
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



M. Sc. Microbiology  
FOURTH SEMESTER 

 

PAPER-I: MICROBIAL BIOTECHNOLOGY Max. Mark 80 
 

(There will be 5 questions of equal marks. First question will be based on complete syllabus with no 
internal choice, whereas rest questions will be unit wise).  
UNIT - I 
 
Techniques of Microbial technology: Scope of genetic engineering, restriction and modification enzymes, 

ligation and transformation, agarose and polyacrylamide gel electrophoresis, Southern, northern, western 
blotting, polymerase chain reaction, DNA sequencing, cloning vectors- plasmids, bacteriophages, 

phagemids, cosmids. YAC, BAC. 
 

UNIT - II  
Basics of Genomics, RNA interference, Cloning strategies, cDNA synthesis and cloning, mRNA 

enrichment, DNA primers, linkers, adaptors and their synthesis, library construction and screening; 
Cloning interacting genes, two and three hybrid systems, cloning differentially expressed genes, nucleic 

acid microarrays; Site directed mutagenesis and protein engineering, immobilization techniques. 
 

UNIT - III  
Microbial screening, selection and strain improvement, bacterial enterotoxins, peptide hormone, 
interferons.  
Biofertilizers,  Biopesticides, , Enzyme in pulp and paper industry, Bioremediation. 
 

UNIT - IV  
Role of national and international organization in biotechnology, cooperative efforts, government 
programs for biotechnology development and applications, patenting biotechnological process and 
products in different fields, regulation for bio-hazardous products. 
 

Lab Course: 
1. Bacterial culture and antibiotic selection media. Preparation of competent cells.  
2. Isolation of plasmid DNA. 

3. Isolation of Lambda phage DNA. 
4. Estimation of nucleic acids. 
5. Agarose gel electrophoresis and restriction mapping of DNA. 
6. Construction of restriction map of plasmid DNA. 
7. Cloning in plasmid/phagemid vectors. 
8. Preparation of single stranded DNA template. 
9. Gene expression in E. coli and analysis of gene product 
10. PCR  



Books Recommended:   

1. Bruce A White (1997) PCR Cloning Protocols. Hanuman Press Totowa, New Jersey. 
2. Bruce Birren, Eric D Green, Sue Klapholz, Trichard M Myers, Horald Riethman, & Jane Roskenus 

(1999) Genome Analysis: A Lab Manual vol.1,vol.2,vol.3, Cold Spring Harbor Lab. Press.  
3. Daniel L Hartl, Elizabeth & Jones W (1998) Genetics: Principles and Analysis. Jones & 

Bartlett Publishers.  
4. Davies JA & Rez WS (1992) Milestones in Biotechnology Classic papers on Genetic 

Engineering. Butterworth-Heinemann, Boston.  
5. Glick Molecular Biotechnology. 

6. Glover DM and Hames BD (1995) DNA Cloning: A practical approach, IRL Press, Oxford.  
7. Kaufman PB, Wu W, Kim D and Cseke LJ (1995) Molecular and Cellular Methods in Biology 

and Medicine. C. Press, Florida.  



 

M. Sc. Microbiology Max. Mark 80 

FOURTH SEMESTER   

PAPER-II: ADVANCED IMMUNOLOGY, DIAGNOSTICS AND PROPHYLAXIS 
 

(There will be 5 questions of equal marks. First question will be based on complete syllabus with no 
internal choice, whereas rest questions will be unit wise). 
UNIT - I  
Generation of diversity in BCR and TCR. Light and heavy chain gene recombination. Recombination 
Signal sequences. Heavy chain constant region genes. Class switching. Membrane and secreted 
immunoglobulins. Organization and arrangement of T-cell receptor genes. 

UNIT - II 
 

Synthesis and production of immunoglobulins. Monoclonal antibody. Designer antibody. 
 

Regulation of immune response by antigen, antibody, immune complex, MHC and cytokines. 
Autoimmunity and autoimmune disorders. Immunological tolerance. Immunity to microbial and parasitic 
infections. Immunodeficiency diseases. 

 

UNIT - III  
Principles of antimicrobial action and resistance of antibiotics. Antimicrobial susceptibility testing Anti-
fungal and anti-cancer compounds. Nosocomial infection, common type of hospital infections and their 
diagnosis and control.  
Immunoprophylaxis: Principles of Vaccination. Immunization practices. Vaccines against important 
bacterial and parasitic diseases. DNA vaccines; passive prophylactic measures. Viral vaccines and antiviral 
agents 

UNIT - IV 
Diagnosis of microbial diseases - Collection, transport and preliminary processing of Clinical pathogens. 
Clinical, microbiological, immunological and molecular diagnosis of microbial diseases. Modern methods 
of microbial diagnosis.  
Principles of immunodiagnostics. Antigen-antibody based immunodiagnosis and the techniques involved – 

Enzyme, Radio and Fluorescence Immunoassays, Immunoblotting, Flow cytometry. Effector cell assays, 

Cytotoxic assays. Isolation of pure antibody. Application of monoclonal antibodies in immunodiagnostics. 
 

Lab Course: 
Preparation of Parasite/ microbe Antigen and analysis by PAGE 
Immunizations and Production of Antibody  

Antigen antibody reaction by Double Diffusion, Counter Current and Immuno electrophoresis, 
RID and ELISA  

Western Blot Analysis  
Immunodiagnosis using commercial 
kits VDRL and RPR Test.  

Books Recommended: 
Prescott and Dunn’s. Microbiology. CBS Publishers & Distributors  
Anantnarayan R and Panikar CKJ: Text book of Microbiology, Orient Blackswan Pvt. Ltd.  
Broude AI: Medical Microbiology and Infectious Diseases, WB Saunders Co.  
Chapel and Haeney: Essentials of Clinical Immunology, Blackwell Scientific Publications  
Kuby’s Immunology: R.A. Goldsby, Thomas J Kindt and Barbara A. Osborne  
Immunology- A short Course: E. Benjamini, R. Coico and G. Sunshine  
Immunology: Roitt, Brostoff and Male 
Forbes BA, Sahm DF and Weissfeld AS: Bailey & Scott’s Diagnostic Microbiology, Mosby  



M. Sc. Microbiology   

FOURTH SEMESTER  
Special Paper - PAPER-III (A): FOOD MICROBIOLOGY Max. Mark 80 

 

(There will be 5 questions of equal marks. First question will be based on complete syllabus with no 
internal choice, whereas rest questions will be unit wise). 
 

UNIT- I 
 

Microbial flora of fresh food, grains, fruits, vegetables, milk, meat, eggs and fish. Microbiological 
examination of foods for their infestation by bacteria, fungi & viruses. Chemical preservatives and food 

additives. Factors influencing microbial growth in food- Extrinsic and intrinsic factors. Food as a substrate 
for micro-organism. 

 

UNIT- II  
Canning, processing for heat treatment - D, Z and F values and working out treatment parameters; 
microbial spoilage of canned foods, detection of spoilage and characterization. Mold and mycotoxin 

contamination of food, aflatoxins, ochratoxins, trichothenes, zearalenone, ergot mycotoxins. Role of 
microorganisms in beverages– beer, wine and vinegar fermentation. 

 

UNIT- III 
 

The roles of microorganisms in the food industry, positive and negative perspectives. Food-borne 

infections and intoxications: Bacteria and nonbacterial-with examples of infective and toxic types-

Brucella, Bacillus, Clostridium, Escherichia, Salmonella, Shigella, Staphylococcus, Vibrio, Yersinia; 

nematodes, protozoa, algae, fungi and viruses. Food borne outbreak- laboratory testing procedures; 

Sources and transmission of bacteria in foods: human, animal, and environmental reservoirs; cross-

contamination. 
 

UNIT- IV 
 

Prevention Measures-Food sanitation in manufacture and retail trade; Plant sanitation- Employee’s Health 
standards-waste treatment-disposal- quality control. Government Agency and Food Safety Policy: 

Government Branches (FDA, CDC, USDA and how they work to control food safety), HACCP, Risk 
Assessment. 

 

Lab Course: 
1. Isolation and identification of microorganisms from fermented food, fruits, cereal grains and oil 

seeds.  
2. Determination of quality of milk sample by methylene blue reductase test. 

 

Books Recommended: 
 

M.R. Adams and M.O. Moss: Food Microbiology, Royal Society, Cambridge 
William, C. Frazier and Dennis C. Westhoff: Food Microbiology, Tata McGraw Hill  
Banwart GJ: Food Microbiology CBS Publishers & Distributors, New Delhi. 
Hobbs BC and Roberts D: Food Poisoning and Food Hygiene, Edward Arnold, London  



M. Sc. Microbiology  
FOURTH SEMESTER  

Special Paper - PAPER-III (B): MICROBIAL ECOLOGY Max. Mark 80 
 

(There will be 5 questions of equal marks. First question will be based on complete syllabus with no 
internal choice, whereas rest questions will be unit wise).  
UNIT- I 
History, significance and developments in the field of microbial ecology  
Contributions of Beijerinck, Winogradsky, Kluyver, Van Niel, Martin Alexander, Selman A. Waksman, 
Environmental chemistry, Atmosphereic pollutants, Types of wastes, The Atmosphere, Organization of 
life, Ecosystems. 
 

UNIT- II 
Microorganisms & their natural habitats  
A. Terrestrial Environment: Soil characteristics, Soil profile, Soil formation, Soil as a natural habitat of 
microbes, Soil microflora 
B. Aquatic Environment: Stratification & Microflora of Freshwater & Marine habitats. 

Atmosphere: Stratification of the Atmosphere, Aeromicroflora, Dispersal of Microbes 

D. Animal Environment: Microbes in/on human body (Microbiomics) & animal (ruminants) body.  
E. Extreme Habitats: Extremophiles: Microbes thriving at high & low temperatures, pH, high hydrostatic 
& osmotic pressures, salinity, & low nutrient levels. 
 

UNIT- III  
Succession of microbial communities in the decomposition of plant organic matter 
Biological Interactions  
A. Microbe–Microbe Interactions: Mutualism, Synergism, Commensalism, Competition, Amensalism, 
Parasitism, Predation, Biocontrol agents  
B. Microbe–Plant Interactions: Roots, Aerial Plant surfaces, Biological Nitrogen fixation 
(symbiotic/ nonsymbiotic - biofertilizers)  
C. Microbe–Animal Interactions: Role of Microbes in Ruminants, Nematophagus fungi, Luminescent 
bacteria as symbiont 
 

UNIT- IV  
Biogeochemical cycles an introduction  
Carbon cycle: Microbial degradation of polysaccharide (cellulose, hemicellulose, lignin, chitin)  
Nitrogen cycle: Ammonification, nitrification, denitrification & nitrate reduction. Nitrate pollution.  
Phosphorous cycle: Phosphate immobilization and phosphate solubilization 
 

Lab Course: 
 

Analysis of soil - pH, moisture content, water holding capacity, percolation, capillary action  
Isolation of microbes (bacteria & fungi) from soil (28ºC & 45ºC ) Isolation of microbes (bacteria & fungi) 
from rhizosphere and rhizoplane.  
Detection (qualitative) of the presence of enzymes (dehydrogenase, amylase, urease) in soil. Isolation of 
Rhizobium from root nodules of legumes  
Isolation of Azotobacter/Azospirillum from soil Isolation of phosphate solubilizers from soil  



 
Books Recommended: 
 

Atlas RM and Bartha R. (2000). Microbial Ecology: Fundamentals & Applications. 4th 
edition. Benjamin/Cummings Science Publishing, USA. 
Atlas RM. (1989). Microbiology: Fundamentals and Applications. 2nd Edition, MacMillan 
Publishing Company, New York.  

Madigan MT, Martinko JM and Parker J. (2009). Brock Biology of Microorganisms. 12th edition.  
 

M. Sc. Microbiology  
FOURTH SEMESTER  

Special Paper - PAPER-IV (A): AGRICULTURE MICROBIOLOGY Max. Mark 80 
 
(There will be 5 questions of equal marks. First question will be based on complete syllabus with no 
internal choice, whereas rest questions will be unit wise). 
 

UNIT- I 

Structure and characteristic features of the following  Biofertilizer organisms:  Bacteria: Azospirillum, 

Azotobacter, Bacillus, Pseudomonas, Rhizobium and Frankia. Cyanobacteria: Anabaena, Nostoc, Fungi: 

Glomus, Gigaspora, Sclerocystis, Amanita, Laccaria.  
Biofertilization processes - Decomposition of organic matter and soil fertility and 
vermicomposting. Mechanism of Phosphate Solubilization and phosphate Mobilization. 
 

UNIT- II  
Biofertilizers – biological nitrogen fixation – Nitrogenase enzyme – symbiotic nitrogen fixation-
(Rhizobium, Frankia) – non symbiotic nitrogen fixation (Azotobacter - Azospirillum), VAM- ecto- endo-
ectendo mycorrhizae and their importance in agriculture. 
 

UNIT- III 
Major Biogeochemical Cycles and the organisms: carbon – nitrogen - phosphorous and sulphur. 
Biopesticides: toxin from Bacillus thuringiensis, Psuedomonas syringae. Biological control - use of 
Baculovirus, protozoa and fungi. 
 

UNIT- IV 
 

Microbial diseases of crop plants: symptoms, causal organisms and control.  
Fungal diseases (Late blight of potato, Tikka disease of groundnut, red rot of sugarcane). 

Bacterial diseases (bacterial blight of rice, citrus canker, Tundu disease of wheat) and Viral 

diseases (Tobacco mosaic, leaf curl of papaya, yellow vein mosaic of bhindi). 
 

Lab Course:  
1. Isolation and enumeration of bacteria from different soil type. 
2. Isolation and enumeration of fungi from different soil type 

3. Preparation of Winogradsky Column to study the various soil microflora. 

4. Isolation of Rhizobium from root nodules. 
5. Isolation of Azotobacter from soil. 
6. Isolation of Cyanobacteria from paddy field. 
7. Measurement of pH of soil sample. 

 

Books Recommended: 
Bagyraj and Rangasamy: Agricultural Microbiology  



M. Sc. Microbiology  
FOURTH SEMESTER 

Special Paper - PAPER-IV (B): INDUSTRIAL MICROBIOLOGY Max. 

Mark 80 

(There will be 5 questions of equal marks. First question will be based on complete syllabus with 
no internal choice, whereas rest questions will be unit wise). 
 

UNIT- I  
Introduction to industrial microbiology 

Brief history and developments in industrial microbiology Fermentation processes Solid-state 

and liquid-state (stationary and submerged) fermentations; Batch, fedbatch and continuous 

fermentations 

 

UNIT- II 
Bioreactors/fermenters  
Components of a typical bioreactor, types of bioreactors-Laboratory, pilot- scale and production 
fermenters; constantly stirred tank fermenter, tower fermenter, fixed bed and fluidized bed 
bioreactors and air-lift fermenter. 
 

UNIT- III  
Control parameters, industrially important strains, media ingredients Measurement and control of 
fermentation parameters  
Control and monitoring of different parameters in a bioreactor; pH, temperature, dissolved 
oxygen, foaming and aeration  
Isolation of industrially important microbial strains  
Primary and secondary screening, strain development, preservation and maintenance of 
industrial strains Media and ingredients for industrial fermentations  
Crude and synthetic media; molasses, corn-steep liquor, sulphite waste liquor, whey and yeast 

extract. 
 

UNIT- IV  
Down-stream Processing 
Filtration, centrifugation, cell disruption, solvent extraction, precipitation and ultrafiltration, 
lyophilization, spray drying 
 

Lab Course: 
1. Microbial fermentations for the production and estimation (qualitative and quantitative) of: 
(a) Enzyme: Amylase 
(b) Amino acid: Glutamic acid 

(c) Organic acid: Citric acid 

(d) Alcohol: Ethanol 
(e) Antibiotic: Penicillin  
2. A visit to any educational institute/ industry to see an industrial fermenter, and other 
downstream processing operations. 

Books Recommended: 
Casida LE. (1991). Industrial Microbiology. 1st edition. Wiley Eastern Limited.  

Crueger W and Crueger A. (2000). Biotechnology: A textbook of Industrial 
Microbiology. 2nd edition. Panima Publishing Co. New Delhi.  

Patel AH. (1996). Industrial Microbiology. 1st edition, Macmillan India Limited. 



Stanbury PF, Whitaker A and Hall SJ. (2006). Principles of Fermentation Technology. 
2nd edition, Elsevier Science Ltd.  

 


