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EACH SEMESTER IS APPROXIMATELY 20-21 WEEKS DURATION INCLUDING EXAMINATIONS. EACH PERIOD IS ABOUT 50 MINITUES DURATION. THERE WILL BE NORMALLY FOUR SESSIONS PER DAY EACH OF ABOUT 100 MINITUES DURATION. TWO SESSIONS OF LABORATORY IS EQUIVALENT TO ONE SESSION OF THEORY
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========================================================================
M. TECH. (BIOCHEMICALENGINEERING) COURSE STRUCTURE & SYLLABUS (W.E.F. 2015)

COURSE STRUCTURE FOR P.G. PROGRAMMES

I YEAR

	I Semester
	Int. Marks
	Ext. marks
	L
	P
	C

	1. 
	Core Course I
	25
	75
	4
	--
	4

	2. 
	Core Course II
	25
	75
	4
	--
	4

	3. 
	Core Course III


	25
	75
	4
	--
	4

	4. 
	Core Elective I
	25
	75
	4
	--
	4

	5. 
	Core Elective II
	25
	75
	4
	--
	4

	6. 
	Open Elective I
	25
	75
	4
	--
	4

	7. 
	Laboratory I
	25
	75
	--
	4
	2

	8. 
	Seminar I
	50
	--
	--
	4
	2

	9. 
	Total Credits
	24
	8
	28


	II Semester
	Int. Marks
	Ext. marks
	L
	P
	C

	1. 
	Core Course I
	25
	75
	4
	--
	4

	2. 
	Core Course II
	25
	75
	4
	--
	4

	3. 
	Core Course III


	25
	75
	4
	--
	4

	4. 
	Core Elective I
	25
	75
	4
	--
	4

	5. 
	Core Elective II
	25
	75
	4
	--
	4

	6. 
	Open Elective I
	25
	75
	4
	--
	4

	7. 
	Laboratory I
	25
	75
	--
	4
	2

	8. 
	Seminar I
	50
	--
	--
	4
	2

	9. 
	Total Credits
	24
	8
	28


IIYEAR

	
	I Semester
	Int.

Marks
	Ext.

Marks
	L
	P
	C

	1. 
	Comprehensive Viva-Voce
	--
	100
	--
	--
	4

	2. 
	Project Work  Review I
	50
	--
	--
	24
	12

	
	Total Credits
	
	24
	16


	
	II Semester
	Int.

Marks
	Ext.

Marks
	L
	P
	C

	1. 
	Project Work  Review II
	50
	--
	--
	8
	4

	2. 
	Project Evaluation (Viva-Voce)
	--
	100
	--
	16
	12

	
	Total Credits
	
	24
	16


COURSE STRUCTURE FOR M.TECH BIOCHEMICAL ENGINEERING

FIRST YEAR – I SEMESTER

	Core Course I – Molecular Biology and r-DNA technology
	4
	0
	4

	Core Course II- Advanced Transport Phenomena
	4
	0
	4

	Core Course III – Biochemical Engineering
	4
	0
	4

	Elective Foundation I  (Based on Educational Background)
1. Essentials of Biology

2. Basic Engineering Mathematics
	4
	0
	4

	Elective Foundation II  

1. Biochemical Reaction Engineering 
2. Bio Fluid mechanics
	4
	0
	4

	Open Elective I

1. Bioinformatics
	4
	0
	4

	Laboratory

Biology & Biochemical Engineering Lab
	0
	4
	2

	Seminar
	0
	4
	2

	Total
	24
	8
	28


Note:
1. Essentials of Biology is mandatory for the students do not have biology back ground at under graduate level.  

2. Basic Engineering Mathematics is mandatory for students who do not have mathematics back ground at intermediate level. 

FIRST YEAR – II SEMESTER
	II Semester
	L
	P
	C

	Core Course IV

Applied Mathematics for Biochemical Engineers 
	4
	0
	4

	Core Course V

Bioreactor Engineering
	4
	0
	4

	Core Course VI

Downstream Processing
	4
	0
	4

	Elective       III

1. Bioprocess Modelling and Simulation

2. Metabolic engineering
	4
	0
	4

	Elective Foundation IV

1. Optimization Techniques in Biochemical Engineering

2. Tissue engineering
	4
	0
	4

	Open Elective II

1. Bioethics, Bio-safety and Intellectual Property Rights
	4
	0
	4

	Laboratory

Bioprocess Engineering & Analysis Lab
	0
	4
	2

	Seminar-cum-Teaching Skills
	0
	4
	2

	Total
	24
	8
	28


IIYEAR

	
	I Semester
	Int.

Marks
	Ext.

Marks
	L
	P
	C

	3. 
	Comprehensive Viva-Voce
	--
	100
	--
	--
	4

	4. 
	Project Work  Review I
	50
	--
	--
	24
	12

	
	Total Credits
	
	24
	16


	
	II Semester
	Int.

Marks
	Ext.

Marks
	L
	P
	C

	3. 
	Project Work  Review II
	50
	--
	--
	8
	4

	4. 
	Project Evaluation (Viva-Voce)
	--
	150
	--
	16
	12

	
	Total Credits
	
	24
	16


EACH SEMESTER IS APPROXIMATELY 20-21 WEEKS DURATION INCLUDING EXAMINATIONS. EACH PERIOD IS ABOUT 50 MINITUES DURATION. THERE WILL BE NORMALLY FOUR SESSIONS PER DAY EACH OF ABOUT 100 MINUTES DURATION. TWO SESSIONS OF LABORATORY IS EQUIVALENT TO ONE SESSION OF THEORY

Core Course I

M.Tech. (Biochemical Engineering) – I Semester – Common Subject – w.e.f.2015
                      

MOLECULAR BIOLOGY AND r-DNA TECHNOLOGY
UNIT-I BASICS OF MOLECULAR BIOLOGY: DNA replication and Regulation, Gene expression (Transcription, Translation) and Regulation (operons, post-transcriptional), Repair mechanisms. RNA: Different classes of RNA and their functions. 
REGULATION OF GENE EXPRESSION: RNA synthesis and other post transcriptional modifications, Regulation of gene expression in prokaryotes (Lac. Ara and His operons). Transcriptional controls in Eukaryotes (Complexity of genome organization, Regulatory elements, Post transcriptional and post-translational modifications.

TRANSLATION: Protein synthesis and translational modifications, translational controls and inhibitors of polypeptide synthesis
UNIT-II:  INTRODUCTION TO GENETIC ENGINEERING: MOLECULAR TOOLS IN GENETIC ENGINEERING - Restriction enzymes and DNA Modifying enzymes (Polymerases, Reverse Transcriptase, Ligases, Alkaline phosphatase, Recombinases, Terminal deoxy-ribo nucleotide transferases, Nucleases - S1 nucleases etc.). 
Nucleic Acid Isolation and Purification, Yield analysis, Gel electrophoresis, DNA and RNA markers. Restriction mapping of DNA fragments and Map construction, Nucleic acid Amplification (PCR analysis) and its applications.  

UNIT-III GENE CLONING: Gene Cloning vectors (Plasmids, bacteriophages, cosmids, phagemids, Artificial chromosomes), Gene Cloning strategies, Transformation and selection of recombinants; Construction of DNA libraries (Genomic library and cDNA library preparations –mRNA enrichment, reverse transcription, use of linkers and adaptors); and their screening
UNIT-IV GENE EXPRESSION AND PROTEIN ENGINEERING: GENE EXPRESSION: Study of introduced Gene expression – Hybridization techniques, Northern blot analysis, Real-time PCR analysis,   Primer extension, 
Gene expression in bacteria and Yeast, expression in insects and insect cells, expression in mammalian cells, expression in plants – characterization of recombinant proteins, stabilization of proteins
.
UNIT-V TRANSGENICS AND GENE THERAPY: TRANSGENIC TECHNOLOGY: Gene tagging (T-DNA tagging and Transposon tagging) in gene analysis (identification and isolation of gene), Transgenic and Gene Knockouts and Gene knock down Technologies - Targeted gene replacement. Gene Therapy, Strategies of gene delivery, gene replacement/ augmentation, gene correction, gene editing and silencing. 
TEXT BOOKS:
1. “Molecular Biology of the gene” by Waston et al 4th edition.

2. “Genes VII” by Benjamin Lewis  

3. Biochemistry and Molecular biology, William H. Elliott and Daphne C. Elliott, Third Edition, Indian edition, Oxford University press, 2005. 

4. Molecular Cloning: a Laboratory Manual, J. Sambrook, E.F. Fritsch and T. Maniatis, Cold Spring Harbor Laboratory Press, New York, 2000. 

5. DNA Cloning: a Practical Approach, .M. Glover and B.D. Hames, IRL Press, Oxford, 1995.

6. Principles of Gene manipulation, Introduction to Genetic Engineering : R W Old, S B Primrose
Core Course II

M.Tech. (Biochemical Engineering) – I Semester – Common Subject - w.e.f.2015

ADVANCED TRANSPORT PHENOMENA
UNIT-I:
Application of equation of change: Equation of change for isothermal systems – Dimensional analysis, solution of steady state laminar flow problems including Newtonian and non-Newtonian fluids. Equation of change for non-isothermal system-solution of steady state problems- conduction, Convection, problems with and without heat generation.

UNIT-II:
Multi component mixtures: Equations of change for multi-component mixtures: Dimensional analysis, Stefan-Maxwell equations, use of equations of change to setup diffusion problems, simultaneous heat & mass transfer, thermal diffusion, pressure diffusion, forced diffusion, three component ordinary diffusion with heterogeneous chemical reaction.  

UNIT-III:
Unsteady state problems: Unsteady state flow between two parallel plates, oscillating plates, unsteady state flow through a pipe, heating of finite slab, cooling of a sphere in contact with well stirred fluid, unsteady state evaporation in a tube of infinite length, gas absorption with rapid chemical reaction.

UNIT-IV:
Boundary layer studies and Turbulent flow: Flow near a wall suddenly set in motion, flow near the leading edge of a plate, heat transfer in laminar forced convection along heated  plate, diffusion and chemical reaction in isothermal laminar flow along a soluble flat plate. Time smoothed equation of change for incompressible fluids, application of empirical expression to solve turbulent flow problems.

UNIT-V:
Macroscopic Balances: Macroscopic balances to set up steady state problems, efflux time for flow from funnel, Heating of liquid in a agitated tank, disposal of an unstable waste product, unsteady state operations of packed column.

TEXT BOOK:

(1) R.B. Bird, W.E. Stewart and E.N. Lightfoot, Transport Phenomena, second edition, John Wiley and Sons, 2003.
(2) R.B. Bird, W.E. Stewart and E.N. Lightfoot, Transport Phenomena, first edition,   John Wiley and Sons, 2003.

Core Course III

M.Tech. (Biochemical Engineering) – I Semester – Common Subject- w.e.f.2015
BIOCHEMICAL ENGINEERING

UNIT-I INTRODUCTION: The Enzyme, Introduction, Nonmenclature and Classification, Application in Industrial, Medical, Chemical, Pharmaceutical and Food Sectors
KINETICS OF SINGLE SUBSTRATE REACTIONS: Michaels-Menton Equation, Brigg’s Haldone Equation & Estimation of Constants using graphical technique. Kinetics for Reversible reaction, Basics of enzymatic reaction, Collision theory and transition state theory and role of entropy in catalysis.

UNIT-II ENZYME INHIBITION KINETICS: Introduction, Substrate, Product and toxic substance inhibition.PRE-STEADY STATE KINETICS: Rapid Mixing, stopped flow, determination of the number of active sites of enzyme and relaxation technique. ENZYME KINETICS AT LIMITING CONDITION: Dilute substrates, solid substrates and enzyme kinetics at interface. Kinetics of multi-substrate reactions.

UNIT-III TEMPERATURE AND pH EFFECTS OF ENZYME REACTION: Thermal deactivation of enzyme, pH dependence, Ionization of Acids and bases. 

IMMOBILIZATION KINETICS: Electrostatic effect, Effect of Charged and uncharged support, Effect of external and internal mass transfer, Damkohler Number, Effectiveness factor; Intra particle diffusion kinetics, Biot number 

UNIT-IV UNSTRUCTURED MODEL : The development of different microbial growth kinetics like Malthus, Pearl and read, Monod Model, Konark Model. The limitation of Monod model and development of other constitutive models. Multisubstrate model, inhibition models for substrate, Product and toxic substances. Development of logistic equation. Maintenance and endogenous metabolism kinetics.

UNIT V: STRUCTURED MODEL FOR MICROBIAL GROWTH Kinetics based on molecular mechanism, Compartment models, Model of cellular Energetics and metabolism, Model of product formation, singles cell model, Model of gene expression and regulation, Plasmid Expression and Replication, Model of plasmid stability, Analysis of multiple interacting microbial populations, two species dynamics competitive growth and unstable recombinant cultures; Prediction and parasitism Lotka-Voltera model and other model, model discrimination & stability analysis. Parameter estimation, Model validation and bioprocess optimization.

========================================================================
TEXT BOOKS:

1. Harvey W.Blanch, Douglas S.Clark: Biochemical Engineering, University of California at 

    Berkeley, Berkeley, California. Marcel Dekker Inc, New York, Basel 1996.

2: Enzymes ,Biochemicstry , Biotechnology Clinical Chemistry : Trevor Palmer.2001

REFERENCE BOOKS:
1. Schugerl K, Bellgardt KH: Bioreaction Engineering, modeling & control Springer-Verlag, 

    Berlin, Heidelberg 2000

2. Johnson A.T.: Biological Process Engineering: John Wiley and Sons, Inc 1999

3. Bailey JE & Ollis DF: Biochemical Engineering Fundamentals: 2nd Edition, Mc-Graw-Hill 

    International Edition 1986

3. Nielsen J and Villiadsen J: Bioreaction Engineering Principles, 2nd Edition, Kluwer 
academic, Plennum publisher, New York 2003
Elective Foundation I 
M.Tech. (Biochemical Engineering) – I Semester - Elective Subject - w.e.f.2015
1. ESSENTIALS OF BIOLOGY

UNIT-I OVERVIEW OF THE CELL: Cell, structure and properties, prokaryotic and eukaryotic cells, structural organization and function of intracellular organelles; Cell wall, Nucleus, Mitochondria, Golgi bodies, Lysosomes, Endoplasmic reticulum, Peroxisomes and Chloroplast. 

UNIT-II MICROBIAL GROWTH:

PURE CULTURE TECHNIQUES: Enrichment culture techniques for isolation of chemoautotrophs, chemoheterotrophs and photosynthetic microorganisms. The definition of growth, mathematical expression of growth, Growth curve, availability of oxygen, culture collection and maintenance of cultures.

MEDIA FORMULATION: principles of microbial nutrition, formulation of culture medium, selective media, factors influencing the choice of various carbon and nitrogen sources, vitamins, minerals, precursors and antifoam agents. Importance of pH.

UNIT-III CELL DIVISION AND CELL DIFFERENTIATION: Overview of the Cell Cycle, Interphase, Mitosis, Meiosis and Cytokinesis. Animal cell and Yeast cell division, Cell cycle control and Checkpoints.

General characteristics of Cell Differentiation, Stem cell differentiation and its Biological importance.

UNIT-IV INTRODUCTION TO BIOMOLECULES: Introduction to protein structure and function, other classes of complex biomolecules(Carbohydrates, Lipids, Nucleic Acids)

UNIT-V CELL ENERGITICS: ATP and Respiration; (Glyolysis, TCA cycle, ET pathway). Photosynthesis- chlorophyll as trapper of solar energy, photosynthetic reaction centres, hill reaction, PS-I and PS-II, photophosphorylation-cyclic and non-cyclic; dark reaction and CO2 fixation  
========================================================================
SUGGESTED BOOKS:

1. Molecular Biology of cell, Alberts. B et al. 

2. Developmental Biology, SF Gilbert, Sinauer Associates Inc

3. Biochemistry. D Voet and JG Voet, J Wiley and Sons
4. Tools of Biochemistry by T.G. Cooper. 

5. Introduction to Biochemical Engineering by Dr D G Rao.the Mc Graw Hill companies

Elective Foundation I 
M.Tech. (Biochemical Engineering) – I Semester – Elective Subject - w.e.f.2015

2. BASIC ENGINEERING MATHEMATICS
UNIT-I QUADRATIC EQUATION: Roots of quadratic equation of the forms ax2+bx+c=0 and simple properties of the quadratic roots.  

THEORY OF EQUATIONS: Polynomial function, polynomial equation, reminder theorem, synthetic division, relation between the roots and coefficients of f(x) = 0, Transformation equations, Partial fractions.

UNIT-II TRIGONOMETRY: Relations related to compound angles, multiple and sub-multiples, transformations, hyperbolic functions

UNIT-III DIFFERENTIATION AND ITS APPLICATION: Concepts of limit, Continuity, Differentiation, Product and quotient rule, differentiation of Trigonometric, inverse trigonometric, logarithmic and exponential functions. 

Applications of differentiation – problems on tangent, sub tangent normal, sub normal.  Maxima and minima.  Introduction to partial differentiation - Euler’s theorem on Homogenous functions, errors and approximations.

UNIT-IV INTEGRATION AND ITS APPLICATION: Integration Basics, Methods of Integration, Methods of substitution, Integration by parts, Definite integrals and their properties, Application of definite integrals – Areas and lengths (Cartesian and Parametic). Trapezoidal rule and simpsons 1/3 rule. 

UNIT-V ORDINARY DIFFERENTIAL EQUATIONS: Order and degree of a differential equation.  Formation of and ODE by eliminating arbitary contants.   Solution of First order and First degree differential equation.  Method of variable separables, homogenous exact, linear and Bernoullis Equation.  Application of differential Equations – Newton Law of cooling – Growth and decay – Logistics.    

TEXTBOOKS:

1. Engineering Mathematics


-
N.P. Bali. 

2. Engineering Mathematics 


-
B.V. Ramana

3. Intermediate Maths Vol. I & II

             -
Krishna Murthy, S. Chand

REFERENCE BOOKS:

1. Differential Calculus 


             -
Shanthi Narayana

2. Integral Calculus 



-
Shanthi Narayana
Elective Foundation II 
M.Tech. (Biochemical Engineering) – I Semester – Elective Subject - w.e.f.2015
1. BIOCHEMICAL REACTION ENGINEERING

UNIT-I OVERVIEW OF CHEMICAL REACTION ENGINEERING: Classification of reactions, variables affecting the rate of reaction, concept of order, molecularity of a reaction, definition of reaction rate, concentration dependent term of rate equation, Temperature dependent term of rate equation.

UNIT-II INTERPRETATION OF BATCH REACTOR DATA: Introduction, Interpretation of Batch Reactor Data - Constant volume batch reactor, Integral and differential method of analysis of data.  

Variable volume reactor – Integral & Differential method of analysis of data.

UNIT-III: INTRODUCTION TO REACTOR DESIGN: Single ideal reactors – Ideal batch reactor, steady state mixed flow reactor, plug flow reactor. 

UNIT-IV DESIGN FOR SINGLE AND MULTIPLE REACTIONS: Size comparisons of single reactors, mixed versus Plug flow reactors, 1st and 2nd order reactions multiple reactor system – Plug flow reactors in series and parallel, equal size mixed reactors in series.

Design for Multiple Reactors: Reactions in Parallel and series. 

UNIT-V NON ISOTHERMAL REACTIONS & NON-IDEAL REACTORS: Heat of reaction, equilibrium constants from thermodynamics, equilibrium conversion, optimum temperature progression, heat effects, adiabatic operations, non-adiabatic operations.

Concepts of residence time distribution, micro and macro mixing, reasons for non-ideality, concept of RTD analysis (E-C-F functions), diagnosing the ills of non-ideal bioreactors.

========================================================================

TEXT BOOKS:

1. Octave Levenspiel, “Chemical Reaction Engineering” Second Edition, Wiley Publishers.

REFERENCE BOOKS:

1. K.A. Gavhane, “Chemical Reaction Engineering-I” Nirali Prakashan Publishers.

2. Introduction to Biochemical Engineering by D G Rao, Tata Mc Graw Hill, New Delhi.

Elective Foundation II 
M.Tech. (Biochemical Engineering) – I Semester – Elective Subject - w.e.f.2015
2. BIO-FLUID MECHANICS

UNIT-I CONCEPTS  AND PROPERTIES OF FLUID MECHANICS: Basic concepts of Fluid Mechanics, Properties of fluid, concept of fluid statics and fluid flow, Bernoulli’s equation, flow with friction, high velocity gas flow; Two and three dimensional fluid dynamics, Navier-Stokes equation; Fluid handling machineries, pumops, compressors, Agitated vessel, blending and mixing, suspension of solid particles, dispersion.

UNIT-II COMPUTATIONAL FLUID DYNAMICS & GRID GENERATION: Introduction, Conservation principles of mass, energy and momentum. Different flow models e.g. incompressible, inviscid, potential and creeping flow; 

GRID GENERATION: Structured and unstructured grids, choice of grids, general transformation of equations, development methods of grid generation for solving engineering problems.

UNIT-III FINITE DIFFERENCE METHOD AND ITS APPLICATIONS: Finite difference method, descretization of  ordinary and partial differential equations, approximation of first, second and mixed derivatives, implementation of boundary conditions, descretization error, application to bioengineering/biochemical engineering  problems.

UNIT-IV FINITE VOLUME METHOD AND ITS APPLICATIONS: Finite volume method; Descretization methods, approximation of surface integrals and volume integrals, interpolation and differentiation practices, Implementation of boundary conditions, application to bioengineering/biochemical engineering  problems.

UNIT-V FLUID FLOW, TYPES AND ITS ANALYSIS: Flow in sudden pipe contraction/ expansion, flow and heat transfer in a complex tubes and channels, reactive flow, multiphase flow, turbulent flow processes

========================================================================
SUGGESTED BOOKS: 

1. Nevers N D, Fluid Mechanics for Chemical Engineers (3rd Ed), McGraw Hill Higher Education, 2005
2. McCabe WL, Smith JC and Harriot P, Unit Operations of Chemical Engineering (6th ed), 2001.
3. McCabe WL, Smith JC and Harriot P, Unit Operations of Chemical Engineering (6th ed), 1998
4. Anderson Jr J D, Computational Fluid Dynamics: The basics with Applications, McGraw Hill, 1995.
5. Verteeg HK and Malaksekara V, An Introduction to Computational Fluid Dynamics: The Finite Volume Method, Longman Scientific and Technical, 1995.
6. Ranade VV, Computational Flow Modeling for Chemical Reactor Engineering, Academic Press,, 2002
Open Elective I

M.Tech. (Biochemical Engineering) – I Semester – Elective Subject - w.e.f.2015
BIOINFORMATICS

UNIT-I Introduction to Bioinformatics & Sequencing alignment CONCEPTS:

Need of Computers in Biotechnology Research; File Transfer Protocol (FTP), TELNET,HTTP; Bioinformatics- Introduction, Scope, Applications; Strings, Edit distance, Pair wise Alignment-Local, Global alignment; Gap- Gap penalty;  Comparison of Pair wise and Multiple alignment.  
UNIT-II biological Databases and datamining: Biological Information on the web- Introduction to databases; Classification of Biological databases; Information retrieval from Databases; Sequence database search- FASTA, BLAST; Amino acid substitution matrices- PAM and BLOSUM; Data Mining and Visualization (RASMOL).
UNIT-III Phylogenetic analysis and prediction: Understanding Evolutionary process; Origins of Molecular Phylogenetics; Common Multiple Sequence alignment methods; Phylogenetic analysis: Methods, Tools & Problems (Clustal W).

UNIT-IV genOME MAPPINg and prediction: Genome sequencing; Genome Mapping; Comparative Sequence Analysis; Gene Prediction Methods &Tools, Gene Annotation;  Human Genome Mapping (HGP). 

RNA SEQUENCE AND STRUCTURE ANALYSIS - si-RNA design and development, micro RNA identification strategies, RNA secondary structure, RNA structure Prediction Methods. 

UNIT-V PROTEIN STRUCTURE PREDICTION METHODS: Basics of Protein biology (Classification, Structural Organization, Domains & Motifs); Protein Structure Prediction Concepts : Secondary & Tertiary Structure Predictions (Chou-Fasman Method, GOR Method, Neural Network method, Homology Modeling, Abintio method, Threading methods).

========================================================================

TEXT BOOKS:
1. Bioinformatics: Methods and Applications- SC Rastogi, N Mendiratta & P Rastogi.
2. Bioinformatics Basics, Applications in Biological Science and Medicine- Hooman 

3. Bioinformatics: Genome and sequence analysis by David W Mount.

4. Bioinformatics: A practical guide to analysis of genes and proteins by Baxevanis, Andreas D Wiley – Interscience publishers. 

REFERENCE BOOKS:

1. Computational Molecular Biology – An Introduction by Peter Clote, Rolf Backofen, John Wiley & Sons.

2. Essential Bioinformatics: by Jin Xiong, Cambridge University Press

3. Bioinformatics Principles & Applicatrions by Zhumur Ghosh, Oxford University Press

M.Tech. (Biochemical Engineering) - First Semester - Laboratory Courses - w.e.f.2015
BIOLOGY & BIOCHEMICAL ENGINEERING LAB

LIST OF EXPERIMENTS:

PART-A

1. Culturing of Microorganisms for Enzyme production

a) Preparation of  Media

b) Sterilization of Media

c) Inoculation and Monitoring of growth

2. Factors affecting growth of microorganisms

pH, Temperature, RPM and substrate concentration

3. Growth Curve

4. Enzyme Kinetics

a) Calculation of Km and  Vmax 

b) Enzyme Inhibition

5. Enzyme Immobilization 

PART-B

Fluid Mechanics

1. Reynold’s apparatus (Demo)

2. Bernouli’s Theorem   (Verification)

3. Determination of friction factor of Pipeline

4. Determination of Coefficient of Discharge by venturimeter, orifice meter and notch

5. Flow measurement with Rotameter
Heat Transfer

1. Thermal Conductivity of insulating material

a. Searles apparatus

b. Concentric sphere

c. Lee’s disc apparatus

d. Lagged pipe

2. Heat Transfer coefficient from a vertical tube and free convection
II Semester
Core Course IV
M.Tech. (Biochemical Engineering) – II Semester – Common Subject - w.e.f.2015
APPLIED MATHEMATICS FOR BIOCHEMICAL ENGINEERS
UNIT-I:

Eigen values and Eigen vectors:  Introduction, Calculation of Largest and smallest Eigen Values and Corresponding Eigen vectors using power method.

Linear Algebraic Equations: Introduction, Gauss- Elimination, LU Decomposition, Gauss-Jordan Elimination, Gauss-Siedel methods. 

UNIT-II: 
Nonlinear Algebraic Equations: Introduction, single variable successive substitutions (Fixed point method), single variable Newton-Raphson Technique, Multivariable Newton-Raphson Technique.

UNIT-III:

Regression Analysis: Introduction, least squares curve-fit (linear regression), Newton’s forward formulae, Newton’s backward formulae. 

Interpolation Polynomial, Lagrangian Interpolation (Unequal Intervals), Pade’ approximations,(upto second order both in numerator and denominator) 

UNIT-IV:

Ordinary Differential Equations-Initial Value Problems (ODE-IVPs): Introduction, explicit and implicit Euler’s method, Runge-Kutta fourth order    method. 

Ordinary Differential Equations- Boundary Value Problems (ODE-BVPs):  Introduction, Galerkin Finite Element (GFE) Technique, Shooting Techniques. 

UNIT-V:

Advanced methods for Differential Equations: Introduction, the finite difference technique (method of lines), Orthogonal Collocation, Finite Volume Method. 

TEXT BOOKS:

1. Numerical Methods in Engineering, S.K. Gupta., Tata McGraw Hill.,1998,1stEdition.

REFERENCE BOOKS:
1. Numerical Methods in Engineering &Science,B.S.Grewal ,Khanna Publisher, 6th Ed. 2005.

Core Course V
M.Tech. (Biochemical Engineering) – II Semester – Common Subject - w.e.f.2015
BIOREACTOR ENGINEERING

UNIT-I BIOREACTORS: Bioreactor function, utility, types of bioreactor. Modes of bioreactor operations. Main components of the bioreactor and their functions. Bioreactor design: Batch reactor, cell death in batch reactor, chemostat, endogenous metabolism, maintenance, product & substrate inhibition on chemostat, multiple steady state analysis, enzyme catalysis in CSTR, cascade reactor, plug flow reactor, fed batch  reactor, Chemostat with cell recycle.

UNIT-II MASS TRANSPORT IN BIOREACTORS: 

Introduction of mass transfers, Gas-liquid mass transfer in cellular systems, basics mass transfer concepts, solubility of gases (O2, CO2) in biological media, Mass balance for two-phase bioreactor. Bubble column, bubble generation at an orifice, bubble coalescence and breakup, gas holdup, interfacial area, immobile and mobile gas liquid interface, Regimes of bubbles, Design of bubble columns.  Experiment determination of kLa, static method, dynamic method and chemical method. Oxygen uptake by cell cultures. 

UNIT-III MOMENTUM TRANSPORT IN BIOREACTORS 

Rheology of Fermentation Broths: Rheology Properties, Factors affecting broth viscosity, Mixing equipment, Flow patterns in agitated tanks, Mechanism of Mixing, Assessing Mixing effectiveness   Power requirement for mixing: Ungassed Newtonian fluids, Ungassed Non-Newtonian fluids. Momentum transport in Stirred tank Bioreator: Agitator Design & Operation- Radial flow impellers, Axial flow impellers, Agitator design for low Viscous and High Viscous fluids.  Laminar and turbulent flow in stirred tank bioreactors, kolmogorov eddy size, preventing vortex formation, off centre impellers, baffles. Oxygen delivery systems:  Sparger design, Effect of impellar speed.  

UNIT-IV HEAT TRANSPORT IN BIOREACTORS 

STERILIZATION: 

Media sterilization, kinetics of thermal death of cells & spores, design of batch and continuous thermal sterilization, coupling of Arhenious equation and cell death kinetics, sterilization of air and filter design, Radiation and chemical sterilization. 

HEAT EXCHANGERS : Shell –Tube  , Double Pipe Heat Exhanger ; Caluculation Of Lmtd , Determination Of Overall Heat Transfer Coefficient In Co-Current And Counter-Current Heat Exchangers. 

UNIT-V NON IDEAL REACTORS: Introduction, Non ideal parameters, Residence Time Distribution, E(t) or F(t) and bioreactor design, Models for Non ideal flow, Application of RTD based models to Non ideal bioreactors. 

SCALE-UP & SCALE DOWN OF BIOREACTOR: Scaling up procedure from laboratory to plant scale, Criteria of Scale up, Scale up based on constant power per unit volume, Scale up based on kLa, Constant Mixing time. Scale-up Methods. 

========================================================================
TEXT BOOKS:

1) Blanch HW and Clark DS: Biochemical Engineering Marcel Decker Year of Publication 1987

2) Bioreactors Analysis and Design: Tapobrata Panda, Tata McGraw Hill Year of publication 2011

REFERENCE BOOKS:

1) Bailey JE, Ollis DF; Biochemical Engineering fundamentals Year of Publication 1986

2) Pauline M. Doran: Bioprocess Engineering Principles, Elsevier Publications.

Core Course VI
M.Tech. (Biochemical Engineering) – II Semester – Common Subject - w.e.f.2015
DOWN STREAM PROCESSING

UNIT-I:  Scope of Downstream Processing: Importance of Down Stream Processing (DSP) in biotechnology, characteristics of products, criteria for selection of bio-separation techniques. Role of DSP methods in bioprocess economics. Cell Disruption Methods: Various cell disruption methods, need for cell disruption for (Homogenizer, French press & Dynomill) intracellular products, cell disruption equipment. Applications in bio-processing. Flocculation: Principles of flocculation various flocculating agents, applications in bio-processing. Coagulation: Principles of coagulations and its applications in bio-processing.

UNIT-II SOLID- LIQUID SEPARATION: 

Filtration: Principles filter aids, constant volume filtration, constant pressure filtration, specific cake resistance, equivalent cake thickness, filtration equipments viz; plate and frame filter press, vacuum filters, leaf filters. Sedimentation: Principles of particle settling, batch sedimentation equipment viz ; thickner. Centrifiguration: Principles of centrifiguration, centrifuge effect, g-number, sigma factor, various centrifuges viz; basket centrifuge, tabular centrifuge, disc-bowl centrifuge, scale –up of centrifuges.

UNIT-III: Adsorption: adsorption equilibria and isotherms, principles of adsorption, adsorption equipment, applications. Precipitation: Principles of precipitation, precipitation equipment, applications in bio-processing. Foaming: Principles of foaming, various foaming agents and their interaction with the products, applications in bioprocess.

Liquid-liquid Extraction; Extraction process and principles, phase equilibrium and distribution, batch and continuous extraction, co-current and counter current extraction processes, L-L-E equipment. Applications in bio-technology, 

UNIT-IV: Membrane Separation Processes: Basic principles of membrane separation, membrane characteristics, different types of membranes, criteria for selection of membranes.

Chromatographic separation and Electrophoresis Methods: Principles of chromatographic separation methods, different types of chromatographic methods, viz; adsorption chromatography, ion – exchange chromatography, gel chromatography, affinity chromatography etc. with applications in bio-processing.

Principles of electrophoresis, SDS- PAGE, 2D gel electrophoresis, capillary electrophoresis.

UNIT-V: Evaporation: Theory of evaporation, BPR, single effect and multiple effect evaporation, steam economy, efficiency of evaporators, various evaporation equipments.

Crystallization: Principles of crystallization, crystallization equipment. Applications in bio-processing. Drying: Various types of drying methods, principles of drying,EMC-RH data, drying curves, various types of industrial dryers and their criteria for choice. Freeze drying technique and its advantages over other methods. Applications in bio-processing.

======================================================================

TEXT BOOKS:
1. Genekopolis, Transport phenomena and Unit Process.

2. Bailey and Ollis, Biochemical Engineering Principles 

3. Blanch, Biochemical Engineering

4. Mc Cabe and Smith, Unit Operations in chemical Engineering 
5. Principles of Fermentation Technology by Peter F Stan bury, Allan Whitaker and Stephen J Hall, Pergamon Publications.

REFERENCE BOOKS:

1. Separation Process in Biotechnology edited by Juan A. Asenjo, Taylor & Francis Group

2. Comprehensive Biotechnology Vol.2 Edition, M. Moo –young (1985).
3. Product Recovery in Bioprocess technology, BIOTOL series, Butterworth –Heinemann.

Elective       III
M.Tech. (Biochemical Engineering) – II Semester - Elective Subject -w.e.f.2015
1. BIOPROCESS MODELIING AND SIMULATION
UNIT-I INTRODUCTION AND BALANCE EQUATIONS: Material and energy balance, General form of dynamic models, dimensionless models. General form of linear systems of equations, nonlinear function.


UNIT-IISTATE SPACE MODELS FOR LINEAR AND NONLINEAR MODELS: Solution of general state-space form. Solving homogeneous, linear ODEs with distinct and repeated Eigen values.Solving non-homogeneous equation, equation with time varying parameters, Routh stability criterion.

UNIT-III TRANSFER FUNCTION: analysis of first order system, self regulating processes, lead-lag models, transfer function analysis of higher order systems, pole location, Pade approximation for dead time, converting transfer function model to state space form.

UNIT-IV BLOCK DIAGRAMS: system in series, pole-zero cancellation, block in parallel, Feedback system, Routh stability criterion for transfer functions. Discrete time models and parameter estimation. Phase plane analysis, nonlinear system, nonlinear dynamics, cobweb diagram, bifurcation and orbit diagram, stability, cascade of period doubling. Bifurcation behaviour of single ODR system and two state systems.Lorenz equation and stability analysis.

UNIT-V CASE STUDIES-I: related to linear regression and generalization of linear regression technique. Stirred tank heaters: developing the dynamic model, steady state condition. State space model. Adsorption: dynamic model, steady state analysis. Isothermal continuous stirred tank chemical reactors, Biochemical reactors: model equations, steady-state function, dynamic behaviour, linearization, phase plane analysis, multiple steady state, bifurcation behaviour. 

========================================================================
REFERENCE BOOKS:

1. Schugerl K, Bellgardt KH: Bioreaction Engineering, modeling and control: Springer-Verlag, 

Berlin.

2. Nielsen J and Villadsen J: Bioreaction Engineering Principles, 2nd Edition, Kluwer 

Academic/ Plennum Publishers, New York, 2003.

3. Luyben WL: Process modeling, simulation and control for chemical engineers, 2nd edition, 

McGraw-Hill International, 1990.

4. Wayne Bequette B: Process Dynamics, modeling, analysis and simulation: Printice

Hall,1998.

Elective Foundation III
M.Tech. (Biochemical Engineering) – II Semester – Elective Subject - w.e.f.2015 

2. METABOLIC ENGINEERING

UNIT-I ELEMENTS OF METABOLIC ENGINEERING: Historical perspective and introduction; Importance of metabolic engineering; Paradigm shift; Information resources; Scope and future of metabolic engineering; Building blocks of cellular components; Polymeric biomolecules; Protein structure and function; Biological information storage – DNA and RNA.

UNIT-II REVIEW OF CELLULAR METABOLISM: Transport mechanisms and their models; Enzyme kinetics; Mechanisms and their dynamic representation; Regulation of enzyme activity versus regulation of enzyme concentration; Regulation of metabolic networks; Regulation of at the whole cell level; Examples of important pathways; Case studies and analytical-type Problems.

UNIT-III MATERIAL AND ENERGY BALANCES: Stoichiometric models and matrix representation; The chemical reaction vector and energetic; Material and energy balances revisited; Basis for simplification of reaction; Elemental balances; Component balances and the link with macroscopic measurements; Examples of construction of elemental and component balances.

UNIT-IV METABOLIC FLUX ANALYSIS AND CONTROL THEORY: The theory of flux balances; Derivation of the fundamental principle; Degree of freedom and solution methods; Moore-Penrose inverse and Tsai-lee matrix construction; Examples of applications of flux analysis introduction Metabolic Control Theory; Control coefficients; Elasticity coefficients; Summation and connectivity theorems; Case Studies and examples.

UNIT-V METABOLIC ENGINEERING PRACTICE: The concept of metabolic pathway synthesis; Need for pathway synthesis, Examples for illustration; Overall Perspective of MFA, MCA and MPA and their applications; Three success case studies.

========================================================================

REFERENCE BOOKS:

1. Gregory N. Stephanopoulos, Aristos A. Aristidou, Metabolic Engineering – Principles and 

    Methodologies, 1st Edition, Jens Nielsen Academic Press, 1998

2. Relevant research papers

3. Gerhard Gottschalk, Bacterial Metabolism, 2nd Edition, Springer Verlag, 1986

4. S. A. Teukolsky, W. T. Vellerling, B. P. Flannery, W. H. Press, Numerical Recipes in C, 

    Cambridge University Press, 1993

Elective Foundation IV

M.Tech. (Biochemical Engineering) – II Semester - Elective Subject –- w.e.f.2015
1. OPTIMIZATION TECHNIQUES IN BIOCHEMICAL ENGINEERING

UNIT-I:
Introduction to process optimization; formulation of various process optimization problems and their classification, Basic concepts of optimization-convex and concave functions, necessary and sufficient conditions for stationary points.

UNIT-II:
SINGLE VARIABLE OPTIMIZATION METHODS: Bracketing methods, Exhaustive search method, Bounding phase method, Region elimination methods, Fibonacci search method, Golden section search method. Point-Estimation method: Successive quadratic estimation method. 

UNIT-III:
GRADIENT-BASED METHODS: Newton- Raphson method, Bisection method, Secant method, Cubic search method. 

MULTIVARIABLE OPTIMIZATION ALGORITHMS: Optimality criteria, Unidirectional search, direct search methods: Evolutionary optimization method, simplex search method, Gradient-based methods: Cauchy’s (steepest descent) method, Newton’s method.
UNIT-IV:
CONSTRAINED OPTIMIZATION ALGORITHMS: Kuhn-Tucker conditions, Transformation methods: Penalty function method, method of multipliers, Sensitivity analysis, 

DIRECT SEARCH FOR CONSTRAINT MINIMIZATION: Variable elimination method, complex search method. Successive linear and quadratic programming, optimization of staged and discrete processes.

UNIT-V:
Specialized &Non-traditional Algorithms: Integer Programming: Penalty function method. Non-traditional Optimization Algorithms: Genetic Algorithms: Working principles. differences between GAs and traditional methods, similarities between GAS and traditional methods, GAs for constrained optimization. 

========================================================================
TEXT BOOKS: 

1. KalyanmoyDeb ,Optimization for engineering design.,, Prentice Hail of India

2. T. F.Edgar and D.M.Himmelhlau, optimization of chemical processes, McGraw Hill, 

international editions, chemical engineering series, 1989. 

REFERENCE BOOKS:

1)G.S. Beveridge and R.S. Schechter, Optimization theory and practice, McGraw Hill,

Newyork, 1970.

2) Reklljtis, G.V., Ravindran, A., and Ragdell, K.M., Engineering Optimization-

Methods and Applications, John Wiley, New York, 1983.

3) S.S Rao, Optimization Theory and Applications.

Elective Foundation IV
M.Tech. (Biochemical Engineering) – II Semester – Elective Subject - w.e.f.2015
2.  TISSUE ENGINEERING
UNIT-I STEM CELLS & TISSUE ENGINEERING: Introduction to Tissue Engineering, Cell sources and stem cells.  Embryonic and adult stem cells, Cell isolation and selection; Tissue preservation.

UNIT-II STRUCTURE AND ORGANIZATION OF TISSUES: Extracellular matrices; Cell-matrix interactions.  Cell synthetics surface interactions and the ensuing effects on cell growth, cell adhesion, cell migration, and cell-cell communication.

UNIT-III PROPERTIES OF BIOLOGICAL TISSUES: Cell and Tissue Culture, Cell characterization, cell separations, Mechanical properties of biological tissues.  Transport properties of biological tissues.

UNIT-IV CELL BIOMATERIAL INTERACTIONS & TRANSPLANTATION: Cell-Biomaterial Interactions and Host Integration.  Biomaterial processing for TE.  Scaffolds and Tissue Engineering.  Transplantation of engineered cells and tissues. Immunomodulation and Immunoisolation. 

UNIT-V THE DESIGN OF BIOMIMETIC ENVIRONMENTS: Introduction, Scale Up/Reactor Design.  Artificial skin.  Artificial blood vessels, vascular grafts, and cardiac prostheses.  Bone repair.  Repair of cartilage, tendon and ligaments.  Artificial liver. Nerve regeneration.

========================================================================
TEXT BOOKS:

1. Bioengineering of the Skin: Methods and Instrumentation, Volume III [Hardcover] enzo Berardesca (Editor), Peter Elsner (Editor), Klaus P. Wihelm (Editor), Howard I. Maibach (Editor).

2. Composite Tissue Transplantation (Tissue Engineering Intelligence Unit-II) [Hardcover] Charles W. Hewitt (Editor), Kirby S. Black (Editor).

3. “”Future Strategies for Tissue and Organ Replacement” edited by Julia M Polak (Imperial College School of Medicine Hammersmith Hospital, UK) Larry L Hence (Imperial College, UK) & P Kemp (Intercytex, Etherley Dene House, UK).

4. Principles of Tissue Engineering by Robert P. Lanza (Editor), Robert Langer (Editor), William L. Chick (Editor).

5. Tissue Engineering Methods and Protocols (Methods in Molecular Medicine, 18) by Jeffrey Robert Morgan (Editor), Martin L. Yarmush (Editor),

6. Tissue Engineering [Hardcover] Bernhard O. Palsson (Author), Sangeeta N. Bhatia (Author).

7. Tissue Engineering (Academic Press Series in Biomedical Engineering) by Clemens van Blitterswijk, Peter Thomsen, Jeffrey Hubbell and Ranieri Cancedda (Apr 8, 2008)

8. Tissue Engineering: Engineering Principles for the Design of Replacement organs and Tissues by W. Mark Saltzman (Jul 15, 2004).

9. Tissue Engineering by John P. Fisher, Antonios G. Mikos and Joseph D. Bronzino (May 30, 2007).

Open Elective II
M.Tech. (Biochemical Engineering) – II Semester – Elective Subject - w.e.f.2015
BIO ETHICS , BIOSAFETY & INTELLECTUAL PROPERTY RIGHTS

UNIT I: BIOETHICS: PRINCIPLES OF BIOETHICS, ETHICS IN CLINICAL RESEARCH:  History structure regulation impact of Ethics in all aspects of health care, historical cases, negligence, informed consent, mental competence, Bioethics in Microbial (Bioterrorism), Plant (GMO) & Animal (Stem Cells, Cloning,  human embryos and IVF), shared responsibilities for decisions and the understanding of the risk.

UNIT II: BIOSAFETY CONCEPTS & REGULATIONS: Definition of Biosafety, Biosafety for human health and environment, Assessment of Biological hazard, Levels of biosafety for microbes, plants & animals, Cartagena protocol, Use of genetically modified organisms and their release in to the environment.Special procedures for r-DNA based products. International dimensions in Biosafety. Biotechnology and food safety. Case study – Bt Cotton, Bt Brinjal

UNIT III: INTRODUCTION TO IPR & PATENTS: Discovery, Creativity, Innovation, Invention, Need for IPR, Types of IPR, Genesis & development of IPR in India, Definition, Scope, Protection, Patentability Criteria, Types of Patents (Process, Product & Utility Models), Software Patenting. Types of searching, public & private searching Databases. Drafting & Filing of Patent applications, Patent Cooperation Treaty (PCT). Patent infringement.

UNIT IV: OTHER TYPES OF IPR: Copyrights – Definition, granting, infringement, searching & filing, distinction between copy rights and related rights; Trade Marks - role in commerce, importance, protection, registration, domain names; Trade Secrets, Unfair competition; Industrial Designs – Scope, protection, filing, infringement; Semiconductors, Integrated Circuits & Layout design; Geographical Indications & Appellations of Origin; Case Studies.

UNIT V: IPRS AND BIOTECHNOLOGY: Plant variety Protection, Farmers & Breeders Rights, Indian Biodiversity Act, Protection of Traditional Knowledge, Biopiracy & Bioprospecting, ITPGRFA, Budapest Treaty & IDA, Biotechnology Patenting issues, Gene Patenting, Case studies (Diamond vs Chakravarthy, Dimminaco AG vs. Controller of Patents, Basmati Rice, Turmeric, Neem, Harvard Oncomouse, Transgenic Plant Patents)

TEXT BOOKS:

1. Bioethics – Shaleesha A Stanley, Wisdom Educational Service, Chennai, 2008

2. V Sree Krishna. Bioethics & Biosafety in Biotechnology. New age International Publications, 2007.
3. Deborah E. Bouchoux, Intellectual Property for Paralegals – The law of Trademarks, Copyrights, 

4. Patents & Trade secrets, 3rd Edition, Cengage learning, 2012

5. N.S. Gopalakrishnan & T.G. Agitha, Principles of Intellectual Property, Eastern Book Company, Lucknow, 2009.

REFERENCES:
1. Singer, Peter A.; Viens, A.M. (2008), Cambridge Textbook of Bioethics, Cambridge: Cambridge University Press, ISBN 978-0-521-69443-8

2. Anitha Rao R & Bhanoji Rao “Intellectual Property Rights – A Primer”, Eastern Book Company, 2008.

3. Thomas, J.A., Fuch, R.L. (2002). Biotechnology and Safety Assessment (3rd Ed). Academic Press.

4. M. M. S. Karki , Intellectual Property Rights: Basic Concepts, Atlantic Publishers, 2009

5. Neeraj Pandey & Khushdeep Dharni, Intellectual Property Rights, Phi Learning Pvt. Ltd

6. Ajit Parulekar and Sarita D’ Souza, Indian Patents Law – Legal & Business Implications; Macmillan India ltd, 2006. 

7. B. L. Wadehra. Law Relating to Patents, Trade Marks, Copyright, Designs & Geographical Indications; Universal law Publishing Pvt. Ltd., India 2000.

8. P. Narayanan; Law of Copyright and Industrial Designs; Eastern law House, Delhi, 2010

M.Tech. (Biochemical Engineering) – Second Semester - Laboratory Courses - w.e.f.2015
BIOPROCESS ENGINEERING & ANALYSIS LAB

LIST OF EXPERIMENTS:
PART-A

1) Monitoring of Product formation at shake flask level

a. Growth Curve, Product Yield, RPM and Glucose consumption, 

b. KLa determination

2) Media optimization (one at a time approach) 

3) Monitoring of Product formation at fermentor level

4) Media optimization PB and RSM- demo only

PART-B

1) Product separation and Downstream processing for Intra Cellular products

a) Cell Harvesting & disruption

b) Centrifugation & Concentration 

c) Column chromatography

2) Product separation and Downstream processing for Extra Cellular products

3) check for purity of the Product (SDS-PAGE/HPLC/GC analysis)

4) Product Stability analysis
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