DEPARTMENT OF MICROBIOLOGY, K.U., KURUKSHETRA

Revised M.Sc. SYLLABUS (CBCS) (w.e.f. Session 2016-2017)

Semester I

	Paper Code
	Title of Paper
	Type of Paper 
	Hours/

Week
	Credits
	Internal

Assessment
	External

Marks
	Total Marks

	MB-101
	Microbial World - I
	Core
	4
	4
	20
	80
	100

	MB-102
	Microbial World - II
	Core
	4
	4
	20
	80
	100

	MB-103
	Microbial Genetics-I
	Core
	4
	4
	20
	80
	100

	MB-104
	Microbial Biochemistry
	Core
	4
	4
	20
	80
	100

	MB-105
	Practical-1 (Based on MB-101 & MB-102)
	Core
	8
	4
	20
	80
	100

	MB-106
	Practical-2(Based on MB-103 & MB-104)
	Core
	8
	4
	20
	80
	100

	Total
	24
	       600


Semester II

	Paper Code
	Title of Paper
	Type of Paper 
	Hours/

Week
	Credits
	Internal

Assessment
	External

Marks
	Total Marks

	MB-201
	Bacterial Physiology & Metabolism
	Core
	4
	4
	20
	80
	100

	MB-202
	Lab Techniques in Microbiology
	Core
	4
	4
	20
	80
	100

	MB-203
	Microbial Genetics-II
	Core
	4
	4
	20
	80
	100

	MB-204
	Agricultural Microbiology
	Core
	4
	4
	20
	80
	100

	MB-205
	Seminar
	Core 
	1
	1
	-
	-
	25

	MB-206
	General Microbiology
	Open# Elective
	2
	2
	10
	40
	50

	MB-207
	Practical-3 (Based on MB-201 & MB-202)
	Core
	8
	4
	20
	80
	100

	MB-208
	Practical-4 (Based on MB-203 & MB-204)
	Core
	8
	4
	20
	80
	100

	Total
	27
	    675


Project training for 2 months in various research institutes/industries etc. during Summer Vacations 

#This paper is meant for M.Sc. students of faculty of life sciences other than Microbiology. Microbiology students will opt for ‘open elective’ from some other department of Life Sciences
Semester III
	Paper Code
	Title of Paper
	Type of Paper 
	Hours/

Week
	Credits
	Internal

Assessment
	External

Marks
	Total Marks

	MB-301
	Food & Dairy Microbiology
	Core
	4
	4
	20
	80
	100

	MB-302
	Microbial Biotechnology & Industrial Microbiology
	Core
	4
	4
	20
	80
	100

	MB-303
	Medical Microbiology
	Core
	4
	4
	20
	80
	100

	MB-304A
	Cell Biology & Immunology 
	Elective*
(Any one of the two)
	4
	4
	20
	80
	100

	MB-304B
	Fundamentals of Bioinformatics
	
	4
	4
	20
	80
	100

	MB-305
	Project Seminar
	Core 
	1
	1
	-
	-
	25

	MB-306
	Applied Microbiology
	Open# Elective
	2
	2
	10
	40
	50

	MB-307
	Practical-5(Based on MB-301 & MB-302)
	Core
	8
	4
	20
	80
	100

	MB-308
	Practical-6 (Based on MB-303 & MB-304)
	Core
	8
	4
	20
	80
	100

	Total
	27
	       675


*Students will opt for one paper out of MB304A and MB 304B

#This paper is meant for M.Sc. students of faculty of life sciences other than Microbiology.

Microbiology students will opt for ‘open elective’ from some other department of Life Sciences          

                                                            Semester IV
	Paper Code
	Title of Paper
	Type of Paper 
	Hours/

Week
	Credits
	Internal

Assessment
	External

Marks
	Total Marks

	MB-401
	Biostatistics & Computers
	Core
	4
	4
	20
	80
	100

	MB-402
	Recombinant DNA Technology
	Core
	4
	4
	20
	80
	100

	MB-403
	Environmental Microbiology
	Core
	4
	4
	20
	80
	100

	MB-404A
	Bio fertilizers
	Elective*
(Any one of the two)
	4
	4
	20
	80
	100

	MB-404B
	Intellectual Property Rights& Entrepreneurship
	
	4
	4
	20
	80
	100

	MB-405
	Practical-7(Based on MB-402, MB-403 & MB-404)
	Core
	8
	4
	20
	80
	100

	MB-406
	Project Training Report & Viva
	Core
	 8
	4
	--
	100
	100

	Total
	24
	600

	 Grand Total (Semester I-IV)
	
	2550


*Students will opt for one paper out of MB404A and MB 404B
SEMESTER I
MB 101.  


MICROBIAL WORLD – I
	Objectives: To introduce the subject of microbiology to the students in the light of their existing knowledge of biological systems. To inculcate interest in microbiology among students. 

Outcomes: After studying this course, the students will have the brief knowledge of different bacteria classification methods and basics of microbiology. They will know how to grow and preserve bacteria.


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
Max.Marks:100 (Ext. 80+ Int. 20)

Time: 3 hrs

● Nine questions of equal marks should be set.

● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Eight questions, two questions from each unit (I, II, III, IV) should be set.

● Candidates will be required to attempt five questions in all, selecting one question from each unit (I, II, III, IV) and the compulsory question 1.

● All questions will carry equal marks.
Unit I:
History, development and scope of microbiology. Prokaryotic and eukaryotic cellular organisation. Simple staining and Gram staining technique of bacteria. Brief account of general methods of classifying the bacteria. Whittaker’s five kingdom concept.

Unit II:
Cell arrangement and shapes of bacteria. Major characteristics (morphological, physiological, metabolical, ecological, cultural, serological, pathogenic, phylogenetic of microorganisms used in microbial taxonomy. Bergey’s manual and its importance in classification. Brief account of different bacterial groups- sporulating bacteria, gram positive cocci, archaebacteria, actinomycetes, rickettsia & chlamydia, mycoplasma, spirochetes.
Unit III:
Nutritional types of bacteria. Concept of pure culture, methods of isolation of pure culture. Types of culture media. Maintenance and preservation of microbial cultures. Cultural characteristics of bacteria.
Unit IV:
Control of microorganisms by physical methods – Dry heat, moist heat, radiations, osmotic pressure, filtration methods; chemical methods-characteristics of an ideal antimicrobial chemical agent,    phenols, alcohols, quaternary ammonium compounds, halogens, heavy metals and their compounds, aldehydes, ethylene oxide and their application. Antibiotic susceptibility testing. Mode of action of antibiotics-cephalosporin, chloramphenicol, ciprofloxacin, polymyxin B, sulphonamides. Antimicrobial drug resistance- Mechanism and spread. 
Text and Reference Books:
1. Stainier RY, Ingraham JL, Wheelis ML & Palmer PR(2003). General Microbiology, MacMillan. 
2. Tortora GJ, Funke BR & Case CL(2010). Microbiology: An introduction with Mastering Microbiology,10th ed. Benjamin Cummings. 
3. Madigan MT, Martinko JM, Stahl DA & Clark DP(2012). Brock Biology of Microorganisms, 13th ed., Benjamin Cummings 
4. Mackie & McCartney Practical Medical Microbiology (1996). Collee JG, Fraser AG, Marmion BP & Simmons A (eds.), Churchill Livingstone, Edinburgh.
6. Atlas RM, Parks LC & Brown AL(1995). Laboratory Manual of Experimental Microbiology. Mosby-Year Book, Inc., Missouri.
7. Willey JM, Sherwood LM & Woolverton CJ DA(2008). Prescott, Harley and Klein’s Microbiology, 7th ed., McGraw Hill International Edition, USA.
8. Cappuccino JG & Sherman N (2005).Microbiology –A Laboratory Manual Pearson Education Inc
Practicals
1. Preparation of culture media: Nutrient agar, Potato dextrose agar, Czapek-Dox agar. 

2. Study of different isolation techniques

(a) Pour plate. (b) Spread plate. (c) Streak plate.

3. Staining techniques: - 

 (a) Simple staining (b) Gram staining (c) Negative staining (d) Endospore staining. (e) Capsule staining

4. Standard plate count.

5. Antibiotic sensitivity test.

6. Biochemical tests for identification of bacteria- Indole production, Methyl red, Voges Prausker, Citrate utilization test, Carbohydrate fermentation test, Nitrate reduction test, Urease test.

MB 102.


 MICROBIAL WORLD – II
	Objectives: To provide the basic knowledge such as structure, classification, nutrition and reproduction of microorganisms other than bacteria. The applications of each of the group of microbe will also be discussed in brief.
Outcomes: The student will be aware with importance of fungi, algae, viruses and protozoa. 


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
Max.Marks:100 (Ext. 80+ Int. 20)

Time: 3 hrs

● Nine questions of equal marks should be set.

● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Eight questions, two questions from each unit (I, II, III, IV) should be set.

● Candidates will be required to attempt five questions in all, selecting one question from each unit (I, II, III, IV) and the compulsory question 1.

● All questions will carry equal marks
Unit I
Fungi- Classification of fungi. Kirk et al. system of classification. Modes of Reproduction in fungi. Fungi as saprotrophs & their role in decomposition in cellulose, hemicellulose, pectin and lignin. Types of mycosis, brief account of Dermatophytes, Chromomycosis, Cryptococcosis and Aspergillosis.
Unit II
Algae- Structure, nutrition and Reproduction in algae. Distribution and classification of algae. Economic importance of Algae as food, Source of agar-agar, alginate, diatomite and iodine etc, antibiotics from algae, use in fisheries and malaria control. 
Unit III
Virus- Nomenclature, Classification and Properties of viruses, Morphology and Structure of viruses- Capsid and its symmetry with special reference to bacteriophage, Lytic and lysogenic cycle. Viriods and Prions. Primary cell, Diploid cell strains, Continuous cell lines. One step growth curve, Detection of virus growth in cell culture. 
Unit IV
Protozoa- Morphology, reproduction, modes of nutrition, modes of transmission, locomotory organelles, encystment, excystment. Life cycle, pathogenic, mechanisms and control of parasitic infections viz. amoebiasis, toxoplasmosis, malaria, sleeping sickness. Giardiasis. 

Text and Reference Books:
1. Barsanti L & Gualtieri P(2006). Algae: Anatomy, Biochemistry and Biotechnology, Taylor and Francis. 
2. Arora  DR & Arora B (2004). Medical Parasitology, 2nd ed., CBS Publishers, 
New Delhi. 
3. Madigan MT, Martinko JM, Stahl DA & Clark DP(2012). Brock Biology of Microorganisms, 13th ed., Benjamin Cummings. 
4. Landracker EM (1996).Fundamentals of the Fungi, 4th ed., Benjamin Cummings. 
5. Carter JB & Saunders VA (2007) Virology-Principles and Applications, John Wiley and Sons 
6. Alexopoulos CJ Mims CW & Blackwell M (1996). Introductory Mycology.4th ed., John Wiley & Sons, USA.
7. Chatterjee  KD (2007) Parasitology, 12th edition , Chatterjee Medical publishers India.
8. Atlas RM, Parks LC & Brown AL(1995). Laboratory Manual of Experimental Microbiology. Mosby-Year Book,Inc., Missouri.

9. Brown AE(2005).  Benson’s microbiological applications. TataMacGrawHill
Practicals

1. Lactophenol Cotton blue staining of mold- Preparation and examination of slides.

2. Cellotape preparation and examination of a mold.

3. Isolation of soil mycoflora.

4. Measurement of conidia/spores of a mold.

5. Demonstaration of the common saprobic molds:

(a) Aspergillus(b) Penicillium(c) Alternaria(d) Curvularia(e) Cladosporium (f) Rhizopus

6. Isolation of algae from soil/water.

7. Enumeration of bacteriophage in a sample by plaque forming unit (PFU)

8. Isolation of free living protozoa from pond water.

9. Study of special features of parasitic protozoa: Entamoeba histolytica, Giardia, Plasmodium,

Toxoplasma.
MB 103.


 MICROBIAL GENETICS-I

	Objectives: To provide students understanding of structure and functions of bacterial nucleic acid. Outcome: The students will be well versed with bacterial genetics and the related processes. 


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
Max.Marks:100 (Ext. 80+ Int. 20)

Time: 3 hrs
● Nine questions of equal marks should be set.

● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Eight questions, two questions from each unit (I, II, III, IV) should be set.

● Candidates will be required to attempt five questions in all, selecting one question from each unit (I, II, III, IV) and the compulsory question 1.

● All questions will carry equal marks
Unit - I

Essential of genetics: A brief Overview of Microbial genetics. Beginning of experimental proof of DNA: Transforming principle contribution of Griffith, Macleod, Avery, McCarty, Hershey and Chase. RNA as a genetic material, DNA and RNA structure, different types of DNA. Denaturation and Renaturation Kinetics , Cot value, DNA polymerases , Proof reading activity , C- value paradox , Superhelicity in DNA, Linking No. , Topological Properties, Mechanism of action of Topoisomerases.

Unit-II

Maintenance of Structure of DNA. DNA damage and repair: Base excision, mismatch. SOS and Recombination repair. Mutation: Molecular basis of mutation, Base analogues, chemical mutagens, intercalating agent, radiation as mutagens, mutation rate, reversion and suppression, Ames test, significance and harmful effects of mutations. Transposable genetic elements, IS sequences, composite transposon, mechanism and significance of transposition.

Unit-III

Maintenance of Genetic Information. DNA replication: General principle, Initiation, Elongation and Termination. Semi-conservative replication, different modes of replication, Replication in retroviruses, Inhibitors of DNA replication, Relationship between cell cycle and Replication.

Unit-IV

Genetic recombination in Bacteria. Bacterial Conjugation: Sex Factor, Hfr factor, F +× F—cross, interrupted mating, mapping genes in bacteria.

Bacterial Transformation-The Discovery of transformation, competence, molecular mechanism of transformation, mapping by transformation. Bacterial Transduction- DNA transfer by Transduction, Specialized and generalized transduction. co- transduction and linkage , mapping by co-transduction.

Text and Reference Books:

1. Maloy SR, Cronan JE Jr. & Freifelder D(Reprint 2009). Microbial Genetics, 2nd ed., Narosa Publishing House 

2. Snyder L & Champness W(2007). Molecular Genetics of Bacteria, 3rd ed., ASM Press 

3. Gardner JE, Simmons MJ & Snustad DP(1991). Principles of Genetics. John Wiley & Sons

4. Nelson DL & Cox MM(2008).Lehninger’s Principles of Biochemistry 5th ed., W.H. Freeman and Company

5. Mahajan R, Sharma J & Mahajan RK(2010). Practical Manual of Biotechnology. Vayu Education of India,New Delhi.

Practicals

1. To perform antibiotics susceptibility test.

2. Isolation of antibiotic resistant bacterial population by gradient plate method.

3. Determination of Minimum Inhibitory concentration (MIC) of antibiotics.

4. Isolation of thermotolerant mutants of a bacterial/yeast culture by spread plating technique.

5. UV mutagenesis of a given bacterial culture.

6. To perform genetic recombination (conjugation) in bacteria (through teaching kit).

7. To perform genetic recombination (Transformation) in bacteria (through teaching kit)
MB 104. 


MICROBIAL BIOCHEMISTRY
	Objectives: To impart brief knowledge about enzymology and macromolecules. Catalytic role of enzymes, their structure, physicochemical, kinetics.

Outcomes: The students will have the understanding of enzymes and their kinetics, bioenergetics, macromolecules and their metabolism in brief.  


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
Max.Marks:100 (Ext. 80+ Int. 20)

Time: 3 hrs
● Nine questions of equal marks should be set.

● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Eight questions, two questions from each unit (I, II, III, IV) should be set.

● Candidates will be required to attempt five questions in all, selecting one question from each unit (I, II, III, IV) and the compulsory question 1.

● All questions will carry equal marks
Unit –I
Enzyme Classification:-Specificity, active site, activity unit, isozymes. Enzyme kinetics. Mechaelis Menton equation for simple enzymes. Ribozyme and abzyme.
Determination of kinetic parameters. Multistep reactions and rate limiting steps, enzyme inhibition, allosterism. Principles of allosteric regulation.
Unit-II
Basic aspects of bioenergetics:- Entropy, enthalpy, e-carriers, e-donors, inhibitors, uncouplers, energy bond. Flow of energy through biosphere, strategy of energy production in the cells, oxidation –reduction reactions, coupled reactions, group transfer, ATP production , Free energy and spontaneity of reaction G, G0, G’ & equilibrium , basic concepts of acid , base, pH and buffers.
Unit-III
Structure and classification of macromolecules: - Proteins, carbohydrates, lipids and nucleic acids. Vitamins and their role as co-enzymes. Denovo and salvage pathways of synthesis of purine and pyrimidine.
Unit-IV
Cell metabolisms: - catabolic principles & breakdown of carbohydrates and anaplerotic reaction. β – oxidation of fatty acids. Deamination of amino acids and urea cycle.
Biosynthesis of lipids – fatty acids. Triacyl glycerol, phospholipids and regulation of fatty acid metabolism.
Text and Reference Books:
1. Nelson DL & Cox MM(2008). Lehninger’s Principles of Biochemistry 5th ed., WH Freeman & Company 
2. Berg JR, Tymoczko CZ & Stryer L(2006). Biochemistry, 6th ed., WH Freeman & Company 
3. Conn E.E. & Stumpf  PK (1988) Outline of Biochemistry John Wiley & Sons.
4. Sawhney SK & Singh R(1996). Introductory Practical Biochemistry, Narosa Publishing House Pvt Ltd, New Delhi.
5. Mahajan R, Sharma J & Mahajan RK(2010). Practical Manual of Biotechnology. Vayu Education of India, New Delhi.
Practicals

1. Preparation of various buffers: phosphate buffer, sodium carbonate-bicarbonate buffer,

2. Estimation of protein in a given sample using Bradford method.

3. General test for carbohydrates-Molisch’s/Anthrone.

4. Test to distinguish between monosaccharides and reducing disaccharides- Barfoed’s.

5. Test for ketoses- seliwanoff’s.

6. Test for pentoses- Bial’s

7. Test for galactose- mucic acid

8. Test for glycerol-Acrolein

8. Chemical estimation of proteins by Lowry’s method.

9. Chemical estimation of sugars by DNS method.

10. Detection of reducing and non reducing sugars
MB-105: 


PRACTICAL- 1 (Based on MB-101 & MB-102)
MB-106:


 PRACTICAL-2 (Based on MB-103 & MB-104)
SEMESTER II
MB: 201. 


BACTERIAL PHYSIOLOGY AND METABOLISM

	Objectives: To make the students aware with various structures of bacterial cell and their functions, growth and reproduction, cultivation, energy generation and metabolic pathways

Outcome: After the completion of the course, the students will learn about bacterial cell and its structural components, carbohydrate metabolism, bacterial fermentations, ATP generation, cultivation of bacteria, measurement of bacterial growth, synthesis of cell components and various physiological features.


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
Max.Marks:100 (Ext. 80+ Int. 20)

Time: 3 hrs

● Nine questions of equal marks should be set.

● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Eight questions, two questions from each unit (I, II, III, and IV) should be set.

● Candidates will be required to attempt five questions in all, selecting one question from each unit (I, II, III, IV) and the compulsory question 1.

● All questions will carry equal marks
Unit-I

Morphological types of prokaryotes. Structure & functions of cell wall of archaebacteria, gram positive & gram negative bacteria, cell membrane, capsule, flagella, pili, gas vesicles, carboxysomes, magnetosomes, nucleoid, bacterial endospore. Reserve food material- poly β-hydroxy butyrate, poly-phosphate granules, sulphur inclusions, cyanophycin granules. Peptidoglycan synthesis. Cell differentiation – sporulation and germination in Bacillus.

Unit-II

Bacterial growth and its measurement, growth curve, generation time. Batch, continuous, synchronous and diauxic growth. Modes of reproduction. Cultivation of microorganisms. Factors affecting growth-solutes, pH, temperature and oxygen. Transport of nutrients across the cell membrane- passive, facilitated, active transport and group translocation. Bioluminescence in bacteria.

Unit-III

Metabolites-primary, secondary and precursor. ATP generation, oxidative and substrate level phosphorylation, electron transport chain. Carbohydrate metabolism- Glycolysis, Entener Doudoroff pathway, Kreb cycle, glyoxalate pathway and gluconeogenesis.CO2 fixation and reverse TCA. 

Unit-IV

Anoxygenic and oxygenic photosynthesis. Brief account of chemolithotrophy - Sulphur, iron and hydrogen oxidation, nitrification and methanogenesis. Fermentations- definition and types, homo & heterolactic fermentation, ethanol, acetate, mixed acid, butanediol, butanol, acetone, ethanoacetate fermentation. Pasteur effect.

Text and Reference Books:

1. Gottschalk G(1986). Bacterial Metabolism, Springer, 

2. Caldwell DR(2002).Microbial Physiology and Metabolism, 2nd ed.,  Star

3. Moat AG, Foster JW & Spector MP(2002). Microbial Physiology,4th ed., John Wiley and Sons 

4. Nelson DL & Cox MM(2008). Lehninger’s Principles of Biochemistry, 5th ed., WH Freeman & Company

5. Berg JR, Tymoczko CZ & Stryer L(2006). Biochemistry, 6th ed., W.H. Freeman and Company 

6. Madigan MT, Martinko JM, Stahl DA & Clark DP (2012). Brock Biology of Microorganisms, 

13th ed., Benjamin Cummings. 

7. Prescott LM, harley JP & Klein DA(2005).Microbiology, McGraw Hill International Edition, USA.

8. Atlas RM, Parks LC & Brown AL (1995). Laboratory Manual of Experimental Microbiology. Mosby-Year Book,Inc., Missouri.

9. Cappuccino JG & Sherman N (2005). Microbiology-A Laboratory Manual, Pearson Education Inc

7. Willey JM, Sherwood LM & Woolverton CJ DA(2008). Prescott, Harley & Klein’s Microbiology, 7th ed., McGraw Hill International Edition, USA. 
9. Brown AE (2005).  Benson’s microbiological applications. TataMacGrawHill

LIST OF PRACTICALS

1. Determination of size of bacteria

2. Detection of motility of bacteria by hanging drop technique

3. Study of growth of bacteria

4. Detection of gelatin liquefaction

5. Detection of protease production

6. Detection of amylase production

7. Effect of pH on the growth of bacteria

8. Effect of temperature on the growth of bacteria

9. Effect of osmotic pressure on the growth of bacteria

10. Determination of thermal death time and thermal death point.
MB 202:


 LAB TECHNIQUES IN MICROBIOLOGY
	Objectives: To impart practical knowledge about various techniques used in microbiology, biochemistry and molecular biology.

Outcome: After the completing the course the students will be having the comprehensive knowledge of various types of microscopy used in microbiology, various type of blotting and ELISA. Also they will be well versed with different types of electrophoretic, chromatographic techniques and spectroscopic techniques.


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
Max.Marks:100 (Ext. 80+ Int. 20)

   Time: 3 hrs
● Nine questions of equal marks should be set.

● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Eight questions, two questions from each unit (I, II, III, IV) should be set.

● Candidates will be required to attempt five questions in all, selecting one question from each unit (I, II, III, IV) and the compulsory question 1.

● All questions will carry equal marks
Unit I
Principles and working of bright field microscope, fluorescent microscope, phase contrast microscope, electron microscope (SEM & TEM), dark field microscopy. confocal microscopy. 
Flow cytometry- flurochromes, fluorescent probe and working principle.
Unit II
Principles of  types of blotting, immunoblotting-Southern, Northern, Western and Dot blots. 
Electroimmunodiffusion, Immunofluorescence, Radioimmunoassay, and Enzyme linked immunosorbent assay. DNA microarray techniques and its applications.
Unit III
 Polyacrylamide gel electrophoresis (PAGE), agarose gel electrophoresis, native PAGE, SDS-PAGE, 2D electrophoresis. Gel filtration, ion exchange & affinity chromatography, paper chromatography, Thin Layer Chromatography, HPLC, GC-basic concept.
Unit IV
Centrifugation, ultracentrifugation, and its application. Density gradient , sedimentation.
Spectroscopy – UV, IR, NMR. X-ray diffraction, circular dichromism for microbiologists.Methods of bacterial and enzyme immobilization, their advantages and applications.
Text and Reference Books:
1.  Freifelder. Physical biochemistry, freeman company.
2.  Wilson K & Walker  J(2005). Principles and Techniques of Biochemistry and Molecular Biology, 6th ed.,Cambridge University Press. 
3. David Sheehan(2009). Physical Biochemistry: Principles and Applicatons, John Wiley & Sons Ltd,  Chichester, England, 
4. Upadhyay, upadhyay & Nath. Biophysical chemistry.
5. Sawhney SK & Singh R(1996). Introductory Practical Biochemistry, Narosa Publishing House Pvt Ltd, New Delhi.

6. Cappuccino JG & Sherman N(2005).Microbiology –A Laboratory Manual Pearson Education Inc

7. Skoog, Holler & Nieman. Principles of Instrumental Analysis.

8. Mahajan R, Sharma J & Mahajan RK(2010). Practical Manual of Biotechnology. Vayu Education of India

LIST OF PRACTICALS

1. Working of microscope.

2. Various types of Electroimmunodiffusion.

3. Isolation of proteins from bacterial culture by ammonium sulphate ppt. and NaCl extraction.

4. Demonstration of PAGE and SDS-PAGE.

5. To study principle and working of spectrophotometer.

6. Demonstration of thin layer chromatography.

7. Demonstration of paper chromatography.
MB 203. 


MICROBIAL GENETICS-II

	Objectives: To make students learn regulation of gene expression which is the base of recombinant DNA technology.

Outcome: After learning this course, students will be well aware of:

1. How flow of genetic information takes place from gene to protein, i.e., central dogma.

2. How this basic information can be exploited for genetic engineering, molecular biology, recombinant DNA technology for the benefit of mankind.


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
Max.Marks:100 (Ext. 80+ Int. 20)

Time: 3 hrs

● Nine questions of equal marks should be set.

● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Eight questions, two questions from each unit (I, II, III, IV) should be set.

● Candidates will be required to attempt five questions in all, selecting one question from each unit (I, II, III, IV) and the compulsory question 1.

● All questions will carry equal marks
Unit-I

Transcription : General principle . Basic apparatus , Initiation , Elongation and termination , Types of RNA polymerases , Monocistronic and polycistronic RNA, Regulation at initiation , Alternate sigma factor , rho dependent and independent termination , hairpin and attenuation.

Unit -II

Maturation and processing of RNA: Methylation, Poly A tail, Capping, Cutting and degradation of tRNA, Splicing mechanism.

Basic feature of genetic code: Triplet code, Deciphering of genetic code, Degeneracy, Characteristics of genetic code, Variation in different organism, Wobble hypothesis.

Unit-III

Translation : Central dogma, Basic apparatus, initiation, elongation, termination, coupled transcription and translation , aminoacyl site , peptidyl site, initiation  elongation  termination factors, aminoacyl tRNA synthetases, leader sequences, in vitro translation system. RNAi. Post translational modifications. 

Unit-IV

Regulation of gene expression: Constitutive and inducible genes, Operon concept, catabolite repression, Positive and negative regulation, lac , trp . ara operon, stringent response , ppGpp, cAMP as regulatory molecules.

Text and Reference Books:

1. Maloy SR, Cronan JE &Freifelder D(2009). Microbial Genetics, Jones& Bartlett publishers.

2. Dale JW(2001). Microbial Genetics of bacteria, Jones& Bartlett publishers.

3. Lewin B(2008). gene XI , Oxford University press.

4. Freifelder D (2008). Molecular Biology Jones and Bartlett Publishers USA

5. Lodish et al (2007). Molecular Cell Biology W.H freeman.

LIST OF PRACTICALS

1. Demonstration of picking and patching colonies.

2. To perform Replica plating technique for transfer of bacterial cultures.

3. Isolation of Plasmid DNA by using alkaline lysis (miniprep through teaching kit).

4. Transformation of bacteria with plasmid DNA using CaCl2.

5. Preparation of genomic DNA from bacteria (CTAB method).

6. Demonstration of agarose gel electrophoresis.

7. To estimate the concentration and purity of DNA and RNA by spectrophotometric method

8. Colorimetric estimation of DNA.

9. Colorimetric estimation of RNA.
MB 204: 


AGRICULTURAL MICROBIOLOGY

	Objective: Objective of this course is to teach students regarding basics of microbiology related to soil including biogeochemical cycles, plant growth promoting rhizobacteria, microbial interactions in soil and other soil activities

Outcome: The students will be taught the role of various bio-geochemical cycles in the environment. Basic biochemistry involved in the process of nitrogen fixation along with other interactions. Also the students will be aware of various microbial diseases of plants and the role of bio control agents along with their classification and mechanisms.


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
Max.Marks:100 (Ext. 80+ Int. 20)

Time: 3 hrs
● Nine questions of equal marks should be set.

● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Eight questions, two questions from each unit (I, II, III, IV) should be set.

● Candidates will be required to attempt five questions in all, selecting one question from each unit (I, II, III, IV) and the compulsory question 1.

● All questions will carry equal marks
Unit I

Role of microbes in biogeochemical cycles- Carbon cycle, Nitrogen cycle, Sulphur cycle, phosphorous cycle. Factors affecting the movement of microorganisms in soil- Adsorption to soil particles, soil physical properties, plant roots, soil animals and human beings.
Unit II

Ecophysiological interactions in microbes & higher plants- Interaction with plant parts with specific examples of mycorhhiza, lichens, rhizobacteria.
Microbial diseases of pants: Fungus: Phytophthora, Puccinia, Venturia, Colletotrichum. 
Transmission of plant viruses: mechanical, vegetative, graft, etc. Effects of viruses on plants: external and internal symptoms.
Unit III

Nitrogen fixation- Biochemistry of N2fixation, properties of terrestrial nitrogen fixing organisms, free living diazotrophs. Symbiotic nitrogen fixation: Rhizobium-Legume association, Actinorhizal associations, contribution of symbiotic nitrogen fixation. Denitrification.

Unit IV

Biocontrol – Concept, types, mode of action & applications of biopesticides and bioherbicides, Biopesticides- classification, advantages. Major biopesticides based on bacteria, viruses & fungi (Bacillus thuringiensis (Bt) toxin, Boverin, DeVine, Collego). Microbial degradation of polymers: lignin, cellulose, hemicelluloses. Factors affecting the degradation of organic matter.
Text and Reference Books:
1. Paul EA. (2007). Soil Microbiology, Ecology and Biochemistry. 3rd  Ed. Academic Press.

2.  Varnam AH & Evans MG (2000). Environmental Microbiology, Manson Publishing Ltd. 

3.  Christon J.Hurst, Ronald L. Crawford, Jay L. Garland, David A. Lipson, Aaron L. Mills (2007).Manual of Environmental Microbiology, ASM Press

4. Spencer JFT,  Alicia L & Ragout de Spencer (2004).Environmental Microbiology: Methods and Protocols. Springer, 

5. Paul EA. (2007). Soil Microbiology, Ecology and Biochemistry. 3rd  Ed. Academic Press.

6. Burlage R.S., Atlas R., Stahl D., Geesey G. & Sayler G. (1998) Techniques in Microbial Ecology. Oxford University press, Inc.

LIST OF PRACTICALS

1. To demonstrate the liberation of ammonia from nitrogenous organic compound (ammonification).

2. To demonstrate the reduction of nitrates to nitrogen gas (denitrification).

3. Isolation of rhizosphere and nonrhizosphere microflora.

4. Isolation of cellulose degrading microorganisms from soil.

5. Identification of pathogenic fungi:

(a) Puccinia (b) Colletotrichum (c)Phytophthora

6. Isolation of Rhizobium from root nodules.

7. Isolation of antibiotic producing bacteria from soil.
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GENERAL MICROBIOLOGY (Open Elective)
	Objective: The course is about the development and basic techniques used in the microbiology. The students will be covering the various physiological characteristics and classification of bacteria.
Outcome: The students will be having the knowledge about various types of microscopy. Various methods of staining and groups of bacteria. Also they students will study about the various methods of cultivation and preservation of bacteria.


INSTRUCTIONS FOR THE PAPER- SETTERS AND CANDIDATES
  Max.Marks:50(Ext. 40+ Int. 10)
   Time:  2 hrs
● Seven questions of equal marks should be set.
● Question 1 consisting of number of short answer type questions (having no internal choice) spread over the whole syllabus should be compulsory.

● Six questions, three questions from each unit (I& II) should be set.

● Candidates will be required to attempt four questions in all, selecting at least one question from each unit (I & II) and the compulsory question 1.

● Each question will carry 10 marks.
Unit I

History, development, scope and applications of Microbiology. General methods of sterilization. Introduction to Microscopy: bright field microscopy, dark field microscopy, phase contrast microscopy, electron microscopy. Various methods of staining of bacteria (simple, negative and Gram) and fungus (mold and yeast). Whittaker system of classification.Brief introduction to Bergey’s manual and groups of bacteria (gram positive and negative, spirochetes, endosporulating bacteria, actinomycetes, archaea, mycoplasma)
Unit II
Morphology & fine structure of bacterial cell wall, cell membrane, flagella and capsules. Formation of spores.  Bacterial growth curve and measurement. Nutritional requirements and nutritional types of bacteria. Pure culture techniques –pour plate, spread plate, streak plate and serial dilution agar plate method. Advantages and disadvantages of various techniques. Preservation of microbial culture-serial subculture, at very low temperature, overlaying culture with mineral oil, lyophilization or freeze drying, in liquid nitrogen.
Text and Reference Books:

1. Stainier RY, Ingraham JL, Wheelis ML & Palmer PR(2003). General Microbiology, MacMillan. 

2. Tortora GJ, Funke BR & Case CL(2010). Microbiology: An introduction with Mastering Microbiology,10th ed. Benjamin Cummings. 

3. Madigan MT, Martinko JM, Stahl DA & Clark DP(2012). Brock Biology of Microorganisms, 13th ed., Benjamin Cummings 

4. Willey JM, Sherwood LM & Woolverton CJ DA(2008). Prescott, Harley and Klein’s Microbiology, 7th ed., McGraw Hill International Edition, USA.
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PRACTICAL-4 (Based on MB 203 and MB 204)
