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SYLLABUS OF BIOTECHNOLOGY COURSES
OFFERED FOR B SC DEGREE PROGRAM

Semester-I

Course title:

Semester-II

Course title:

Semester-III

Course title:

Semester-IV

Course title:

Sem ester-V

Course title:

Semester-VI

Course title:

Biomolecules and Cell Biology

Enzymolo gy & Metabol isrn

Bio-Techniques and Bio-Statistics

Microbiology, Immunolo gy & Animal Cell Science

Molecular Biology and Genetic Engineering

Plant Biotechnology & Bioprocess Engineering
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Semester-l

Course title:

Unit-I

Biomolecules and Cell Biology

Nurcleosidcs and Nucleotides: Structure of

tl-reir function (IrADH, NAD_H, NADPH, Co-A).

Water and its Physicochemical Propertiesl Dissociation and Association Constants,

pH,Buffers. pl" pKa, Solubility and Criteria for Solubility. Hydrophobicity and

Hydrophilicity; Aminoacids: Structure and classification. Importance of non-protein

amino acids. Esser-rtial amino acids. Dielectric Constant. Laws of Thermodynamics,

open and closed systems. isolated system. Gibbs Free Energy, Enthalpy and Entropy

with special refbrence to Biological systems.Structure. Classification, Physical and

Chemical Properties of Amino Acids. Peptide bond. Primary structure. Secondary

structure, & Ramachandran Plot, Tertiary Structure of Proteins. Forces stabilizing

protein structure.

Unit-II

Definition and Properties of Carbohydrates; Structure and Function of Mono, Di and

poly'saccharides (Glucose. Mannose, Fructose, Galactose, Lactose. Sucrose, Glycogen,

Starch and Cellulose); Isonrerism o1' Carbohydrates; Mutarotation; Glycoproteins.

Peptidoglycans. Lipopoly saccharides"

Classification of Lipids and F-atty Acids; Structure and Function of Saturated and

Unsaturated Fatty Acids, Triglycerides and Clholesterol; Structure & function of
Phospholipids, Sphingolipids, Cerbrosides.

Unit-III

Vitamins: Structure and function of water soluble (81,2, 6, 12, C) & lipid soluble (A,D.

E, K). Hormones: properties and function of Peptide hormones. steroid hormones &

Amino- a.cid derivatives.

Structure of Purines. Pyrimidines,

Biologically iniportant Nucleotides and
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Semester

Course title:

tjnit-I

Biomolecules and Cell Biology

water and its Physicochemical Properties; Dissociation and Association Constants.
pH'Buffers' pl' pKa, solubility and criteria fbr Solubility. Hydrophobicity and
Hydrophilicity; Aminoacids: Structure and classification. Importance of non-protein
amino acids' Elssential amino acids. Dielectric constant. Laws of .rhermodynamics,

open and closed svstenls' isolated systenr. Gibbs Free [,:nergy, Enthalpy and Entropy
with special reference to Biological systems.structure. classification, physical and
Chemical Properties of Amino Acids. Peptide bond. primary structure, Secondary
structure' & Ramachandran Plot, rertiary Structure of proteins. Forces stabilizing
protein structure.

Unit-II

Definition and Properties of carbohydrates; Structure and Function of Mono. Di and
polysaccharides (Glucose. Mannrse. F'ructose, Galactose. I-actose. Sucrose. Glvcogen.
Starch and Cellurlose); Isomerism ol. Carbohydrates; MLrtarotatiori; Glycoproteins.
Peptidoglycans, L ipopolysaccharides.

Classification of Lipids and Fatty Acids; Structure and Function of Saturated and
Llnsaturated Fatty Acids. Triglycerides and cholesterol; Structure & function of
Phospho I i pids, Sphi ngol ipids. C-erbrosides.

Unit-III

Vitamins: Structure and function of water soluble (81, 2,fi, 12, C)
v; K)' lformones: properties and l,nction o1' peptide hormones.

& lipid soluble (A,f).

steroid hontones &Anrino-acid dcrivati,,,es.

Structure of purines, pl rirnidines. Nucleosides and Nucleotides; Structure f'iologically iniportant Nucleotjdes ancl
o

).
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Unit- IV

Structure of Prokaryotic and Eukaryotic Cells. Struclure and Function of: Plasma

Membrane, Endoplasmic Reticulum, Mitochondria. Golgi Apparatus, Ribosomes,

Lysosomes, Chloroplast. Nucleus: structure of nuclear envelop & nuclear pore,

Nucleolus function & composition. Organization of genomic DNA in the Nucleus.

Histones & their role in packing of DNA, Nucleosomes as basic unit of eukaryotic

chromosome structure.

Practicals

1. Preparation of physiological buflfbrs.

2" Estimation of carbohydrate in given solution by anthrone method.

3. Estimation of sugar in biological samples by Dubois method,

4, Protein estimation by colorimetric method.

5" Chromosome Analysis & Karyotyping

Books Recommended:

L Lehninger Principles of Biocherristry by David [-. Nelson. Michael M. Cox

2. Biochemistry by Jeremy M. Berg, John L. fymoczko and l-ubert Stryer

3. Cell biology: organelle structure and function by David E. Sadava
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Semester-ll

Course title: Enzymology & Metabolism

Unit-I

Nature of Enzymes. Holoenzyme. Apoenzyme, Prosthctic Group. cofactors,
Coenzymes, Enzytrle Activity. tJnits of'nreasure ment, Nomenclature and Classification
of Enzymes, Nature of Active Site. Activation energy, F.nzyme Substrate complex,
Enzyme Kinetics, Michealis-Menten Equation, Km, Vmax, Kcat: Factors effecting
enzyme reactions. l.nzyme inhibition (competitive, Non_ competitive, Un_
competitive).

Unit-II

Carbohydrate Metabolism : Grycorysis. Gluconeogenesis. TcA cycle. Electron
chain. oxidative Phosphorylation. pentose phosphate pathway. Glyoxylate
their regulation.

Transport

cycle and

Unit-III

l,ipid Metabolism. 'I'ransport of Fatty Acids across

Oxidation o1' Saturated. Unsaturated I..atty Acids.

Triglycerides. Prostaglandins and their synthesis,

the Mitochondrial Membrane, Beta

Biosynthesis of Fatty Acids and

Unit-IV

Digestion & absorption of protein in Gastrointestinal tract. Transamination and
Deanlinatir-rn rcactions involved in Amino Acid nretabolism. Urea Cycle and its
Regulation. Metabolic disorders of Amino Acid Metabolisrn.

Denovo and salvage pathway of purine and pyrimidine biosynthesis; Degradation of
purines and

pyrimidines: clonversion o1' Ribonucleotide to Deoxyribonucleotide and its Regulation.
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Practicals

1. Determination of pKa value of F-nitro phenol and amino acid.

2. Enzyme activity assay: Acid/Alkaline phosphatase'

3. Effect of temperature on enzyme activity'

4. Effect of PH on enzyme activitY'

5. Estimation of DNA bY DPA method'

6. Estimation of DNA by spectrophotometry'

Books Recommended:

l. Lehninger Principles of Biochemistry by David L. Nelson, Michael M' cox

2. Biochemistry by Jeremy M. Berg, John L, Tymoczko and Lubert Stryer

3. EnzymologY bY T. Devasena

4. Enzymes: Biochemistry. Biotechnology and Clinical Chemistry by'l'revor Palmer
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Semester-III

Course title: Bio-Techniques and Bio_statistics

Unit-I

centrifugation: Principle, theory and Application of Differential and Analyticalcentrifugation, Derivation of Sedimentation coefficient, Density gradient
centrifugation. Types of rotors.

Electrophoresis: principre. -r'rreory 
Apprication or Agarose, pory Acryramide GerElectrophoresis (under native and denaturating conditions).

Unit-II

Principles and methodology of: Isoelectric focussing and 2D Gel Electrophoresis,
western' Northern & Southern Blotting. Polymerase chain reaction (pcR).pcR andhybridization based markers (RfrLp, RAPD and AFLp). Immunodiffusion,
Immmunoelectrophoresis, ELI SA, RIA.

Unit-III

chroniatography: principre. Theory and Apprication of,.r.hin rayer, Ion Exchange, Gerexclusion' Affinity' tIPLC chroniatography; Spectrophotometers: Beer ard Lamberts
Law and its Applications.

Unit-IV

Sample' Population, sampling techniques. Mean, N{eclian. Mode and their comparison;
Frequency Dist.ibution; Standard Deviation. Standard Error of Mean (sEM); p-value;
student t-Test (Paired and Unpaired); chi square Test; Graphical Representation of Data

ffiff. 
Bar chart' Pie chart' Frequencv curve' etc)' 

^ - Q^\B- 
"

\!dr\7
Paper and -l'hin 

layer chronra

SDS-PAGE.

l.
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3. Demonstration of Western blotting.

4. Use of excel for calculating: Mean. Mode. Median'

5. Use of excel fbr drawing, histogram, bar-chart & pie-chart'

Books Recommended

1. Principles and'I'echniques ol.practical Biochenristry: Keith Wilson..lohn Walker

2, Principles and Techniques of Biochemistry and Molecular Biology: Keith Wilson.

John Walker.

3. Basic Biostatistics: Bert Gurtsman
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Semester-IV

Course title: Microbiology, Immunorogy & Animar ceil Science

Unit-I

Introduction to bacterial cell: Bacterial cell wall structure & biosynthesis, structure and
functions ol outer nlentbranc 11agella. cell inclusions.. Introduction to viruses.
classification of viruses: RNA and DNA viruses, prus & negative stranded, Genome &
life cycle of lambda phage, Gene transfer in bacteria: Transformation, conjugation and
Transduction.

Unit-II

Anatomical barrier to inf'ectiorts (mechanical. chen,icar, biological). cellular barrier to
infection' Phagocytosis & intracellular killing. Respiratory burst & intracellular killing.
Mechanisnt of inflammation. Acr_tte phase proteins. I_y.mphatic System. Organization
and Structure of'l'-r'mpl-roid orgars; Ilematopoiesis and Differentiation. Basic concept of
c1'tokines' Ioll like rcceptors. B and'l'I-ynrphoc.ytes ('l-til & TH,l). Dendritic Cells,
Eosinophils, Neutrophirs, Mast ceils, Naturar Kiiler.

Unit-III

Mechanism of lIunroral anci Cell mecliatecl Immune Response. primary and secondary
immune responses. Cornplemenl System (pathways) & its Regulation Nature of
Antigens' Structure. types and function of'Antibody. Monoclonal antibodies; Antigen-
Antibody interaction, Antigen Processing and presentation; Structure and Function of
Mf lC Molecurles.

Unit-IV

Primary and Secondary Cell Line

monolayer cultures, Commonly

r,'itro. Disaggregation ol. tissuc

, Cultures. Media fbr cell lines, Suspension & Adherent
Lrsed Cell Lines; Basic l.echniques of Cell culture in
and printary culture. Maintenance of cell culture.

l.aminar tlood hood. CO2 incur tor. 35c.p1c conditions
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Practicals:

1" Sterilization techniques for glassware and Plastic

and laminar airflow.

2. Media preparation and sterilization.

3. Gram staining

4. Study of microbial growh kinetics.

5. Separation of serum from blood.

6. Blood grouping.

ware. Operational use of autoclave

Books Recommended:

1, Immunology by Janis Kuby

2. Immunology: An lntroduction by Ian R Tizard

3. General Microbiology: Roger Stanier, Ingraham, Wheelis, Painter

4. Animal Cell Science: by Ian R Freshney

D W\r /
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Sem ester-V

Discipline centric course_l

course title: Morecurar Biorogy and Genetic Engineering

Credits : 6

Unit-l

Structure of DNA and its various forms (A, B, Z); Forces stabilizing the DNA Structure.
General features of Replication (mode of replication, directionality of replication, primer
synthesis)' Enzymes and Proteins involved in Replication; origin of Replication & its
organization with examples fiom prokaryotic & eukaryotic systems. Mechanism of
Replication Initiation. [rlonglation and 'fermination in prokaryotes and Eukaryotes. End
Replication of Linear DNA & Role ol-l.elomerase.

Unit-[
Transcription' Structure and Function of RNA Polymerase. Basal 'l-ranscription 

machinerl,,
Organization c; I promoter iir prokarvotic c(: eukarl,olic systems. ltnhancers and Silencer
elements' 'I'ranscription irlitiation. elongation & termination. operon concept: positive and
Negative Regulation with ref'erence to lac and trp operons. post'rranscriptio,al Modifications:
Mechanisrn of RNA splicing, capping and polyadenylation.

tlnit-III

Translation: Structural f-eatu|es ot'eukaryotic and prokaryotic mRNAs. Genetic code: General
fbatures o1' genetic cocle' wobble hypothesis. Basic features ol translation machinery:
Ribosome' I-RNA. protein factors involved in translatjon, amino-acyl 1-RNA synthetases.
Mechanism of translation initiation. elongation and termination (prokaryotic and eukaryotic),
tlnit-IV

Rr:combinant DNA technology tools: Rcslriction enz\,,mes. [_ic,ases, phosphatases, T4
Polynucleotide kinase' DNA Pol I and Klenow fragrnent. c'loning vectors: General Featuresvy rroBrrrLrr.. L runllB vecrors: Ueneral Features
of Plasmids' Bacteriophages (lambda & M-13), cosmids & phagemids as cloning vectors.
Selection marker genes of bacterial vectors & yeast vectors. Blue-white selection. Ethics &
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Practicals:

1. Isolation of genomic DNA and its analysis by agarose gel electrophoresis.

2. Restriction digestion of isolated DNA/plasmid DNA.

3. Quantification of DNA by spectrophotometry,

4. Formation of bacterial competent cells

5. Transformation of plasmid in competent cells

Books Recommended:

1.

2.

3.

4.

Genes-XI : Benjamin Lewin

Molecular Biology: Robert Weaver

Molecular and Cell Biology: John Reece

Principles of gene manipulations: Old And Primrose

\ry^l . NW
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Discipline centric course-2

Sem ester-VI

Course title:

Credits : 6

Plant Biotechnology & Bioprocess Engineering

Concept of

and Product

on Product

Unit-I

Concept of Plant cell 'l'olipotettcy. 
or-qanization o1'Root apical meristem and shoot apical

meristem' Plant Tissue culture media composition (M.S media and others) Role of micro,
macro nutrients, vitamins & hormones in plant tissue culture; Initiation and maintenance of
callus and Suspension cultures. Shoot Tip culture; Production and applications of Haploids"
Isolation. culture & f usion ol' protoplast; Cybrids; Sonratic Embryogenesis.
Cryopreservation.

Unit-II

Gene 'rransfer in Plants using Agrobacterium tumef'aciens. f'eatutes of T'i plasmid. role of
virulent proteins in 'i--DNA 

transf'er. concept of 13inary vectors. vectorless Gene Transfer
(Gene Gun, whisker method. electroporation. Polyethylene glycol ) General concept of
Transgenic Plants, and their utility, Golden Rice, Bt cotton. Issues with Geneticallv
lv{odifled plants

unit-III

Kinetics and growth of microbial cells, Methods lbr measuring cell groMh.
Fermentation; Types of t'ermenters. Batch type continuous type. substrate
inhibition of Product Biosynthesis, Effect of pH, Temperature and inducers
Synthesis: Fer.entation Media co,rposition and Sterirization:

Unit-IV

ioreactors: Design and T'ypes. Agitation and Aeration, Impeller and Sparger. Steps
volved in Down Streanr Processing: separation of cells and Broth, Sedimentation.

tion. Chromatox
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and Affinity (all the above methods are with special reference to product recovery in

bioprocess technology) Immobilization of enzymes, Industrial Applications of Enzymes'

Practicals:

1" Preparation of plant tissue culture media.

2" Explant culture (embryo/ovary).

3" Protoplastisolation.

4. Immobilization of sheep RBC's in alginate.

Books Recommended:

1. Plant Biotechnology: Slater, Scott and Fowler.

2. Introduction to Plant Biotechnology: H.S. Chawla

3. Principles of Fernrentation technology: StanbLrry and Whitakcr'

Skill Enhancement Courses

Skill Enhancement Cou rse-1

Title of the Course: Tissue Culture

Credits: 4

Unit I:

Requirements for establishing ar-rimal cell culture facility. lmportance of and progress in

Animal Cell Culture Technology. Inrportance o1'Scrun.t and Scruttt [rrce Mcdia. Prinlary cell

culture. Continuous Cell lines. Culturing and Sub-Culturring o1' Animal Cell. Cell Line

Preservation. Cell Line Characterization. ln Vitro Translbrmation of Animal Cells. Tissue and

Cell Disaggregation,

Unit II:

Transfection of cells. Different types of transf'ections, Signiticance o1'transfections. Bacterial.

Mycoplasmal and fungal contaminations of cell culture and their control. Cell and tissue culture

-n9, 13
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SCHEME

UNIT III:

Basic Techniques in tissLre culture: Preparation of Murashige and Skoog's Medium and white,s media,explant selection. sterilization (stcps involved) and inoculation. Initiation of callLrs and suspensionculture' Shoot ancl root rcgcneratiolr (organogerresis), rnaintenance of cultures, sub-culturing,acclimatization and hardening' Productio, of sornatic embryos and orga,ogenesis. Steps involved inpollen' ovary and ovule culture. Preparation of synthetic and artificial seeds by sodium alginate methodand cryopreservation techn iq ues.

UNIT IV:

Protoplast isolatioll liom lcavcs by rrecharrical and enzynratic rrethod (cellLrlases and Macero zyne).Steps involved in isolatlott procedure (ore step and sequertial).Viability of protoplast (Fluoreceindiacetate' phenosafranine, Evars blue, Ml-T'assay). protoplast culture (Hanging drop, rnicro culturechambers' co-culturing etc)' Protoplast fusion (Spontaneous and induced) witlr u fr.og"nic agent likePolyethylene grycor (pEG), high ca2'lhigh pH or by erectroporation.

Skill Enhancement Course_2 (SCE)_2

Course Title: Industrial Fermentation
Credits: 4

UNIT.I

Microbes as fiielld's - Nortral flora. History'of InclLrstrial Microbiology, Microbes influencing our lives- Prirrary metabolites & secondar.r'' rretabolites produced b-v the nricroorgarrisms.. Screening ofMicroorganisms - Pritnary screetting - Isolation of desired and interested microorganisms - Secondaryscreening - yield potential of microbes - both qualitative and quantitative approach. st.ain Improvement;Preservation of Microorganisms - organizations involved in nricrobiological work . Fermentation media- characteristics of an ideal production ntediunr, Raw maleriars as nredia, precursors and Inducers,Repressors, A ntifoants

UNIT-II

Industrial sterilization - Principles of Sterilizatio, - Sterilization of equipment, Sterilization ofProduction media and sterilization of air. Types of ferrnenters - Stirred tank fermenters - packed bedfermenters - Fluidized bed fermenters - BubLrle column fermenter - Air lift fermenter - cyrindricalfertrlenters - Flocculated cell culture fefllenter - MLr lti phase broreactors - Trickling bed bioreactors -rubular ferrnetlter- Mechanically agitated stirred tank reactors, Stirred tank fernrenter (cSTF).
IT-III
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-ir^i Agricultural Waste water treatnrent, Vernriculture, Microbial pesticides. Products fiorn

Microorganisms - Metabolites, Enzymes, Antibiotics.

UNIT-IV

Downstream processing - extraction, separation. concentration, recoverv & pLrrification, operations

(lrrsulin, Vitarnins, Metabolites), IndLrstrial production of l-lthyl alcohol. Acetic Acid lVinegar), Citric
acid, lactic acid, o,-amylase, protease penicillin, tetracycline and vitamirr B 12.

Books Recommended:

1. Principles of Fermentation Technology, Stanbury RF and Whitaker A.
2. Bioprocess Engineering: Basic concepts Shuler ML and Kargi F.

Skill Enhancement Course-3

Course Title:
Credits: 4

Biostatistics

UNIT-I
Introduction to Biostatistics: Concept of sample and population. Differeni sampling strategies
and types. Types of data, Collection of data, Primary and secondary data, Classification and
graphical representation of statistical data such as histograms, boxplots, bar charts, stem & leaf
plots. Measures of Skewness and Kurtosis.

UNIT-II
Measures of central tendency: Mean, Mode Median, Variance. Standard deviation (SD),

coefficient of variance, Statistical Estimation, Standard Error (SE) of the mean, Difference
between SE and SD. Basics of Probability. Permutation and Combination; Probability
Distribution: Basics of Binomial, Poisson and Normal distribr"rtions and their application in
biology.

UNIT-III
Calculate and interpret summary statistics for data sets recognize basics of experimental design,

including controls, randomization, pseudoreplication. and blocking. Methods of sampling,
confidence level critical region, (Flrror, Variation. and Mistakes) testing of hypothesis and

standard error. large sarnple test and small sample test.

UNIT-IV
Problems on test of significance. Conditions for Validity of the t-test. t-test (one tailed and

square test for goodness of fit and analysis of variance (ANOVA).
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Books Recommended:

1. An introduction to Iliostatistics. pS SLrnder Rao.
:. Introduction to thc Practicc of Statistics, Moore and Mccabe
3. Principles o1'Biostatistics. Marcello pagano.

Skill Enhancement Course- 4

Cou rse title:

Credits: 4

Applied Enzymology

1. Introduction. History and nomenclature,
2. Microbial productit-rn ol'enzymes
3. lrnzl'nre assa) s
4, Enzymes irr l:,:ath ;urd discase
5. F:nzymes in I.ood application
6. Enzymes in baking
7. Enz1,rns. in household detergents
8. Ilnzymcs in textilc- industry'
9 Enzvnres in paper and puip processing
10. F.nzy'ntes in cttsnretrcs
1 l. Enzyn'res in Waste r.r,atcr treatment

Basic concepts

/,


