY & BIOSEPARATION LAB
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER — I
Laboratory Code 16BBC26 IA Marks 20
Number of Lecture | O1Hr Tutorial (Instructions) | Exam Marks 80
Hours/Week + 02 Hours Laboratory
Exam Hours 03
CREDITS - 02

Course objectives:
This laboratory course enables the students
» To gain practical knowledge of the Fermentationhfetogy and Biochemical engineering
» Use appropriate analytical methods to criticallyiee the experimental observations an
analyze the results

)

Laboratory Experiments: Revised
Bloom’s
Taxonomy
(RBT) Level

1. Development of inoculum and biomass estimation(aight basis) in L2, L4, L5
Shake flask studies

2. Preparation of the fermenter L2,L3, L4
3. Production and estimation of citric acid in bothFS&nhd submergedL2, L3, L4
fermentation

4. Production of ethanol/enzymes in ferme- Study of product formatio| L5, L6
kinetics and substrate utilization

5. Production ethanol/enzyme by immobilized micrc

6. Purification of intraellular products through cell disruption techniq| L2, L3, L4
(homogenization /sonication)

7. Separation of biomass/product through tangentay filtration(TFF) L5, L6

8. Product enrichment operation through two phase@giextraction L2, L3, L4

9. Analysis of biomolecules through TLC/HPLC L5, L6

10. Separation of Enzymes through gel and ion exchahgematography | L3, L4

11.Molecular weight determination of protein by bothtise and SDS L2, L3, L4
PAGE

12. Characterization protein by western blotting L5, L6
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Course outcomes
On the completion of this laboratory course, tluglehts will be able to:
» Understand the basic principles of fermentor as@jterations
* Optimize the parameters for production of ethamol arganic acids
» Appreciate various downstream processing technjquasfication steps and operations
associated instruments

Graduate Attributes (as per NBA)
e Problem Analysis.

» Design/Development of solutions.
e Modern tool usage.

* Individual and Team Work

Conduct of Practical Examination:
» All laboratory experiments are to be included foagtical examination.
» Students are allowed to pick one experiment froendi
» Strictly follow the instructions as printed on tt@ver page of answer script for breakup o
marks.

» 4. Change of experiment is allowed only once art Marks allotted to the procedure pat
to be made zero.

Reference Books:

1. Casida, Industrial Microbiology, Wiley, 1986

2. Staunbery and Whitekar Principles of Fermentatieohfiology, BH Publishing, 1999

3. Keith Wilson and John Walker, Principles and Teghes of Practical biochemistry,
Cambride University Presst, dition, 2000

4. Bioprocess Technology- Fundamentals and Application S O Enfors & L Hagstrom
(1992), RIT, Stockholm

5. Belter P.A., Cussler E. and Wei Shan Hu. 1Biosdfmara- Downstream Processing
for Biotechnology 1988.. Wiley Interscience.

6. Biotol. Product Recovery in Bioprocess Techggle (BIOTOL Series). 1992.

SEMESTER I
16BBC31- 16BBC34  INTERNSHIP / PROJECT WORK
(PROJECT | PHASE EVALUATION)
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SEMESTER IV

RESEARCH METHODOLOGY, BIOSAFETY& IPR
(CORE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER -1V

Subject Code 16BBT41/16BBC41/16BI141/161BTANA Marks | 20
Number of| 04 Exam 80
Lecture Marks
Hours/Week

Total Number| 50 Exam 03
of Lecture Hours

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 guidelinesiotech practices ff

guestion, hypotheses, and justification for theidopiterature
Collection: Review of literature, review processdalibliography,
research/discriminative reading, consulting sounzgerial, Research
Objectives and hypothesis, Research Design : ddtaliscussion o
the conceptualization and operationalization ofialdes. Researc
method and materials, Research action. Data calfeend analysi
plan: data gathering — thorough description of meéshof dat
gathering and sources.; Analytical techniques aildet discussion o
data gathering and analytical methods, includinglamation of their
suitability of these techniques compared with atheerd any possibl
problems arising from the methods selected; appdica and
execution of analytical techniques and interpreteti of findings.
Format for manuscript writing, documentation, origaton of
reference material, bibliography, end note etc ¢odiscussed with
case studies. Research budget and resources.

D

Revised
Modules Teaching | Bloom’s
Hours Taxonomy

(RBT)
Level

MODULE -1

CONCEPT OF RESEARCH:

Types & classification, steps involved. Identificat of the research10 Hours | L1, L2,L3

MODULE -2
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INTRODUCTION TO INTELLECTUAL PROPERTY: 10 Hours | L2,L3,L4
Types of IP: Patents, Trademarks, Copyright & ReldRights, Issue
related to plagiarism in research, copyright laacknowledging the
sources etc to be discussed with case studiescBatiPatents an
Concept of Prior Art; Introduction to Patents; Tgpef patent
applications: Ordinary, PCT, Conventional, Divissbrand Patent o
Addition; Specifications: Provisional and compleEgrms and fee
Invention in context of “prior art”; Patent databas Searching
Internatio nal Databases; Country-wise patent searc(USPTO
esp@cenet(EPO), PATENTScope(WIPO), IPO, etc.)

MODULE -3

Industrial Design, Traditional Knowledge, Geogragaiilndications| 10 Hours | L3,L4
Protection of GMOs IP as a factor in R&D; IPs oferance to
Biotechnology and few Case Studies. Patent filingcedures
National & PCT filing procedure; Time frame and tdStatus of the
patent applications filed; Precautions while patent — d
isclosure/non-disclosure; Financial assistance foatenting -
introduction to existing schemes Patent licensimg) agreement Patent
infringement- meaning, scope, litigation, case igtsid
MODULE -4

BIOSAFETY: 10 Hours | L2, L3, L4
Introduction & historical backgroundPrimary Containment fq
Biohazards; Biosafety Levels for Microbes, Plants A&nimals;
Biosafety guidelines Government of India; Definition of GMOs
LMOs: RCGM, GEAC etc. for GMO applications in fooand
agriculture; Environmental release of GMOs; Riskahmis; Risk
Assessment; Risk management and communication. sRalf
Institutional Biosafety Committees

[%2)

o

(92 )

MODULE -5
History, broad account & latest amendments (if afythe provisions 10 Hours | L2, L3,
of :- Indian Patent Act 1970 & recent amendment&TG & TRIPS L4, L5

Agreement, Madrid Agreement, Hague Agreement, WIR@&aties,
Budapest Treaty, PCT.
Course outcomes:
After studying this course, students will be alole t
» Demonstrate strong basics in principles of Res$earethodology, IPR and biosafety
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.
e There will be Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.
BOARD OF STUDIESIN BIOTECHNOLOGY. VTU, BELGAUM, KARNATAKA.




» The students will have to answer 5 full questieecting one full question from ea
module.

TEXT BOOKS:

1. C R Kothari Research Methodology, New Age Inteorai (P) Ltd.2008

2. Wayne Goddard, Stuart Melville Research Methodalogy Introduction: Juta an
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

IV SEM ELECTIVES

PROJECT MANAGEMENT

(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER -1V

Subject Code 16BBC421 IA Marks 20
Number of Lecture 03 Exam Marks 80
Hours/Week

Total Number ofl 40 Exam Hours 03
Lecture Hours

CREDITS - 03

Course objectives The course will enable the students
» To Appreciate the Basic concepts of Project managém

* To understand and apply the different principleprofect management methodologies.

» To learn the translation of Proof-of-concepts todurct realization, and product life
cycles, marketing, IPs, regulatory affairs etc

Teaching | Revised
Modules Hours Bloom’s
Taxonomy
(RBT)
Level
MODULE -1

BOARD OF STUDIESIN BIOTECHNOLOGY. VTU, BELGAUM, KARNATAKA.
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PROJECT PLANNING: 08 Hours | L1,L2,L3
scope — problem statement — project goals — okt success

criteria —assumptions — risks — obstacles — apprpracess -+

projects and strategic planning. Project implememnta— project

resource requirements — types of resources — meatefials

finance. Case studies.

MODULE -2

PROJECT MANAGEMENT : 08 Hours | L2,L3, L4
Introduction — Meaning — nature and characterigifdglanagement

Scope and functional areas of Management — Managea® a

Science, Art or Profession Management & Adminigtrat- Roles

of Management, Levels of Management, Development| of

Management Thought — Early Management Approachikdern

Management Approaches.

MODULE -3

PLANNING: 08 Hours | L2,L3, L4
Nature, importance and purpose of planning, procégsctives —

Types of plans (Meaning only) — Decision makingmportance of

planning — steps in planning & planning premiseblierarchy of

plans.

MODULE -4

ORGANIZING AND STAFFING: 08 Hours | L2,L3, L4
Nature and purpose of organization - Principlesofanization +

Types of organization - Departmentation — Commitee

Centralization Vs decentralization of authority am$ponsibility +

Span of control -MBO and MBE ( Meaning only) Nature a

importance of Staffing Process of Selection & Recruitment

brief).

MODULE -5

DIRECTING & CONTROLLING 08 Hours | L3, L4, L5

Meaning and nature of directing-Leadership styl&fgtivation
Theories, Communication - Meaning and importance
Coordination, meaning and importance and Techniqus
Coordination. Meaning and steps in controlling -sdfgials of g

sound control system —Methods of establishing obntr

Course outcomes:
After studying this course, students will be alole t

» Demonstrate strong basics in principles and apbica of Project Management

Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
* Innovation and Entrepreneurship
» Professional Ethics
» Individual and Team Work

Question paper pattern:
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* The question paper will have ten questions.
* Each full question consists of 16 marks.
e There will be Zull questions (with a maximum of four sub quessipfrom each 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 from eagh
module.
TEXT BOOKS
1. Beenet P Lientz, Kathyn, Project Management — fbst2Centrury- Academic Press, 1995
2. Martin Grossmann Entrepreneurship in Biotechnologgnaging for growth from start
up to initial public offering. Verlag. Springer-280
3. Holger Patzelt and Thomas Brenner. Handbook of mrepreneurship By Springer
2008
4. Graham Dutfield, IPR, Trade and Biodiversity, Eaddin publications, 2000
REFERENCE BOOKS:
1. Damian Hine, John Kapeleris. Innovation and en&eeurship in biotechnology, an
international prospective. By Edward Elgar Pubhghi2006
2. P. S. Teng. Bioscience entrepreneurship in Asiaatorg value with biology. By
World scientific publishing. Co. Pte. Ltd. 2008
3. AK. Singh. Entrepreneurship Development and Mamege by Firewall Media

2006
4. Ramachandran, Entrepreneurship Development by. Wet@raw-Hill Education,
2008
QC, QA AND VALIDATION
(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER -IV

Subject Code 16BBT422/16BBC422A Marks 20
Number of Lecture 03 Exam Marks 80
Hours/Week
Total Number of 40 Exam Hours 03
Lecture Hours

CREDITS - 03

Course objectives The course will enable the students

» Appreciate the Basic concepts of Quality Controld adalidation techniques fg

Biotechnology product development

» To understand and apply the different QC and QAhouiblogies.
Teaching | Revised
Modules Hours Bloom’s
Taxonomy
(RBT)
Level

=

MODULE -1
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QUALITY CONTROL AND ASSURANCE TECHNIQUE:
Introduction, Basis concepts of Quality:- Develapirquality
culture.Quality Assurance General Conce&finition of quality
assurance concept and components of Q. A., CorafeQuality
control, Quality control of Biological productsinternational
Biological standards, safety testing of pharmacaiitiQuality
control of antibiotics. International, Japaneseiti@r and Indian
pharmacopeias. Current GMP in manufacturing, psings
packaging of drugs. GMP for finished products.

08 Hours

L1, L2,L3

MODULE -2

GOOD LABORATORY PRACTICE:

Current GLP in manufacturing, responsibilities. &eh provision,
organization and personnel, building and facilitieguipment
control of components and drug product, laboratorg control of

records and reports, Non-clinical testing, Contatsanimal house,

Application of Computers in Quality control Labayay.

08 Hours

L2,L3,L4

MODULE -3

MANUFACTURING OPERATIONS AND CONTROL:
Revised schedule M, sanitation of manufacturingnises, Mix —ups
and cross contamination, processing of intermeslisied Bulk

product, Packaging operations, I.P.Q.C., Releasmished products

process deviations, Drug product inspection, exipina dating,
Document and formats, Specification, Master pradacand contro
record, Batch production and control record Sigaifice of SOP
and record, change control, Drug Master file

08 Hours

(")

L2, L3,L4

MODULE -4

INTRODUCTION TO PHARMACEUTICAL VALIDATION:
Definition, Manufacturing Process Model, Governmeagulation
scope of Validation, Advantage of Validation, Orgations for
Validation, Validation Master plan, URS, D.Q., IQQ & P.Q. of
facilities. , General principles of analytical method validat
Validation of HPLC , Dissolution test apparatusd#&rss Validation
Prospective, concurrent, retrespive & revalidation, Proce
validation of formulations.Validation of Pharmaceutical Wat
System & pure steam, Validation of HAVC system, ifadion of
Compressed air, Cleaning of Equipment, Cleaning
FacilitiesVendor Certification

08 Hours

L3, L4

MODULE -5

DRUG REGULATORY AFFAIRS:

Harmonization of regulatory requirements includil@H activity.
Regulatory requirements of different regions aglle to
pharmaceutical developments, manufacturing, quatiytrol on
finished products, extended release products, biopaceutical an
bioequivalence assessment and good clinical pesctiand
Comparison with regulation in India. Filing of INDANDA and

08 Hours

ANDA for approval and registration.

L3, L4, L5
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Course outcomes:
After studying this course, students will be alole t
» Demonstrate strong basics in principles of QA @@l
» Demonstrate the ability to uvalidation techniques ar toolsfor product developmel
Graduate Attributes (as per NBA):
Knowledge on QC ,QA and validation
* 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 Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.

e The students will have to answer 5 full questis®ecting one full question from ea
module.

TEXT BOOKS
1. Pharmaceutical Quality Assurance, MA Potdar, Nikaikashan, Pune
2. Validation of Pharmaceutical process, F. J. Canletad J. Agalloco, Marcel Dekker In

3. Pharmaceutical Process Validation, Second EdR Iféerry & Robert Nash., Marcel D¢
Inc.

4. Quality Planning & Analysis by J. M. Juran and F.Gtyna, Tata Mcgraw Hill, India.
5. Improving Quality through Planned experimentatigrioen, Tata Mcgraw Hill.

Reference Books:

1. Good Manufacturing Practices for PharmaceuticaPl#n for total Quality Control, 4 th
Sidney willing.

2. Quality Assurance Guide by Organization of Pharmacal producers of India.
3. Pharmaceutical Process Validation; By F. R., Beaorg Robert A. Nash
4. Impurities Evaluation of Pharmaceutical; Satindéry& Marcel Decker.
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INDUSTRIAL ECONOMICS

(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS
SEMESTER —-IV

) scheme]

Subject Code 16BBT42316BBCA42: | IA Marks

20

Number of Lecture 03 Exam Marks

Hours/Week

80

Total Number ofl 40 Exam Hours 0

Lecture Hours

3

CREDITS - 03

Course objectives The course will enable the students
» Appreciate the Basic concepts of industrial ecomsmi
* To understand and apply the different strategies

Modules

Teaching
Hours

Revised
Bloom’s
Taxonomy
(RBT)
Level

MODULE -1

Concept and Organization of a firm: ownership, tcanand
objectives of the firm; Growth of the firm — Sizadagrowth of &
firm, growth and profitability, constraints on grthw Recent trend
in Indian industrial growth; Progress and Probleshsome major
industries in India-Special emphasis on Bioteclustdes

A

08 Hours

L1, L2,L3

MODULE -2

REGIONAL
PRODUCTIVITY:
Regional industrial growth in India; Industrial @omnic
concentration and remedial measures; Developme@othge and
small scale industries concept and measuremenignnsituation.
Theories of industrial locations — Weber and Sargdeories,
Factors affecting location.

INDUSTRIAL GROWTH AND

08 Hours

L2,L3,L4

MODULE -3

INDUSTRIAL FINANCE :
Sources of short term and long term finance; ImihlsEinancial

Ownership and creditor-ship securities concentnatieconomies o
Scale; Market structure and profitability; Marketrusture and
innovation; Product pricing — theories and evidence

Institutions: Role and functioning in India; Corptg securities;

08 Hours

f

L3,L4

MODULE -4

METHODS OF PROJECT EVALUATION:
Ranking of Projects — NPV and IRR; Social cost-fiierenalysis;

08 Hours

Theories and empirical evidence on Mergers and &dqmns (M &

L3, L4, L5
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A’s) and diversification. Structure of Industriablor; Employment
dimensions of Indian Industry, Industrial legisbati

MODULE -5
INDUSTRIAL RELATIONS AND POLICY IN INDIA :|08Hours | L2,L3,L4
Worker’'s participation in management and Collect®argaining;
Exit policy and social security; Second Nationaln@oission on
labor. Classification of industries and role of jpcband private
sectors. Competition Act, 2002, MNCs and transfietechnology.
Industrial legislation — Industrial Disputes ActdaRactories Act
Course outcomes:
After studying this course, students will be alole t
» Demonstrate strong basics in principles of indak&conomics
» Demonstrate the ability to manage industrial prig
Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
» 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 Zull questions (with a maximum of four sub quessipfrom each module.
» Each full question will have sub questions coveatighe topics under a module.
e The students will have to answer 5 full questis®eecting one full question from each
module.
TEXT BOOKS
1. Ahluwalia, I.J. (1985), Industrial Growth in Indi@xford University Press, Ne
Delhi.
2. Barthwal, R.R. (1985), Industrial Economics, Wiegstern Ltd. New Delhi.
3. Cherunilam, F. (1994), Industrial Economics: Indi@erspective (3rd Edition),
Himalaya Publishing House, Mumbai.
4. Desali, B. (1999), Industrial Economy in India (Edition), Himalaya Publishing
House, Mumbai
5. Divine, P.J. and R.M. Jones et. al. (1976), An ddtrction to Industria
Economics, George Allen and Unwin Ltd., London.
6. Government of India, Economic Survey (Annual).
7. Hay, D. and D.J. Moris (1979), Industrial Economid$ieory and Evidence,
Oxford University Press, New Delhi.
8. Kuchhal, S.C. (1980), Industrial Economy of Indith( Edition), Chaitanya
Publishing House, Allahbad.
Reference Books:
1. Harndeen, J.B. (1975), The Economics of Corporatmn&my, Duneller
Publishers, New York.
2. Kemien, M.T. and N.L. Schwartz (1982), Market Stame and Innovation,
Cambridge University Press, Cambridge.
BOARD OF STUDIESIN BIOTECHNOLOGY. VTU, BELGAUM, KARNATAKA.
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3. Bagchi, A. and M. Banerjee (Eds.) (1979), Changke@hoice in Indian Industry
Bagchi Publications, Calcutta.

4. Kelkar, V.L. and V.V. Bhnoji Rao (Eds.) (1996), ladDevelopment Policy
Imperatives, Tata McGraw Hill, New Delhi.

5. Brahmananda, P.R. and V.R. Panchmukhi (Eds.) (198FAg Development
Process of the Indian Economy, Himalaya PublishBambay.

6. Chakravarty, S. (1987), Development Planning: Tindidn Experience, Oxford
University Press, New Delhi..

ENTREPRENEUR DEVELOPMENT

(ELECTIVE SUBJECT)
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER -IV

Subject Code 16BBT424,16BBC4 | |A Marks 20
24

Number of Lecture 03 Exam Marks 80

Hours/Week

Total Number ofl 40 Exam Hours 03

Lecture Hours

CREDITS - 03
Course objectives The course will enables the students
» Appreciate the Basic concepts of entrepreneur dpvebnt
* Apply the proof-of-concepts to Large scale and &prieneurship opportunities
Teaching | Revised

Modules Hours Bloom’s
Taxonomy
(RBT)
Level
MODULE -1
ENTREPRENEURSHIP-ENTERPRISE: 08 Hours | L1,12,L3

Conceptual issues. Entrepreneurship vs. Managenkies and
functions of Entrepreneur in relation to the entisgand in relatior
to the economy. Entrepreneurship is an interagiroeess betwee
the individual and the environment. Small businassseedbed o
Entrepreneurship.  Entrepreneur  competencies, Hetrepr
motivation, performance and rewards.

MODULE -2
OPPORTUNITY SCOUTING AND IDEA GENERATION: |08 Hours | L2,L3,L4
Role of creativity and innovation and business aege Sources of
business ideas. Entrepreneur opportunities in cgmbeary business
environment, for example opportunities in net-warkarketing,
franchising, business process outsourcing in thiy €4 century.

BOARD OF STUDIESIN BIOTECHNOLOGY. VTU, BELGAUM, KARNATAKA.
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The process of setting up a small business: Pradingi screening
and aspects of the detailed study of the feasibilftthe business
idea and financing/non-financing support agencedamiliarize
themselves with the policies/programs and procedwaed the
available schemes.Preparation of Project Report Radort on
Experiential Learning of successful and unsuccéssfnepreneurs

MODULE -3

MANAGEMENT ROLES AND FUNCTIONS IN A SMALL |08Hours | L2, L34
BUSINESS:

Designing and re-designing business process, ttatiayout,
operations planning and control. Basic awarenessthenissues
impinging on quality, productivity and environmentlanaging
business growth. The pros and cons of alternatresvity options:
internal expansion, acquisitions and mergers, ratemqn and
diversification. Crisis in business growth.

MODULE -4

PRINCIPLES OF DOUBLE-ENTRY BOOK-KEEPING: 08 Hours | L2, L3, L4
Journal entries, cadteok, pass book, and Bank Reconcilia
Statement, ledger accounts, trail balance and pagpa of fina
accounts: Trading and Profit and Loss Account; Bedsheet. Brie
introduction to Singlé=ntry system of record keeping. Sources
risk/venture capital, fixed capital, working capitand a basi
awareness of financial services such as leasindaatoring

MODULE -5

ISSUES IN SMALL BUSINESS MARKETING : 08 Hours | L3, L4, L5
The concept and application of product life cydeyertising and
publicity, sales and distribution management. Teaiof consortium
marketing, competitive bidding/tender marketinggotéating with
principal customers. The contemporary perspectives

Infrastructure Development, Product and ProcurenRegervation
Marketing Assistance, Subsidies and other Fiscal Btonetary
Incentives. National state level and grass-rootlldinancial and
nonfinancial institutions in support of small busine&evelopment.

Course outcomes:
After studying this course, students will be alole t
» Demonstrate strong basics in entrepreneurship
» Demonstrate the ability to manage industrial prgjend develop produr

Graduate Attributes (as per NBA):
* Problem Analysis
» Design / development of solutions.
* Innovation and Entrepreneurship

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

BOARD OF STUDIESIN BIOTECHNOLOGY. VTU, BELGAUM, KARNATAKA.



There will be Zull questions (with a maximum of four sub quessipfrom 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.
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