
AnnexureV SYLLABUS 

Pre-Ph.D. Course in MICROBIOLOGY 

(Effective from academic session 2020-21) 

Course structure 

Credit 

Paper Code 
CORE COURSES 

PMC-101 
PMC-102 

Paper Name 

Research Methodology
Research and Publication Ethics 

ELECTIVE COURSES 

Microbial Ecology PME-101 
PME-102 
PME-103 
PME-104 
PME-105 

Biogeochemistry and Extremophiles 

Medical Microbiology
Plant Pathology and Pathogen Interaction
Biochemistry and Metabolic Regulation
Biocatalysisand Enzyme Mechanisms
Genetic Engineering 

Basic and Applied Statistics 

PME-106 
PME-107 
PME-108 
Total Credits = 15 (Core Credits 07+ Elective Credits 08) 

4 

CORE PAPERS (PMC-01 &02): 

PMC-101 RESEARCH METHODOLOGY

(14 hrs.) Unit 1: Data and Statistical test 
Introduction of data, data types and methods of data representation; Sampling and its types

Test of Significance and Goodness of Fit: Statistical Hypotheses, Parametric and Non-Parametric 

Hypothesis, Null Hypothesis, Statistical Significance, Levels of Significance, Degrees of 

Freedom. Student'st test, Goodness of Fit, Chi Square -Test, F-test and ANNOVA; Regression 

and Correlation: Type and equations.

Unit II: Data analysis using computational methods 

Statistics and Computer: calculation in statistics. software in aid to statistics, working with useful 
(10 hrs.) 

software to life sciences researches.

Unit Il1: Research Methodology Vs Methods, and Experimental designs 
Detinition and components of research methodology, meaning of research methods, difference 

between research methodology vs methods, Meaning of Research Design, Need for Research

Design. Features ofa Good Design. Important Concepts Relating to Research Design. Different 

Research Designs. Basic Principles of Experimental Designs. 
Unit IV: Fundamental Biochemical techniques 

Mieroscopy: Compound Microscope. Phase contrast and fluorescent microscopy. Electron

microscopy- Transmission and Scanning electron; Principle of spectrophotometery, Absorption 
and Emission spectra; Chromatography: Thin layer chromatography, Column chromatography
Afinity and Size exclusion chromatography, High pressure liquid chromatography and Gas 
liquid choronmatography: Centrifugation: highspeed/ Ultra centrifugation. Density gradient and 
Differential centrifugation.
Unit V: Advanced Biochemical Techniques 
Details of gene cloning techniyues (DNA isolation. primer designing and PCR). Restriction
enzymes and cloning vectors; Gene silencing methods and CRISPER: Electrophoresis: Agarose

(10 hrs.)

(12 hrs.) 

(14 hrs.) 
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and PAGE. gel based and gel free proteomics techniques; Mass Spectrometry. Infra Red 

spectroscopy and preliminary information about NMR. 

Suggested Readings: 

1- Principles and Techniques of Biochemistry and Molecular Biology. Edited by: Keith 

Wilson and John Walker. Canmbridge University Press. 

2- Wardlaw, A.C. 1985. Practical Statistics for Experimental Biologists. John Wiley. 

3- Holmes D., Moody, P. Dine D. 2006. Research Methods for the Biosciences. Oxford 

4- Research Methodology by C.R. Kothari. 

5- University Press.Concerned literature will be given by individual faculty member. 

PMC-102 RESEARCH AND PUBLICATION ETHICS 

(3 hrs.) 
RPE 01: Philosophy And Ethics 

1. Introduction to philosophy: definition, nature and scope, concept, brnaches 

2. Ethics: definition, moral philosophy, nature of moral judgments and reactions

RPE 02: Scientific Conduct 
(5 hrs.) 

1. Ethics with respect to science and research 

2. Intellectual honesty and research integrity

3. Scientific misconducts: Falsification. Fabrication. and Plagarism (FFP) 

4. Redundant publications: duplicate and overlapping publications. salami slicing 

5. Selective reporting and misrepresentation of data 

RPE 03: Publication Ethics 
(7 hrs.) 

1. Publication ethics: definition, introduction and importance 

Best practices/ standard setting initiatives and guidelines: COPE, WAME, etc. 

3. Conflicts of interest 

4. Publication misconduct: definition, concept. problems that lead to unethical behavior and 

vice versa, types 
5. Violation of publication ethics, authorship and contributionship 

6. Identification of publication misconduct, complaints and appeals 
7. Predatory publishers and journals 

PRACTICE 
RPE 04: Open Access Publishing 

. Open access publications and initiatives 

2. SHERPA/RoMEO online course to check publisher copyright & self-archiving policies

3. Software tool to identify predatory publications developed by SPPU 

4. Journal finder/ journal suggestion tools viz. JANE, Elsevier Journal Finder. Springer

Journal Suggester, ete. 

RPE 05: Publication Misconduct 

(4hrs.) 

(4hrs.) 

A. Group Discussion (2 hrs.) 
. Subject specific ethical issues, FFP, authorship
2. Conflict of interest 

3. Complaint and appeals: example and fraud from India and abroad. 

B. Software tools (2hrs.) 
Use of plagiarism software like Turnitin, Urkund and other open source software tools. 

RPE 06: DATABASE AND RESEARH METRICS (7hrs.) 
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A. Databases (4hrs.) 
. Indexing databases 

2. Citation databases: Web of Science. Scopus. etc. 

B. Research Metries (3 hrs.) 

1. Impact factor of journal as per Journal Citation Report. SNIP, SJR. IPP. Cite Score 

2. Metrics: h-index. g index.i10 index. almetrics. 

RPE 07: Scientific writings, presentations and Intellectual Property Rights (IPR) (15 hrs.) 

A. Scientific writings and presentations (07 hrs.) 

1 Types of scientific write-ups: Research papers. Review. short communications. 

editorial. abstract. 

2- Fundamentals of seientitic writing: Steps to better writing. flow method. organization 

of material and style. drawing figures. graphs. tables. footnotes. references etc. in a 

scientific write up. 

3- Funding proposals: funding agencies and key features of a funding proposal 

4- Presentations: Workshop, Seminar, Conference and Symposium; One seminar paper 

preparation in power point (which includes text, graphs. picture. tables. reference etc.: 

Oral in Powerpoint/Poster): 

5- Elfective communication skills in presentation: eye to eye contact. facing to audience. 

question & answer sessions etc. 

B. Intellectual Property Rights (IPR) (08 hrs.) 

1. Introduction to IPR: types of IP and IPR, 

2. Indian and International laws of IPR 

3. Protection of microbial resources. 

4. Patenting process for genes and GMOs 

5. Case studies related to IPR breaching 

ELECTIVES PAPERS (PME-01 to 08): 

PMC 101. MICROBIAL ECOLOGY 

Unit I 

Ecological principles: Distribution, Abundance, Frequency, Ecological Niche and guild. 

Substrate groups 

Biomonitoring. Ecological indicators and Biomarkers. Biomagnifieation. Pollution and its 

indicators. 

and nutritional strategies. Resource partitioning and successions. 

Unit II 
Introduction to microbial diversity. Conventional and molecular methods of studying microbial 

diversity. Measures of diversity. Species richness versus Diversity Index. Unculturable arnd 

culturable bacteria. 

Unit IlI 
Abiotic-abiotic and abiotic-biotic interactions. Symbiosis of bacteria- protozoa. algae- 

invertebrates, Bacteria-plants. insect endosymbionts. 

Endosymbiogenesis. Parasitism, mutualism, competition. 

Rumen mierobiology. Theory of 
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nit V 
Stress and strain. Constant and fluctuating stress. Strategies t0 survive stress. Density dependent 

and density independent stresses. Life strategies: r- and K- selection. Stresses in arid soils and 

rocks. 

Unit V 

Microbial communication (e.g. quorum sensing. fruiting body formation). Biofilm formation. 

how biofilms work. Spatial patterning-spatial scale. biogeography. Temporal patterns. microbial 

community dynamics. Microbial response to disturbance. Microbial response to land use 

(investigating legaey etfects) and Mierobial response to biological invasions 

Suggested Readings: 
1. Odum E.P. Basie Ecology. 
2. Cowld D. 1999. Microbial diversity. 
3. Atlas & Bartha. Microbial Ecology. 

PME 102. BIOGEOCHEMISTRY AND EXTREMOPHILES 

Unit I 

Nutrition of microorganisms: Classification of microorganisms and nutrients, elemental 

composition of biomass, requirement and physiological functions of principle elements (H, O. N, 

P, S. major catons and trace elements). Concept of the limiting nutrient, design and analysis of 

defined minimal growth media. experimental veritication. 

Unit I1 
Oxidation-reduction reactions in biological system, introduction to biogeochemical cycles, major 

forms of C, N, S and iron, their importance in biogeochemical cycling. Carbon Cycle: Photo and 

chemoautotrophy in prokaryotic world, ecology and microbiology. Methanogens: diversity and 

phylogeny, habitats. physiology and biochemistry. Methylotrophs: Significance, aerobic and 

anaerobie methylotrophs, methylotrophic yeast. Iron metabolism: Iron uptake. intracellular 

free and stored iron. iron in primary fiueling reactions, iron and pathogenicity. 

Unit Il 

Nitrogen cycle: Dinitrogen fixation, biochemistry and microbiology, ecology of nitrogen 

fixation. Assimilation and ammonification. Nitrification: biochemistry and microbiology of 

NH4 oxidation, 
Denitrification: biochemistry and microbiology, ecology of denitrification. primary controlling 

factors of denitrification. Sulfur cycle: Microbial sulfate reduction. microbial sulfur oxidation. 

transformation of sulfur compounds, sulfur cycling within ecosystem. its environmental 

NO oxidation, ecology of nitrification, heterotrophic nitrification. 

consequences. 

Unit IV 

Extremophiles: definition, ecology and biotechnology of extremophiles. Hyperthermophiles: 

temperature classes, habitat and microorganisms, biochemistry and physiological adaptations. 

Habitats. biochemistry and physiological adaptations of psychrophiles and extreme acidophiles. 

Unit V 
Habitats. biochemisry and physiological adaptations of Barophiles. Halophiles. Alkaliphiles. 

Oligotrophs and Radiation resistant microorganisms. 
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Suggested Readings 
1. Stanier, R.Y.. J.L. Grahm. M.L. Wheelis & P.R. Painter. General Microbiology. 1986. 

MeMillan. 
2. Caldwell. DR. Microbial Physiology & Metabolism. 1995. Brown Publishers. 

3. Moselio Sehaechter. The desk eneyclopedia of mierobiology. Elsevier. 

PME 103. MEDICAL MICROBIOLOGY 

Unit 

History of medical microbiology. Normal microbial flora of human body and its role. Sources, 

vehicles and reservoirs of infection. Exogenous and endogenous infection. Mechanism of 

bacterial adhesion. colonization and invasion of nmucous membranes of respiratory, enterIC and 

urogenital tracts. Establishment of infection. spreading, tissue damage and anti-phagocytic 

factors. 
Unit 11 
Role of aggressins (Hyaluronidase), coagulase. fibrinolysins or kinase, depolymerizing enzymes 

(Mucinase. lipases. proteases. nucleases, collagneases. neuraminidase). organotropisms, variation 

and virulence. Mode of spread of infection. 

Unit I11 

Respiratory. skin, wound and burn infection, venereal infections, alimentary tract infection, 

arthropod-borne blood infections and 
pathogenicity, transmissibility, infectivity and virulence. Opportunistic pathogens, Toxigenicity.

Invasiveness. Immune response to bacterial infection in man. 

laboratoryY infections. Pathogenesis: Microbial 

Unit IV 
Classification of medically important microorganisms. Causal organisms, diagnosis, symptoms, 
toxie components, etiology and disease development in nman by bacteria, fungi and viruses. 
Causal organisms. symptoms and diagnosis of New Castle (Ranikhet). bird flue, and 
Salmonellosis in poults, rinderpest, anthrax, foot and mouth disease, mastitis and tympany in 

cattle. Hog cholera. 

Unit V 
Antimicrobial therapy. Antibiotics and their classification, mode of action. Drug resistance. 

Methods of drug susceptibility testing. Antibiotic assay in body tluids. Brief account on available 

vaccines and schedules. Passive prophylactic measures. Nosocomial infections. Common types 
of hospital infections, their diagnosis and control. Principles of disinfection. Disinfeetants and 

their mode of action. 

Suggested Readings: 
1. Ananthnarayanan R and Jayaram C.K. 1997.Textbook of Microbiology. Orient Longman. 
2. Mackie and McCartney. 1996. Medical Microbiology. Vol.1. Microbial Infection. Vol. 2. 

Practical Medical Microbiology. Churhill Livingstone. 
3. Shanson DC. Wright PSGI982. Microbiology in Clinical Practice. 
4. Baron EJ. Peterson LR and Finegold SM. 1990. Bailey and Scott's Diagnostie Microbiology. 

Mosby. 
5. Mims CA. 1987. The Pathogenesis of Infectious disease. Academic Press. 
7. Murrey. P.R. Rosenthal. K.S., Kobayashi. G.S. & Pfaller. M.A. Medical Microbiology.

Mosbay 
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PME 104. PLANT PATHOL0GY AND PATHOGEN INTERACTION 

Unit 

Tvpes ot plant pathogens, mode of infection. pathogenesis strategies -fungus., bacteria, 

nematodes, nonhost pathogens. viruses. subviral agents viroids. satellite viruses. satellite RNAs. 

Initial establishment. multiplication and spread of pathogens, symptoms host ranges 

Unit I1 

Nature. eauses and classifieation of plant pathogen: Dissemination and methods of preservation 

and control of plant diseases, Host-parasite relationship. plant defense mechanism. 

Unit 11 

Fungal disease of plant erops- rice, wheat, maize. sugarcane. cotton and groundnut; fruit crops: 

apple. peach. mango, citrus and grapes; vegetable crops- crusifers, tomato. potato and brinjal; 

other erops- tobacco, turmeric and coriander. 

Unit IV 
Bacterial diseases of field crops. vegetable. fruits and other economically important plants. Viral 

diseases of tield crops. vegetable. fruits and other economically important plants. Nematode 

disease ot plants: a knowledge of some important nematode disease of economically important 

crops. 
Unit V 

Application of biotfertilizers in production of healthy and vigorous transplants in nursery. Role of 

mycorrhiza in grovth of plants. 

Suggested Reading: 
1. Mehrotra. RS. 1980. Plant Pathology. Tat MeGrawHill. 

2. Singh. RS. 1998. Plant Disease. Oxford & IBH Publ. 

3. Bilgranmi. KS. & Dubey, H.C. 1976. Vikas Publ. House. New Delhi. 

PME 105. BIOCHEMISTRY AND METABOLIC 
REGULATION 

Unit I 
Carbohydrates- Glycolysis. aerobic and anaerobic fate of pyruvate. Oxidative phosphorylation. 

Glucoenogenesis. pentose phosphate pathway,. glycogen metabolism. Nucleic acids- Purine 

Synthesis and catabolism. Pyramidine synthesis and catabolism. Proteins-- Transanmination. 

Deamination. Oxidative deamination. Urea cycle. Aminoacids- Biosynthesis of non-essential

aminoacids. catabolism of aminoacids. Lipids- Fatty acid synthesis, á-oxidation ot tatty acids 

Unit 11 

Light reaction and Dark reaction. The photosynthetic 
eubacteria: common properties. 

organization of photochemical apparatus and ditferences among the major groups 

Chemoautotrophic eubacteria. 

Unit 11I 

Sructure of plasma membranes. Transportation of molecules across plasma membrane. Modes 

Of cell signaling. Types of receptors used for cell signaling. pathway of intracellular signal 

ransduction using secondary messengers. ApOptosis 
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Unit IV 
Protein synthesis, Co-translation and post translation of proteins. Protein targeting 

Unit V 
Nomenclature and classification of enzymes. Factors affecting enzymes. Enzyme specificity. 
Enzymes assay. Enzyme inhibition. Applications 

Suggested Readings: 
1. Biochemistry and Molecular Biology. Third Edition by William H. Elliott and Daphne C. 

Elliott, Oxford University press. 
2. Biochemistry L. Stryer Third Edition 
3. Biochemistry. White, Handler and R.B.Smith 7th Ed. 1983 
4. Principles of Biochemistry A. Lehninger 1987. 
5. Fundamentals of Biochemistry by J.L. Jain, Sunjay Jain AND Nitin Jain. S. Chand. 

PME 106. BIOCATALYSIS AND ENZYME MECHANISMSs 

Unit I 
Biocatalysts: Current Status, Advantages & disadvantages, Comparison with other Catalysts, 

Biocatalysts as a technology, Green Chemistry 
Unit II 

Enzyme Kinetics, Basis of Enzyme Action. Theories of Enzyme Catalysis., Efficiency, Stability, 

Selectivity of Enzymes, Sereening of New Enzyme Activity. 

Unit III 
Basic of stereochemistry; Enantiomerically pure amino acids, Hydroxy esters with carbonyl 

reductase, Alcohols with ADH, Penicillin G, Ephedrine, Chiral drugs, Anticholesterol drugs. 

Anti-infectives, Anti-AIDS drugs, Cardiovascular drugs. Applications of Lipases and Esterases 

in the Pharma industry, Steroids. 

Unit IV 

Enzymes in organic solvents, Advantages of Biocatalysis in organic media. Role of water in 

Enzyme reactions in Organic solvents, Substrate as solvent, lonic liquids and Supercritical 
Solvents for enzymatic reactions. 

Unit V 

Enzymes in the food industry, Cell-wall degrading enzymes, Lipases, Proteases, Amylases. 

Xylanases, Enzymes in brewing. Fat splitting, Enzymes in the paper and pulp industry, Enzymes 
in the textile industry. Enzymes for preservation, The future of enzyme applications.

Suggested Readings:
1. Biocatalysis: Fundamentals & Applications by Andreas Sebastian Bommarius . Bettina R 

Riebel. VCH (02 April, 2004) 
2. Biotransformations in Organie Chemistry by Kurt Faber, Springer Berlin 5th Edn, 2004 

3. Enzymes by palmer, 
4. Enzymes in Industry by Wolfgang Aehle, Wiley-VCH. 2004. 
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PME 107. GENETIC ENGINEERING 

Unit I 
Scope of Genetic Engineering Milestones in Genetic Engineering- Isolation of enzymes, DNA 
sequencing, synthesis and mutation. detection and separation. cloning. gene expression. Cloning 
and patenting of life forms. Genetic engineering guidelines. 
Unit I1 
Molecular Tools in genetie engineering: Restriction enzymes, ligases, sl nuclease, terminal 

deoxynucleotides, transferases, Poly A polymerases, 

phosphatase etc., nmodification enzymes, DNA. and RNA markers. 

Unit IIl 

Reverse Transcriptase, Alkaline 

Nucleic Acid Purification, Yield Analysis. Nucleic Acid Amplification and Its Applications. 

Restriction Mapping of DNA Fragments and Map Construction. Nucleie Acid Sequencing. Ciene 

Cloning Vectors; Plasmids, bacteriophages. phagemids. cosmids. Artificial chromosomes. cDNA 

Synthesis and cDNA library preparations. Cloning mRNA enrichment, reverse transcription, 

DNA primers, Linkers, adaptors and their chemical synthesis, Library construction and 

screening. Genomic libraries (complete sequencing projects). Alternative Strategies of Gene 

Cloning, Cloning interacting genes- Two-and three hybrid systems, cloning differentially 

expressed genes. Site-directed Mutagenesis and Protein Engineering 

Unit IV 
How to Study Gene Regulation? DNA transfection. Northerm blot. Primer extension, SI 

mapping. RNase protection assay, Reporter assays. Nucleic acid microarrays. Expression 

Strategies for Heterologous Genes Vector engineering and codon optimization, host engineering, 

In vitro transcription and translation, expression in bacteria, expression in Yeast, expression in 

insects and insect cells, expression in mammalian cells, expression in plants. Processing of 
Recombinant Proteins Purification and refolding. characterization of recombinant proteins. 

stabilization of proteins. Metagenomies. 
Unit V 

Phage Display T-DNA and Transposon Tagging Role of gene tagging in gene analysis, T-DNA 

and transposon tagging, ldentitication and isolation of genes through T-DNA or transposon. 

Transgenic and Gene Knockout Technologies Targeted gene replacement, Chromosome 

engineering. replacement/augmentation, gene correction, gene editing, gene regulation and silencing. 

Suggested Readings: 
1. Molecular and Cellular Methods in Biology and Medicine, P.B. Kaufman, W. Wu. D. Kim 

and L.J; Cseke, CRC Press, Florida, 1995. 

2. Methods in Enzymology vol. 152, Guide to Molecular Cloning Techniques, S.L. Berger and 

A.R. Kimmel, Academic Press, Inc. San Diego, 1998. 

3. Methods in Enzymology Vol 185, Gene Expression Technology, D.V. Goeddel, Academic 

Press, Inc., San Diego, 1990. 
DNA Science. A First Course in Recombinant Technology. D.A. Mickloss and G.A. Froyer. 

Cold Spring Harbor Laboratory Press. New YorK. 1990. 

Molecular Biotechnology (2nd Edn.), S.B. Primrose. Blackwell Scientific Publishers. 

Oxford, 1994. 

Gene Therapy Vector engineering. Strategies of gene delivery gene 

Milestones in Biotechnology. Classic papers on Genetic Engineering, J.A. Davies and W.S. 

Reznikoff. Butterworth-Heinemann, Boston, 1992. 
6. 
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Route Maps in Gene Technology, M.R. Walker and R. Rapley, Blackwell Science Ltd.. 

Oxford. 1997. 
7 

Molecular Cloning: a Laboratory Manual, J. Sambrook. E.F. Fritsch and T. Maniatis, Cold 

Spring Harbor Laboratory Press. New York. 2000. 

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

8. 

9 

PME 108. BASIC AND APPLIED STATISTICS 

Unit I 

Introduction. Data Tabulation, Diagramnmatic and Graphical Representation: Definition, Aims, 

Limitation. Classification, Tabulation. Types of Tabulation, Types of Diagrams, Graphical 

Representations, Utility and Limitations. Measures of Central Tendency and Dispersion: 

Characteristics of Satisfactory Average, Arithmetic, Geometric. Harmonic, Weighted Mean, 

Median. Mode. Range, Mean Deviation. Standard Deviation, Variance. Coefficient of variation, 

Standard Error. 
Unit II 
Test of Significance and Goodness of Fit: Statistical Hypotheses. Parametric and Non-Parametric 

Hypothesis. Null Hypothesis. Statistical Significance. Levels of Significance. Degrees of 

Freedom. Student'st test. Goodness of Chi-Square - Test, Conditions for the Application of Chi- 

Square Test. Regression and Correlation: Bivaiate universe or population, Arrays and 

Correlation, Measurement of Correlation, Intra-class, Rank, Partial and Multiple Correlations. 

Lines of Regression, Regression Coefficients, Limits and Range of ã- Correlation Coefficient 

expressed in terms of Regression Coefficients. 

Unit III 

Probability: Introduction, Definitions, Mathematical and Experimental Approach, Simple and 

Compound Events, Indeperndent and Dependent Events, Laws of Composition of Events. 

Certainity and Impossibilty. Limiting values and Range of Probability, Permutation and 

Combinations. Principles of Experimental Design and Analysis of Variance and Covariance: 

Validity, Soil Heterogeneity and Uniformity Trial, Precision and Accuracy, Basic Principles of 

Field Experimentation, Experimental Technique. 
Unit IV 
Sampling: Aims of Sampling. Types of Population, Choice of Sampling Methods. Multi-stage 

and Multi-phase Sampling. Completely Randomized. Randomized Block and Latin Square 
Design: Description. Treatments. Randomization. Statistical Analysis. Merits and Demerits. 
Split-plot Design: Description. Relation to the Confounded Factorial Designs, Structure of 
Analysis of Variance, Standard Error in Split -plot Experiments, Testing the Significance of the 
Differences among the treatment means, Statistical Analysis, Advantage and Disadvantage. 

Unit 
Statistics and Computer: salculation in statistics. Software in aid to statistics. Working with 
useful software for statistical tests and other biological researches 

Suggested Readings: 
1. Wardlaw. A.C. 1985. Practical Statisties for Experimental Biologists. John Wiley. 
2. Holmes D., Moody, P. Dine D. 2006. Research Methods for the Biosciences. Ox ford 
University Press. 
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