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Prof. Nand Lal Professor Life Sciences & Biotechnology | CSJM University Kanpur

Prof. Neelam Pathak External Expert Biochemistry RMLAU, Ayodhaya

Prof. Ram Narain External Expert Biotechnology VBS Purvanchal
University, Jaunpur |

Prof. B N Mishra External Expert Biotechnology Instt. Of Engineering |
&Technology, Lucknow

Prof. Varsha Gupta Professor Life Sciences & Biotechnology | CSIM University Kanpur

Prof. Rolee Sharma Professor Life Sciences & Biotechnology | CSIM University Kanpur

Dr. Shilpa Deshpande Kaistha | Associate Professor Life Sciences & Biotechnology | CSJM University Kanpur |

Dr. Akhilendra Pratap Bharati | Assistant Professor Life Sciences & Biotechnology | CSJM University Kanpur |

Semesterwise titles of Papers in M.Sc. Microbiology

TYEAR/ 1 SEM
COURSE TYPE COURSE TITLE MIN CIA | ESE MAX.
CODE CREDITS MARKS
L020701T N | Core General Biochemistry 4 25 75 100
L020702TN | Core Cell biology and Membrane Biochemistry 4 25 | 75 100
L020703TN | Core Biophysical chemistry, techniques and 4 25 75 | 100
application ‘ f
LO20704TN | Core General Microbiology 4 25 75 100
LO20705PN | Practical Practical-1 4 25 75 100
Minor Open Elective - Physiology of Exercise/Drug 4 25 75 100 |
Elective Delivery System/Indian Ethos and Value
Project Research Project -
Total credit 24 i ' 600 .
1 YEAR/ I SEM
L020801TN | Core Molecular Biology and Genetics [ 4 25 | 75 100 :
L020802MN | Core Bioenergetics and Intermediary Metabolism 4 25 75 100
LO20803TN | Core Enzymology 4 25 75 100
LO20804TN | Elective Human genetics 4 25 75 100 \
L020805T N |(Elect any one) | Recombinant DNA Technology i
| L020806PN | Practical Practical -2 4 25 | 75 | 100
LO20807RN | Project Research Project/Seminar 8 25 | 75 | 100
Total Credit 28 . 600
TOTAL FOR YEAR | 52 1200
TRV {
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Il YEAR / Il SEM i
LO20901TN Core Plant Biochemistry 4 25 |75 100 !
L020902TN Core Physiology and Clinical Bicchemistry 4 25 |75 100
L020903T N Core Molecular and Cellular Immunology 4 25 |75 100 7
L020S04T |\ | ELECTIVE Bioinformatics and Biostatistics 4 25 75 100
{elect any : :
L020905TN +wo) Proteomics and Genomics
L020906TN Biochemical Engineering and fermentation 4 25 |75 100
technology
L020307TN Pharmacology and toxicology
LO20S08P N Practical-3 4 25 75 100
(Research Project/Dissertation)
Total credit 24 600
Il YEAR / IV SEM '
L021001T N Core Environmental Biochemistry 4 25 75 100
L021002T N Any one Industrial Biochemistry
; 7
L021003TN |Electives tobe | Cell and Tissue Culture 4 e a =
chosen
L021004P N | Presentation | Summer internship/training/review/case study’ 4 25 i 100
{Compulsory) |
L021005R N Project (Research Project/Dissertation)“ 12 50 £ 150 200 ‘
24 500
1 TOTAL FOR YEAR Il 48 1100
GRAND TOTAL 100 2300

ClA: Continuous Internal Assessment

NOTE:

1. *A MINOR ELECTIVE FROM OTHER FACULTY SHALL BE CHOSEN IN 1°" YEAR (EITHER Ist / lind

ESE: End Semester Examination

SEMESTER) AS PER AVAILABILITY.

. In First year of PG program, there will be a Research Project or equivalently a research-

oriented Dissertation as per guidelines issued earlier, and will be of 4 credit (4 hr/week), in
each semester. The student shall submit a report/dissertation for evaluation at the end of
the year, which will be therefore of 8 credit s and 100 marks

. "Summer internship will be undertaken during summer vacation that falls between 1l and 1l

semester of the programmme, the report along with certificate shall be submitted and

evaluated in IV semester, and its credit will zlso be counted in IV semester.
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4. summer Internship can be done in form of Internship/Survey/Field work/Research project/
industrial training/ Review, and a report/dissertation shall be submitted that shall be
evaluated via seminar/presentation and viva voice.

5. Any course from MOOCS of the relevant discipline may be selected after approval from
coordinator & Head / Director as 10th semester elective paper.

6. ¥In second years of M.Sc. Microbiology program, there will be a Research Project or
equivalently a research-oriented Dissertation as per guidelines issued earlier and will be of
6 credit (6 hr/week), in each semester. Student will submit Project Report/ Dissertation at
the end of 4" semester that will be evaluated for 12 credit hours for a total of 200 marks.
The evaluation shall be done by seminar/presentation and viva voice.

7. The student straight away will be awarded 25 marks if he/she publishes a research paper
on the topic of Research Project or Dissertation.




Semester-I

L020701TNCore): General Biochemistry

Course Objectives:

1. Gain knowledge about various macromolecules present in biological system.
2. Understand structure, linkage and functions of macromolecules

Unit — I
Introduction of Biochemistry, Structure of atoms, molecules and chemical bonds; Structure of water, its
physico- chemical properties and interaction with ions. nature significance of week acids and bases.
Henderson Hasselbalach equation. pH and buffers; Biochemistry through Ayurveda (Indian Knowledge
system).

Unit - 1I

Carbohydrates: Classification, structures, characteristics and functions of simple and complex carbohydrates;
Structure and general function of amino sugars, sugar nucleotides and mucopolysaccharides.
Sterecisomerisms and optical isomerism of sugar, Ring structure and anomeric forms, mutarotation.
Important biological importance of monosaccharaides, oligosaccharides and polysaccharides.

Unit - III

Classification of lipids, Fatty acids: introduction classification, nomenclature and properties of saturated and
unsaturated fatty acids. Essential fatty acids prostaglandins. Triacylglycerols: nomenclature. physical
properties, chemical properties and characterization of fats-hydrolysis saponification. rancidity of fats.
Sphingolipids, Glycolipids, Properties and function of phospholipids, isoprenoid and sterols.

Unit -1V

Proteins: Basic structure and functions of amino acids and proteins; Secondary, tertiary and quaternary
structure of proteins; Protein folding: Imteractions stabilizing the proteins (Vander Waals, hydrogen
bonding, electrostatic, hydrophobic interaction); Protein structure evolution; Structure-function
relationships of some model proteins like myoglobin, hemoglobin. Essential amino acids.

Unit -V

Nature of genetic materials; evidence that DNA genetic  material. Structure, chemistry and biological
properties of purine and pyrimidine, nucleosides and nucleotides, DNA and RNA structure, physico-chemical
properties and their various functions. Vitamins- Structure, properties and functions including
biochemical reactions and deficiency symptoms;

Course Qutcomes:

1. Understanding fundamental properties of elements, their role in formation of biomolecules and in
chemical reactions within living organisms.

2. Exposure with the nature of various bicmolecules present in living cells.

To know about the unique property of water as a universal solvent and its importance in biological system

4. Understanding of concepts of acids, bases, indicators, pKa values, etc,
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5. To understand the properties of carbohydrates, proteins, lipids, DNA, RNA, and their importance in
biological systems

Suggested reading:

1 V. Voet and J.G.Voet, Biochemistry, 3rd edition, John Wiley, New York, 2004.
2. A.L. Lehninger, Principles of Biochemistry, 4th edition, W.H Freeman and Company, 2004.
3. L. Stryer, Biochemistry, 5th edition, W.H. Freeman and Company, 2002.

L020702IN Core): Cell biology and Membrane Biochemistry

Course Objectives:

1. Swdy structure and functions of bio membranes, structure-function relationships, membrane biogenesis.
2. Demonstrate knowledge on membrane associated cellular events.

Unit-1I

Cell classification, cell variability (size, shape, complexity, function), Structural organization of prokaryotic
and eukaryotic cells, cell types, differences in plant and animals. concepts related to compartmentalization in
eukaryotic cells; cell-ECM and cell-cell interactions; Basics of IKS.

Unit —II

Detailed descriptions of eukaryotic cell structure. The ultra-structure of nucleus. Mitochondria, Chloroplast,
Endoplasmic reticulum, Golgi apparatus, Lysosomes, peroxisomes and their function. Cell division and cell
cyele (Mitosis and meiosis-Steps, regulation and control of cell cycle);

Unit - III

Cellular communication; general principles of cell communication, cell adhesion and roles of different
adhesion molecules, gap junctions, extracellular matrix. integrins, Actin-binding proteins and their
significance; Extracellular matrix in plants and animals.

Unit - IV

Chemical composition of biomembranes. Gap and tight junctions. Physical and biochemical methods to study
membrane structure and properties. Different models of cell membrane-historical perspective. Function of
biomembranes with examples. Energy transduction-mitochondria and chloroplast, signal recognition.
Programmed cell death, aging and senescence.

Unit-V

Transport across bio membrane, Simple diffusion, Fick's law, porins, facilitated diffusion, porter molecules,
kinetics of facilitated transport, symport, antiport, uniport. Red cell-membrane proteins, anion porter and
glucose porter. Active transport, proton and Na+-K+ pumps- examples and metabolic significance, Donan’s
membrane equilibrium.

Course Qutcomes:

1. Students will understand the structures and purposes of basic components of prokaryotic and eukaryotic
cells, especially macromolecules, membranes, and organelles
Students will understand how these cellular components are used to generate and utilize energy in cells
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3. Students will understand the cellular components underlying mitotic cell division.
4,  Swdents will apply their knowledge of cell biology to selected examples of changes in cell function.
S

uggested reading:

1. Lodish et al., Molecular cell Biology, 4th Edition, W.H. Freeman & Company, 2000.

2. Smith & Wood, Cell Biology, 2nd Edition, Chapman & Hall, London, 1996,

3. Watson et al., Molecular Biology of the gene, 5th Edition, Pearson Prentice Hall. USA, 2003.
4. Benjamin Lewin, Gene IX, 9th Edition, Jones and Barlett Publishers, 2007.

L020703INCore): Biophysical Chemistry, Techniques and Applications

Course Objectives:

1. Understand theoretical and practical knowledge about various techniques used in purification,
characterization.

2. Identify and apply the knowledge in estimation of cellular constituents.

3. Develop key skills like practical research required in scientific work.

Unit -1

pH meter, centrifugation techniques and their application: Basic principles (RCF, RPM, Sedimentation
coefficient etc); Technique and applications; Types of centrifuges- Microcentrifuge, High speed and
Ultracentrifuges; Types of Rotors: fixed angle, swinging bucket. Preparative centrifugation: Differential and
density gradient centrifugation; Applications (Isolation of cell components); Analytical centrifugation;
Determination of molecular weight by sedimentation velocity and sedimentation equilibrium methods.
Introduction of Indian Scientist (IKS).

Unit =11

Chromatography - Theory and general techniques of absorption, partition, ion exchange, gel filtraton, TLC,
paper chromatography, chromatofocussing, covalent, Gas chromatology, Affinity, FPLC. HPLC and reverse
phase HPLC.

Unit - 111

Electrophoresis, Basic principle of agarose electrophoresis, PAGE and SDS-PAGE and their applications.
Capillary electrophoresis, Two-dimensional electrophoresis, disc gel electrophoresis; Pulsed field gel
electrophoresis and its importance Isoelectricfocussing, immunodiffusion and immunoelectrophoresis
(different types).

Unit -1V

Spectroscopic Techniques - Theory, principle and applications of UV-Visible, Raman Spectroscopy.
fluorimetry, Circular Dichroism; NMR, PMR, ESR and Plasma Emission spectroscopy, Mass Spectroscopy.
Different types of microscopic techniques and X-ray crystallography.

Unit-V x |
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Tracer technigues- Detection measurement of isotopes and application of isotopes in biochemistry, RIA,
IRMA, and ELISA. Units of radioactivity, biological hazards of radiation and safety measures in handling
radioisotopes.

Course Qutcomes:

1. The objective of this course is to familiarize students with the basic concepts and applications of modern

techniques used in Biochemistry, Biophysics, Cell and Molecular Biology.

To learn the application of different techniques and tools in different areas of scientific research.

3. The students will be able to understand the principle and working of different chromatography
techniques.

4. The students will be able to understand the principle and working of different centrifugation techniques.

5. The students will be able to understand the principle and working of different Electrophoretic and
molecular biology techniques.

o

Suggested reading:

1. Freifelder D., Physical Biochemistry, Application to Biochemistry and Molecular Biology, 2nd Edition,
W.H. Freeman and Company, San Fransisco, 1982,

2. Keith Wilson and John Walker, Principles and Techniques of Practical Biochemistry, 5th Edition,
Cambridge University Press, 2000.

3. D. Holme and H. Peck. Analytical Biochemistry, 3rd Edition, Longman, 1998,

4. R. Scopes, Protein Purification - Principles & Practices, 3rd Edition, Springer Verlag, 1994.

5. Selected readings from Methods in Enzymology, Academic Press.

1.020704INCore): General Microbiology

Course Objectives:

The objective of the course is to understand basic working principles in microbiology and have knowledge for
differentiating different microbial forms.

Unit-1

History, development and scope of microbiology. Major contributions of scientist to microbiology (Antony
van Leeuwenhoek, Lazzaro Spallanzani, John Tyndall, Louis Pasteur, Joseph Lister, Iwanowski, Robert
Koch). #Contribution of Indian researchers, Indian Knowledge System, Pure culture Isolation Techniques;
Microscopy and preparation of microbial samples: wet mount, smear; Staining: types; simple and differential
staining, Introduction of Indian Scientist (1IKS)

Unit-1I

Nutritional requirement and Growth of microorganism: culture media- types, factors affecting growth,
Measurement of growth, growth phases, growth kinetics, diauxic growth, synchronous and asynchronous
culture; batch, fed batch and continuous culture; Growth of aerobic and anaerobic bacteria. Culture
preservation and Culture Collection.

Unit-111
Physical and Chemical control of microorganisms: Disinfectants and Sterilization principles. Antimicrobial

chemotherapy
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Microbial Taxonomy, Systematics, Phylogeny and Nomenclature., Hierarchial organization of organisms-
Haeckel, Whittaker and Woese classification. Numerical and Chemotaxanomy of microorganism. Salient
features of archaebacteria and eubacteria, Classification of bacteria according to Bergey's Manual of
Determinative Bacteriology.

Unit-V
Differentiating features, habitats, reproduction and classification of Mollicutes, Slime Molds, Algae, Fungi,
Viruses

Course Quicomes:

1. Demonstrate theory and practical skills in microscopy and their handling techniques and staining
procedures

2. Identify use of different culture media and their applications and microbial techniques for microbial
growth estimation, cultivation and culture preservation for routine microbiological skill handling

3. Develop methods associated with the various physical and chemical growth requirements of bacteria and
get equipped with various methods of disinfection and sterilization.

4, Understand different systems for microbial classification and nomenclature for study of biodiversity.

5. Apply the knowledge to understand the differentiating microbial characteristics for their identification and
further characterization

Suggested reading

1. Microbiology. Prescott LM, Hurley JP, Klein DA, Microbiology- Edition. McGraw Hill Publication, New
York

2. Microbiology. M J Pelczar, Chan, Krieg. 5th Edition. Mc Graw Hill

3. Microbiology. RP Singh. Kalyani Publisher

4, Textbook of Microbiology. Dubey & Maheshwari. S Chand Publications.

L020705PNPractical-1

Based on theory subjects
Research Project and review article

1. Biochemical estimation of carbohydrates

2. Biochemical tests for amino acids and proteins.

3. Isolation of proteins.

4. Separation and estimation of lipids by using TLC.

5. Separation of proteins by SDS-PAGE.

6. Estimation of protein by Lowry's and Bradford methods.
7. Estimation of DNA by DPA method.

8. Estimation of RNA by orcinol.

9. Preparation of various culture media for growing microorganism.
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10. Gram staining of Bacteria.

Semester-I1

L020801TNCore): Molecular Biology and Genetics

Course Objectives:

1. Understand the mechanism of replication, transcription and regulation,

2. Understand the features of Genetic code and translation mechanism.

3. Understand and the cellular mechanism of Gene expression and regulation.
4. Application of molecular biology in gene manipulation.

Unit -1

DNA replication and its regulation: Mechanism of DNA Replication: Structure and function of DNA
polymerases. Role of Replisome, Primosome, Okazaki fragments, helicase, primase, gyrase, topoisomerase
and other proteins in DNA replication in E. coli and eukaryotes, initiation of replication, elongation and
termination of DNA synthesis, DNA Repair -Mutation, mutagenes, paramutations, molecular basis of gene
mutation, Disease associated with repair mechanisms, DNA replication inhibitors. Introduction of Indian
Scientist related to molecular biclogy (IKS).

Unit—1I

Transcription: Prokaryotic and eukaryotic transcription: Initiation, elongation and termination; Structure and
function of RNA -mRNA, tRNA, rRNA, snRNA, Concept of intron & exon, DNA - dependent RNA
polymerase (RNA Pol in prokaryotes and RNA Pol I, II, TI). Promoter; Enhancer and other regulatory
elements; Transcription factors; Reverse transcription; Post- transcriptional / Co-transcriptional processing:
Regulation of transcription in prokaryotes and eukaryotes.

Unit - I1I

Genetic code, Translation: Translation in Prokaryotes & Eukaryotes. Inhibition of protein synthesis by
antibiotics. Regulation of protein synthesis, post translation modification. Protein targeting in prokaryotes and
eukaryotes, Chaperones, heat shock proteins, inhibitors of protein synthesis.

Unit -1V

Regulation of gene expression in prokaryotes, Coordinated control of clustered genes-operon model, with
example of inducible Systems like lac-Operon. Arabinose operon and repressible systems like Trp operon.
Role of repressors and activators of transcription in regulation of phage-lytic and Iysogeic pathways, lambda
repressor. Regulation of gene expression in eukaryotes, Organization of genes in eukaryotic DNA- Repititive
DNA sequences, activators, enhancers. Post transcriptional regulation splicing, capping, methylation,
acetylation, heat shock protein. Diseases linked with gene expression.

Unit-V
Linkage and crossing over, Linkage mapping, Sex determination and sex-linked inheritance, Sex
determination in plant and animal, Population and evolutionary genetics.

Course Qutcomes:




1. The aim of this core-course is to acquaint the students to versatile tools and techniques employed in

genetic engineering and recombinant DNA technology.

The course has been devised to familiarize students with molecular biology which mainly deals with

interactions among various systems of the cell, including those between DNA, RNA and proteins and

learning how these are regulated.

3. To illustrate creative use of modern tools and techniques and expose students to application of
recombinant DNA technology in scientific research,

4. To train students in strategizing research methodologies employing genetic engineering techniques.

t2

Suggested reading:

. Freifelder, DM “Molecular Biology™.

. Brown, TA *Genomes”.

. Rastogi &Pathak Genetic Engineering

. Brown, T.A. “Gene cloning: An introduction”

. Old & Primrose “Principles of Gene Manipulation™
. Primrose, SB “Molecular Biotechnology™

. The Cell - by Geoffrey M. Cooper
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L020802TNCore): Bioenergetics and Intermediary Metabolism

Course Objectives:

1. This course aims to develop a thorough knowledge among the students about metabolism.

2. To enable students, visualize energy production and utilization in biological processes.

3. The course gives metabolism of different biomolecules that can help students in understanding chemical
pathway living system.

Unit -1

Bioenergetics- Energy transduction, Law of thermodynamics, Biological Oxidation. Gibb's energy, energy
changes and redox potential, electrochemical and membrane potential, High energy compounds and low
energy compounds, ATP cycle. Introduction of Indian Scientist (IKS).

Unit —1I1I

The mitochondrial respiratory chain, order and organization of carriers, proton gradient, cytochromes and
their characterization. Respiratory control and oxidative phosphorylation. Fractionation and reconstitution of
respiratory chain complex, oxidative phosphorylation and theories.

Unit - 111

Methods and Techniques in the study of Intermediary metabolism. Multienzyme complex. Metabolism of
carbohydrates and its regulation. Biosynthesis of glycogen and starch. Fatty acids biosynthesis & oxidation:
lipid biosynthesis; biosynthesis of triglycerols, phasphoglycerides and sphingolipids. Biosynthesis of steroids,
ketone bodies formation and utilization.

Unit -1V

Biosynthesis and degradiation of amino acids and their regulation, Specific aspects of amino acid metabolism.
Urea cycle and its regulation, Inborne error of metabolism.

Unit -V | V\f 3 5 @/ CLKI/ - /,ﬁ_/



Biosynthesis and regulation of purines and pyrimidines. degradation of purines and pyrimidines., structure
and regulation of ribonucleotides deoxyribonucleotides and polynucleotides. Inhibitors of nucleic acid
biosynthesis. Disorders of purine and pyrimidine metabolism,

Course Qutcomes:

Explain the role of catabolic and anabolic pathways in cellular metabolism.

Distinguish between kinetic and potential énergy.

Distinguish between exergonic and endergonic reactions in terms of available energy change.
Describe the structure of ATP and identify the major class of macromolecules to which ATP belongs.

2w

Suggested Reading;

1. Stryer, L. (2015). Biochemistry. (8th ed.) New York: Freeman.

2. Lehninger, A. L. (2012). Principles of Biochemistry (6th ed.). New York, NY: Worth.
3. Voet, D., & Voet, J. G. (2016). Biochemistry (5th ed.). Hoboken, NJI: J. Wiley & Sons.

1020803 INCore): Enzvimology

Course Objectives:

Understand the Thermodynamic terms and basic concepts.

Understand the classification, structure, properties and functions of enzymes.

Understand the mechanism of action of enzymes and analyse the different types of Catalysis.

Understand and apply the kinetic studies in the derivation of the M.M equation and their modification and
understand different types of inhibition.

5. Apply and evaluate the role of enzymes in different areas like industries, clinical labs etc.

b

Unit -

Isolation and purification of enzymes, purity of enzymes, enzyme activity and specific activity, native,
inactive and denature state of enzymes. Nomenclature and classification of enzymes, general structure and
properties of enzymes, enzyme assay, factors affecting enzyme activity, Introduction of Indian Scientist
(IKS).

Unit -1l

Kinetics of enzyme action - Concept of ES complex, active site. specificity, derivation of Michaelis-Menten
equation for uni-substrate reactions. Different plots for the determination of Km & Vmax and their
physiological significances. Importance of Keat/Km. Kinetics of zero & first order reactions. Classification of
multi substrate reactions with examples. Derivation of the rate of expression for Ping Pong, random &
ordered BiBi mechanisms. Reversible and irreversible inhibition. Competitive, non- competitive,
uncompetitive, type inhibitions and their kinetics.

Unit - 111

Mechanism of Enzyme Action - Acid-base catalysis, covalent catalysis, proximity, orientation effect. Strain &
distortion theory. Chemical modification of active site groups. Site directed mutagenesis of enzymes.
Mechuanism of action of ribonuclease, chymotrypsin, lysozyme and carboxypeptidase.

Unit - IV

Enzyme Regulation - General mechanisms of enzyme regulation. Reversible and irreversible covalent
modifications of enzymes. Feedback inhibition, Allosteric enzymes, qualitative description of "concerted” &
"sequential” models for allosteric enzymes. Half site reactivity, Flipflop mechanism. positive and negative co-
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