Title of the Degree Award:

B. Sc. in Microbiology (Hon’s.)
Introduction and Objectives of the Course

Curriculum of a subject is said to be the throbbing pulse of a nation. By looking at the curriculum one can judge the state of intellectual development and the state of progress of the nation. The world has turned into a global village; new ideas and information are pouring in like a stream. It is, therefore, imperative to update our curricula regularly by introducing the recent developments in the relevant fields of knowledge.

Preface of Studying Microbiology

· Essentially, microbiology is the study of biological organisms that are too small to be seen with the naked eye (without using such tools as the magnifying glass or microscope etc). 

· Microbiology is therefore dedicated to studying the lives and characteristics of a wide variety of organisms ranging from virus, fungi, bacteria and archaea to parasitic worms in their environments. 

· Here, the discipline is used to learn about all aspects of the organisms in order to not only determine how they live in their environment, but also how they impact their respective surroundings and thus other organisms around them (human beings, animals etc)

· Microbiology has proved to be one of the most important disciplines in biology, making it possible to identify how some of these organisms cause diseases, discover cures for such diseases and even use some microbes for industrial purposes etc. 

· Although microbiology is, for the most part, described as the study of microorganisms (those that cannot be seen with the naked eye), such groups as algae and fungi contain organisms that do not necessarily require the use of special tools to observe them. 

· Therefore, microbiology also encompasses a number of organisms that fall outside the traditional definition.

Assignments, Spot test, Quiz test, Class test:

There should be at least three "Class Test Examinations"/ "Assignments"/ "Spot Test" / Quiz Test. The course teacher may decide the relative marks distribution between the class test, Assignments, Spot Test, and Quiz Test. The marks will be taken from the average. It will carry 20% marks in the final result. Class attendance will carry maximum 5% marks in the final result.
Final Exam:

Final exam will carry 75% marks. For 4 credit subjects, question paper should possess 8 sets of questions of which 5 sets of question need to be answered. For 2 credit subjects, question paper should possess 7 sets of questions of which 5 sets of question need to be answered. Each sets of question should carry equal marks.

Practical exam:

Final exam will be in 50 marks. The course teacher may decide the relative marks distribution between the practical exams.
Grading System

“Letter grade” and “Grade point”: Letter Grade and corresponding “Grade Point” will be awarded as follows-
	Numerical Grade
	Grade Point
	Letter Grade

	80% and above
	4.00
	A+

	75% to less than 80%
	3.75
	A

	70% to less than 75%
	3.50
	A-

	65% to less than 70%
	3.25
	B+

	60% to less than 65%
	3.00
	B

	55% to less than 60%
	2.75
	B-

	50% to less than 55%
	2.50
	C+

	45% to less than 50%
	2.25
	C

	40% to less than 45%
	2.00
	C-

	Less than 40%
	0.00
	F


GPA:
Grade Point Average (GPA) is the weight average of the grade points obtained in all courses completed by a student.
CGPA: Cumulative Grade Point Average (CGPA) will be calculated by the weighted average of previous CGPA and current GPA.
Preface of the courses of Microbiology
· Bacteriology: The study of bacteria.
· Mycology: The study of fungi.
· Protozoology: The study of protozoa.
· Phycology: The study of algae.
· Parasitology: The study of parasites.
· Immunology: The study of the immune system.
· Virology: The study of viruses.
· Nematology: The study of nematodes.
· Microbial Cytology: The study of microscopic and sub-microscopic details of microorganisms.
· Microbial physiology: The study of how the microbial cell functions biochemically. Includes the study of microbial growth, microbial metabolism and microbial cell structure.
· Microbial Ecology: The relationship between microorganisms and their environment.
· Microbial genetics: The study of how genes are organized and regulated in microbes in relation to their cellular functions closely related to the field of molecular biology. 
· Cellular microbiology: A discipline bridging microbiology and cell biology. 
· Evolutionary microbiology: The study of the evolution of microbes. This field can be subdivided into:
· Microbial taxonomy: The naming and classification of microorganisms
· Microbial systematics: The study of the diversity and genetic relationship of microorganisms
· Generation microbiology: The study of those microorganisms that have the same characters as their parents.
· System microbiology: A discipline bridging systems biology and microbiology.
· Molecular microbiology: The study of the molecular principles of the physiological processes in microorganisms.
· Phylogeny: The study of the genetic relationships between different organisms.
· Microbial physiology: The study of how the microbial cell functions biochemically. Includes the study of microbial growth, microbial metabolism and microbial cell structure.
· Medical microbiology: The study of the role of microbes in human illness. Includes the study of microbial pathogenesis and epidemiology and is related to the study of disease pathology and immunology.
· Veterinary microbiology:The study of the role in microbes in veterinary medicine or animal taxonomy.
· Environmental microbiology:The study of the function and diversity of microbes in their natural environments. Includes the study of microbial ecology, microbe-mediated nutrient cycling, geo-microbiology, microbial diversity and bioremediation. 
· Industrial microbiology: The exploitation of microbes for use in industrial processes. Examples include industrial fermentation and wastewater treatment. Closely linked to the biotechnology industry. This field also includes brewing, an important application of microbiology.
· Aero-microbiology: The study of airborne microorganisms.
· Food Microbiology: The study of microorganisms causing food spoilage.
· Pharmaceutical microbiology: The study of microorganisms causing pharmaceutical contamination and spoilage.
· Bioinformatics: Study of genetic information and function prediction
B. Sc. in Microbiology (Honours) Part-1 (First year)

Theory– 700

Practical- 200

Total- 900

	Course No
	Course Title
	Credit
	Marks

	Theory Course

	MBIO-101
	General Microbiology
	4.0
	100

	MBIO-102
	Basic Technique in Microbiology
	4.0
	100

	MBIO-103
	Microbial Ecology
	4.0
	100

	MBIO-104
	Basic Biochemistry
	4.0
	100

	MBIO-105
	Fundamental Chemistry
	4.0
	100

	MBIO-106
	Communicative English
	4.0
	100

	MBIO-107
	Basic Computer Application
	4.0
	100

	Sub-total
	28.0
	700

	Practical Course

	MBIO-108
	General Microbiology 
	2.0
	50

	MBIO-109
	Basic Technique in Microbiology 
	2.0
	50

	MBIO-110
	Basic Biochemistry
	2.0
	50

	MBIO-111
	Fundamental Chemistry
	2.0
	50

	Sub-total
	8.0
	200

	Grand total
	36.0
	900


B. Sc. in Microbiology (Honours) Part-2 (Second year)

Theory – 800

Practical- 250

Total- 1050

	Course No
	Course Title
	Credit
	Marks

	Theory Course

	MBIO-201
	Bacteriology and Mycology
	4.0
	100

	MBIO-202
	Agricultural and Environmental Microbiology
	4.0
	100

	MBIO-203
	Fundamental Genetics
	4.0
	100

	MBIO-204
	Molecular Biology
	4.0
	100

	MBIO-205
	Medical Microbiology
	4.0
	100

	MBIO-206
	Human Physiology
	4.0
	100

	MBIO-207
	Cell Biology
	4.0
	100

	MBIO-208
	Immunology-I
	4.0
	100

	Sub-total
	32.0
	800

	Practical Course

	MBIO-209
	Bacteriology and Mycology
	2.0
	50

	MBIO-210
	Agricultural and Environmental Microbiology
	2.0
	50

	MBIO-211
	Molecular Biology
	2.0
	50

	MBIO-212
	Medical Microbiology
	2.0
	50

	MBIO-213
	Immunology-I
	2.0
	50

	Sub-total
	10.0
	250

	Grand total
	42.0
	1050


B. Sc. in Microbiology (Honours) Part-3 (Third year)

Theory – 900

Practical- 200

Total- 1100
	Course No
	Course Title
	Credit
	Marks

	Theory Course

	MBIO-301
	Virology
	4.0
	100

	MBIO-302
	Immunology-II
	4.0
	100

	MBIO-303
	Microbial Metabolism
	4.0
	100

	MBIO-304
	Food Microbiology
	4.0
	100

	MBIO-305
	Fermentation Technology
	4.0
	100

	MBIO-306
	Pharmaceutical Microbiology
	4.0
	100

	MBIO-307
	Clinical and Diagnostic Microbiology
	4.0
	100

	MBIO-308
	Public Health and Epidemiology
	4.0
	100

	MBIO-309
	Biosafety and Risk Management
	4.0
	100

	Sub-total
	36.0
	900

	Practical Course

	MBIO-310
	Virology and Immunology-II
	2.0
	50

	MBIO-311
	Food Microbiology and Fermentation Technology
	2.0
	50

	MBIO-312
	Clinical and Diagnostic Microbiology 
	2.0
	50

	MBIO-313
	Public Health and Epidemiology
	2.0
	50

	Sub-total
	8.0
	200

	Grand total
	44.0
	1100


B. Sc. in Microbiology (Honours) Part-4 (Fourth year)

Theory – 900

Practical- 300

Total- 1200
	Course No
	Course Title
	Credit
	Marks

	Theory Course

	MBIO-401
	Microbial Biotechnology
	4.0
	100

	MBIO-402
	Genetic Engineering
	4.0
	100

	MBIO-403
	Bioinformatics
	4.0
	100

	MBIO-404
	Industrial Microbiology
	4.0
	100

	MBIO-405
	Marine Microbiology
	4.0
	100

	MBIO-406
	Antimicrobials and Resistance
	4.0
	100

	MBIO-407
	Analytical Microbiology
	4.0
	100

	MBIO-408
	Environmental Pollution and Bioremediation
	4.0
	100

	MBIO-409
	Biostatistics and Research Methodology
	4.0
	100

	Sub-total
	36.0
	900

	Practical Course

	MBIO-410
	Microbial Biotechnology and Genetic Engineering
	2.0
	50

	MBIO-411
	Bioinformatics
	2.0
	50

	MBIO-412
	Antimicrobials and Resistance
	2.0
	50

	MBIO-413
	Analytical Microbiology
	2.0
	50

	MBIO-414
	Research Project/Laboratory Internship
	4.0
	100

	Sub-total
	12.0
	300

	Grand total
	48.0
	1200


SUMMARY
	Sl. No.
	Year
	Credits
	Marks

	01
	First Year Theory
	28.0
	700

	
	First Year Practical
	8.0
	200

	02
	Second Year Theory
	32.0
	800

	
	Second Year Practical
	10.0
	250

	03
	Third Year Theory
	36.0
	900

	
	Third Year Practical
	8.0
	200

	04
	Fourth Year Theory
	36.0
	900

	
	Fourth Year Practical
	12.0
	300

	Total
	170.0
	4250


Marks for class attendance shall be on percentage as:
	Marks distribution

	i) Class attendance 


5

ii) Class tests 



10+10

iii) Final examination 


75

	Total 100


B. Sc. in Microbiology (Honours) Part-1 (First year) Theory
MBIO-101: General Microbiology

Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5) 

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Historical background and development of Microbiology: Discovery of the microbial world, Biogenesis and abiogenesis, contribution of Redi, Spallanzani, Needham, Pasteur, Tyndal, Joseph Lister, Koch, Edward Jenner, Flemming, Leeuwenhoek; The debate over spontaneous generation versus biogenesis; golden age of microbiology: fermentation & pasteurization, germ theory of disease, Koch’s postulates, vaccination, antisepsis, chemotherapy; The impact of microorganism on human affairs. 

2. Classification of microorganisms: Classification scheme of Linnaeus, Haeckel, Whittateker, & Carl Woese and their limitations; phylogenetic tree; comparison among bacteria, archaea, and eukarya; endosymbiotic theory; evidence of endosymbiotic theory.
3. Molecular architecture of microbial cells: Chemical composition and function of cellular structures and organelles: glycocalyx, flagella, axial filament, fimbriae, pili, cell wall, plasma membrane, cytoplasm, nuclear material, ribosomes, inclusions, endospore. 

4. Microbial evolution and systematic: Evolution of earth and earliest life forms, origin of cellular life, microbial diversification, the evolutionary process.

5. Major Groups of Microorganisms:

Bacteria: General characteristics, classification, morphology of bacteria: size, shape, arrangement; characteristics of major groups of Gram positive and Gram negative bacteria; comparison between gram positive and Gram negative bacteria; reproduction, economic importance.

Viruses: General properties; structure; replication, economic importance; virions and prions.

Fungi: General characteristics; characteristic of selected group of fungi: importance in industry and natural processes, 

Algae: General characteristics of algae; algal classification; importance of algae

Archaea: General characteristics; classification; origin and evolution; cell structure; reproduction; life at high temperatures; hyperthermophiles and their slow evolutionary clock; significance in technology and industry

Protozoa: General properties; classification based on locomotion; life cycle; medically important phyla of protozoa.

6. Physical requirements for microbial growth: Temperature, pH; gaseous requirements; osmotic pressure and other conditions, oxygen toxicity.

7. Nutritional requirements for microbial growth: Chemical elements as nutrients; organic growth factors; nutritional classification of microorganisms.

8. Typical Bacteria: The proteobacteria, sporulating and non-sporulating bacteria, myxobacteria, salfur producing proteobacteria, The Gram positive bacteria. 

9. Atypical bacteria: General characteristics and economic importance of actinomycetes, cyanobacteria, mycoplasmas, rickettsias and chlamydias, spirochetes, gliding bacteria, sheathed bacteria, budding and appendages bacteria.
RECOMMENDED BOOKS:
1. Principles of Microbiology – R.M. Atlas

2. Biology of Microorganisms-T.D. Brock et al.

3. Microbiology-M.J. Pelczar, Jr. E.C.S. Chan and N.R Krieg

4. Microbiology: An Introduction – G.J. Tortora et al.

5. Medical Mycology: A Self-Instructional Text, Second Edition. 1997. Kathleen S Blevins and Martha E Kern. F.A. Davis Company.
6. Foundations in Microbiology, 8th Edition. 2011. Kathleen Park Talaroand Arthur Talaro. The McGraw−Hill Companies, Inc., New York.

7. Prescott's Microbiology, 8th Edition. 2010. Joanne Willey, Linda Sherwood and Chris Woolverton. The McGraw−Hill Companies, New York.

MBIO-102: Basic Technique in Microbiology

Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5) 

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Microscopy: Principles, functions & application of various types of microscopes, unit of measurement, magnification, resolving power, numerical apparatus, light microscopy, bright & dark field microscopy, fluorescence microcopy, phase contrast microscopy, transmission electron microscopy (TEM), scanning electron microscopy (SEM).

2. Staining of microorganisms: preparation of microorganisms for microscopic observation, wet mount and hanging drop techniques, staining-dye, types of auxochrome, chromophore, mordant, fixed smear preparation, chemical properties of stains, simple staining, negative staining, mechanism of staining.  Differential staining: gram staining, acid fast staining, capsule staining, flagella staining, endospore staining.

3. Culture media: Culture media & types, techniques in preparation, sterilization, storage and dispensation of microbiological culture media, criteria for culture medium, complex media, chemically-defined media, selective and differential media, enrichment media, anaerobe growth media.

4. Microbial culture and cultivation techniques: Microbial culture & types, culture transfer techniques, isolation of pure cultures by various methods, aerobic & anaerobic cultivation techniques.

5. Microbial growth and measurement: Modes of cell division, microbial growth, mathematic expression of growth, generation time, growth curve, synchronous growth, continuous culture, quantitative measurement of microbial growth.

6. Microbial control: Techniques of microbial control by physical and chemical means:  Physical means: high temperature, dry heat (hot air sterilization, incineration) and moist heat (steam under pressure, pasteurization, tyndalization, and boiling water), low temperatures, desiccation, osmotic pressure, radiation, ultrasonication, filtration.  Chemical means: characterization of an ideal antimicrobial agent, selection of a chemical agent for practical applications, control by major groups of chemical agents. 

7. Culture preservation: Aims & principles of culture preservation, Short and long term preservation and management of microbial cultures by various techniques.

RECOMMENDED BOOKS:

1. Microbial Ecology ; Fundamental and Applications – Atlas RM and Bartha R

2. Microbial Ecology : A conceptual Approach – Lynch JM & Poole NJ

3. Microbiology, 5th Edition – Pelczer MJ Jr, Chan ECS & Krieg NR

4. Microbiology: An Introduction, 9th Edition – Tortora GJ & Funke BR

5. Fundamental Principles of Bacteriology – AJ Salle

MBIO-103: Microbial Ecology
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5) 

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Basic concept of microbial ecology: The scope of microbial ecology; historical overview; relation of microbial ecology to general ecology.

2. Microbial communities and ecosystems: Development of microbial communities; structure of microbial communities; ecosystems; microbial communities in nature.

3. Brief introduction to microorganisms in natural habitats: Atmo-ecosphere: characteristics and stratification of the atmosphere, the atmosphere as habitat and medium for microbial dispersal, microorganisms in the atmo-ecosphere; hydrosphere ecology of fresh water, composition and activity of fresh water, composition and activity of fresh water microbial communities. Physical and chemical factors, estuaries, and marine water environment; characteristics and stratification of the ocean, composition and activity of marine microbial communities, role of microbes in the aquatic environment and lithosphere: introduction to soil formation: rocks and mineral, soil horizon, soil texture, soil organic matter, chemical properties of soil, soil microbial communities.

4. Effect of abiotic factors on microorganisms : Abiotic limitations to microbial growth, Leibig’s law of minimum; Shelford’s law of tolerance, temperature, radiation, pressure, salinity, water activity, movement, hydrogen ion concentration, redox potential, organic compounds and inorganic compounds.

5. Microbiological interactions: Microbial interaction within a single microbial populations, positive and negative interaction, interaction between diverse microbial populations. Neutralism, commensalisms, synergism, mutualism, competition. ammensalism, parasitism, predation; microbe-plant interaction and microbe animal interaction.

6. Microbes in extreme environments: Nature, special feature of the thermophilic, methanogenic and halophilicarchea, hot spring, acid springs and lakes, salt lakes.

RECOMMENDED BOOKS:

1. Microbial Ecology , Fundamental and Applications – Atlas RM and Bartha R

2. Microbial Ecology : A conceptual Approach – Lynch JM & Poole NJ

3. Microbiology, 5th Edition – Pelczer MJ Jr, Chan ECS & Krieg NR

4. Microbiology: An Introduction, 9th Edition – Tortora GJ &Funke BR

MBIO-104: Basic Biochemistry
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5) 

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:
1. Introduction to biochemistry: The evolution of life, aims and objectives of biochemistry; significance of studying biochemistry; biochemistry and medicine - normal biochemical processes are the basis of health, impact of the human genome project (hgp) on biochemistry and medicine; a brief history of biochemistry; proto-biochemistry, enzyme, metabolism. 
2.    Functional anatomy of prokaryotic and eukaryotic cells: An overview of prokaryotes and eukaryotes; comparing prokaryotic and eukaryotic cells; the prokaryotic cell; bacterial cell structure; the eukaryotic cells; the evolution of eukaryotes.

3. Biomolecules: Properties and functions of the major and minor essential elements;  types of biomolecules; properties of biomolecules; importance of biomolecules; hierarchy of increasing molecular complexity
4. Water: Structure; properties of water; reasons for extraordinary properties of water; effects of hydrogen bonding; ion product of water;  acid; base; Henderson-Hasselbach equation; pH; pH indicator. Buffer solution and buffer capacity; buffer systems in our body.

5. Carbohydrates and glycobiology: Monosaccharides and disaccharides - aldoses and ketoses, Fischer and Haworth projections, asymmetric centers, cyclic structures, hexose derivatives, reducing agents, glycosidic bond; polysaccharides – heteropolysaccharides, stored forms of fuel, structural roles, bacterial and algal cell walls; glyco-conjugates, proteoglycans, glycoproteins, and glycolipids; carbohydrates as informational molecules - the sugar code.
6. Amino acids, peptides and proteins: Amino acids - protein architecture, structural features, stereoisomers, classification, acids and bases properties; peptides and proteins – structure, ionization behavior, biologically active peptides and polypeptides, amino acid compositions, chemical groups, levels of protein structure. 
7. Lipids: Storage lipids - fatty acids, triacylglycerols, stored energy and insulation, food triacylglycerols, waxes as energy stores and water repellents; structural lipids in membranes – glycerophospholipids, galactolipids and sulfolipids, archaebacterial tetraether lipids, sphingolipids; sterols – structure and function. 
8. Lipoproteins and proteoglycans:  Definition, classification, occurrence and biological importance. 

9. Nucleic Acids: Characteristics of genetic materials; the molecular basis of heredity; the structure of DNA; the central dogma of molecular biology.
10. Vitamins: Biomedical importance of vitamins; metabolic functions of vitamins; lipid-soluble vitamins; water-soluble vitamins.

11. Enzymes and hormones: Enzymes as biocatalysts; how enzymes work; nomenclature and classification of enzymes; control of enzyme activity; metabolic pathways; enzyme activity; enzyme kinetics; enzymes inhibition, the endocrine system; hormone structures and synthesis.
RECOMMENDED BOOKS:
1. Principals of Biochemistry – Lehninger-2nd edition/3rd edition, Nelson & Cox.

2. Text book of Biochemistry with Clinical Correlations-Devlin.

3. Biochemistry- Stryer.

4. Text Book of Biochemistry- R.K. Murray. 

5. Bacterial Metabolism – Gottschalk

6. Chemical Microbiology- A.H. Rose
7. Biochemistry- U Satyanarayana
MBIO-105: Fundamental Chemistry
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5) 

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. The Structure of Atom: Measurement of e/m for electrons, determination of charge of an electron, Protons, Neutrons, subatomic particles, Alpha particles, Rutherford model; Bohr model; atomic orbitals; electron configuration of atoms, atomic number, Mass number. Isotopes, Isobars and Isotones.

2. Periodic Classification of Elements: Ionization potential; electronegativity; electron affinity; atomic radius; variation of properties along a period and a group; diagonal relationship; representative elements; transition elements; and chemical properties of s-,p- and d- block elements.

3. Chemical bonds: Electronic theory, valance bonds theory, molecular orbital theory, sigma and pie bond, c-c bonds, catenation, polar molecules, electronegativity and electron affinity, hydrogen bonding, shapes of molecules, VSEPR theory, hybridization.

4. Types of chemical reactions: Reactions among atoms and molecules of same kinds, Reactions among atoms and molecules of different kinds, electron transfer reactions, non-electron transfer reactions. Concepts of oxidation-reduction reactions, Oxidation number, oxidation state,

5. Acid and base: The Lewis concept, the Bronsted concepts in strong and weak acids, acid base equilibrium in aqueous solutions, Ostwald dilution law, pH, buffer solutions, neutralization curve, How indicators for acid base titration works.

6. Structure of organic compounds: Structure and properties of molecules, Isomerism, Nomenclature of organic compounds (alkanes, alkenes and alkynes, alcohol and ethers, Aldehyde and ketones, Carboxylic acid, Amines). Hydrocarbons, Classification of hydrocarbons.

7. Aliphatic hydrocarbons: Saturated and unsaturated hydrocarbons, physical properties and reactions of alkanes, alkenes and alkynes, Halogenation, hydrogenation; Alcohols and ethers: Structure, classification, physical properties, industrial sources of alcohol and ethers, Fermentation of carbohydrate, Reactions of alcohol and ethers; Aldehyde and ketones: Structure, industrial source, preparation, physical properties, reactions; Carboxylic acid: Structure, industrial source, preparation, physical properties, reactions.

8. Aromatic Hydrocarbon: Structure, industrial source, preparation, physical properties, ring substitutions, reactions of benzene, Phenols.

9. Organic macro molecules: Polythene, teflon, plastic resin, nylon and esters.

10. Synthesis of following drugs and their actions in biological systems: Sulfa drugs, sulphonamide, sfulphaptyridine, sulphaguanidine, sulphamethazine, sulphathiazole.

RECOMMENDED BOOKS:
1. Principles of Physical Chemistry, M.M. Haque and M.A. Nawab.

2. Elements of Physical Chemistry, S. Glasstone and D. Kews.

3. Physical Chemistry, P.W. Atkins.

4. General Chemistry, D.D. Ebbing.

5. Introduction to Modern Inorganic Chemistry, S.Z. Haider.
MBIO-106: Communicative English

Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:
1. Grammar and their usage:  Tenses, articles, prepositions, subject verb agreement, clauses, conditionals, word classes, transformation of sentences: active, passive transformations, sentence correction. Use of appropriate preposition.

2. Reading Comprehension: Question and Answer, True or False, Matching and Fill in the Blanks, making flow diagram.Comprehending, extracting main idea,understanding text organization, dealing with unfamiliar words and language variations, writing summaries. Vocabulary building (Fill in the blanks with appropriate words, correct spelling)
3. Academic writing:Generating sentences, sentence clarity and correctness. Linking sentences to form paragraphs. Paragraph writing, writing academic thesis/papers and reports,scientific and technical papers. Precise of a given passage, speech writing. Write discussion of given data table or bar graph or charts

4. Business writing: Personal and formal letters, business correspondence, job application, curriculum vitae, article writing in newspaper, letter writing in email format

5. Public speaking: Pronunciation, Public speaking (at the office, at the railway station, at the airport, at the bank, at the doctor’s clinic, talking on the telephone,formal Interviews, making requests and seeking permissions, expressing gratitude and apologizing, Complaining, expressing sympathy and offering condolences, congratulating people and responding to congratulations), Oral presentation.
RECOMMENDED BOOKS:
1. A Manual for Writers. Kate L Turabian. Chicago University Press.1972

2. A Manual of Style. University of Chicago. 1964

3. Intermediate English Grammar. Raymond Murphy. Cambridge University Press. 1994.

4. Practical English Usage. M Swan. Oxford University Press. 1993.

MBIO-107: Basic Computer Application

Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Computer generations and classification: Definition, functions and characteristics of        computers, block diagram, computer generations, Moore’s Law, classification of computers, hardware, software and firmware, computers’ impact on society. 
2. Data representation: The decimal, binary, octal and hexadecimal number systems, binary arithmetic in computers, conversion algorithms. binary codes, weighted binary codes, non-weighted binary code, error detecting and correcting codes, representation of characters, integers, and fractions in computers; alphanumeric codes.

1. Hardware components: Input/output units, memory units, CPU (Introduction to microprocessors, ALU and Control, Microprocessors: past, present and future), Keyboard (alphanumeric keys, modifier keys, numeric key, function key, special purpose key, How computer accepts input from the keyboards), Mouse (Using the mouse, Mouse button configuration). Printers (dot matrix printers, ink jet printers, laser printers).

3. Software components: Programming languages and their classifications, assembler, compiler and interpreter, types of software: systems software, application packages.

4. Operating systems: Need for an operating system (OS), types of OS, example of operating systems: DOS, Windows and Linux. 

5. Computers and communications: Types of communications with and among computers; need for computer communication networks; internet and the World Wide Web; introduction to hypertext markup language (HTML) and web page.
6. Application software: MS Word, MS Excel, MS Access, adop-photoshop, illustration

7. Internet based biological software: Introduction to NCBI, statistical software: SPSS

8. Security: Firewall, digital key, digital signature, virus andantivirus software, other related topics.
RECOMMENDED BOOKS:
1. Computer Fundamental – Dr. Lutfar Rahman and Dr. Aamgir Hossain

2. Computer Fundamental – Schaum’s Outline Series

3. Introduction to Computer – Peter Norton
4. Fundamentals of Computer - P. K. Sinha
B. Sc. in Microbiology (Honours) Part-1 (First year) Practical
MBIO-108: General Microbiology
Credits: 2.0, Full Marks: 50
1. Laboratory safety rules

2. Use & function of microscopes

3. Observation of stained cell preparations

4. Observation of living bacterial cells

5. Observation of living yeasts & molds

6. Micrometry: measurement of microbial cell

7. Media preparation & sterilization techniques

8. Culture transfer techniques

9. Techniques for isolation of pure cultures

10. Techniques for preservation and maintenance of pure cultures

11. Observation of cultural characteristics of bacteria on various media

12. Observation of cultural characteristics of yeast and molds on various media

MBIO-109: Basic Technique in Microbiology

Credits: 2.0, Full Marks: 50
1. Simple staining & negative staining.

2. Gram staining

3. Acid-fast staining

4. Capsule staining

5. Spore staining

6. Flagella staining

7. Methods for detection of specific bacteria (wet mount, hanging drop, agar slide culture)

8. Staining of fungi

9. Microscopic observation of algae

10. Demonstration of pH measurements of solutions/culture media

11. Techniques of pipetting and dilution 

12. Determination of quantitative viable cells by serial dilution technique (Spread plate & pour plate

13. Measurement of bacterial cell count by membrane filter technique, MPN

14. Different types of biochemical tests 

15. Antimicrobial activity of different chemical agents
MBIO-110: Basic Biochemistry
Credits: 2.0, Full Marks: 50
1. Preparation of different lab solutions (molar, molal, normal and buffers)

2. Preparation of phosphate buffer

3. Preparation of decimal N/10 solution

4. Preparation of standard alkali solution

5. Standarization of N/10 (approximately) sodium hydroxide solution

6. Determination of antibiotic sensitivity by Kirby-Bauer disc diffusion method

7. Determination of soluble protein by Lowry’s method.

8. Determination of reducing sugar by DNS method.

9. Protein, lipid and carbohydrate qualitative analysis
MBIO-111: Fundamental Chemistry
Credits: 2.0, Full Marks: 50
1. Different experiments frequently practiced in chemical laboratory.

2. Preparation of acid and bases.

3. Standardization of acids and bases using indicator and pH meter.

4. Preparation of buffer solution of different pH and determination of pKa and pKb values. 

5. Determination of titration curves of acids and bases.

6. Qualitative and detection of organic compounds:

a) Element test b) Functional group test c) Melting point determination.

B. Sc. in Microbiology (Honours) Part-2 (Second year) Theory

MBIO-201: Bacteriology and Mycology
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Typical prokaryotic organization: Shape, size and arrangement of bacteria. Structure of a typical bacterial cell. Surface appendages of bacteria: general nature, arrangement, structure and role of flagella, general nature and significance of pili, prosthecae and stalks. Surface layers of bacteria: general nature and significance of capsule and slime layer, bacterial cell wall, cell membrane and mesosomes. Bacterial cytoplasm and cell organelles: cytoplasm, cytoplasmic inclusions, nuclear material. Bacterial endospore: spore structure, sporulation and spore germination.

2. Introduction to bacterial nutrition: Nutritional diversities in bacteria. Nutritional requirements of bacteria. Culture media: Principles of media formulation. Media ingredients. Types of culture media. Cultivation methods of bacteria. Characteristics of growth in broth and solid media. Counting and preservation of bacteria.

3. Principles of microbial control: General principles: control by killing, inhibition and removal. Physical agents of microbial control: heat, radiation, osmotic pressure, filtration. Chemical agents of microbial control: ideal antimicrobial chemical agent. Major groups of antimicrobial chemical agent: phenolics, halogens, surfactants, alcohols, dyes, heavy metals and gaseous agents 

4. Introduction to bacterial taxonomy and nomenclature: Principles of binomial system of nomenclature. Introduction to different systems of bacterial classification, Whittaker’s and Carl Woese system of classification. Introduction to Bergey’s Manual of systematic bacteriology. 

5. Introduction to Mycology: General and distinctive characteristics; somaticand reproductive features; growth and nutrition, importance and classification of fungi.

6. Chytridiomyetes: Characteristics, structure, reproduction andimportance; Synchytriumand Olpidium
7. Zygomyetes: Characteristics, structures, reproduction andimportance ; Mucor sp. and Rhizopussp
8. Ascomycetes: Occurrence and importance, characteristics andreproduction, ascosporogenesis, asci and ascocarp; Saccharomyces, Saccharomycodes, Aspergillus, Penicillium, andClaviceps.
9. Basidiomycetes:   Occurrence   and   importance;   structure   : basidiocarps, basidia and basidiophores; edible and poisonous mushrooms; Ustilago, Puccinia and Agaricus
10. Duteromycetes: Characteristics, special fruiting structure andimportance; Candida, Alternaria, Fusarium and Colletotrichum.

11. Applied Mycology: As saprophytes in nature, plant parasites,plant symbionts and producer of important metabolites.

12. Mycotoxin related diseases: Aflatoxin, ochratoxin, citrinin, ergot alkaloids, patulin, fusarium.

RECOMMENDED BOOKS:
1. Microbiology: Pelczar M J, Chan E C S and Kreig N R Tata Mc Grow Hill Suggested reading: 

2. General Microbiology: R Y Stanier, Adelberg E A and J L Ingraham, Mac Millan Press Inc.

3. Introduction to microbiology: Ingraham J L and Ingraham C A Thomson Brooks/ Cole 

4. Principles of microbiology R M Atlas Wm C brown Publishers 

5. Introductory Mycology. Third Edition. C J Alexopoulos and Charles W Mims. John Wiley and Sons.1979.

6. Fungi. L E Howker. Hutchinson and Co. 1973.

7. Fungi and Plant Diseases. B B Mundkar. Macmillan; ReprintEdition. 1959.

8. Fundamentals of Fungi. Third Edition. E Moore- Landecker. Prentice Hall. 1991.

9. Introduction to Fungi. Third Edition. John Webster and RolandWeber. Cambridge University Press. 2007.

MBIO-202: Agricultural and Environmental Microbiology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Major groups of microorganisms in soil: Bacteria, fungi, actinomycetes, algae and virus.

2. Role of microbes on soil and plant, and microbial bio-fertilizer::Use of microbial metabolites as nutrients , the effect of growth regulators produced by microorganisms, suppression of plant pathogens, the production of phytotoxic substances by saprophytes and parasites, the production of enzymes and competition of microorganisms with plants for essential nutrients.

3. Biogeochemical cycling of nutrient elements: Thecarbon cycle, the hydrogen cycle, the oxygen cycle, the nitrogen cycle, the sulfur cycle, the phosphorus cycle, cycling of trace elements (manganese copper, iron). Microbial degradation:  Cellulose, hemi-cellulose  and lignin. 

4. Microbiological aspects of pesticide behavior in the environment: Purpose and types of uses of pesticides, pesticides inmicrobial environment; pesticides in soil and aquatic environment, effect of pesticides, persistence of pesticides, metabolism of pesticides by microorganisms.

5. Microbes as plant pathogens: The concept of diseasein plants, diagnosis and control of plant disease.

6. Biotechnology in agriculture: Biocontrol of phytopathogens, insects and weeds.

7. Microbial communities and ecosystems: Development of microbial communities; structure of microbial communities; ecosystem; microbial communities in nature.

8. Techniques for the study of environmental microbes: Samplecollection, sample processing, detection of microbial populations. Determination of microbial numbers, determination of microbial biomass, measurement of microbial metabolism.

9. Microbiology of potable water: Potable water, introduction toindicator organisms, waterborne pathogens, isolation and identification of indicator bacteria and waterborne pathogens.

10. Sewage treatment: Sewage, primary and secondary treatmentaerobic and anaerobic and tertiary treatment.

11. Sanitation and public health microbiology: Water supply, the use of safe water,public tube well coverage, sanitation, disposal of human excreta and refuse.

RECOMMENDED BOOKS:
1. An Introduction to Soil Microbiology. M Alexander. Wiley Publishing Co. 1961.

2. Soil Microorganisms. T R G Gray and S T Williams. Oliver and Boyd. 1971.

3. Soil Microorganisms and Plant Growth. Third Revised Edition. N S Subba Rao. Science Pub Inc. 1995.

4. Plant Microbiology. R Campbell. Edward Arnold. 1985.

5. Plant Disease Disease Management. R. Singh. Science Pub Inc. 2001.

6. Plant Pathology. Fifth Edition. G N Agrios. Academic Press. 2005

MBIO-203: Fundamental Genetics 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction to genetics: The importance of genetics; divisions of genetics; a brief history of genetics; basic concepts in genetics.
2. Basic principles of heredity: Mendel’s theory; monohybrid crosses; dihybrid crosses; applications of mendel’s principles; trihybrid crosses; genetic terminology; test cross and its value.
3. Extensions of Mendelism and modifications of basic principles: Dominance revisited; multiple alleles; gene interaction; interaction between sex and heredity; interaction between genes and environment.
4. Chromosomal basis of inheritance: Chromosome structure; sex chromosomes; sex determination; dosage compensation of x-linked genes; changes in chromosome number and structure; genetic disorders associated with chromosomal aberrations.
5. Chemical nature of hereditary material: Experiments with bacteria and bacteriophage indicating DNA to the material of heredity; the Watson and Crick model of DNA structure; alternate forms of the double helix.
6. Replication of DNA: semi-conservative replication: Meselson and Stahl experiment; DNA polymerases; proofreading activities of DNA polymerases; mechanism of DNA replication; circular DNA replication. 

7. Transcription in prokaryotes and eukaryotes: Different types of RNA molecules; prokaryotic and eukaryotic RNA polymerases; mechanism of transcription in prokaryotes and eukaryotes; post-transcriptional modification of RNA; interrupted genes in eukaryotes; mechanism of removal of intron sequences; exon shuffling.

8. Translation and the Genetic Code: synthesis of polypeptide chain; nonsense mutation and suppressor mutation; the genetic code; Wobble hypothesis; post –translational modification of protein.

9. Mechanisms of gene transfer in bacteria: Bacterial transformation: Overview of transformation; mechanisms of transformation; transformation analysis; principle of estimation of linkage; mapping by transformation. Bacterial conjugation: Lederberg and tatum’s experimental design; fertility factor and bacterial conjugation; mapping genes by conjugation analysis; molecular mechanism of bacterial conjugation; mechanism of dna transfer during conjugation in gram-negative bacteria; sexduction in E. coli: f' conjugation. Bacterial transduction: Transduction analysis of gene transfer in bacteria; mapping by generalized transduction analysis; specialized transduction.
RECOMMENDED BOOKS:
1. Genetics: A Conceptual Approach, Fifth Edition. 2014. Benjamin A Pierce. WH Freeman Publishers, New York.
2. Principles of Genetics, Sixth Edition. 2012. Snustad P and Simmons MJ. John Wiley and Sons Ltd., New York.
3. Molecular Genetics of Bacteria, Third Edition. 2007. Larry Snyder and WendeyChampness. American Society for Microbiology, Washington DC.
MBIO-204: Molecular Biology
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction to molecular biology: Characteristics of genetic material; the importance of genetics; divisions of genetics; the rise of modern genetics; twentieth-century genetics; the future of genetics; the central dogma of molecular biology.

2. Genes and genomes: Genes, genomes and chromosomes, genome of different organisms, co-linearity of genes and proteins, introns, and exons.

3. Concept on gene expression: Central dogma of molecular biology, replication, transcription, translation and genetic code, DNA polymerases, RNA polymerases, nucleases.

4. DNA replication: The central problem of replication; semiconservative replication; modes of replication; requirements of replication; direction of replication; the mechanism of replication of bacterial DNA; mechanism of replication of eukaryotic DNA; replication in Archaea.

5. RNA molecules: The chemical nature of RNAs; classes of RNAs; structure of mRNA, tRNA and rRNA; noncoding intervening sequences or introns; alternative processing pathways.

6. Transcription and post-transcriptional modification: Transcription of RNA from DNA; the process of bacterial transcription; the process of eukaryotic transcription; post-transcriptional processing of mRNA, tRNA and rRNA.

7. The process of translation: The genetic code; stages of translation process; the overall process of protein synthesis; RNA–RNA interactions in translation; polyribosomes; the posttranslational modifications of proteins; translation and antibiotics. 

8. Control of gene expression in prokaryotes: General principles of gene regulation; genes and regulatory elements; gene regulation in bacterial cells; operon structure; negative and positive control; inducible and repressible operons; the lac operon of E. coli; catabolite repression; The Trp Operon of E. coli.

9. Transposition and mutagenesis by temperate viruses and transposable elements: Integration and excision by transposable elements, transposons in prokaryotes and eukaryotes, mutagenic effect of transposable elements, medical significance of transposons elements (Ac, Ds, and Dt elements, Maize P elements and hybrid dysgenesi in Drosophila).
10. Gene mutations and repair mechanisms: Introduction; classification of mutation; genotypic effects of mutations; phenotypic effects of mutations: mutation rates; causes of mutations; molecular mechanisms of mutations. DNA repair mechanisms - nature of DNA damage, light-dependent repair, excision repair, mismatch repair, error-prone repair systems.
11. Genetic recombination: Types of recombination; models of general recombinations; molecular basis of homologous and non-homologous recombinations.  
RECOMMENDED BOOKS:
1. Genes V—Benyamin Lewin

2. Molecular biology of the gene—Watson, Hopkins, Roberts, Steitz and Weiner
3. Molecular biology—Watson & Crick
4. Genetics: A Conceptual Approach, Fifth Edition. 2014. Benjamin A Pierce. WH Freeman & Company, New York.
5. Principles of Genetics, Sixth Edition. 2012. Snustad P and Simmons MJ. John Wiley and Sons Ltd., New York.

6. Molecular Biology of the Cell. Bruce Alberts, Alexander Johnson, Julian Lewis, Martin Raff, Keith Roberts, Peter Walter; (4th Edition) Garland Science, New York, 2002.

MBIO-205: Medical Microbiology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Infection and infectious diseases: Concept of infection and infectious diseases, different types of diseases, stages of disease progression, establishment of diseases, pathogenesis of infectious diseases, LD50, ID50., disease development. Koch’s postulates with limitations, transmission mode of diseases.
2. Microbe-human interactions: Infection and disease, host-parasite relationship, normal flora - acquiring resident flora, initial colonization of the newborn and indigenous flora of specific regions; studies with germ-free animals.
3. Major reservoirs of microbial pathogens: Reservoirs of disease causing microorganisms, transmission of pathogens and diseases.
4. Entry and exit of microorganisms: Receptor molecules, sites of entry: skin, conjunctiva, biting arthropod, respiratory tract, gastrointestinal tract, urogenital tract, and oropharynx.
5. Brief introduction to virulence factors: Definition, types of virulence factors (adherence factors, invasion of host cells and tissues, toxins, enzymes, intracellular pathogenesis, antigenic heterogeneity, iron acquisition).
6. Nosocomial infection: Types, sources, symptoms, pathogenesis, prevention, control, treatment.
7. Brief introduction to the microbiology of major infectious diseases: Skins, respiratory system; nervous system, genitor-urinary tract; gastro-intestinal tract; circulatory system., common microbial diseases in    Bangladesh
8. The nature of host defenses: Mechanism of host defense. 
9.  Mechanisms of microbial pathogenesis, diagnosis and treatment of infections caused by: gram-positive cocci; Staphylococcus aureus, Staphylococcus epidermidis, Enterococcus, Streptococcus pyogenes, Streptococcus pneumonia. Gram-Positive Bacilli; Bacillus anthracis, Clostridium perfringens, Clostridium tetani, Clostridium botulinum, Corynebacterium diphtheria. Gram-Negative Cocci and Bacilli; Neisseria gonorrhoeae, Escherichia coli, Neisseria meningitides, Salmonella, Shigella, Vibrio, Helicobacter, Pseudomonas aeruginosa, Bordetella pertussis, Legionella pneumophila, Haemophilus. Other organisms; Mycobacterium, Mycoplasma, Treponemapallidum, Rickettsia, Chlamydia trachomatis.
RECOMMENDED BOOKS:
1. Jawetz, Melnick & Adelberg's Medical Microbiology, Twenty-Sixth Edition. 2013. Geo F Brooks, Karen C Carroll, Janet S Butel, Stephen A Morse and Timothy A Mietzner. McGraw Hill Medical, New York.
2. Bailey & Scott’s Diagnostic Microbiology, Twelfth Edition. 2007. Betty A Forbes, Daniel F Sahm and Alice S Weissfeld. Mosby, St. Louise.

3. Bacterial Pathogenesis: A Molecular Approach, Third Edition by Brenda A Wilson, Abigail A Salyers, Dixie D Whitt and Malcolm E Winkler. 2011. ASM Press, American Society of Microbiology, Washington DC.

MBIO-206: Human Physiology
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction to physiology: The cell and general physiology, the cell and its functions, transport processes.
2. Gastrointestinal physiology: Principles of gastrointestinal function, mixing of food, Mechanisms and control of the secretion, stomach, pancreas, liver, intestine, composition of digestive juices; digestion and absorption of foodstuffs: carbohydrate, lipid, proteins

3. Blood and circulatory system: The heart, rhythmical excitation of heart, composition of blood cells, blood groups, transfusion, blood disorders. 

4. Respiratory system and respiratory stimulants : Structures and functions of lungs, Pulmonary ventilation, physical principles of gas exchange, transport of oxygen and carbon dioxide in blood and tissue fluids

5. The body fluids and kidney: General organization of kidney, urine formation by kidney, kidney diseases and diuretics. 
6. Regulation of water and electrolytes; Regulation of extracellular fluids, regulation of potassium sodium, calcium, acid-base balance
7. Endocrinology: Introduction of endocrinology, chemistry of hormones. secretion, transport, mechanism and action and inactivation: thyroid, pancreatic hormones – insulin, glucagon.

8. Enzymes: Basic Concept; Enzymes as biocatalysts; importance of enzymes; nomenclature and classification of enzymes. Chemical nature & structure of enzymes; protein functions and properties; protein structure; protein binding sites; chemical nature of enzymes; enzymes and chemical energy. Mechanism of enzyme activity; Factors affecting enzyme activity; Enzyme inhibition; reversible inhibition - mechanism and quantitatively analysis of competitive inhibition, uncompetitive inhibition, mixed inhibition and noncompetitive inhibition; mechanism of irreversible inhibition; mechanism-based inactivators; uses of inhibitors; regulatory enzymes. Regulation of enzyme; Covalent modification, feed-back inhibition, allosteric regulation, activators & modifiers. Immobilization and application of enzyme; Immobilization of enzyme, therapeutic, analytical, manipulative and industrial uses of enzyme.

9. Reproduction System: Structure & function of testis, ovary, uterus and placenta.
RECOMMENDED BOOKS:
1. Introduction to Human Physiology – M. Grifiths

2. Human Physiology- R.F. Schumddt and G. Thews.

3. Textbook of Human Physiology. 10th ed. – Guyton & Hall.

4. Vander's Human Physiology: The Mechanisms of Body Function, 12th Edition - Eric P Widmaier, Hershel Raff and Kevin T Strang. 2010. The McGraw−Hill Companies, New York.
MBIO-207: Cell Biology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Diversity and commonality of cells: Prokaryotic andeukaryotic cells.

2. Molecules and structure of cells: Proteins, nucleic acids,cell membranes and organelles.

3. Signal transduction: Cell receptors, GPCRs, regulation ofsignaling pathways.

4. Cytoskeleton and cell motility:  Microtubules, actin and myosin.
5. Cell growth phases: Four phases of eukaryotic cell-cycle, control of cell division and cell growth.
6. Programmed cell death: Apoptosis, cell surface deathreceptors.

7. Uncontrolled cell growth: Cancer cells and somaticmutations, preventable causes of cancer, finding the cancer critical genes, molecular basis of cancer cell behavior.

8. Cell and tissue culture: General safety when working withtissue culture, adherent and suspended cell lines, cell counting, cell seeding, cell passaging, single cell cloning, cell preservation and transportation. Detection of microbial and viral contamination in cell lines.
9. Stem cells: Nature of stem cells, origin function and types ofstem cells, adult and embryonic stem cells, therapeutic potential of stem cells, ethical issues with use of stem cells.

RECOMMENDED BOOKS:
1. Molecular Biology of the Cell. Fifth Edition. B Alberts, A Johnson and J Lewis. Garland Science, Taylor and Francis Group. 2007.

2. Cell Biology: A Laboratory Handbook. Editor: Julio E Celis. Academic Press. 1994.

3. Molecular Cell Biology. Fifth Edition. Harvey Lodish, Arnold Berk, Paul Matsudaira, Chris A Kaiser, Monty Krieger, Matthew P Scott, Lawrence Zipursky and James Darnell. W H Freeman. 2003.
MBIO-208: Immunology- I 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction to immunology: History and development of immunology; introduction to immune system; basic concept of innate and adaptive immunity; cellular and humoral immunity. 

2. Cells involved in immune response: General features and functions of lymphoid cells; mononuclear phagocytes; antigen presenting cells; polymorphonuclear granulocytes: neutrophils, eosinophills, basophils, mast cells and platelets. T cell and B cell; T cell Maturation, activation and differentiation, B cell generation, activation and differentiation.

3. Lymphoid system: Primary and secondary lymphoid tissue; primary lymphoid organs; secondary lymphoid organs and tissue. 

4. Innate immunity: Phagocytosis: process of phagocytosis; cells involved in phagocytosis. Complement system: definition, properties, activation process, biological function, complement deficiencies. Inflammation: Process of inflammation, cells involved in inflammation process, mediators.   

5. Immunoglobulins: Basic structure and function of imunoglobulins; immunoglobulins classes and sub-classes; physiochemical properties; distribution and function of different classes and subclasses of immunoglobulins; memory B cell; antibody class switching. 

6. Antigens: General properties of antigens; antigenic determinants types, haptens, super antigen. MHC and Antigen presentation; structure and  function of MHC class 1 and class 2 molecules; gene map of MHC; processing and presentation of peptides by MHC molecules; B cell surface receptors for antigens; T cell receptors (TCR) 

7. Immune regulation: Regulation of immune response by APC, Ig, T-cell, Neuroendrocrine system and genetic factors. Effectors molecules; cytokines; origin source properties and effector function, cytokine related diseases, cytokine based therapies.  

RECOMMENDED BOOKS:
1. Immunology – I.M. Roitt et al.

2. Essential Immunology – I.M. Roitt et al.

3. Advanced Immunology – D.K. Male et al.

4. Text Book of Immunology – T.J. Barrett.

5. Immunology: An Introduction – I.R. Tizard

6. Kuby Immunology: Thomas J. Kindt.

7. Kuby Immunology: Richad A. Goldsby. 

8. Kuby Immunology: Barbara A Osborne

B. Sc. in Microbiology (Honours) Part-2 (Second year) Practical

MBIO-209: Bacteriology and Mycology
Credits: 2.0, Full Marks: 50
1. Preparation and study of different types of culture media Mac-Conkeys’s agar medium, Glucose yeast agar medium, Thioglycolate broth medium, Robertson’scooked meat medium, Potato dextrose agar medium, Rose Bengal agar medium 

2. Cultivation methods for bacteria a. Broth culture b. Agar slope / slant culture c. Agar plate method i. Streak plate method ii. Pour plate method iii. Spread plate method 

3. Cultivation of anaerobic bacteria. Thioglycolate broth. Anaerobic jar. 

4. Preservation of microbial cultures. Periodic sub culturing and storage at refrigeration temperature    

5. Study of pigmented bacteria a. Staphylococcus spp. b. Staphylococcus spp. c. Micrococcus spp d. Serratia spp. e. Pseudomonas spp.
6. Techniques for preparing temporary slides of fungal specimens of microscopic examinations.

7.  Laboratory studies of the locally available members of fungi.

8. Growth of fungi on the laboratory culture media.

MBIO-210: Agricultural and Environmental Microbiology
Credits: 2.0, Full Marks: 50
1. Collection, isolation and microscopic examination of bacteria, fungus and parasite from different foods, animals, soil, and environments source.

2. Nitrogen fixation test

3. Production of citric acid by Aspergillusniger
4. Enrichment and isolation of biodegradative microbes from environment.

5. Detection of indicators and pathogenic microbes in potable water.

6. Detection of dissolved oxygen of water

7. Determination of BOD in water

8. Determination of COD in water

MBIO-211: Molecular Biology
Credits: 2.0, Full Marks: 50
1. Isolation of plasmid and  chromosomal DNA

2. Quantification of DNA, RNA and Protein

3. DNA amplification by Polymerase Chain Reaction (PCR)

4. Agarose gel electrophoresis and image analysis.

5. Bacterial conjugation experiment
MBIO-212: Medical Microbiology
Credits: 2.0, Full Marks: 50
1. Microscopic study of parasites.

2. Microscopic study of the pathogenic microorganisms present in air, water and soil.

3. Microbial flora of throat and skin,

4. Isolation, identification and antibiotic sensitivity pattern of pathogenic microorganisms from clinical specimens:

a. Stool b) Urine c) Pus d) Blood e) CSF and f) Biopsy.

5. Identification of human Staphylococcal pathogen.

6. Identification of human Streptococcal pathogens.

MBIO-213: Immunology-I
Credits: 2.0, Full Marks: 50
1. Collection of serum and plasma

2. Antigen-antibody reactions

3. Blood examination for Rh factor
4. Agglutination reaction with reference to blood grouping.
5. Precipitation reaction using ring test.
6. Demonstration of Agglutination reaction by means of antigen and antibody.
7. Demonstration of agglutination reaction of unknown bacterial culture by slide agglutination technique.
B. Sc. in Microbiology (Honours) Part-3 (Third year)

MBIO-301: Virology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction to virology: Brief history and development of virology, general characteristics and nature of viruses, structure of viruses, chemical composition of viruses, morphology of viruses.

2. Nomenclature and classification of viruses: Nomenclature of viruses, classification of virus: LHT system, Gasjens & King Classification, Baltimore schemeof classification;
3. Virus cultivation: Cultivation quantification of plant, animal, and bacterial viruses; quantification of viruses, purification and identification of virus. 

4. Virus replication: Step growth curve, steps in virus replication, genome multiplication and gene expression of DNA and RNA viruses.

5. Bacteriophages: Classification of bacteriophages, morphological types of bacteriophages, genome organization and structure of bacteriophages, multiplication of bacteriophages, temperate bacteriophages, lytic and lysogenic cycle, mechanism of lysogeny,  transposable phages. 

6. Virus –host cell interactions: Types of virus-cell interactions, cytopathic changes in virus infected cell, cellular responses to viral infection, inclusion bodies.
7. Pathogenesis prevention and treatment of viral diseases: Principles of viral diseases, steps in viral pathogenesis. An overview of viral vaccines and antiviral drugs, interferons - induction and action of interferons.

8. Virions and Prions: General properties and diseases caused by virions and prions.

9. Viral infections: Respiratory system; common cold, measles, mumps, rubella chicken pox. Gastrointestinal tract; viral diarrhea.  Arthropod borne diseases; diseases caused by dengue, japanese encephalitis, yellow fever virus. Common viral diseases: Herpes viruses, HSV, EBV and CMV, Influenza viruses, Hepatitis viruses (properties, classification, replication, pathogenesis, epidemiology, transmission, clinical diagnosis and prevention).

10. Non-oncogenic retrovirus: HIV- general properties, structure, genome organization, pathogenesis, transmission and epidemiology, clinical diagnosis, treatment strategy and vaccine approaches, Use of retroviruses as a vector for gene therapy and genetic engineering.

11. Cellular oncogenes and oncogenic viruses: RNA tumor viruses: general features and classification of retroviridae, genome structure and replication of retroviridae, genome structure and replication of HTLV, T-cell transformation; DNA tumor viruses: virion structure, genome organization of EBV; mechanisms of oncogenic transformation by DNA viruses; oncogene, oncoprotein, tumor suppressor gene, properties of transformed cell.
RECOMMENDED BOOKS:

1. Pelczar, Jr.; E.C.S. Chan & N.R. Krieg

2. Biology of Microorganisms – T.D. Brock et al.

3. Fields Virology, 6th Edition, Vol. I & II – Knipe DM, Howley PM

4. Toplay and Wilson’s Principles of Bacteriology, Virology, and Immunity. Volume 1,2,3, and 4 – Smith, G.R. Ed. 1984. Arnold Heinemann.

5. Veterinary Viruses. Russel, P.H. and Edingon, N. 1985. Edingon Russel Publisher.

6. Introduction to Viruses – Biswas and Biswas.

7. Microbiology: International edition – Pleczer

8. Virology (volume I and II) – Fields

9. Review of Medical Microbiology – E.J. Jawateet al

MBIO-302: Immunology-11 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Immunity to infection: Immunity to extracellular and intracellular bacteria; bacterial survival strategies; immunity to viral infection; innate and specific immune response to viruses; strategies for evading immune defenses for viruses; immunity to parasitic infection. Monoclonal antibody; Properties, production use of monoclonal antibody. Immunity to tumor; tumor immunity, characterization of tumor antigen, compromisation of antitumor immune responses, immune therapy for human cancer.

2. Immunological techniques: precipitation reaction; agglutination; complement fixation; radio immune assay (RIA), immunofluorescence; immuno-electroporesis, immunoblotting; flow-cytometry and fluorescence. 

3. Immunological tolerance: Mechanisms of tolerance; T-cell tolerance; B cell tolerance.

4. Prophylaxis: Antigens used as vaccine; effectiveness and safety of vaccine; current vaccine and modern approaches; adjuvant.

5. Immunodeficiency: Primary immunodeficiency, secondary immunodeficiency, diseases due to immunodeficiency.

6. Hypersensitivity: Hypersensitivity type-I, type-II, type-III and type-IV reactions.

7. Transplantation: Transplantation and mechanisms of graft rejection, Barriers of transplantation, prevention of rejection: immunosuppressive therapy.

8. Autoimmunity and autoimmune diseases: Autoimmunity, proposed mechanism of induction of autoimmunity, autoimmune disease: organ specific and systemic; treatment.

RECOMMENDED BOOKS:
9. Immunology – I.M. Roitt et al.

10. Essential Immunology – I.M. Roitt et al.

11. Advanced Immunology – D.K. Male et al.

12. Text Book of Immunology – T.J. Barrett.

13. Immunology: An Introduction – I.R. Tizard

14. Kuby Immunology: Thomas J. Kindt.

15. Kuby Immunology: Richad A. Goldsby. 

16. Kuby Immunology: Barbara A Osborne

MBIO-303: Microbial Metabolism 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction to metabolism: Important differences and relationships between anabolic and catabolic mechanisms in life.

2. Bioenergetics: Energy production, ATP generation by different process, free energy, energy coupling.

3. Membrane transport system: Active, passive, facilitative and group translocation.

4. Carbohydrate catabolism/Aerobic metabolic processes: The Embden-Meyerhof-Parnas pathway; tricarboxvlic acid eycle; electron transport chain; oxidative and substrate level phosphorylation.

5. Alternate pathway of glucose catabolism: Hexose mono phosphate pathway; Entner–Doudoroff pathway, glyoxylate cycle, methyl-glyoxal bypass, inter linkages of pathways. Anapleuretic reactions.

6. Pathways for utilization of sugars other than glucose: Starch, cellulose, maltose, sucrose, lactose.

7. Catabolic activities of aerobic heterotrophs: Growth with organic acids (beta-oxidation), aliphatic hydrocarbons and C1 compounds. Catabolism of protein and amino acids.

8. Carbohydrate Metabolism: Gluconeogenesis and its regulation.

9. Amino acid biosynthesis: Glutamate or ketoglutarate family, Aspartate and pyruvate families, Serine-glycine family, Aromatic amino acids, Regulation of amino acid biosynthesis.

10. Lipid biosynthesis: Biosynthesis of fatty acids, role of cofactors in fatty acid biosynthesis; pathway to biosynthesis of mevalonate, squalling and sterols.

11. Nucleotide biosynthesis: Biosynthesis of purine and pyrimidines; regulation of purine and pyrimidine biosynthesis.

12. Biological nitrogen fixation: Inorganic nitrogen metabolism, Assimilation of inorganic nitrogen fermentation of nitrogenous compounds, Regulation of biological nitrogen fixation.

13. Autotrophic CO2 fixation: Mechanisms of photosynthesis in green, sulphur, and cyanobacteria, physiological groups of aerobic chemolithotroph hydrogen and CO oxidizers; ammonia, sulfur and ferrous ion oxidizers; facultative obligatory chemolithotrophs

RECOMMENDED BOOKS:
1. Microbial Physiology - A.G. Moat & J.F. Foster

2. Bacterial Metabolism- Gottschalk

3. Microbiology Concepts and Application – M.J. Pelczar, Jr. ECS Chan & N.R. Krieg,

4. Principals of Biochemistry, 3rd Edition. J. Lehnigher

5. Lehninger principles of Biochemistry- Nelson DL & Cox MM
MBIO-301: Food Microbiology
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction: Historical background of food microbiology.

2. Factors of food affecting microbial growth: intrinsic factors (pH, moisture content, redox potential, biological structure, nutrient content, competitive microorganisms,) extrinsic factors (storage condition, time and temperature effect during packaging.

3. Food contamination & spoilage: Concepts of food contamination & spoilage, Important microorganisms in food microbiology (Yeast, mold and bacteria), different type of food contamination, spoilage of different types of foods, classification of food based on spoilage, causes of spoilages, fitness and unfitness of  food for consumption, chemical changes caused by microorganisms.

4. Food infection & intoxication: Food borne infections and intoxications, various types of food poisoning; bacterial toxins, mycotoxins, Viruses, algal toxins, marine toxins, aflatoxin.

5. Food preservation: Principals of food preservation, physical and chemical methods of food preservation, uses of high temperature, low temperature, drying using food additives, microbiological aspects of radiation for preservation of food.

6. Frozen foods and fish: Normal flora and spoilage microorganisms affecting quality of frozen foods and fishes, quality control measures.  

7. Principles of quality control, and microbial criteria: Indicators of food microbial quality and safety- indicators of product quality, indicators of food safety, the possible overuse of fecal indicator organisms and predictive microbiology/microbial modeling; the HACCP system and food safety- hazard analysis critical control point system and microbiological criteria. 
8. Regulatory and safety requirements: Introduction; biological precautions; chemical precautions; personal precautions; biosafety- development of genetic engineering biotechnology, transgenic organisms; biosafety guidelines and regulations; intellectual property right (IPR) and protection (IPP); protection of biotechnological inventions.
9. Factory hygiene: Introduction; definitions– manufacture, quality assurance (QA), good manufacturing practice (GMP), quality control (QC), in-process control; control of microbial contamination during manufacture - general aspects, hazard analysis of critical control points (HACCP), environmental cleanliness and hygiene, quality of starting materials, process design, quality control and documentation and packaging, storage and transport; manufacture of sterile products - clean and aseptic areas, general requirements, design of premises, internal surfaces, fittings and floors, services, air supply, clothing, changing facilities, cleaning and disinfection and operation; aseptic areas - additional requirements, clothing, entry to aseptic areas, equipment and operation, isolator and blow/fill/seal technology; guide to good pharmaceutical manufacturing practice.

RECOMMENDED BOOKS:
1. Food Microbiology: An Introduction, 2008, Thomas J. Montville and Karl Matthews, American Society for Microbiology (ASM) Press, Washington, DC

2. Food Microbiology: Fundamentals and Frontiers, 2001, Edited by Michael P. Doyle, Larry R. Beuchat, and Thomas J. Montville, 2nd edition, American Society for Microbiology (ASM) Press, Washington, DC

3. Sanitation in food processing –John A. Troller

4. Quality control in the food industry-Vol-, S. M. Herschdoerfer

5. Food Science-N. N. Porter and J.H. Hotchkiss

6. Modern Food Microbiology, Sixth Edition. 2000. James Monroe Jay. Aspen Publishers, Inc., Maryland.

7. Hugo and Russell’s Pharmaceutical Microbiology, Eighth Edition. Stephen P Denyer, Norman A Hodges, Sean P Gorman and Brendan Gilmore. 2011. Blackwell Science Ltd., Massachusetts.

8. Pharmaceutical Microbiology. 2008. Ashutosh Kar. New Age International (P) Ltd. Publishers, New Delhi.

MBIO-305: Fermentation Technology
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction to fermentation processes: Range of fermentation process, chronological development of the fermentation industry, component parts of the fermentation process.

2. Fermenter and bioreactors: Types, configuration, mixing and aeration, power requirements, impeller designs baffle and aeration. 

3. Inoculums reparation and development: For bacterial and fungal processes.

4. Upstream Process: Rate equations for cell growth, substrate utilization, product formation, Batch, fed-batch and continuous culture processes and their control.

5. Instrumentation and control: Methods and control of processes, variable temperatures, pH, flow measurement, pressure measurement, pressure control, safety valves, rate of stirring, foam sensing, and control weight, measurement and control of dissolved oxygen and elated sensors.

6. Sterilization of fermentors and liquid medium: Medium sterilization, the design of batch and continuous sterilization processes, sterilization of the fermentor.

7. Downstream process: Stages of downstream processes, isolation, purification of fermentation products for commercial use.

RECOMMENDED BOOKS:

1. Fermentation: A practical approach—B.  Mcneil& Hervey, IRL press, Oxford

2. Principles of fermentation technology—P. F. Stanbury& Whitaker

3. Biotechnology—M.D. Trevan, S. Boffey, K.H. Goudling, P. Stanbury

4. Industrial Microbiology: An Introduction. 2001. Michael J Waites, Neil L Morgan, John S Rockey and Gary Higton. Blackwell Science Ltd., London.
5. Principles of Fermentation Technology, 2nd Edition. 2003. Peter F Stanbury, Allan Whitaker and Stephen J Hall. Butterworth-Heinemann, Oxford.
6. Introduction to Biotechnology and Genetic Engineering by AJ Nair. 2008. Infinity Science Press LLC, Hingham, Massachusetts.
7. Biotechnology, 4th Edition. 2004. John E Smith, Cambridge University Press, Cambridge.
8. Modern Biotechnology: Connecting Innovations in Microbiology and Biochemistry to Engineering Fundamentals. 2009. Nathan S. Mosier and Michael R. Ladisch. John Wiley & Sons, Inc., Hoboken, New Jersey.
MBIO-306: Pharmaceutical Microbiology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Ecology of microorganisms in pharmaceutical industry: Atmosphere, water, raw materials, personal hygiene & Environment control and sanitation.

2. Microbial spoilage of pharmaceutical products and contamination control: Introduction; spoilage chemical and physicochemical deterioration of pharmaceuticals; hazard to health; sources and control of contamination; factors determining the outcome of a medicament-borne infection; preservation of medicines using antimicrobial agents: basic principles; quality assurance and the control of microbial risk in medicines.

3. Sterile pharmaceutical products: Introduction; types of sterile product; sterilization considerations;  sterilization methods - heat sterilization, gaseous sterilization, radiation sterilization, filtration sterilization, new sterilization technologies - high-intensity light and low temperature plasma.

4. Sterilization control and sterility assurance: Bioburden determinations; environmental monitoring; validation and in-process monitoring of sterilization procedures; sterility testing; the role of sterility testing; quality control and quality assurance of sterile products; measurement of bacterial endotoxins and other pyrogens. 

5. Microbiological assays of antibiotics, vitamins and amino acids:Introduction - importance and usefulness, principle, methodologies and present status of assay methods; variants in assay profile - calibration of assay, precision of assay, accuracy of assay, evaluation of assay performance; types of microbiological (microbial) assays - agar plate diffusion assays, rapid-reliable-reproducible microbial assay methods; radioenzymatic assays; analytical methods for microbial assays; lal test, examples of pharmaceutical microbial assays; assay of antibiotics by turbidimetric (or nephelometric) methods.
6. Production and quality control of immunological products: Vaccines (live, toxoid & killed vaccine), immunosera and human globulins, probiotics, Biotech product (insulin, erythroprotein).
RECOMMENDEDBOOKS: 

1. Hugo and Russell’s Pharmaceutical Microbiology, Eighth Edition. Stephen P Denyer, Norman A Hodges, Sean P Gorman and Brendan Gilmore. 2011. Blackwell Science Ltd., Massachusetts.
2. Guide to Microbiological control in Pharmaceuticals & Medical device (2nd Ed.)—Edited by Stephen P. Denyer and Rosamund M Barid.

3. Preservatives in the food, pharmaceutical and environmental industries—R.G. Board, M.C. Alwood & J.G.Banks.
4. Pharmaceutical Biotechnology (Concepts and Applications, Second Edition.Gary Walsh. 2007. John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex.

5. PharmaceuticalMicrobiology. 2008. AshutoshKar. New Age International (P) Ltd. Publishers, New Delhi.

MBIO-307: Clinical and Diagnostic Microbiology
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction: Brief history: specimen collection and handling; examination of specimen; primary culture - selection of culture media, specimen preparation, inoculation of solid media and incubation conditions; specimen workup. Significance of molecular diagnosis, different types and approaches of clinical sample collection, laboratory management of molecular assay, molecular diagnostic procedure.

2. Molecular diagnostic techniques: Overview of molecular methods; nucleic acid hybridization methods - principle of nucleic acid hybridization, hybridization steps and components, hybridization formats, and solid support materials and common solid formats; PCR-based amplification methods - overview of polymerase chain reaction (PCR), derivations of the PCR method, technical aspects of real-time PCR Assays, fluorogenic probes for detection of amplified product in real-time PCR assays; non-PCR-based amplification methods; application of nucleic acid-based methods.

3. Accessory detection system: Biotin-avidin; amplified detection; chemiluminescence/ bioluminescence; immunoblotting.

4. Evaluation of antimicrobial activity: Laboratory methods andstrategies for antimicrobial susceptibility testing.

5. Analysis of amplification products: Hybridization protection assay (HPA),DNA enzyme immunoassay (DEIA), automated DNA sequencing technology, single-strand conformational polymorphisms (SSCP),RFLP analysis ,TaqMAN, TaqMAN sequencing, TaqMAN probes, genomic imprinting, epigenetic tag.

6. Principles of diagnoses: Diagnoses of bacterial, fungal, rickettsial, parasites, spirochetal, viral and mycoplasmal diseases.
RECOMMENDED BOOKS:
1. Diagnostic Molecular Microbiology: Principle and Applications – David H. Persing, Thomas, F. Smith-Fred & Teaver T.J. Wire.

2. Hand Book of Serodiagnosis in Infections Diseases- Ruth Mathews

3. A Manual of Laboratory and Diagnostic Tests – Frances Fischbach

4. Diagnostic immunology Laboratory Manual – Ronald, J. Harbeck & Petricia C. Giclas.

5. Clinical chemistry and Immunomolecular Diagnostics- TIETZ.

MBIO-308: Public Health and Epidemiology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Concept of health: Health, different perspectives on health, determinants of health, globalization and health, model of disease causation theories. 

2. Public health: History of public health, definition of public health, major disciplines in public health.

3. Traditional health care practices: Introduction, structure of traditional medicine, ethno medical definition of health – naturalistic ethnologies, magico-religious domain, traditional prenatal care, secular healing, self-care, empirical practitioners.

4. Family health: Family, family health, maternal health, family planning, child health.

5. Personal hygiene: Define hygiene, importance of hygiene to the individual and community.

6. Health and development: Introduction, the difference between development and economic growth, the role of health in development, relationship between health and development, health and the millennium development goal.

7. Primary health care (PHC):  Introduction, definition, historical development of PHC, components of PHC, PHC principles, PHC philosophy and strategy.

8. Community-based health services: Introduction, community responsibility, community health councils, community involvement in health (CIH), team approach in health service – need for the health service team, the health team, leader of the health team.

9. Introduction to epidemiology: Definition of epidemiology, historical evolution of epidemiology, uses, core epidemiologic functions, the epidemiologic approach – defining a case and using counts and rates, descriptive epidemiology, analytic epidemiology, concepts of disease occurrence, natural history and spectrum of disease, chain of infection, epidemic disease occurrence.

10. Measures of risk: Frequency measures, morbidity frequency measures, mortality frequency measures, natality (birth) measures, measures of association, measures of public health impact.

11. Public health surveillance: Introduction, purpose and characteristics of public health surveillance, identifying health problems for surveillance, identifying or collecting data for surveillance, analyzing and interpreting data, disseminating data and interpretations, evaluating and improving surveillance.

12. Investigating an outbreak: Introduction to investigating an outbreak, steps of an outbreak investigation.
RECOMMENDED BOOKS:

1. Introduction to Public Health, Fourth Edition. 2014. Mary-Jane Schneider. Jones & Bartlett Learning, Burlington, MA.

2. Introduction to Public Health, Third Edition. 2015. Mary Louise Fleming and Elizabeth Parker. Churchill Livingstone Australia.

3. Principles of Epidemiology in Public Health Practice - An Introduction to Applied Epidemiology and Biostatistics, Third Edition. 2012. US Department of Health & Human Services, Disease Control and Prevention (CDC), Atlanta, Georgia 

MBIO-309: Bio-safety and Risk Management 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction and history: What is biosafety and bio-risk management, why important, brief history, biosafety for human health and environment 

2. Risk assessment: What is a risk assessment and how to do it, informal, dynamic risk assessment, case studies and projects, aerosol hazards in the laboratory, minimizing aerosol hazards 

3. Biosafety levels: Introduction to biosafety practices and principles, biosafety levels 1,2,3,4 

4. Personal protective equipment: Routes of exposure, types of PPE, selection and proper fit, use, of PPE, cross contamination and proper doffing, disposal of PPE ,poor combinations of PPE 

5. Laboratory facilities and safety equipment: Good laboratory practices (GLPs), biosafety cabinet: design, operation, use, and misuse sharps safety, mechanical pipetting devices (principle of engineering controls), containment directional airflow, cross contamination, etc. building automation systems, mistakes in facility design, fire detection and control systems, effluent decontamination systems, facility layout and material flow, design a facility assignment. 

6. Disinfection and decontamination: Spill cleanup, waste disposal, selection of disinfectants, mechanisms of action and categories of disinfectants, mixed waste. 

7. Laboratory security & emergency response: Personnel suitability, insider threat awareness: self and peer reporting (the lab is a family mentality), targeted violence process, mental health awareness and available resources, physical security  access control, information security, emergency response, disaster response and continuity of operations, lab animal handling practice, chemical handling.

8. Bio-threat posed by GMO: Genetic contamination, competition with natural species, ecosystem impact, horizontal transfer of recombinant genes to other organisms, unintended effects on health of people, long term effect, ethical concern.
RECOMMENDED BOOKS: 

1. Laboratory biosafety manual. 3rd Edition, World health organization. 

2. Biological Safety: Principles And Practices (Biological Safety: Principles & Practices), 4th Edition by Diane O. Fleming (Editor), Debra L. Hunt 

3. Biosafety in Microbiological and Biomedical Laboratories 5, 5th edition, Revised December 2009 Edition by Centers for Disease Control and Prevention (U.S.). 

4. Laboratory Safety- A Self-assessment Workbooks. 1st Edition by Diane Davis

B. Sc. in Microbiology (Honours) Part-3 (Third year) Practical

MBIO-310: Virology and Immunology
Credits: 2.0, Full Marks: 50
1. Cultivation and enumeration of bacteriophages.

2. 2. Isolation   of   bacteriophages from raw sewage

3. Detection of HBs Ag from patients’ serum by serological methods

4. Isolation of TMV virus and infecting plants.

5. Preparation of bacterial whole cell extract.

6. Preparation of outer membrane protein.

7. Immunization protocol of animals

8. Collection   of   serum   and plasma

9. Separation of blood leucocytes

10. Test for cell viability

11. Blood grouping

MBIO-311: Food Microbiology and Fermentation Technology
Credits: 2.0, Full Marks: 50
1. Detecting Salmonella spp. on poultry.

2. Enumeration of bacteria in milk and presumptive test for coliform

3. Enzymatic test of milk by methylene blue reductase test method

4. Qualitative test of milk by resazurin test

5. Determination of phosphatase activity of milk.

6. Microbiological analysis of food products.

7. Detection of bacteria in spoiled canned food.

8. Analysis of mycotoxin in fungal-contaminated food materials

9. Isolation and identification of E.coli from supplied sample.

MBIO-312: Clinical and Diagnostic Microbiology
Credits: 2.0, Full Marks: 50
1. Determination of blood grouping.

2. Coagulation / agglutination / hemagglutination.

3. Determination of anti-streptolysin-O (ASO) titre VDRL and ELISA.

4. Direct fluorescent antibody detection of microbial pathogens.

5. Gene detection, DNA hybridization analysis in clinical diagnosis.

6. Complement activation.

7. Tuberculin test and Widal test.

8. Determination of C reactive protein (CRP).

9. Determination of plasma fibrinogen protein.

10. Determination of fibrin degradation product (FDP).

11. Plasmid fingerprinting in clinical diagnosis.

MBIO-313: Public Health and Epidemiology
Credits: 2.0, Full Marks: 50
1. Survey of health and hygienic status of rural and urban area

2. Measurement of morbidity and mortality rates of a given data.

3. Determination of a community’s health status of a given data based on health and millennium development goal.
B. Sc. in Microbiology (Honours) Part-4 (Fourth year) Theory

MBIO-401: Microbial Biotechnology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction: Historical development; scope & feature of microbial biotechnology; biotechnology in the development of countries, screening & selection of microbes.
2. Food, drink and biotechnology: Dairy products (cheese, yogurtbutter and cultured milk); cereal product (bread and baked goods), starch hydrolysates; brewing (alcoholic beverage, cider, vinegar); protein products (single cell protein); food additives and ingredients. GM foods.

3. Energy & biotechnology: Renewable biomass for energy; ethanol fermentation; biofuel cells and other bio-electrochemical devices.
4. Environment & biotechnology: microbial waste treatment system; biological processing of industrial wastes, anaerobic treatment of wastes & waste water; biomass concertino (biological & non biological process).
5. Materials and biotechnology: Microbial leaching, metal transformation and immobilization; biopolymers; biodegradation of materials.
6. Agriculture & biotechnology: Biofertilizer, Different types of microbial biofertilizer; bioinsecticides for crops; development transgenic plants.
7. Chemistry and biotechnology: The current developments, production of solvents, organic acid and amino acid from biomass.

8. Enzyme biotechnology: Methods of enzyme production; downstream processing; principles, benefits & methods of immobilization of enzyme & cells; application of immobilized enzyme; biosensors & biochips.
9. Bioprocess engineering and downstream processing: Research and development need involving bioprocess engineering; real time monitoring of cell and biomass concentration, direct and indirect methods; downstream processing separation and disintegration of cells, separation, concentration and purification of product.
10.  Cell culture and applications: Introduction; cell- and tissue-culture techniques; applications of cell and tissue culture; gene-transfer methods in plants; transgenic plants with beneficial traits; diagnostics in agriculture and molecular breeding; bioethics in plant genetic engineering.; animal cell culture techniques; characterization of cell lines; scale-up of animal cell culture process; applications of animal-cell cultures; stem-cell technology; bioethics in animal genetic engineering.

11. Biotechnology & biosafety: ICGEB, hazards mitigation by environmental engineering, biosafe-transproduction, biomarkers for GMOS. Biosafety guidelines & regulations, intellectuals properly right & protection, general agreements on tariffs & trade (GATT), trade related IPRs, patenting of microbial live forms & the significance of patent in our countries.
RECOMMENDED BOOKS:
1. Biotechnology Principles-J.E. Smith

2. Prescon & Dinn’s Industrial Microbiology- G. Reed.

3. Introduction to Biotechnology- C, M Brown I. Campell & F. G Priest.

4. Biotechnology principles and applications- L. J. Higgen D.J. Best & Kones.

5. Molecular biotechnology- by S. B. Primrose.

6. Biotechnology, Fourth Edition. 2004. John E Smith, Cambridge University Press, Cambridge

7. Industrial Microbiology: An Introduction. 2001. Michael J Waites, Neil L Morgan, John S Rockey and Gary Higton. Blackwell Science Ltd., London

MBIO-402: Genetic Engineering 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1.  Techniques of molecular biology: Basic techniques used to identify, amplify, and clone genes; construction and screening of DNA libraries: the molecular analysis of DNA, RNA, and protein.

2.  Selective amplification of genomic DNA fragments: The polymerase chain reaction (PCR); conventional PCR vs. real-time PCR; real-time PCR enables the amount of starting material to be quantified; PCR amplification of full-length cDNAs; gene synthesis by PCR.

3.  Sequencing genes and genomes: Chain termination DNA sequencing; chemical cleavage DNA sequencing; pyro-sequencing.
4.   Regulation of gene expression in eukaryotes: Spatial and temporal regulation- ways of regulating eukaryotic gene expression; controlled transcription of DNA, alternate splicing of RNA, cytoplasmic control of mRNA stability; induction of transcriptional activity by environmental and biological factors. Molecular control of transcription; gene expression and chromosome organization- molecular organization of transcriptionally active DNA, gene splicing, DNA methylation and imprinting, gene amplification; Activation and inactivation of whole chromosome.

5.  Introduction to genome and genomics: Genome and genomics; genome annotation; a glimpse at comparative genomics; metagenomics; transcriptomics or functional genomics; proteomics; metabolomics and systems biology.

6.  Genome analysis: Genetic differences among individuals; DNA markers as landmarks in chromosomes; restriction enzymes and site-specific DNA cleavage; restriction mapping; electrophoresis; the separation and identification of genomic DNA fragments.
7.  DNA markers: DNA markers present in genomic DNA; single-nucleotide polymorphisms (SNPs); microsatellites, restriction fragment length polymorphisms (RFLPs); Random Amplified Polymorphic DNA (RAPD); amplified fragment length polymorphisms AFLPs); simple tandem repeat polymorphisms (STRPs); applications of DNA markers.
8.  Applications of Molecular Biology: Use of recombinant DNA technology to identify human genes and diagnose human diseases; human gene therapy; DNA profiling; production of eukaryotic proteins in bacteria; transgenic animals and plants; reverse genetics - dissecting biological processes by inhibiting gene expression.

RECOMMENDED BOOKS: 

1. Gene Cloning and DNA Analysis: An Introduction - Brown TA.  

2. Molecular Biology of the cell – B. Albers et al

3. Genetics: A Conceptual Approach, Fifth Edition. 2014. Benjamin A Pierce. WH Freeman & Company, New York.
4. Principles of Genetics, Sixth Edition. 2012. Snustad P and Simmons MJ. John Wiley and Sons Ltd., New York.

5. Principles of Genetics, Seventh Edition. 2001. Robert H Tamarin. The McGraw−Hill Companies, New York.
MBIO-403: Bioinformatics
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Introduction: An introduction to bioinformatics, Scope and opportunities of studying bioinformatics.

2. Data source: Gene Bank, DNA library, PubChem, Protein Bank.

3. Study of genomes: Gene structure, gene mapping and sequencing, understanding genome sequence and function, metagenomics.

4. Genomics and Transcriptomics: Genomes and their Organization, Gene Expression Profiling, Gene Regulatory Network and Microarray, Functional and Comparative Genomics, Transcriptomics.

5. Proteomics: An overview of Proteomics, Strategies for Protein Separation, Strategies for Protein Identification Quantitation, Structural Proteomics, Protein Chips.
6. Molecular Phylogeny and Evolution: Phylogenetic Trees, phylogenetic tools, Statistical Approach, Ancestral Sequences, Evolution.
7. Bio-informatics tools: Sequence database, sequence identification, sequence alignment. Building of phylogenetic tree, Bioinformatics software: MEGA, Gold4, ClustalX, Bioedit, Green gene, oligo-primer design.

RECOMMENDED BOOKS: 

1. Innovation in Health Informatics. Mitiadis D. Lytras, Akila Sarirete
2. Essentials of Bioinformatics, volume-III. Khalid Rehman Hakeem, Noor Ahmad Shaik.

3. Bioinformatics- by Daniel McGuire.

4. Bioinformatics and Functional Genomics- by Christina Marshall

MBIO-404: Industrial Microbiology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1.   Introduction to industrial microbiology:Industrial microbiology- historical highlights; fermentation processes; fermentation products.

2.  Food and beverage fermentations: Fermented food and beverages; alcoholic beverages; beer brewing; cider production; vinegar production; dairy fermentations; food additives and supplements – lipids, flavours, natural food preservatives, nisin, nucleosides, nucleotides and related compounds, vitamins.
3.  Microbial biosynthesis and biotransformation: Amino acids, organic acids, polyhydric alcohols, microbial exo-polysaccharides, bio-emulsans.
4.  Microbial biomass production: Uses of microbial biomass, manufacture of baker’s yeast, single cell protein production, mushrooms.
5.  Health-Care products: Antibiotics; ergot alkaloids; steroid biotransformations; recombinant therapeutic peptides and proteins; bacteriophages as therapeutic agents.
RECOMMENDED BOOKS: 

1. Industrial Microbiology- Miller & Lidsky.
2. Industrial Microbiology: An Introduction. 2001. Michael J Waites, Neil L Morgan, John S Rockey and Gary Higton. Blackwell Science Ltd., London.

3. Principles of Fermentation Technology, 2nd Edition. 2003. Peter F Stanbury, Allan Whitaker and Stephen J Hall. Butterworth-Heinemann, Oxford.

4. Molecular Biotechnology: Principles and Applications of Recombinant DNA, Fourth Edition. 2010. Bernard R Glick, Jack J Pasternak and Cheryl L Patten. ASM Press, American Society for Microbiology, Washington DC.

5. Prescott & Dunn’s Industrial Microbiology- G. Reed
6. Industrial Application of Microbiology – J. Riviere
MBIO-405: Marine Microbiology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Marine microbial ecology: structure and function of microbial communities in the oceans, photoheterotrophic bacteria, marine bacteria and the carbon cycle, uv radiation effects on microbes and microbial processes, uptake and regeneration of inorganic nutrients by marine heterotrophic bacteria, interactions between bacteria and their grazers, symbiosis and mixotrophy among pelagic microorganisms, marine viruses and their ecological impact , ecology of coastal, shallow and deep sea microorganism - importance and their significance. Diversity of microorganisms - archaea, bacteria, cyanobacteria, algae, fungi, viruses and actinomycetes in the mangroves and coral environments. 

2. Marine microbial biodegradation: Natural and synthetic material in the marine environment- pesticide, cellulose degradation, hydrocarbon production. Bioremediation of xenobiotics oil, heavy metals, pesticides, plastics, etc. 

3. Marine microbiology for environment: Role of microbes in biogeochemical cycles, climate change - physical effects of climate change (stratification, warming and sea level rise, global weather patterns), biological effects of climate change (phenology, distribution, body size), marine organisms and their bioactive compounds 

4. Physical and physicochemical environment of marine: Vertical structure and physicochemical gradients in the ocean - the physical (stratification / mixing, light gradients) - chemical and biological

5. Vertical partitioning of the ocean, meso-scale oceanographic processes (seasonal cycles, eddies, upwelling), phytoplankton photosynthesis and primary production bacteria / archaea and heterotrophic prokaryotes production, eukaryotic microbes, viruses  

RECOMMENDED BOOKS: 

1. Marine Microbiology: Ecology and Applications (C. Munn, Garland Science, 2011)  

2. Microbial Ecology of the Oceans, 2nd ed. (Editor: D.L. Kirchman, John Wiley & Sons, 2008) 

3. Marine Microbiology: Ecology and Applications. BIOS Scientific publisher. 4. Atlas, R.M 1988.  

4. Aquatic Microbiology-an Ecological Approach. Blackwell Scientific Publications 

5. Microbial Ecology of the Oceans 2000 John Wiley and Sons. Hans G. Truperet. al 1991

MBIO-406: Antimicrobials and Resistance 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Antimicrobial agents: Types, chemistry, mode of action, efficacy and antimicrobial resistance.
2. Antimicrobial compounds: The safety net of modern medicine, importance of pharmacokinetic properties of antimicrobial compounds, bacteriostatic and bactericidal properties, side effects of antimicrobial therapy, antiseptics and disinfectants.
3. Drug design, discovery and delivery: Definition, major steps for drug designing, discovery process of antibiotic, natural products, synthetic antibiotics ; the search for new antimicrobials combinatorial chemistry - creation of an array of new chemicals, high-throughput screening (HTS), finding new targets by exploiting genomics, genomics-based drug discovery approach, Lipinski’srule of five.
4. Mechanisms of antibiotic action: Targets of antibiotic action,cell wall synthesis inhibitors - (-lactam antibiotics, glycopeptides, protein synthesis inhibitors – aminoglycosides, tetracyclines, macrolides,  lincosamides,  DNA synthesis inhibitors - quinolones and fluoroquinolones, metronidazole,rna synthesis inhibitors, inhibitors of enzymes: tetrahydrofolate biosynthesis, novel antibiotics and novel targets.
5. The newest antibiotics – Tigecycline, ketolides, oxazolidinones, diarylquinoline, the newest antibiotic targets - quorum sensing, toxin delivery, virulence regulation, and bacterial adhesion, strategies for enhancing antibiotic efficacy – augmentin, re-sensitizing vancomycin-resistant bacteria, synercid.
6. Bacterial resistance to antibiotics: Overview of mechanisms of antibiotic and antibiotic resistance, limiting access of the antibiotic, outer membrane porins, reduced uptake across the cytoplasmic membrane, active efflux of the antibiotic, enzymatic inactivation of the antibiotic, (-lactamases, aminoglycoside-modifying enzymes, chloramphenicol and streptogramins, acetyltransferases, oxidation of tetracycline, modification or protection of the antibiotic, targetresistance to (-lactams, resistance to glycopeptide antibiotic,
7. Regulation of resistance genes: Repressor-mediated regulation of resistance gene - TetB tetracycline efflux pump gene in E. coli, BlaZ(-Lactamase gene in MRSA, translational attenuation of resistance gene, transcriptional activation of resistance gene - activation of vancomycin resistance gene, activation of (-lactamase resistance gene, insertion sequences and promoter mutations, resistance genestransfer by conjugative elements: conjugative plasmids - self-transmissibleplasmids, mobilizable plasmids, transposons, integrons; conjugative transposons
RECOMMENDED BOOKS: 

1. Combating Antimicrobial Resistance- A One Health Approach by Ghassan M. Matar
2. Antibiotic basics for clinicians: The ABCs of Choosing the rightAntimicrobial Agent by Alan R. Hauser
3. Antibiotics: Actions, Origins, Resistance by Christopher J. Walsh
4. Antibiotics: Challenges, Mechanisms, Opportunities by Timothy Wencewicz, Christopher J. Walsh 
MBIO-407: Analytical Microbiology
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Spectroscopic techniques: Visible, ultraviolet and infra-red spectrophotometers; spectrofluorimetry, lumiometry, NMR and mass spectrometry.

2. Centrifugation techniques: Principle of sedimentation, centrifuges and their use, density gradient centrifugation and ultracentrifuge.

3. Chromatographic techniques: Principle of chromatography; column, thin-layer and paper chromatography; absorption, gas liquid, ion-exchange, exclusion, affinity and high performance liquid chromatography (HPLC).

4. Electrophoretic techniques: Principle; factors affecting electrophoresis; low and high voltage electrophoresis; gel electrophoresis; blotting techniques, iso-electric focusing; isotechophoresis, capillary zone electrophoresis, and preparative electrophoresis.

5. Protein characterization: Determination of molecular weight, amino acid composition and number of subunit; protein sequencing.

6. Biosensor: Principle, transducer, biocomponent of biosensor. Application of enzyme based, cell based and organelle-based biosensors.  Affinity binding assay, biological reactant pairs, application of immunosensor and receptor-based biosensor.

7. Radioisotope techniques: Nature, detection and measurement of radioactivity; application of radio-isotopes in the biological science; safety aspects of the use of radioisotopes. 

8. Cell culture: Primary, secondary and continuous animal cell culture, flow cytometry. 

RECOMMENDED BOOKS: 

1. Protein Purification-Scopes.

2. Comprehensive Biotechnology, vol2- Murry Moo-Young.

3. A Biologist’s Guide to Principles and techniques of practical Biochemistry, 3rd edition, K. Wilson & K.H. Goulding.

4. An Introduction to practical Biochemistry, 2nd edition-D.T. Plummer.

5. Basic biochemical method’s 2nd edition- R.R. Alexander & J.M. Griffiths.

MBIO-408: Environmental Pollution and Bioremediation 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Biodeterioration of materials: Basic concepts, factors involved in biodeterioration, biodeterioration of leather, wool, fur, feather, stones, plastics and rubber, microbial production of bioplastics. Control of biodeterioration-physical, chemical and biological methods.

2. Biodegradation of recalcitrant industrial wastes: Xenobiotic chemicals in the environment, biodegradable recalcitrant wastes, relationship between structure and recalcitrance property, factors affecting microorganisms to degrade xenobiotics.

3. Biodegradation and metabolism: Removal of substituentgroups and ring opening in model molecules: biodegradation and metabolism of pesticide, aromatic compounds, phenols, organic residues and synthetic organic chemicals.

4. Enrichment and isolation of degradative microbes: Recent approaches to enrich and isolate microbes having catabolic properties.

5. Hazardous   waste   treatment   technologies:   Solid   waste treatment, landfill and composting, physical, chemical and biological treatment, activated sludge and advanced treatments, biological removal of nitrogen and phosphorous.

6. Water treatment systems: Coagulation and flocculation,sedimentation and filtration, disinfection use of ozone, UV and activated carbon, measurement of treatment efficiency; BOD, COD, TDS, SS, etc., enzymatic assays and microbial bioassays.

7. Biodegradability testing and bioremediation of xenobiotic pollutants: Testing for biodegradability and bio-magnification;testing for effects on microorganisms, environmental modification for bioremediation; microbial seeding and bioengineering approaches to the bioremediation of pollutants, bioremediation efficacy testing and side effect testing.

8. Biosensor: Use and application of biosensor for detection ofpollutants.

9. Biological control of insects and pests: Bio-pesticides of microbialorigin; viral, bacterial, protozoan and fungal pesticides.

RECOMMENDED BOOKS: 

1. Microbial Ecology: Fundamentals and Applications. FourthEdition. R M Atlas and R Bartha. Benjamin Cummings. 1997.

2. Current Perspective of Microbial Ecology. M J Klug and C AReddy. ASM Press. 1984.

3. Ecological Systems and the Environment. T C Folin. HoughtonMifflin Harcourt. 1976.

4. Bio-treatment Systems. Volume 2. D L Wise. CRC Press Inc. 1988.

5. Wastewater Microbiology. Gabriel Bitton. Wiley-Liss. 1994.

MBIO-409: Biostatistics and Research Methodology 
Credits: 4

Full Marks: 100 (Theory 75, Class Test 20 and Attendance 5)

Time: 4 hours (Eight questions to be set and five to be answered)

COURSE CONTENTS:

1. Organizing and summarizing data: Some basic concepts; statistics; biostatistics, variables, population and sample, random samples, distribution. tabulation, processing and summarizing of numerical data; the frequency distribution, graphical representation of frequency table; measures of central tendency; measures of dispersion skewness of kurtosis; measures of exploratory data analysis by plotting.

2. Probability: Introduction; some elementary probability; the binomial distribution; the normal distribution; the chi-square distribution; the distribution of student’s.

3. Hypothesis testing/statistical inference: Statistical hypothesis : simple and composite hypothesis; significance test; type-1 and type-II errors; power of a test; P-value; testing hypothesis of a single population mean, proportion, variance; comparison between two population means and between two population variance.

4. Analysis of frequency using x2 distributions: The x2 criterion; tests of goodness of fit; homogeneity of two-cell samples; test of independence.

5. Correlation simple regression and multiple regression: Correlation : linear regression model; evaluating the regression equation; the multiple regression model; evaluating multiple regression model; choosing independent variables for multiple regression model.

6. Analysis of variance : Experiment; experimental unit; treatment; replication; analysis of variance for the completely randomized design; the randomized complete block design and the Latin square.

7. Survival analysis: Introduction; basic designs; follow-up studies; cross-sectional studies and case control studies; survival function; hazard function the product limit estimate of survival function; the life table analysis; the log rank test for comparing survival distributions.

8. Introduction to Research Methodology: Definition, objectives, importance and types of research, criteria of good research, ethics of research.

9. Approaches: Methods and methodology, limitation of research methodology, research questions, designing of research question, criteria of good research question.

10. Research tools & Research design: Variables, category of variables. Features of good design, concept and development of research plan sampling design, sampling strategy, methodology and types of design of the program, survey, census.
11. Measuring and scaling techniques: Analysis, simulation, and interpretation.

12. Methods of data collection: Primary data, selection of appropriate data. Guidelines for interviewing, questionnaire and schedule. Social and participatory methodologies in people’s participation.

13. Data processing and analysis: Problems, types of statistics, interpretation of results, graphical representation and tabulation. Manuscript preparation, rules of citation and bibliography.

14. Report writing: Scientific reports, reviews, short communication, case studies, web page, booklet and leaflet.

RECOMMENDED BOOKS:

1. Mathematical Statistics - Kapur, J. N. and Saxena, H. C.

2. A First Course in Mathematical Statistics- Weatherburn, C. E.

3. Probability and Mathematical Statistics- MarekFisz.

4. Fundamentals of mathematical Statistics- Gupta, S. C. and Kapoor V. K.

5. Fundamentals of Probability & Probability Distributions - Manindra Kumar Roy
6. Introduction to research methodology-Wilson

B. Sc. in Microbiology (Honours) Part-4 (Fourth year) Practical

MBIO-410: Microbial Biotechnology and Genetic Engineering
Credits: 2.0, Full Marks: 50
1. Cell culture techniques and preparation of culture media for E. coli, 
2. Plasmid DNA extraction, real time PCR, random amplified polymorphic DNA (RAPD); amplified fragment length polymorphisms AFLPs);reverse transcriptase PCR, 

3. Suthern-blot hybridization, DNA sequencing technology, modern automated DNA sequencing techniques along with using bioinformatic tools for understanding genetic differences and cellular function.

MBIO-411: Bioinformatics

Credits: 2.0, Full Marks: 50

1. In Silico identification and structural characterization of a gene

2. Application of bioinformatics tools to multiple alignment and phylogeny

3. BLAST search and gene homology

4. Prediction of protein 3D structure and protein interaction network

5. Primers design for gene cloning and gene expression analysis

MBIO-412: Antimicrobials and Resistance
Credits: 2.0, Full Marks: 50

1. DDST Testing, Blue Carba, FIC Index,

2. Kirby Bauer Disk Diffusion Test,

3. Detection of antibiotic resistant genes and plasmid

4. Isolation of multidrug resistant bacteria

MBIO-413: Analytical Microbiology
Credits: 2.0, Full Marks: 50

1. Measurement of optical density (OD) from supplied samples using spectrophotometry.
2. Chromatographic separation of ingredients of supplied medicine.

3. Determination of blood glucose using biosensor.

4. Separation of bacterial pellets from supplied samples.

MBIO-414: Research Project/Laboratory Internship
Credits: 4.0, Full Marks: 100

A thesis/project work should be done individually under the guidance of one faculty of microbiology one the following topics related to the subject and can be recorded as dissertation and also be presented by the candidate in front of externals in a seminar:
1. Bacteriology

2. Virology

3. Mycology
4. Food Microbiology

5. Microbial biotechnology

6. Industrial Microbiology

7. Fermentation technology

8. Molecular biology and bioinformatics
9. Environmental microbiology

10. Clinical microbiology

11. Immunology

12. Microbial ecology

13. Enzymology

14. Pharmaceutical Microbiology

15. Agriculture Microbiology

16. Public health and epidemiology

Syllabus 
B. Sc. in Microbiology (Hon’s.)
(for the affiliated Colleges and Institutes) 
Session: 2020-2021
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