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Syllabus for M.Sc. Course in Microbiology 
 

Level Subject Semester Course 
No. 

Name of the Course & Course Nomenclature    (Theory/Practical) Credits 

M MCB  
 

01 

01 Prokaryotic Microorganisms                                               MMCB0101   (Theory)                4 
M  02 Acellular and Eukaryotic Microorganisms                       MMCB0102  (Theory)                    4 
M  03 Biochemistry                                                                             MMCB0103  (Theory)                4 
M  04 Microbial Metabolism                                                             MMCB0104  (Theory)                4 
M     
M  05 General Microbiology                                                              MMCB0105  (Practical) 4 
M  06 Biochemistry & Bacterial Metabolism                               MMCB0106  (Practical) 4 
      

M MCB  
 
 
 

02 

01 Molecular Biology                                                                    MMCB0201  (Theory)                4 
M  02 Pharmaceutical and Medical Microbiology                      MMCB0202   (Theory)                4 
M  03 Immunology                                                                               MMCB0203   (Theory)                4 
M  04 Cell Biology & Microbial Genetics                                        MMCB0204   (Theory)                4 
M     
M  05 Molecular Biology, Microbial Genetics, Tools &  

Techniques in Microbiology                                                  MMCB0205 (Practical) 
4 

  06 Immunology and Medical Microbiology                            MMCB0206 (Practical)           4 
      

M MCB  
 
 

03 

01 Recombinant DNA Technology, IPR and Bioethics         MMCB0301 (Theory)                        4 
M  02 Agriculture and Environmental Microbiology                  MMCB0302  (Theory)                4 
M  03 Food and Industrial Microbiology                                        MMCB0303   (Theory)                4 
M  04 Principles & Practice of Microbial techniques                   MMCB0304   (Theory)                     4 
M     
M  05 Industrial Microbiology & Recombinant DNA Technology  MMCB0305 Practical) 4 
M  06 Ecology and Environmental Microbiology                               MMCB0306 (Practical)  4 
      

M MCB  
 
 

04 

01 Statistics and Bioinformatics                                                          MMCB0401 (Theory)                 4 
M  02 Choice based  Credit    (Compulsory minor Elective)               MMCB0402 (Theory) 

Students has to earn this 2 credit from other Dept. (from the consortium; internal 
evaluation) 

 
2 

M  03 Social Inter-linkage (Compulsory Credit) & Educational/Industrial Tour        MMCB0403                                                               2 
M  04 Statistics & Bioinformatics                                                    MMCB0404 (Practical)     4 
     

M  05 Dissertation Paper                                                                               MMCB0405 12 

    Total 96 
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Syllabus for M.Sc. Course in Microbiology 
 

 
 

Syllabus for Semester-I 
                  Total:  24 Credits 

Theory Course                                                                                                                Total  

MMCB0101: Prokaryotic Microorganisms                                        4 Credits    

MMCB0102:     Acellular and Eukaryotic Microorganisms                  4 Credits    

MMCB0103:  Biochemistry                    4 Credits    

MMCB0104:   Microbial Metabolism                     4 Credits          

Practical Course 

MMCB0105: General Microbiology                     4 Credits            

MMCB0106: Biochemistry & Bacterial Metabolism                   4 Credits          

 
 

Syllabus for Semester-II 
                 Total:  24 Credits 

Theory  Course                Total 
MMCB0201:   Molecular Biology                                                           4 Credits    

MMCB0202:   Pharmaceutical and Medical Microbiology              4 Credits    

MMCB0203:    Immunology                4 Credits        

MMCB0204:    Cell Biology & Microbial Genetics                         4 Credits             

  

Practical Course 

MMCB0205: Molecular Biology, Microbial Genetics & Tools & Techniques in Microbiology       
   4 Credits              
MMCB0206: Immunology and Medical Microbiology                      4 Credits    
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Syllabus for Semester-III 
 

 Total:  24 Credits 

Theory Course              Total 

MMCB0301:  Recombinant DNA Technology, IPR and Bioethics                 4 Credits    

MMCB0302:  Agriculture and Environmental Microbiology                       4 Credits    

MMCB0303:  Food and Industrial Microbiology                             4 Credits    

MMCB0304:  Principles & Practice of Microbial techniques                        4 Credits    

 

Practical Course 

MMCB0305:  Industrial Microbiology & Recombinant DNA Technology     4 Credits   

MMCB0306:   Ecology and Environmental Microbiology                           4 Credits               

 
 
 

Syllabus for Semester-IV 
 

 Total:  24 Credits 

Theory Course                  Total 
MMCB0401:  Statistics and Bioinformatics                                               4 Credits    

MMCB0402:  Choice based Credit; [Compulsory minor Elective, Students has to  

                         earn this 2 credit from other Dept. (from the consortium)]  2 Credits    
 
MMCB0403: Social Inter-linkage (Compulsory) & Educational/Industrial   Tour         
    2 Credits    
 

Practical Course 
MMCB0404- Statistics & Bioinformatics           4 Credits    
 
 
Dissertation Course 
MMCB0405: Dissertation Paper   12 credits 
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SEMESTER I 

MMCB0101 – Prokaryotic Microorganisms                      4 Credits    
 

1. History and major events in the development of microbiology     (01 L) 

2. Origin of basic bio-molecules, Abiotic synthesis of organic monomers and polymers; 

concept of Oparin & Haldane; Experiment of Miller (1953); origin of first cell; Evolution 

of prokaryotes; Origin of eukaryotic cells & endosymbiogenesis; origin of unicellular & 

multicellular organisms. The evolutionary time scale; Eras, Periods and Epoch; major 

events in the evolutionary time scale.     (10L) 

3.  Prokaryotic diversity: estimates & indices of diversity. Culture independent methods for 

exploring diversity. Prokaryotic taxonomy- classical and modern (polyphasic approach). 

Prokaryote and eukaryote species concept.     (09 L) 

4. General account of cellular structures (morphological & ultra structural) of bacteria. 

Flagella, Pili, Fimbriae, & Perennating bodies- (endospores, Cysts, myxospores). 

Chemotaxis, Phototaxis, magnetotaxis. Pigments of prokaryotes & their applications. 

      (07 L) 

5. Archaea: Diversity, Occurrence, Major groups, characteristics & potential application  

      (03 L) 

6. General idea of control of microorganisms. Multidrug resistance in Microbes: importance 

& mechanisms      (03 L) 

7. Maintenance of microbial culture: Principles and techniques.     (02 L) 

8. Cell cycle, Prokaryotic Cell division (Proteins involved; molecular aspects), binary 

fission, multiple fission, budding.      (04 L) 

9. Cultivation of bacteria: General principles. Aerobic and anaerobic cultures, synchronous 

and asynchronous culture, batch, fed batch and continuous culture. Measurement of 

growth, factors affecting growth.      (05L) 

10. Extreamophiles: halophiles, thermophiles, psychrophiles, mechanisms of resistance, 

alkalophiles and acidophiles.      (6L) 
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MMCB0102 Acellular and eukaryotic microorganisms                (1+3= 4 Credits)   
 

1. History and development of virology, distinctive, properties of virus, morphology, 

architecture, capsid arrangement, types of envelope and their composition.  (2 L) 

2. Viral nomenclature, classification of virus including Baltimore’s classification, assay of 

virus – plant, animal and bacteriophage,      (2 L) 

3. Transmission of plant, animal and bacterial viruses.    (3 L) 

4. Viral nucleic acid types, replication of viral DNA and RNA types.    (2 L) 

5. Variations in structure of bacteriophages, lytic cycle of bacteriophages with reference. 

      (2 L) 

6. Lysogeny: molecular mechanism of lytic-lysogenic conversion, significance. (2 L) 

7. Life cycles and replication of Ebola virus, Mimi virus, Oncogenic virus   (3 L) 

8. Viral vaccines and antiviral agents.      (2L) 

9. Prions, Viroids and Virusoids and disease caused by them    (3 L) 

10. Phycocology: General account of Diversity, distribution, nutrition, mode of reproduction, 

Life cycle patterns, recent status of algae (evolutionary perspective), ecological  

significance, phycotoxins, economic importance including role in human affairs (algal 

pigments, biofuels, hydrogen production, important bioactive molecules, role of algae in 

sustainable environment)     (10 L) 

11. Fungi: Diversity, modes of reproduction, ecological significances, sex hormones, 

mycotoxins, fungal associations with plants (endophytes, mycorrhizal fungi), animals and 

humans. economic importance, Secondary metabolites from fungi: Terpenes, Non-

ribosomal peptides, hydrophobins, peptaibols, indole, alkaloids, detailed emphasis on 

polyketides.      (10 L) 

12. Eukaryotic Microorganisms: 

A. Protozoa: Diversity, reproduction, classification, importance to human  affairs.  

     (3 L) 

B. Helminthes: General account, reproduction, classification, importance. (2 L) 
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MMCB0103 – Biochemistry       4 Credits    
  

1. Concept of different chemical interactions: covalent and non-covalent (hydrogen, 

electrostatic, hydrophobic and Van der Waals) interactions and their importance in 

biological system.         (3 L) 

2. Physical properties of water, structure of water molecules, weak interactions in aqueous 

solution, Ionization of water, Bronsted – Lowry concept of acid and bases, Concept of pH 

of  weak acids and weak bases, Henderson-Hasselbalch equation, concept of buffer, 

strength of buffer, buffer value, important biological buffers (with the help of numerical 

problems).           (4L) 

3. Carbohydrate Chemistry: Mono, di, oligosaccharides and polysaccharides, with 

examples, asymmetric centre in sugars, D-series, L-series, dextro, leavo-rotatory, 

reducing and non-reducing sugars, sugar anomers, sugar epimers, sugar derivatives such 

as sugar alcohols, amino sugars, sugar acids, deoxy sugars.                 (3L) 

4. Protein Chemistry: Structural features of amino acids, classification of amino acids, 

amino acids as buffers, chemical reactions of amino acids, peptide linkage, partial double 

bond nature of peptides, determination of primary structure of polypeptide (N-terminal, 

C-terminal determination), structural classification of proteins (primary, secondary, 

tertiary and quaternary structures), Ramachandran plot, Classification based on functions 

; enzyme, storage, regulatory and transport protein, classification based on composition, 

classification based on molecular shape(globular and fibrous), determination of N- and C- 

terminals, protein folding and denaturation of proteins, purification of proteins, 

assessment of purity of protein. Protein sequencing. Stability of protein.  (14L). 

5. Nucleic acid Chemistry: Purine, pyrimidine - definition and structure. Nucleoside, 

nucleotide: definition and structure. A-DNA, B-DNA & Z-DNA (structure and 

differences). Chemical Properties: Hydrolysis (acid, alkali), enzymatic hydrolysis of 

DNA. General structure and types of RNA (tRNA, mRNA, rRNA), Cot curve, Tm.  

           (4L) 

6. Lipid Chemistry: Classification of lipids according to chemical structure, fatty acids, 

saturated, unsaturated, branched, nomenclature, system structure and function of 

triglycerides, phospholipids, sphingolipids, terpenes, prostaglandins, waxes, steroids.   

           (3L)  
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7. Vitamins: Structure and function of water soluble and fat soluble vitamins as vitamins, 

coenzymes.           (2L) 

8. Enzymes : Classes of enzymes ; active and binding sites; co-enzymes, co-factors, holo 

and apoenzymes, enzyme activity, units; enzyme inhibitors and activators, enzyme 

kinetics – Michaelis –Menten derivation, km values, association and dissociation 

constant, inhibition and its kinetics, effect of pH and temperatures on enzymes action, 

enzyme regulation, allosteric, covalent modification, isoenzyme, abzymes, ribozymes 

other non-protein biocatalysts        (12 L). 

 

MMCB0104: Microbial Metabolism        4 Credits    

1. Photosynthesis: Major groups of photosynthetic prokaryotic microbes. Ultrastructure of 

reaction center, arrangements of light harvesting pigments, light reaction & electron flow 

in photosynthesis, photophosphorylation, and bioenergetics. CO2 fixation pathways, 

RUBISCO-structure and molecular regulation of light and dark recations; Microbial 

consortium.        (8 L). 

2. Regulation and energetics of hexose and pentose metabolism. Peptidoglycan synthesis. 

      (4 L) 

3. Mitochondrial Electron Transport chain and bioenergetics of ETC and oxidative 

phosphorylation, mechanism of oxidative phosphorylation. Inhibitors of electron 

Transport chain.      (4 L) 

4. Anaerobic respiration- electron transport & bioenergetics, importance (NO3 respiration, 

SO4 respiration, Halorespiration) and fermentation, secondary fermentation, syntrophy.       

      (6 L) 

5.  Biochemistry of biological nitrogen fixation, properties of nitrogenase and its regulation, 

 alternate and oxygen insensitive nitrogenise, nitrogenise assay. Ammonia assimilation 

 with respect to glutamine synthetase, glutamate dehydrogenase, glutamate synthetase, 

 their properties and regulation.        (4) 

6. Biosynthesis (shikimate family) and degradation of amino Protein turn over.  (4) 

7.  Biosynthesis of purine and pyrimidine bases.      (4) 

8. Biosynthesis and oxidation of saturated and unsaturated fatty acids.   (4) 
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9. Chemolithotrophy: Iron, Carbon, Hydrogen and  Sulphur oxidation, Methanotrophy 

Acetogenesis, Methanogenesis, Anammox, ATP synthesis in Halobacterium.  (8 L) 

10. Nutrient transport: Transport of solutes across the membrane, Active and Passive 

transport, Group Translocation, Carrier mediated transport mechanism, thermodynamics 

of transport process.          (4 L) 

   

 MMCB0105 (Practical) – General Microbiology                    4 Credits    

1. Laboratory rules, safety and regulation, First Aid and ethics. 

2. Culture techniques and microbe handling: adjustment of pH of the media (broth, solid) 

using buffers. Aerobic and anaerobic culture. 

3. Enrichment culture of Prokaryotes: Halophiles, Thermophiles, Sulphate reducers, and 

phosphate solubilizer.  

4. Identification of Pure Prokaryotic isolates (Up to genus level). 

5. Culture preservation & revival: -80°C glycerol stock & Lyophilization. 

6. Estimates of Microbial diversity. Great Plate Count Anomaly. 

7. Phenol co-efficient. 

8. Molecular Taxonomy: 16S rRNA gene based molecular phylogeny 

Knowledge of databases for Microorganisms. 

BLAST, RDP & preliminary idea about phylogenetic tree.  

9. Identification of Algae, fungi & eukaryotic microorganisms through permanent slides. 

10. Isolation of TMV from infected tobacco leaves and its SEM study. 

11. Determination of Phage titer & multiplicity of infection.  

 
MMCB0106 (Practical) Biochemistry & Bacterial Metabolism        4 Credits    
 
1. pH, pK, Henderson – Hassel batch equation. Preparation of buffer 
 
2. Isolation of phospholipids from microbes  and their separation by thin layer chromatography. 
Determination saponification number of fat. 
 
3. Estimation of protein by Bradford method 
 
4. Isolation and separation of photosynthetic pigments by gel filtration and study of their 
absorption spectra. 
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5. Determination of Km, Vmax with and without inhibitors using bacterial alkaline phosphatase 
or any other enzyme. 
 
6. Study of isoenzymes of lactate dehydrogenase or amylase or any other suitable enzyme  by 
Zymogram. 
 
7. Purification of enzyme from natural source by (any one method): Ammonium sulfate precipitation, 
Organic solvent precipitation, Gel filtration. 
 
8. Isolation and characterization of any one type of chemolithotrophic microorganisms 

9. Study of various reserve food material (Glycogen / polyphosphates, PHB, oil)   of 

microbes.  

10. SDS-page Separation of Protein & determination of Molecular weight. 

 

 

SEMESTER- II 
MMCB0201:  Molecular Biology           4 Credits 

1. Comparative account of organization of Viral, Prokaryotic, eukaryotic and organellar genomes, 

Chromatin arrangement & nucleosome formation. C value paradox & genome size, cot curves; 

Operons, pseudogene, gene families, gene cluster, super families. Euchromatin & 

heterochromatin; unique and repetitive DNA.    (06) 

2. DNA replication: Prokaryotic and Eukaryotic DNA replication; mechanism, Initiation, 

elongation, termination and regulation of replication; DNA replication machinery, polymerases; 

Uni and bi-directional replication, D loop and rolling Circle model of replication. Maintaining the 

ends of Linear DNA molecule, cell cycle and regulation of genome replication. Extra 

chromosomal replicons.    (09)  

3. DNA damage and repair and recombination: Direct repair, base excision repair, 

nucleotide excision repair, mismatch repair, recombination repair, SOS repair. 

Homologous & site specific recombination; Proteins involved in recombination; Holliday 

model of recombination. Gene conversion.    (09)  

4. Transcription: Comparative account in Pro & Eukaryotes. 
Transcription factors & machinery; formation of initiation complex, transcription 

promoters, activator and repressor; Pro & Eukaryotic RNA Polymerase (Different sigma 

factors); Capping, elongation and termination.RNA processing, splicing, RNA editing 
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and polyadenylation. RNA transport; Structure & function of different types of RNA. 

SnRNAs (Snurps and Snorps), Ribozymes; RNAi & miRNA.   (10L) 

5. Synthesis and Processing of Protein: Ribosome; Pro-eukaryotic formation of initiation 

complex, initiation factors and their regulation, elongation and elongatiuon factors, 

termination, regulation of termination. Genetic code. Aminoacylation of tRNA, tRNA 

identity, aminoacyltRNA synthetase, and translational proof-reading, translational 

inhibitors. Protein folding & post translational modifications of proteins.  (10L) 

6. Regulation of Gene Expression: Positive and Negative regulation; Inducible & 

repressible system, attenuation; E. coli- Lac, ara, his and trp operons; antitermination – N 

protein and nut sites in I. Global regulatory response & role of small molecules (ppGpp & 

cAMP)     (06L) 

 

MMCB0202:   Pharmaceutical and Medical Microbiology        4 Credits    
 

1. A step wise process of infection – Crossing physical, chemical and biological barriers, 

 Colonization, Association, Adhesion and Invasion of host tissue and toxigenesis with 

 details account of virulence factors – Adhesins (pili, capsule, hemagglutinins), Invasins 

 (Fibrinolysins, hyaluronidase, hemolysins, hypal extensions), Evasins (catalase, 

 coagulase, Siderophores, Leucocidins, Kinins), Toxins (diphtheria, cholera, tetanus toxins 

 and endotoxins of Gram negative bacteria – mode of action and in vivoand in vitro assay 

 systems).           (10L) 

 
2.  Mechanisms of bacterial resistance to host cellular (phagocytosis) and humoral 

 Defences. Antibiotic/Drug resistance- origin, cause and clinical implication with special 

 references of multidrug resistant tuberculosis and MRSA     (6L) 

 
3.  Molecular basis of bacterial pathogenecity – cytoskeletal modulation of host cell, 

 virulence genes and pathogenecity islands.      (4L) 

 
4. Antibiotic and chemotherapeutic agents: Sulfur drugs, Antibiotics and their classification, 

Mode of action, chemical nature of different antibiotics, antibiotic assay and sensitivity 

test, non-medical uses of antibiotics ; antiviral drugs.     (4L) 
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5. Drug discovery – 
 
 a. Historical perspective  

 b. Current approaches to drug discovery: Rational Drug design, receptor / target  

  concept in drug designing, Introduction to pharmacogenomics,   

  Combinatorial chemistry, High Throughput Screening 

 c. Phases of drug discovery: Bioprospecting, Principles of Extraction, Purification 

  and Characterization of bioactive molecules from natural resources, Lead  

  discovery, Lead compound optimization, Candidate drug selection 

 d. Preclinical development: i. Safety profile of drugs (Pyrogenecity, Toxicity – 

  hepato, - nephro, -cardio and neurotoxicity) ii. Toxicological   

  evaluation of drug: LD50, Acute, subacute and chronic toxicity. iii.  

  Mutagenecity (Ames test, micronucleus test), Carcinogenicity and   

  Teratogenecity 

 e. Drug interactions, Drug metabolism – activation / inhibition of drug in vivo,  

  adverse drug reactions.       (8L) 

 
6.  Clinical development of biological:  

 a. Regulatory authorities for introduction of  medicines in market – Role of Food  

  and Drug Administration, FDA guidelines for  drugs / biologicals,  

  Validation (GMP,GLP, GCP, etc.) 

 b. Clinical studies: Phase I, phase II, phase III and phase IV of clinical trials – 

  Objectives,  Conduct of trials, Outcome of trials 

 c. Delivery systems – formulations, targeted drug delivery, Sustained release  

   drugs 

 d. Drug distribution in body, bio-availability and pharmacokinetic studies.  

           (8L) 

7.  Development of antimicrobial agents:  

 a. Screening and development strategies for new antimicrobial agents acting on  

  bacterial cell wall, cell membrane, nucleic acid and protein metabolism. 

 b. Bioassay of antibacterial agents in liquid media and in agar media using  

  standard guidelines (e.g. National Committee for Clinical Laboratory  
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  Standards (NCCLS) /Clinical and Laboratory Standards Institute (CLSI)),  

  Factors affecting bioassay,Laboratory methods to assess activity of  

  antimicrobial combinations (antagonism,synergism and additive effect) 

 c. Methodologies for testing of antimycobacterial, antifungal, antiparasitic and 

  antiviral drugs (in vivo and in vitro infectivity models).    

           (10L) 

 
MMCB0203:      IMMUNOLOGY                                                         4 Credits    
1. Immunology-fundamental concepts and anatomy of the immune system.               
            (15L) 
            A. Components of innate and acquired immunology, phagocytosis,     

  complement and inflammatory responses, haematopoesis, organs and cells  

  of the immune system-primary and  secondary lymphoid organs,    

  lymphatic systems (MALT & GALT). 

             B. Antigens-  immunogens , requirements for immunogenicity, haptens,   

  antigen antibody interactions,affinity and avidity, adjuvants , cross    

  reactivity, antigen presenting cells (APC). 

              C. Major Histocompatibility complex(MHC)- MHC genes, antigen    

  processing and presentation, HLA typing. 

 
2. Immune responses generated by lymphocytes.                              (20L) 
            A. Immunoglobulins- Basic structure, classes & subclasses,antigenic    

  determinants, action of antibody, kinetics of immune response, B-cell   

  receptor, B-cell maturation , activation and  differentiation, monoclonal   

  antibodies, clonal selection theory. 

            B. Multigene organization of immunoglobulin genes, generation of antibody   

  diversity, class switching, allelic exclusion, affinity maturation. 

           C. Cytokines and its properties ( pleiotropy, redundancy, synergy,    

  antagonism). 

           D. T-cell and cell mediated immunity-structure of T-cell receptor, co-receptor  

  molecules, generation of T-cell receptor diversity, T-cell maturation,   

  activation and differentiation, function of T cells. 
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3.  Clinical immunology.                                                                                               (8L) 
        A.  Hypersensitive reactions (Type I, II, III and iv). 

        B.  Auto immunity, example of some auto immune diseases: Congenital &   

  acquired immunodeficiencies. 

        C.  Tissue transplantation and graft rejection. 

        D.  Tumor antigens, immune response to tumors and immunotherapy of   

  tumors. 

        E.  Active and passive immunization; live, killed, sub unit, DNA and    

  recombinant vector vaccine. 

 4. Antigen - Antibody interactions.                                                                            (07L) 

       A.  Precipitation reactions- precipitation reaction in fluids& in gel,radial   

  immunodiffusion (Mancini  method), double diffusion (Ouchterlony   

  method). 

     B.  Agglutination- Prozone effect, direct agglutination and passive    

  agglutination. 

      C.  Advanced immunological techniques- RIA, ELISA, Immunofluorescence,   

  Immunoelectrophoresis, Immunomicroscopy. 

 

MMCB0204:  Cell biology & Microbial Genetics        4 Credits    
  

Cell Biology: 2 Credits     

 
1. Interaction of host & Parasite: process of recognition and entry in host (plant  & 

animal) cells by different pathogens (bacteria, virus and fungi). Alteration  of host 

cell behavior by pathogens. Cell transformation by virus, pathogen  induced 

diseases in plants & animals. Cell to cell fusion in normal &  abnormal cells. 

   (06L) 

2. Cell signaling: signaling by GPCR, signal transduction pathways  (mechanisms 

of bacterial & eukaryotic pathogens in relation to man) & their  regulation, second 

messengers; bacterial two component system. Quorum  sensing in 

prokaryotes- molecular mechanism    (06L) 
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3. Cellular communication & Cancer Biology: Regulation of hematopoiesis,  general 

principle of cell communication, cell adhesion & various molecules  involved in it, 

gap junctions, extracellular matrix, integrins.  

 Physical, chemical mechanism and microbial (& viral) induction of cancer; 

 biochemical and molecular changes in transformed cells. Genetic 

 rearrangements in proginator cells, oncogenes, tumor suppressor genes,  Cancer 

 & the cell cycle, metastasis, interaction of cancer cells with normal  cells; 

 apoptosis; therapeutic intervention of uncontrolled cell growth.   (13L) 

Microbial Genetics: 2 Credits   

1. Plasmids & mobile genetic elements:     (05L) 

 Plasmid types, replication, copy number control, incompatibility,  maintenance, 

 curing & function. distribution & importance. Is elements, composite transposons,   

 replicative and non-replicative transposons, Tn-transposons and evolution; used of 

 transposons in genetic analysis. SINES & LINES. 

2. Methods of genetic transfer: Transformation, Conjugation, Transduction and 

 sexduction, mapping genes by interrupted mating, fine structure analysis of  genes. 

     (10L) 

3. Mutation: Types, causes and detection. Mutant types- lethal, conditional, 

 biochemical loss of function, gain of function, germinal versus somatic 

 mutants, insertional mutagenesis. Isolation and Characterization of mutants.  Sugar 

utilizing auxotrophs, amino acid utilizing auxotrophs, Mutation  enrichment 

technique, Production of single & multiple mutations; Use of  transposon 

mutagenesis.    (10L) 
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MMCB0205: Molecular Biology, Microbial genetics, Tools & Techniques in  
    Microbiology       4 Credits      

1. Isolation of genomic DNA, Plasmid DNA & determination of size of DNA by 

 agarose gel electrophoresis. 

2. Estimation of purity & concentration of DNA. 

3. Preparation of Competent cells & Transformation of Plasmid DNA in E.  coli. 

4. Curing of plasmid  

5. Induced mutation by UV &/or Chemical. Ames test. 

6. Replica plating technique. 

7. Isolation and culturing of Auxotrophic mutant & antibiotic resistant strains. 

8. Southern Hybridization Technique 
9. Transposon mutagenesis 

Tools & Techniques for Microbiology  (Demonstration)  
 

1. Scanning Electron microscopy   

2. Fluorescent Microscopy   

3. GLC or GC-MS    

4. HPLC    

5. Lyophilizer  

6. Chemostat  

7. DNA & Protein sequencing  

8. MALDI-TOF 

9. Demonstration of S-value of macromolecules  

10. ELISA plate reader 

11. Study of Uncultured Prokaryotic diversity by molecular technique(s). 

12. 2-dimensional Gel Electrophoresis of Protein. 

 
 
 
 
 
 
 

 



16 
 

MMCB0206: Immunology and Medical Microbiology   4 Credits    
 

1. Ochtarlony double diffusion agar cup assay, 

2.  Latex agglutination assay,  

3. Immunofluorescence 

4. Immuno electrophoresis. 

5. Serological test-Tuberculin Test, ELISA,  

6. Microbial flora of the mouth: determination of susceptibility to dental caries.  

7. Study of natural microflora of throat and skin.  

8. Identification of Streptococcus pneumoniae 

9. Isolation of Staphylococcus sp. from natural flora of human body  and analysis of 

antibiotic sensitivity of the isolates. 

10. Extraction of phenolics/alkaloids from plant part(s) and testing their antimicrobial 

(Staphylococcusaureus/ Mycobacterium sgmagmatis and Candida sp.) activity by agar 

cup assay or bioautography method. 

 

 

Semester III 
MMCB0301 - Recombinant DNA Technology, IPR & Bioethics          4 Credits    

1. Enzymes in DNA manipulation. Fundamental techniques used in RDT [isolation and 

purification of DNA (Genomic & plasmid), RNA and proteins, various types of 

separation methods. Restriction digestion, ligation (adapters, linkers etc.) and 

transformation (Chemical, physical and biological; transformation efficiency, 

competence). Screening of transformants].      (06L) 

2. Vectors & Hosts of RDT: Plasmid, Phage, Cosmid, Phagemid, YAC, BAC, Ti plasmid 

vectors. Cloning and expression vectors. Vectors use for other analyses in RDT. Cloning 

and expression host. Vector for Bacterial, plant and animal systems.  (06L) 

3. Techniques of RDT:  General principle, application & methodology  (32L) 

A. Polymerase Chain reaction: General concept, Primer designing, various types 

(Gradient, Touchdown, Inverse, Vectorette, Multiplex, Long, Reverse Transcriptase 
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PCR etc). PCR product cloning, 5’ and 3’ RACE, qPCR, Real Time PCR. Genome 

amplification techniques. 

B. Molecular cloning of DNA or RNA fragment in bacterial and eukaryotic (plant & 

animal) systems.  

C. Isolation of specific nucleic acid sequence, Generation of genomic and cDNA 

libraries. Identification of clone of a specific gene from libraries through 

hybridization probing and immunological screening methods, radioactive & non-

radioactive labeling of probes. 

D. Expression of Recombinant proteins using bacterial, animal and plant vectors. Over 

expression of proteins in bacteria, plant and animal-general idea. Basic idea of protein 

engineering, protein array & their applications.  

E. In vitro mutagenesis and deletion techniques, gene knock out in bacterial and 

eukaryotic systems.  

F. DNA-Protein and RNA-Protein interactions (Gel retardation, foot-printing, bacterial 

and yeast two hybrid system, GFP and FRET, Phage display). 

G. Hybridization techniques: Southern, Northern and Western hybridization techniques. 

FISH, GISH, Chromosome painting. Chromosome walking,  

H. Protein sequencing methods. Measuring post translational modifications of proteins. 

I. DNA sequencing methods: Classical Sanger methods, NGS techniques. Genome 

sequencing strategies. 

J. Separation and analysis of carbohydrates, lipid quinine molecules & their 

applications. 

K. DNA fingerprinting techniques. 

L. Basic concept & application of Genomics, proteomics (Isoelectric focusing, SDS-

PAGE), metagenomics, metabolomics, transcriptomics (enzymatic and 

bioluminescent reporter, S1 mapping, Promoter analyses, DD, EST analysis, DNA 

microarray, SAGE) pharmacogenomics (Human protein replacements – insulin, hGH 

and Factor VIII, Human therapies – TPA, interferon, antisense molecules).  

M. Basic idea of plant tissue culture & animal cell culture. Transgenic animals and 

plants. Animal cloning. 

4. Bio-molecular calculations & soft wares used in RDT:     (02L) 
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 DNA- RNA- Protein size, mass, concentration, amount and number related 

 problems. Calculation related to library representation, coverage etc. Knowledge  of 

 various soft wares for various in-silico RDT analyses. 

5. Intellectual Property Rights (IPR): Basic concepts of IPR. Introduction to forms of IPR – 
Patents and Designs. General idea of Bioethics.      (04L) 

 
 
MMCB0302: Agriculture and Environmental Microbiology     4 Credits    
 
Environmental Microbiology: 2 Credits 

1. Microbial ecology- Concept, development of microbial community in biosphere, biofilm 

and its ecological implication. Microbial diversity, extremophiles- ecological adjustment 

and molecular adaptations in extreme conditions.                          (6 L) 

 
2. Community ecology: community structure, benevolent interactions (control within 

 the microbial communities of rhizosphere), antagonistic interactions, (competition, 

 antibiosis, predation etc.). Rhizosphere, rhizoplane, siderophore, flavonide from 

 plants, lectines, octapine, nipotine, indole acetic acid.      (6L) 

 
3. Mycorrhiza: Host-fungus specificity, host fungus interactions, rhizosphere 

 environment and recognition phenomenon, interaction of mycorrhizal fungi with 

 non-host plants, functional capability.        (2L) 

 
4. Marine ecosystem: Environment of marine bacteria, bacterial growth in sea and its 

 regulation by environmental conditions, modeling of growth and distribution of 

 marine micro plankton, mechanism of dissolved, organic matter production 

 (DOM), strategies of organic matter utilization and microbial utilization of organic 

 matter in sea.          (6L) 

5. Microbial remediation of xenobiotics       (2L) 
6. Microbial assessment of water quality, microbes as bio-indicators, potability of water, 

treatment of municipal water.Solid and liquid based treatment, biological (aerobic, 

anaerobic, primary, secondary & tertiary) treatment.     (3L) 
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Agricultural Microbiology: 2 Credits 

1. Microbial biofertilizer, types and microbes used, characteristics of inoculant production, 

production of inoculant biomass, formulation & packaging technology, application of 

microbial inoculant, PGPR (plant growth promoting bacteria of rhizosphere). (6L) 

         

2. Microbial insecticides- types, microbes used production of inoculants and application. 
            (3 L) 

3. Host-parasite interaction. Important diseases in agricultural crops by bacteria (crown 

gall), viruses (CaMV) and fungi (rust of wheat) and their control (chemical & biological). 

Microbial diseases of aquacultural animals- finfish and shell fish.   (6 L) 

 
4. Plant-Microbe interaction: molecular mechanism of disease development (enzyme, toxin, 

hormonal disturbances). Resistance by hosts- anatomical & biochemical mechanisms. 

Role of phytoalexins, PR proteins; control of diseases (chemical, physical, biological & 

biotechnological).          (10L) 

 
  

MMCB0303:  Food and Industrial Microbiology         4 Credits    
 
 Food Microbiology: 1 Credits 
 

1. Microbiology of foods: Vegetables, fruits, milk, fermented and non-fermented milk 
products, fresh meats, poultry and non-dairy fermented foods.    (3L) 
 

2. Microbial spoilage of foods         (3L) 
 

3. Food preservation: Chemical, physical and biological methods.   (3L) 
 

4. Fermentation processes: Production of milk and milk products, plant based products, fish 
products, meat products and food beverages.      (3L) 
 

5. Food-borne diseases      (3L) 
 
Industrial Microbiology: 3 Credits 
 

6. Introduction to industrial microbiology: Sources of industrially important microbes, strain 

development, types of fermentation and fermenters, process optimization, and recent 

developments in fermentation technology.       (5L) 
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7. Downstream processing of microbial products: Filtration, centrifugation, cell disruption, 

liquid-liquid extraction, chromatography, membrane processes, drying (lyophilization 

and spray drying), and crystallization       (5L) 

8. Operational modes of bioreactors: Batch, Fed-batch and Continuous processes: Applications, 

advantages and limitations of each type.       (3L) 

9. Production aspects: Microbial strains, substrates, strain improvement, flow diagrams, 

product optimization, down stream processing and applications of industrial alcohol 

(butanol), amino acids (lysine), antibiotics (nisin), enzymes (protease) and immobilized 

enzymes, SCP, microbial polysaccharide (Xanthan Gum), Biosurfactants, Wine 

(Champagne), Biofuel (Hydrogen, Methane, algal diesel, microbial fuel cell) and 

recombinant products (insulin, somatostatin, thaumatin), steroids (cortisone).  (15L) 

10. Liquid waste management: Treatment of sewage (Primary, Secondary and Tertiary 

treatments) and Treatment of Industrial effluents (distillery, textile, pulp and paper). (2L) 

11. Bioremediation of environmental pollutants: Petroleum hydrocarbons and pesticides.(2L) 

12. Microbes and mineral recovery: Bioleaching of copper, gold and uranium.  (2L) 

 
MMCB0304:     Principles & Practice of Microbial techniques 4 Credits 
 

1.  Chromatographic techniques: Basic concepts, Bioautography, Gel filtration chromatography, 

Ion- exchange chromatography, Affinity chromatography, Gas chromatography, High 

Performance Liquid Chromatography,        (6L) 

 
2. Electrophoresis: Basic concepts, Gel Electrophoresis –Agarose, Acrylamide (native, 

denaturing and gradient), 2D electrophoresis, immunoelectrophoresis.   (6L) 
 

3. Centrifugation: Basic concepts, Ultra centrifugation, Density gradient centrifugation, 
differential centrifugation, Isopycnic centrifugation      (5L) 

 
4. Spectroscopy: Basic concepts, Circular Dichroism (CD) and Optical Rotatory Dispersion 

(ORD), Fluorescence spectroscopy, Infrared spectroscopy, FTIR, NMR spectroscopy. Mass 

spectroscopy- MALDI-TOF, Nano-SIMS       (10L) 

 

5. Radiography:Basic concept, Autoradiography, FISH-MAR,  Pulse chase experiment, 

Čerenkov radiation, Liquid scintillation counting, Phosphor imaging, IRMA.   (6L) 
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6. X-ray crystallography: Isolation and purification of proteins, crystallization of proteins, 

instrumentation, acquisition of the diffraction pattern, basic principles of x-ray diffraction, 

Phase determination          (5L) 

 
7. Microscopy: - Basic principles and application of Phase Contrast and Confocal Laser 

microscopes, Fluorescence and Electron microscope (SEM & TEM), Radio Microscopy  

    (8L). 

 
MMCB0305:    Industrial Microbiology & Recombinant DNA Technology 
                                                           4 Credits    

1. Restriction digestion and restriction mapping. 

2. Amplification of gene by PCR. Primer designing (by Bioinformatics). 

3. RFLP, ARDRA, RAPD,  

4. Gene Cloning using E. coli based plasmids. 

5. Isolation of RNA & its analysis. 

6.  Preparation of enzyme immobilized columns for biotransformation –e.g. yeast cells 
immobilized in calcium alginate beads 

7. Isolation of exopolysaccharide producing microbes and purification of the 

polysaccharide. 

8. Study of any one hydrolytic enzyme production by SSF (solid state fermentation) 
method. 

9. Production of wine from fruits. 
 
 
 

MMCB0306: Ecology and Environmental Microbiology            4 Credits    
 

1.  Isolation of of Azospirillum/Rhizobium and detection of IAA produced by them. 

2.     Detection of siderophore production by Azospirillum and Pseudomonas or any  
    other suitable bacteria. 

3. Isolation and identification VAM fungi from angiosperm root. 

4. Study of phycobiont and mycobionts in lichen 

5. Isolation of phosphate solubilizing bacteria from soil and study of its effect on 

   plant growth 

6. Isolation of Aflatoxin producing organism. Detection of Aflatoxin in food / culture 
 

7. Determination of BOD of waste water sample. 
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8. Biosorption of dyes or metals using dead biomass. Aspergillus niger or brewer’s yeast 

cells could be grown in liquid media, harvested and killed by autoclaving. Dried biomass 

to be used for biosorption (both the organisms are suitable for adsorbing Congo Red). 

9. Isolation of plant pathogenic bacteria and its infectivity assays in susceptible  plants 

10. Study the microbiological quality of water samples from different sources. 

 
 

SEMESTER IV 
MMCB0401: Statistics and Bioinformatics     1+3=4 Credits 

1. Measures of central tendency and dispersion; Set Theory, Probability distributions 

(Binomial, Poisson and normal); Sampling distribution; Difference between parametric 

and non-parametric tests; Confidence Interval; Errors; Levels of significance;  Regression 

and Correlation; t-test, Z-test, F test; Analysis of variance; χ2 test; Basic introduction to 

Multivariate statistics. Determinants and Matrices.     (15L)  

 

2. Idea about any programming language (C/Perl) and its application in 

Bioinformatics. Introduction and biological data bases of Nucleic acid, proteins and 

genomes—structure data bases, flat-file formats of EMBL, GenBank, DDBJ and PDB, 

search engines, sequence data forms and submission tools, scoring matrices for sequence 

alignments, algorithms—pairwise sequence alignments, database similarity searches—

BLAST, FASTA.         (13L) 

3. Methods for sequence analysis Multiple sequence alignment, phylogenetic 

analysis and tree building methods(UPGMA, Neighbour joining, Maximum parsimony 

and Maximum likelihood), motif searches, epitope prediction, data mining tools and 

applications, promoter and gene prediction, comparative analysis.    (13L) 

4. Structure based approaches- Protein secondary structure prediction, threading 

approaches, homology based methods for protein tertiary structure prediction, 

visualization tools, structure evaluation and validation, antigen-antibody interactions. 

      (4L)  
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MMCB0402: Molecular Microbiology  2 Credits; 1 Week duration   
 (Choice Based Credit/ Minor elective) Compulsory & students has to earn 2 credits  
 from other Dept. (in the consortium) offering same course.  

      
1. Diversity of Prokaryotes: Diverse function, unseen majority, approaches to study uncultured & 

culturable prokaryotes. 

2. Protein purification and analysis- Extraction, precipitation and column chromatographic (Gel 

filtration and affinity chromatography) separation of microbial proteins and  their analysis using 

Gel filtration, SDS – PAGE, Zymogram,  Isoelectric focusing,   2-D gel , Mass Spectrometry 

(ESI and MALDI-TOF) and Peptide  fingerprinting techniques.    

3. Chromatin remodeling and epigenetic mechanisms: Structure of nucleosome and DNA; 

States of chromosomes during cell cycle; Euchromatin and heterochromatin; The major 

epigenetic mechanisms: classifications of HDAC, HAT, DNA methyl transferases and 

scaffold attached regions 
4. Concept of various web based bimolecular specific databases used in Bioinformatics, Concept of 

pair wise sequence alignment and its relation in database similarity searching, Idea of homology 

modeling and docking with their relevance to drug designing. 

5. Extreme environment and its microbial inhabitants. Application of extremophiles. Extremophiles 

and extraterrestrial life forms. 

6. Microbial bioremediation of Xenobiotic compounds, multi drug resistance in microbes & its 

implications.  

 

 
MMCB0403: Social Inter-linkage & Educational/ Industrial Tour/Visit 1 + 1=2 Credit 
 
Social Inter-linkagr (Compulsory)   1 Credit 
 

Popularization of Microbiology in High School/Gram Panchayat/Urban Slum through interaction 

with students/villagers or farmers/inhabitants.  

Each student has to submit a report along with a certificate from the respective head of the 

institution/Panchayat Pradhan/Councilor, respectively where the student has pursued the 

social inter-linkage activity. The activity should primarily involved making people aware of role 

of microbes in daily life, maintenance of health- hygiene, in agriculture, in career development 

etc 
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Educational/Industrial   Tour/Visit        1 credit 

Each student has to submit a report (framed in their own words along with photographs & 

comments) of the educational/industrial tour for evaluation. 

 
MMCB0404- Statistic & Bioinformatics          4 Credits    
 
Statistics: 1 Credit 
   

1. Test of significance: Chi-Square test, Student T test, Z test, F test. 

2. Correlation & Regression. 

3. ANOVA 

All the above parameters will be determined by using different statistical softwares 

(MATLAB/STASTICA/SPSS) 

Bioinformatics: 3 credits  
1. Exposure to different sequence/structural/Genome database through web ( NCBI, 

SWISS-PROT, PDB, JCVI/CMR, IMG, EBI, GOLD etc.). 

2. Exposure to different protein structure visualization tool (PyMol, Swiss PDB Viewer 

etc.) 

3. Sequence similarity searching by different types of BLAST. 

4. Writing different programmes in C/Perl for sequence handling/ manipulation. 

5. Exposure to different sequence analysis softwares. 

MMCB0405- M. Sc. Dissertation      12 Credits 
(Preparation of Report, Presentation and viva voce)     
 
Each student has to participate in a programme with specific aims & objectives. The main 

emphasis will be on developing independent creative thinking & execution of scientific 

experiments, presentation & scientific writing. Each student has to deliver the entire 

dissertation work through power point presentation in front of a panel of examiners.  
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