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ANNAMALAI            UNIVERSITY

414. M.Sc Microbiology

Programme Structure and Scheme of Examination (under CBCS)

(Applicable to the candidates admitted in Affiliated Colleges for the 
academic year 2022 -2023 ONLY)
	Course Code
	Study Components & Course Title
	Hours/Week
	Credit
	Maximum Marks

	
	
	
	
	CIA
	ESE
	Total

	
	SEMESTER – I
	
	
	
	
	

	22PMIBC11
	Core Course - I : Fundamentals of  Microbiology
	4
	4
	25
	75
	100

	22PMIBC12
	Core Course - II : Immunology and Immunotechnology
	4
	4
	25
	75
	100

	22PMIBC13
	Core Course – III :Molecular Biology and     Recombinant DNA Technology
	4
	4
	25
	75
	100

	22PMIBP14
	Core Practical – I : Practical 1(Core Course I, II and III)
	11
	4
	40
	60
	100

	22PMIBE15
	Core Elective – I 
	4
	4
	25
	75
	100

	22PMIBO16
	Open Elective – I
	3
	3
	25
	75
	100

	
	Total
	30
	23
	
	
	600

	
	SEMESTER – II
	
	
	
	
	

	22PMIBC21
	Core Course  – IV : Food Microbiology
	4
	4
	25
	75
	100

	22PMIBC22
	Core Course  – V  : Bacteriology  and Mycology
	4
	4
	25
	75
	100

	22PMIBC23
	Core Course  – VI :Parasitology and Virology
	4
	4
	25
	75
	100

	22PMIBP24
	Core Practical – II :Practical II (Core Course IV, V and VI)
	12
	4
	40
	60
	100

	22PMIBE25
	Core Elective – II
	4
	4
	25
	75
	100

	22PHUMR27
	Compulsory Course: Human Rights
	2
	2
	25
	75
	100

	
	Total
	30
	22
	
	
	600

	
	SEMESTER – III
	
	
	
	
	

	22PMICC31
	Core Course  – VII :Pharmaceutical Microbiology
	4
	4
	25
	75
	100

	22PMICC32
	Core Course  – VIII : Bioprocess Technology
	4
	4
	25
	75
	100

	22PMICC33
	Core Course– IX: Research Methodology
	4
	4
	25
	75
	100

	22PMICP34
	Core Practical  – III : Practical III (Core Course VII, VIII and IX)
	11
	4
	40
	60
	100

	22PMICE35
	Core Elective – III : Any one out of three Core Electives from Semester III
	4
	4
	25
	75
	100

	22PMICO36
	Open Elective – II : Any one out of three Open Electives from other Departments in Semester III.
	3
	3
	25
	75
	100

	
	MOOC Courses
	
	
	
	
	

	
	Total
	30
	23
	
	
	600


	
	SEMESTER – IV
	
	
	
	
	

	22PMICC41
	Core Course  - X: Soil, Agricultural and Environmental Microbiology
	4
	4
	25
	75
	100

	22PMICC42
	Core Course  - XI: Medical Diagnostic Technology
	4
	4
	25
	75
	100

	22PMICP43
	Core Practical - IV: Practical IV (Core Course X and XI)
	12
	4
	40
	60
	100

	22PMICE44
	Core Elective - IV : Any one out of three Core Electives from Semester IV
	4
	4
	25
	75
	100

	22PMICD45
	Core Project / In-plant Training
	6
	6
	25
	75
	100

	
	Total
	30
	22
	
	
	500

	
	Grand Total
	120
	90
	
	
	2300


                   List of Core Electives (Choose 1 out of 3 in each Semester)

	Semester
	Course Code
	Course Title
	H/W
	C
	CIA
	ESE
	Total

	I
	22PMIBE15-1
	Entrepreneurship and Management for Microbiology
	4
	4
	25
	75
	100

	
	22PMIBE15-2
	Bioremediation
	4
	4
	25
	75
	100

	
	22PMIBE15-3
	Microbial Nanotechnology
	4
	4
	25
	75
	100

	II
	22PMIBE25-1
	Microbial Inoculants and Mushroom Technology
	4
	4
	25
	75
	100

	
	22PMIBE25-2
	Microbial Diversity and Extremophiles
	4
	4
	25
	75
	100

	
	22PMIBE25-3
	Environmental Microbial Technology
	4
	4
	25
	75
	100

	III
	22PMIBE35-1
	Vermiculture and Vermitechnology
	4
	4
	25
	75
	100

	
	22PMIBE35-2
	IPR, Biosafety and Bioethics
	4
	4
	25
	75
	100

	
	22PMIBE35-3
	Public Health Microbiology
	4
	4
	25
	75
	100

	IV
	22PMIBE44-1
	Microalgal Technology
	4
	4
	25
	75
	100

	
	22PMIBE44-2
	Microbiome Science
	4
	4
	25
	75
	100

	
	22PMIBE44-3
	Marine Microbiology
	4
	4
	25
	75
	100


List of Open Electives (Choose 1 out of 3 in each Semester)

	Semester
	Course Code
	Course Title
	H/W
	C
	CIA
	ESE
	Total

	I
	22PMIBO16-1
	Advanced Techniques in Clinical Microbiology
	3
	3
	25
	75
	100

	
	22PMIBO16-2
	Microscopic Techniques in Microbiology
	3
	3
	25
	75
	100

	
	22PMIBO16-3
	Basics of Microbiology
	3
	3
	25
	75
	100

	III
	22PMIBO36-1
	Food Processing Technology
	3
	3
	25
	75
	100

	
	22PMIBO36-2
	Infectious Disease and its Control
	3
	3
	25
	75
	100

	
	22PMIBO36-3
	Environmental Microbiology
	3
	3
	25
	75
	100


Credit Distribution

	Study Components
	Papers
	Credits
	Total Credits
	Marks
	Total Marks

	Core Theory
	11
	4
	44
	100
	1100

	Core Practical
	4
	4
	16
	100
	400

	Core Electives
	4
	4
	16
	100
	400

	Open Electives
	2
	3
	6
	100
	200

	Project / In-plant Training
	1
	6
	6
	100
	100

	Common Compulsory Paper
	1
	2
	2
	100
	100

	
	23
	
	90
	
	2300


Programme Outcomes (POs):

On completion of Two year M.Sc. Microbiology, students will be able to

PO1:Acquire basic Microbiology laboratory skills and  expertise  in  the use of instruments applicable to research, clinical methods and analysis of the observations.

PO2:Understand prokaryotic and eukaryotic genetic systems  & physiology of microorganisms.

PO3:Gain familiarity with applications of microbes for synthesis  of valuable products through fermentation.

PO4:Explore the application of genetic engineering to create GMO, transgenic plants, animals, Gene therapy, etc.,

PO5:Understand the role of microorganisms in human health, immune response to infection and antibiotic resistance.

Overall, the Programme is reasoning and applications oriented, equipping the students eligible for higher studies, jobs in various sectors and entrepreneurship abilities.

	SEMESTER: I

PART:CORE COURSE-I
	22PMIBC11:  FUNDAMENTALS OF  MICROBIOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES
1) To gain basic knowledge about History and Classification of Microorganisms. 

2) To gain in depth knowledge about Microscopy and Staining Methods.

3) To understand about General Characteristics and Structure of Bacterial Cell. 

4) To acquire knowledge about microbial respiration and Photosynthesis.

5) To learn the concept of microbial diversity and characteristics of microorganisms in extreme conditions.

Unit I: History and Classification of Microorganisms
                           Hours: 12

Introduction, History and scope of Microbiology. Recent developments, Spontaneous generation – Biogenesis. Contributions of Leeuwenhoek, Louis Pasteur, Robert Koch, Elie Metchnikoff, Edward Jenner and Fleming. Classification - Haeckel’s three kingdom concept, Whittaker’s Five - kingdom concept, Classification of Virus and Fungi, Classification of Bacteria according to Bergey’s Manual, Microbial  Evolution And Phylogeny .
Unit II: Microscopy and Staining Methods




Hours:12

Microscopy: Simple, Compound, Dark - Field, Phase contrast, Fluorescent and Electron microscopes (SEM & TEM), Confocal microscopy – Principles and their applications. Staining-techniques: Nature of dyes, Simple, Differential and negative, acid fast staining and spore staining. Culture methods: Culture media and Nutritional types, Growth curve. Anaerobic culture methods - Preservation of cultures.





Unit III: General Characteristics and Structure of Bacterial Cell

Hours:12

General characteristics and nature of Archaebacteria, Eubacteria, Cyanobacteria Mycoplasmas, Rickettsiae, Chlamydia, Spirochaetes, Actinomycetes, Protozoa, Algae, Fungi and Viruses. Cell walls of Gram negative and Gram positive bacteria, Cell wall synthesis, Capsule types, S- layers. Composition and Function. Structure and function of flagella and Pili, Endospore types, structure and functions. Reserve food materials – Polyhydroxybutyrate- Polyphosphate granules - Oil droplets – Cyanophycin granules and Sulfur inclusions. Nuclear material -bacterial chromosomes and bacterial plasmids. 
Unit IV: Microbial Metabolism         





Hours: 12

Aerobic respiration - nutritional requirements of bacteria. Nutritional types. Glycolysis, ED, TCA, Pentose Phosphate pathway. Oxidative and substrate level Phosphorylation, glyoxylate pathway, Gluconeogenesis. Fermentation of carbohydrates - homo and heterolactic fermentations. Photosynthesis – Phototrophy, oxygenic and anoxygenic photosynthesis. Mechanism of photosynthesis.

Unit V: Extremophiles     






Hours: 12

 
Introduction to microbial biodiversity - distribution, abundance, ecological niche. Survival at extreme environments – Cell wall less Archaea - Thermophiles, Alkalophiles, Acidophiles and Halophiles. Bioluminescence - Mechanism - Advantages.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 

6) Explain   the Classification of microorganisms.

7) Illustrate the principles and applications of microscopes.

8) Examine  the structural features of bacteria, Protozoa, Algae and Fungi.

9) Summarize  the metabolism of microorganisms.

10) .Determine  the microbial diversity in extreme environments.

Text Books 

	11) Willey, J., Sandman, K. & Wood, D.  Prescott's Microbiology. (2020). 11th  
   Edition. McGraw-Hill Education.

12) Pelczar, M.J., Chan, E.C.S. & Kreig, N.R. (2009). Microbiology 5th Edition.   Tata 
  McGraw Hill, New Delhi.

13) Dubey, R.C. & Maheswari, D.K. (2011). A Textbook of Microbiology, S.Chand 
  and Company Ltd., New Delhi.


Supplementary Readings

	1. Black, J.G. & Black, L.J. (2017).  Microbiology: Principles and Explorations. 10th 
    Edition. John Wiley & Sons, Inc.   

2. Chess, B. (2021). Talaro’s Foundations in Microbiology. 11th Edition. McGraw Hill 

    Publishing Company.

3. Tortora, G.J, Funke, B.R. & Case, C.L.  (2018). Microbiology: An Introduction. 13th 
    Edition Addison-Wesley.  

	


OUTCOME MAPPING
	COURSE OUTCOME
	PROGRAMME OUTCOME

	
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	2
	3
	3
	3
	3

	CO2
	3
	3
	2
	3
	3

	CO3
	2
	3
	3
	2
	3

	CO4
	3
	3
	3
	3
	2

	CO5
	3
	3
	3
	2
	3


	SEMESTER: I

PART:CORE COURSE-II
	22PMIBC12: IMMUNOLOGY AND IMMUNOTECHNOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES
14) To gain an understanding of basic concepts of cells and components of the immune system.

15) To gain in depth knowledge about antigen and antibodies.

16) To acquire knowledge about hypersensitivity and immune disorders.

17) To acquire knowledge about autoimmunity and immunology of transplantation and malignancies.

18) To learn about serological techniques.
Unit I: Immunity and Immune System                                                              Hours: 12

Immunity: Types of immunity - innate and acquired; Structure of immune system: Central lymphoid organs – Thymus and Bone marrow. Peripheral lymphoid organ – Lymphnode, Spleen, MALT and SALT; Cells of the immune system: Haematopoiesis – Detailed aspects of T - cell and B- cell, Macrophages, Phagocytes, NK cells, T cell and B cell receptor and function.


 
Unit II: Antigen and Antibodies


                              
Hours:12

Antigens: Types of antigens - determinants of antigenicity - biological classes of antigens; Immunoglobulins:  Antibody structure – immunoglobulin classes – abnormal immunoglobulins – antibody diversity; General features of antigen-antibody reactions; Immune response: Humoral immune response - Cellular immune response - Theories of immune response.




Unit III: Complement System and Hypersensitivity



Hours:12                                                 

Complement system: Complement activation - Classical, Alternate and Lectin pathways - biological functions; Major Histocompatibility Complex - structure and functions; Hypersensitivity reactions: Classification of hypersensitivity reactions – immediate hypersensitivity and delayed hypersensitivity; Immunodeficiency diseases: Primary and secondary immunodeficiencies.
          



Unit IV: Immunology of Transplantation and Malignancy


Hours: 12

  
Autoimmunity: Mechanism of autoimmunity – classification of autoimmune diseases; Immunology of transplantation; Immunology of malignancy; Immunohaematology: ABO blood group system – Rh blood group system – other blood group systems – medical applications of blood group.

Unit V: Serology and Immunotechnology in disease diagnosis    

Hours: 12                                                                                         
Serological methods for diagnosis purpose – Precipitation reaction: Immunodiffusion, Immunoelectrophoresis, Flocculation - VDRL test and RPR test; Agglutination reaction: Widal, Latex agglutination tests – ASO test and CRP test; Complement fixation test; ELISA and its types; Radioimmunoassay; Chemiluminescence-Linked Immunoassay. 

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 

19) Understand the functional organization of the immune system.

20) Evaluate the interactions between antigen and antibodies.

21) Analyze the basis of hypersensitivity and Immunological disorders.

22) Understand autoimmunity, immunology of transplant and malignancies.

23) Examine the serological methods for diagnosis of infections.

Text Books 

	1. Reba Kanungo (Ed.). (2022). Ananthanarayan and Paniker’s Text Book of Microbiology, 11th edition, Universities Press (India) Private Limited.

2. Punt, J., Stranford, S., Jones, P. & Owen, J. (2018). Kuby Immunology. 8th edition. W.H Freeman Publication.

3. Parija, S.C. (2016).  Text Book of Microbiology and Immunology. 3rd edition. Elsevier India.



Supplementary Readings

1. Delves, P.J., Martin, S.J., Burton, D.R. & Roitt, I.M. (2016). Roitt’s Essential Immunology. 13th edition. Wiley-Blackwell Publishers.

	2. Tizard, I.R. (2000). Immunology: An Introduction. 4th edition. Saunders College Publishing.

3. Peter Wood. (2011). Understanding Immunology. 3rd edition. Prentice Hall. 


OUTCOME MAPPING
	COURSE OUTCOME
	PROGRAMME OUTCOME

	
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	3
	3
	3
	3
	3

	CO2
	3
	2
	3
	3
	3

	CO3
	3
	3
	2
	2
	3

	CO4
	3
	3
	3
	3
	2

	CO5
	3
	3
	2
	3
	3


	SEMESTER: I

PART: CORE COURSE- III
	22PMIBC13:  MOLECULAR BIOLOGY

AND  RECOMBINANT DNA TECHNOLOGY
	CREDIT: 4

HOURS: 4/W


COURSE OBJECTIVES
24) To gain knowledge about the structure and properties of DNA.

25) To gain in depth knowledge about organization of DNA and replication.

26) To understand about regulations of gene expression.

27) To understand about gene cloning process.

28) To learn about transgenesis of plants and animals.
Unit I: Structure and Properties of DNA



              Hours: 12

Concept of molecular biology - Discovery of DNA, DNA as genetic material - Griffith, Avery, Hershey and Chase experiments.  DNA Structure: Chemistry of DNA, Forms of DNA, Physical properties of Double stranded DNA and DNA topology. 
  
Unit II: Organization of DNA and Replication

                            Hours:12


Organization of DNA into chromosomes: Packaging of DNA and organization of chromosome in bacterial cells, Packaging of DNA in eukaryotic nucleosome and chromatin condensation. DNA  Replication (Prokaryotes and Eukaryotes) - Types of DNA polymerase in bacteria and their role – Inhibitors of DNA replication. DNA damage and repair.
Unit III: Transcription and Translation
                                                  Hours:12

Structure and function of tRNA, rRNA, mRNA - Genetic code - Transcription, Translation, Regulation of gene expression in prokaryotes: Operon concept, Positive regulation (E. coli- L arabinose operon) and Negative regulation (E. coli, Lac operon). Regulation by attenuation – his and Trp operons. Anti termination. Regulation of gene expression in Eukaryotes - Transcriptional, Translational and Processing level, control mechanism.


Unit IV: Gene Cloning Process                                                                        Hours: 12

Concept and importance of genetic engineering, General strategies and steps involved in gene cloning. Extraction and purification of DNA from bacteria, plant and animal cells.     cDNA preparation, Cloning vectors – types – Plasmids, Cosmids and Bacteriophage vectors - Host systems. Construction of genomic library and cDNA library.



Unit V: Transgenesis and rDNA Applications                                                 Hours: 12

Transgenic plants - Transgenic animals, Gene therapy – Human gene therapy-In vivo and ex vivo gene therapy.  Recombinant products - Recombinant hormones - Recombinant vaccines - Genetic engineering guidelines - Containment levels - Indian guidelines. Applications of Genomics - Proteomics.



COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 

29) Understand DNA as a genetic material.

30) Explain the hierarchical organization of DNA and DNA replication.

31) Summarize the mechanism of transcription and translation and regulation of geneexpression.

32) Examine the strategies in gene cloning.

33) llustrate the applications of rDNA technology.

Text Books 

	1. David Freifelder. (1995). Molecular Biology. 4th Edition. Narosa Publishing House. 

2. Nicholl, D.S.T. (2010). An Introduction to Genetic Engineering. Cambridge 
    University   Press.
3. Brown, T.A. (2011). Introduction to Genetics: A Molecular Approach, Garland   

    Science.


Supplementary Readings

	1. Watson, J.D., Baker, T.A., Bell, S.P. & Gann, A.  (2013). Molecular biology of the 
     gene,   7th edition, Pearson publication.

2.  Watson, J.D., Gilman, M., Witkoweski, J.A. & Zoller, M.  (1992). Recombinant 
DNA. 2nd edition. Scientific American Books.

3. Primrose, S.B. & Twyman, R.M. (2006). Principles of Gene Manipulation and 
   Genomics. 7th edition. Blackwell Publishing. 




OUTCOME MAPPING
	COURSE OUTCOME
	PROGRAMME OUTCOME

	
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	2
	3
	3
	3
	3

	CO2
	3
	3
	2
	3
	3

	CO3
	3
	3
	3
	2
	3

	CO4
	3
	2
	3
	3
	3

	CO5
	3
	3
	3
	2
	3


	SEMESTER: I

PART:CORE PRACTICAL- I
	22PMIBP14:  PRACTICAL- I
(FUNDAMENTALS OF  MICROBIOLOGY, IMMUNOLOGY AND IMMUNOTECHNOLOGY, MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY )
	CREDIT:4

HOURS: 11/W


COURSE OBJECTIVES
34) To acquire practical skills in basic microbiological techniques.

35) To understand the knowledge about staining techniques.

36) To gain knowledge about Antigen –Antibody reactions.

37) To acquire skill to perform techniques in recombinant DNA technology.

38) To acquire skill to isolate genetic material from microorganisms.

Fundamentals of Microbiology 
39) Different methods of sterilization.

40) Preparation of Media: Nutrient broth, Nutrient agar plates, Slants, Soft agar, Blood agar and Selective media.

41) Determination of growth - Growth curve.

42) Pure culture techniques - Streak plate, Spread plate &Pour plate methods.

43) Measurement of microbial cell size – Micrometry.

44) Enumeration of bacterial / yeast cells - Viable count (Plate count) and Total count (Haemocytometer count).

45) Motility determination - Hanging drop method.

46) Staining methods: Gram staining, Acid fast staining, Spore staining, Capsule staining, Metachromatic granular staining and Negative staining.

Immunology and Immunotechnology
47) Blood group and Rh factor determination.
48) Identification of leukocytes from blood smear.
49) ASO test.
50) CRP test.

51) ELISA-HIV.

52) Counter Immunoelectrophoresis.
53) Pregnancy test.

Molecular Biology and Recombinant DNA Technology
54) Isolation of antibiotic resistant bacterial population by gradient-plate method. 

55) Isolation of antibiotic resistant mutants by Replica plating technique.

56) Isolation of Genomic DNA from bacteria.

57) Isolation of Plasmid DNA from bacteria.

58) Restriction digestion of DNA.

59) Polymerase chain reaction.

60) Bacterial Transformation.

61) Bacterial Conjugation.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 

1. Understand the sterilization methods and media preparation.

2. Compare the  different staining techniques.

3. Explain various immunological experiments.

4. Analyse the techniques involved  in recombinant DNA technology.

5. Distinguish the genomic and plasmid DNA from  bacteria.

Text Books
62) Kannan, N. (2002).  Laboratory manual in General Microbiology. Panima Publishing Corporation. 

63) Aneja, K.R. (2018). Laboratory Manual of Microbiology and Biotechnology. 2nd edition. MedTech.

64) Cappuccino, J.G. & Sherman, N. (2014). Microbiology: A laboratory Manual. 10th edition. Pearson Benjamin Cummings. 

65) Sambrook, J. & Russell, D.W. (2001). Molecular Cloning: A Laboratory Manual. 3rd edition. Cold Spring Harbor Laboratory Press.
OUTCOME MAPPING
	COURSE OUTCOME
	PROGRAMME OUTCOME

	
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	2
	3
	3
	3
	3

	CO2
	3
	3
	2
	3
	3

	CO3
	3
	3
	3
	2
	3

	CO4
	3
	3
	3
	3
	3

	CO5
	3
	3
	3
	2
	3


	SEMESTER- I

PART-CORE ELECTIVE- I
	22PMIBE15-1: ENTREPRENEURSHIP AND  MANAGEMENT FOR MICROBIOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES

66) To make the students to learn the basic concepts related to entrepreneurship within the life science sectors.

67) To familiarize about the various schemes available in Nationalized banks.

68) To enable the students to learn the skills required to be an entrepreneur.

69) To make the students to gain knowledge to start a production unit of bio fertilizers and compost.

70) To equip the students to understand and develop the skills in the production of diagnostic kits to become an entrepreneur.

Unit I: Entrepreneurship                                                                                  
Hours: 12

Evolution of the concept of entrepreneur – Entrepreneurship: Definitions-concept of Entrepreneurship, development – need – role of resource, talent and spirit– process of Entrepreneurship to socio-economic gains.
Unit II: Institutions and Schemes of India                                                   
Hours: 12
 Schemes and programmes: Department of science and technology schemes. Nationalized banks – other financial institutions, etc – SIDBI – NSIC – NABARD – IDBI – IFCI – 1CICI etc.

Unit  III: Development of Skills     





Hours: 12
Skills for entrepreneurs – communication skills, problem solving skills; Business plan development; Market need – market research, SWOT analysis, identify your competition. Financial plan – obtain financing for your business, insure your business, Marketing – mix- product, distribution, price, promotion, set marketing goals.
Unit IV: Composting and SCP                                                                
Hours: 12

Composting – domestic waste, agricultural and industrial waste. SCP production – Mushroom cultivation. Packaging & Labelling. Quality Management: Quality Concepts & tools, Importance and need for Quality Systems, Quality Standards with special reference to ISO, Quality System Certification Procedures.

Unit V:  Production of Teaching and Diagnostic Kits                                    
Hours: 12
 
Production of teaching kits (Plasmid DNA isolation, Serum electrophoresis) and Diagnostic kits (WIDAL test kits, ABO blood grouping kits). Production of Biofertilizers and biopesticides.

COURSE OUTCOMES

Upon successful completion of the course, the students will be able to: 

71) Apply the concept of entrepreneurship.

72) Facilitate knowledge about institutions and schemes of Government of India.
73) Extend the required skills for entrepreneurs.
74) Explain about composting methods.
75) Manage the production  process of diagnostic kits.

Text Books

76) Patzelt, H. & Brenner, T. (2008).  Handbook of Bio entrepreneurship. Springer press.

77) Subba Rao, N.S. (2020). Biofertilizer in agriculture and forestry. 3rd edition. CBS Publishers and Distributors.

78) Rao, N.S. (2007). Biofertilizers in Agriculture. Oxford & IBH Publishing Co., Pvt., Ltd., Bombay.

Supplementary Readings

79) Teng, P.S. (2007) Bioscience Entrepreneurship in Asia: Creating Value with Biology World Scientific Publishing Co Private Ltd.

80) Adams. D & Sparrow, J. (2008).  Enterprise for Life Scientists: Developing Innovation and Entrepreneurship in the Biosciences. Scion Publishing Ltd.

81) Shimasaki, C. (Ed.). (2020). Biotechnology Entrepreneurship: Starting, Managing and Leading Biotech Companies. 2nd edition. Academic Press.

OUTCOME MAPPING
	COURSE OUTCOME
	PROGRAMME OUTCOME

	
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	2
	3
	3
	3
	3

	CO2
	3
	3
	3
	3
	3

	CO3
	3
	3
	3
	3
	3

	CO4
	3
	3
	3
	3
	3

	CO5
	3
	3
	3
	3
	3


	SEMESTER- I

PART-CORE ELECTIVE-I
	22PMIBE15-2: BIOREMEDIATION
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES

82) To understand the principles of bioremediation.
83) To understand the metabolic pathways, the microbes develop for bioremediation.

84) To  understand about the types of bioremediation.

85) To understand about  the use of plants in bioremediation

86) To understand  the degradative pathways of xenobiotics.

Unit I:  Biology of Bioremediation





Hours: 12
Principles of Bioremediation – Rapid growth and Metabolism- Genetic plasticity – Metabolic pathways for the degradation of xenobiotics, hydrocarbons –Microbial site characterization – Biodegradation potential.

Unit  II: Biodegradation Process




         
Hours: 12
Bioprocess design, optimization – Microbial removal rates – inherent problems associated with biotreatment studies. Microbiological methodologies –Standard bio treatability protocols – Quantification of  biodegradation; Bio cleaning - Chernobyl radioactive contaminated area - Phytoremediation.

Unit  III: Bioremediation and its Types  



        
Hours: 12
Aerobic Bioremediation: Bioremediation of Surface Soils: Fate and transport of contaminants in the Vadose zone – Biodegradation in soil ecosystems – Types of soil treatment systems – Bioreactors. Subsurface Aerobic Bioremediation: In situ Bioremediation – In situ Bioventing – In situ treatments of Harbor Sediments and Lagoons.

Unit  IV: Phytoremediation               





Hours: 12
Rhizosphere biodegradation.  Phytostabilization – Phytoaccumulation - Rhizofiltration- Phytovolatilization - Phytodegradation.

Unit  V: Bioremediation of Xenobiotics 



           
Hours: 12
Anoxic/Anaerobic Bioremediation: Anoxic/Anaerobic Processes -Fermentation, Degradation of Xenobiotic – Anoxic/Anaerobic bioremediation of hydrocarbons, Phenols, Chlorophenolic compounds, Polycyclic Aromatic Hydrocarbons (PAH), Heterocyclic Compounds, Cyanide, dyes, Radioactive wastes.

COURSE OUTCOMES

Upon successful completion of the course, the students will be able to: 

87) Describe the metabolic pathways for biodegradation.

88) Recognize the standard bio treatability protocols for biodegradation process.

89) Differentiate the types of bioremediation

90) Illustrate the biodegradation process carried out using plants.
91) Evaluate the process involved in xenobiotic bioremediation

Text Books
92) Pichtel, J. (2014). Waste Management Practices: Municipal, Hazardous, and Industrial, 2nd edition, CRC Press.

93)  Liu, D.H.F and Liptak, B.G (2005). Hazardous Wastes and Solid Wastes, Lewis Publishers.

94) Rajendran, P. & Gunasekaran, P. (2006). Microbial Bioremediation. 1st edition. MJP Publishers.

Supplementary Readings
95) Atlas, R.M & Bartha, R. (2000). Microbial Ecology. Addison Wesley Longman Inc.

96) Singh, S.N. & Tripathi, R.D. (Eds.). (2007). Environmental Bioremediation Technologies. Springer-Verlag.

97) Rathoure, A.K. (Ed.). (2017). Bioremediation: Current Research and Applications. 1st edition. I.K. International Publishing House Pvt. Ltd. 
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	SEMESTER- I

PART-CORE ELECTIVE-I
	22PMIBE15-3: MICROBIAL NANOTECHNOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES

98) To help the students to know about the nanotechnology.

99) To acquire knowledge about synthesis of microbial  nano particles.

100) To make the students to develop the skill to synthesize metal nanoparticles

101) To emphasize the students an awareness about the applications of nanotechnology in various fields.
102) To make the students to realize the various implications of nanotechnology.

Unit  I: Introduction to Nanotechnology 




Hours: 12
History of nanotechnology- Pioneers in nanotechnology- nanoparticles, nano-clusters, nanocomposite, nanotubes, nanowires and emergence of bionanotechnology. Characterization of nanoparticles - UV – Vis Spectroscopy , Electron Microscopic –HRTEM & SEM.

Unit  II: Microbial Nanotechnology





Hours: 12
Microbial synthesis of Nanoparticles - Synthesis of nanodrugs – metal nanoparticles and drug delivery vehicles - Nanoshells - Tectodentrimers Nanoparticle drug systems – Diagnostic applications of nanotechnology.

Unit III: Preparation of Nanomaterials




Hours: 12
Physical and chemical properties of nanoparticles – types, functions – Silver, Gold and Titanium. Electrochemical properties of Nanoscale Materials, Intra-molecular bonding, Inter- molecular bonding, Nano catalysis. Interaction between biomolecules and nanoparticle surfaces.

Unit  IV: Applications of Nano scale in Biology and Medicine
           
Hours: 12
Polymeric, Lipid nanoparticles for drug delivery, Micelles in drug delivery.. Biosensors – protein in Nanotechnology enabled sensors- Nano- sensors based on Nucleotides and DNA Microarrays – cell Biochips – in vitro characterization – in vivo Investigations.

Unit  V: Implications of Nanotechnology 




Hours: 12
Health and safety implications from nanoparticles: Health issues –Environmental issues - Need for regulation – societal implications: Possible military applications - potential benefits and risks for developing countries .

COURSE OUTCOMES

Upon successful completion of the course, the students will be able to:

103)  Explain the  characterization of  nanoparticles
104)  Summarize the applications of Microbial nanotechnology.

105)  Acquire knowledge about preparation of nanobiomaterials .

106)  Discover the applications of nanoscale in biology and medicine.

107)  Examine the  implications of Nanotechnology
Text Books
108) Parthasarathy, B.K. (2007). Introduction to Nanotechnology, Isha Publications.
109) Papazoglou, E & Parthasarathy, A. (2007).  BioNanotechnology.  1st edition. Morgan and Claypool Publishers.

110) Pradeep, T. (2017). A Textbook of Nanoscience and Nanotechnology. 1st edition. McGraw Hill Education.
Supplementary Readings
111)  Rehm, B. (2006). Microbial Bionanotechnology: Biological Self-Assembly Systems and Biopolymer-Based Nanostructures. Horizon Scientific Press.

112) Reisner, D.E. (2009). Bionanotechnology: Global Prospects. CRC Press.

113) Gazit, E. (2006). Plenty of Room for Biology at the Bottom: An Introduction to 

114)  Bionanotechnology. Imperial College Press.
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	SEMESTER: I

PART:OPEN ELECTIVE- I
	22PMICO16-1: ADVANCED TECHNIQUES IN CLINICAL MICROBIOLOGY
	CREDIT:3

HOURS:3/W


COURSE OBJECTIVES 

1. To enable students to understand about laboratory safety measures.

2. To acquire knowledge about sample analysis.

3. To understand the microscopic analysis of clinical samples.

4. To understand about culture methods.

5. To understand about the advanced techniques in clinical microbiology

Unit I Laboratory Safety               





Hours: 9
     Organization of laboratory - Safety precautions in laboratory – Personal hygiene - General health care – Vaccination Schedule for technicians – Laboratory care and cautions –  Do’s and Dont’s – Laboratory accidents – Cuts and wounds – Fire Accidents (Chemical gas, Flammable chemicals, Electrical, Spirit Lamp, Gas) – Chemical burns. 
Unit II Specimen Collection and Transport                                        
Hours: 9
General principles of specimen collection and transport for microbiological examination.

Unit III Microscopic Analysis                                                                           Hours: 9
Microscopic analysis of clinical specimens – Urine, Stool, Sputum, Pus, Blood, CSF and other body fluids. 

Unit IV Culture Methods                                                                                   Hours: 9

Culture methods – Culturing - isolation and identification of pathogens from clinical specimens. Culture media – General purpose media – special media – selective media – differential media – transport media. 

Unit V Advanced Techniques & Automation                      


Hours: 9

ELISA – PCR- Fluorescence Microscopy – Automated culture systems – Automated Blood culture – Automated Urine culture – Automated Antibiotic Sensitivity testing.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 
1. Understand about the safety measures of microbiology laboratory.

2. Analyze the clinical samples.

3. Describe the microscopic analysis of clinical specimens.

4. Discuss about culture techniques.

5. Explain about advanced techniques in clinical microbiology.

Text Books 

115) Reba Kanungo (Ed.). (2022). Ananthanarayan and Paniker’s Text Book of      Microbiology,   11th  Edition. Universities Press (India) Private Limited.

116) Chakraborthy, P. (2005). Text Book of Microbiology 3rd edition.  New Central book Agency Private Limited.

117) Parija, S.C. (2016).  Text Book of Microbiology and Immunology. 3rd edition.     Elsevier India.
Supplementary Readings

118) Tang, Y.W., Stratton, C.W. (2006). Advanced Techniques in Diagnostic Microbiology. Springer.

119) Tille, P. (2017). Bailey and Scott’s Diagnostic Microbiology. 14th edition. Mosby Publishers.

120) Mahon, C.R., Lehman, D.C. & Manuselis, G.  (2014). Text Book of Diagnostic Microbiology. 5th edition. Elsevier-Health.
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	SEMESTER: I

PART:OPEN ELECTIVE- I
	22PMICO16-2: MICROSCOPIC TECHNIQUES IN MICROBIOLOGY
	CREDIT:3

HOURS:3/W


COURSE OBJECTIVES
121) To learn about working principles of microscopes.

122) To understand about the different types of microscope.

123) To acquire knowledge about Fluorescent microscopy.

124) To acquire knowledge about Electron Microscopy.

125) To acquire knowledge about Atomic microscopy.

Unit I: Microscopy
                                                                                          Hours: 9

Introduction – Microscope - Properties of light – wavelength and resolution – Image formation by lens - manipulating the light within the microscope.

Unit II: Types of Microscopes                                                                             Hours: 9

Light Microscope - Bright field microscope, Dark field Microscope and Phase contrast microscope; Preparation of specimens for the light microscope – Principles of staining.

Unit III: Fluorescence Microscopy                                                                      Hours: 9

Fluorescence Microscope – components – principle – types of fluorescence microscope – sample preparation - applications and limitations.

Unit IV: Electron Microscopy                                                                             Hours: 9

Electron Microscopy: Electron beam Principle - Construction and working of TEM (Transmission Electron Microscope), SEM (Scanning Electron Microscope) with their merits, limitations and their application. 

Unit V: Atomic Microscopy                                                                               Hours: 9

Working of AFM (Atomic Force Microscope) and STM (Scanning Tunneling Microscope) with their merits limitations and their applications.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 
126) Understand  the working principles of different kinds of microscopes.

127) Manage to handle different kinds of microscopes.

128) Describe the Fluorecent microscope.

129) Describe the  Electron microscope.

130) Describe the Atomic force microscope.

Text Books 

131) Willey, J., Sherwood, L. & Christopher, J. (2017). Prescott’s Microbiology. 8th edition. McGraw Hill.

132) Talaro, K.P. (2008). Foundations in Microbiology. 6th edition. McGraw Hill Higher Education. 

133) Guy Cox. (2012). Optical imaging Techniques in Cell Biology. 2nd edition. CRC press. 

Supplementary Readings

134) Paurley, J.B. (Ed.). (1995). Handbook of Biological Confocal Microscopy, 2nd edition. New York   Plemum Press. 

135) Walls, J.M. (Ed.). (1990). Method of surface analysis: Techniques and application. Cambridge University Press.

136) Murphy, D.B & Davidson, M.W. (2001). Fundamentals of Light Microscopy and Electronic Imaging. 2nd edition. Wiley-Blackwell.
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	SEMESTER: I

PART:OPEN ELECTIVE- I
	22PMICO16-3: BASICS OF MICROBIOLOGY
	CREDIT:3

HOURS:3/W


COURSE OBJECTIVES
137) To know about the contributions of pioneers in Microbiology.

138) To understand about the working principles of different microscopes.

139) To understand about the bacterial and viral diseases.

140) To gain knowledge about fungal and algal diseases.

141) To gain knowledge about protozoan diseases

Unit I: History of Microbiology                                                          

Hours: 9

Introduction – Scope of microbiology - Major groups of Microorganisms - Conflict over spontaneous generation - Contributions of Antonie van Leeuwenhoek, Louis Pasteur, Robert Koch, Edward Jenner and Alexander Fleming.

Unit II: Microscopy and Specimen Preparation                                            
Hours: 9


Microscopes - Principles and applications – Bright field, Dark field, Fluorescent, Phase contrast & Electron Microscope (TEM and SEM); Stains and staining techniques – Simple staining, Gram staining, Acid-fast staining, endospore staining, flagella staining, capsule staining and metachromatic granule staining.

Unit III: Bacteria And Viruses                                                                             Hours: 9

Bacteria: Morphology of bacteria – Structure and function of bacterial cell – bacterial diseases; Viruses: General characteristics – morphology – multiplication - classification – plant, animal and human viruses - cultivation – viral diseases.

Unit IV: Fungi And Algae                                                       


 Hours: 9

Fungi: General characteristics – morphology – multiplication - classification – cultivation – fungal diseases – industrial uses of fungi. Algae: Structure – classification – specific examples – cultivation – algal toxins – significance of algae. 

Unit V: Protozoa                                                                                   

  Hours: 9

Protozoa: General characteristics – morphology – reproduction - classification – cultivation – protozoan diseases. 
COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 

142) Understand the history of microbiology.

143) Manage to handle different types of microscopes.

144) Identify  bacterial and viral diseases.

145) Identify  fungal and algal diseases.

146) Identify  protozoan diseases.
Text Books 

147) Pelczar J.R., Chan E.C.S., & Krieg R. (2004). Microbiology, 5th edition, Tata McGraw – Hill publish company limited.

148) Willey, J., Sherwood, L. & Christopher, J. (2017). Prescott’s Microbiology. 8th edition. McGraw Hill.

149) Rajan. S & Selvi Christy. (2015). Essentials of Microbiology, Anjanna Book House Publishers.

Supplementary Readings

150) Tortora, G., Funke, B. & Case, C. (2018). Microbiology: An Introduction. 13th      edition. Addison-Wesley. 

151) Black, J.G. & Black, L.J. (2017).  Microbiology: Principles and Explorations.      10th   edition. John  Wiley & Sons, Inc.     

152) Chess, B. (2021). Talaro’s Foundations in Microbiology. 11th edition. McGraw       Hill  Publishing   Company.
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	SEMESTER: II

PART: CORE COURSE - IV
	22PMIBC21: FOOD MICROBIOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES
153) To acquaint the student with basic concepts of food microbiology.

154) To enable students to understand the principles of food preservation.

155) To make the students understand the contamination and spoilage of foods.

156) To enable students to understand foods and enzymes from microorganisms.

157) To make the students familiar with food-borne illness and food sanitation.
Unit I: Food and Microorganisms





Hours: 12

Food as a substrate for microorganisms – Microorganisms important in food microbiology – Contamination of foods – Causes of spoilage – Classification of foods by ease of spoilage - Factors affecting the growth and survival of microorganisms in food.

Unit II: Principles of Food Preservation




Hours: 12

Methods of food preservation – Principles of food preservation – Asepsis – Removal of microorganisms – Maintenance of anaerobic conditions – Preservation by use of high and low temperatures – Preservation by drying, food additives and radiation.

Unit III: Contamination, Preservation and Spoilage of Foods

Hours: 12

Contamination, preservation and spoilage of different kinds of foods: Sugar and sugar products – Vegetables and fruit – Meats and meat products – Fish and other sea foods – Poultry – Eggs - Milk and milk products.

Unit IV: Foods and Enzymes from Microorganisms



Hours: 12

Food fermentations – Bread, Beer, Wine, Vinegar, Fermented vegetables, Cheese, Yoghurt, Soy sauce; Microorganisms as food – Single Cell Protein; Production of enzymes – Amylase, Invertase, Pectolytic enzymes, Proteolytic enzymes and Glucose oxidase

Unit V: Food- Borne Illness, Food Sanitation and Public Health

Hours:  12

Bacterial agents of food borne illness – Staphylococcus aureus, Escherichia coli, Aeromonas hydrophila, Salmonella, Shigella,  Clostridium; Non-bacterial agents of food borne illness – Food-borne parasites, Mycotoxins, Hepatitis A virus, Hepatitis E virus, Gastroenteritis viruses; Investigation of food-borne disease out breaks; Microbiology in food sanitation; Good manufacturing practices, Hazard Analysis and Critical Control Points;  Food Control.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to:

158) Understand the basic concepts of food microbiology.

159) Practice the principles of food preservation.

160) Summarize  about contamination and spoilage of various foods.

161) Understand  about fermented foods.

162) Express about  food-borne illness and food sanitation.
Text Books

163) Frazier.W.C. & Westhoff. D.C. (2017). Food Microbiology. 5th edition. McGraw Hill Education (India) Private Limited.

164) Adams, M.R., Moss, M.O. & McClure, P.J. (2016). Food Microbiology. 4th edition. Royal Society of Chemistry.

165) Foster, W.M. (2016). Food Microbiology. 1st edition. CBS Publishers and Distributors Pvt. Ltd.

Supplementary Readings

166) Jay, J.M., Loessner, M.J. & Golden, D.A. (2006). Modern Food Microbiology. 7th edition. Springer.

167) Matthews, K.R., Kniel, K.E. & Montville, T.J. (2017).  Food Microbiology: An Introduction. 4th edition. ASM Press.

168) John Garbutt. (1997). Essentials of Food Microbiology. 2nd edition. Hodder Education Publishers. 
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	SEMESTER: II

PART: CORE COURSE - V
	22PMIBC22: BACTERIOLOGY AND MYCOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES
169) To make the students familiar with host-parasite relationship.

170) To enable students to understand the diseases caused by Gram positive bacteria.

171) To make the students understand the diseases caused by Gram negative bacteria, Spirochetes, Mycoplasma and Chlamydiae.

172) To enable students to understand the general aspects of medical mycology.

173) To make the students familiar with fungal infections in humans.
Unit I: General Introduction: Medical Bacteriology



Hours: 12

Normal microflora of human body;  Infection – Classification of infections, Sources of infection, Modes of transmission, Factors predisposing to microbial pathogenicity, Types of infectious diseases; Collection and transport of clinical specimens for microbiological examination; Nosocomial infections - Prevention and control of  hospital-acquired infections; Biomedical waste management.

Unit II: Medically Important Gram Positive Bacteria


Hours: 12

Morphology, Cultural Characteristics, Pathogenicity, Laboratory diagnosis, Prophylaxis and Treatment of diseases caused by the following organisms: Staphylococcus aureus, Streptococcus pyogenes, Streptococcus pneumoniae, Corynebacterium diphtheriae, Bacillus anthracis, Bacillus cereus, Clostridium perfringens, Clostridium tetani, Clostridium botulinum, Mycobacterium tuberculosis, Mycobacterium leprae, Actinomycetes.

Unit III: Gram Negative Bacteria and other Groups of Bacteria

Hours: 12

Morphology, Cultural Characteristics, Pathogenicity, Laboratory diagnosis, Prophylaxis and Treatment of diseases caused by the following organisms: Neisseria meningitidis, Neisseria gonorrhoeae, Escherichia coli, Salmonella species, Shigella species, Vibrio cholerae, Pseudomonas aeruginosa, Yersinia pestis, Haemophilus influenzae, Treponema pallidum, Leptospira interrogans, Mycoplasma pneumoniae, Chlamydia trachomatis.
Unit IV: General Introduction: Medical Mycology



Hours: 12

Introduction – General properties and Classification of fungi – Pathogenesis of fungal infection - Laboratory diagnosis of fungal diseases – Mycotoxins and mycetism – Antifungal agents – Testing methods and quality control.

Unit V: Fungal Diseases






 Hours: 12

Superficial mycoses – Pityriasis versicolor, Tinea nigra, Piedra; Cutaneous mycoses – Dermatophytes; Subcutaneous mycoses – Mycetoma, Sporotrichosis, Rhinosporidiosis; Systemic mycoses – Histoplasmosis, Blastomycosis, Opportunistic mycoses – Aspergillosis, Candidiasis, Cryptococcosis.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to:

174) Understand the host-parasite relationship.

175) Identify the diseases caused by Gram positive bacteria.

176) Identify  the diseases caused by Gram negative bacteria and other groups of bacteria.

177) Explain the general aspects of medical mycology.

178) Facilitate knowledge about laboratory diagnosis of fungal diseases.

Text Books

179) Reba Kanungo (Ed.). (2022). Ananthanarayan and Paniker’s Text Book of Microbiology, 11th edition. Universities Press (India) Private Limited.

180) Parija, S.C. (2016).  Text Book of Microbiology and Immunology. 3rd edition. Elsevier India.

181) Barer, M. & Irving, W.L. (Eds.). (2018). Medical Microbiology. 19th edition. Churchill Livingstone.
Supplementary Readings

182) Riedel, S., Morse, S.A., Mietzner, T. & Miller, S. (2019). Jawetz Melnick and Adelberg’s Medical Microbiology. 28th edition, McGraw Hill Professional Publishing.

183) Murray, P., Rosenthal, K. & Pfaller, M. (2020). Medical Microbiology. 9th edition. Elsevier Health Sciences.
184) Jagdish Chander. (2018). Text Book of Medical Mycology. 4th edition. Jaypee Brothers Medical Publishers.
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	SEMESTER: II

PART: CORE COURSE -VI
	22PMIBC23: PARASITOLOGY AND VIROLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES
185) To make the students familiar with the diseases caused by protozoan parasites.

186) To enable students to understand the diseases caused by helminths.

187) To make the students understand the diagnostic methods in parasitology.

188) To enable students to understand the general properties of viruses.

189) To make the students understand the diseases caused by viruses.
Unit I: Protozoology







Hours: 12

Introduction and classification of parasites; Morphology, life cycle, pathogenesis, clinical features, laboratory diagnosis, treatment and prophylaxis of the following parasites: Amoebae – Entamoeba histolytica,  Naegleria fowleri, Acanthamoeba species; Flagellates – Giardia lamblia, Trichomonas vaginalis, Leishmania donovani, Trypanosoma cruzi, Trypanosoma brucei complex; Sporozoa – Malaria parasite, Toxoplasma gondii, Cryptosporidium parvum; Ciliates – Balantidium coli.
Unit II: Helminthology






Hours: 12

Morphology, life cycle, pathogenesis, clinical features, laboratory diagnosis, treatment and prophylaxis of the following parasites: Cestodes - Taenia solium, Taenia saginata, Echinococcus granulosus; Trematodes – Fasciolopsis buski, Schistosoma haematobium, Paragonimus westermani; Nematodes – Ascaris lumbricoides, Ancylostoma duodenale, Necator americanus, Trichuris trichiura, Enterobius vermicularis, Wuchereria bancrofti.
Unit III: Diagnostic Methods in Parasitology 



Hours: 12

Laboratory diagnosis of parasitic diseases: Examination of stool – Direct and concentration methods; Examination of blood; Sputum examination; Urine examination; Cultivation of protozoan parasites; Immunodiagnostic methods; Molecular methods.

Unit IV: General Properties of Viruses




Hours: 12

Introduction to virology – Classification and nomenclature of viruses – Morphology – Viral replication - Cultivation and assay of viruses - Viroids – Prions; Laboratory diagnosis of viral diseases; Antiviral drugs; Viral vaccines.

Unit V: DNA and RNA Viruses





Hours: 12

Pox viruses, Herpes viruses, Adeno viruses, Picornaviruses, Orthomyxoviruses, Paramyxoviruses, Arthropod-borne viruses, Rhabdoviruses, Hepatitis viruses, Rubella virus, Rota virus, Coronaviruses, Oncogenic viruses, Human Immunodeficiency Virus.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to:

190) Understand the diseases caused by protozoan parasites.

191) Discriminate the diseases caused by cestodes, trematodes and nematodes. 

192) Develop knowledge about the laboratory diagnosis of parasitic diseases.

193) Explain about the properties of viruses.

194) Explain about the diseases caused by DNA and RNA viruses.
Text Books

195) Sougata Ghosh (Ed.). (2018). Paniker’s Text Book of Medical Parasitology. 8th edition, Jaypee Brothers Medical Publishers Private Limited.

196) Reba Kanungo (Ed.). (2022). Ananthanarayan and Paniker’s Text Book of Microbiology, 11th edition, Universities Press (India) Private Limited.

197) Riedel, S., Morse, S.A., Mietzner, T. & Miller, S. (2019). Jawetz Melnick and Adelberg’s Medical Microbiology. 28th edition. McGraw Hill Professional Publishing.
Supplementary Readings

198) Parija, S.C. (2013). Text Book of Medical Parasitology: Protozoology and Helminthology. 4th edition. All India Publishers and Distributors.

199) Barer, M. & Irving, W.L. (Eds.). (2018). Medical Microbiology. 19th edition. Churchill Livingstone.

200) Flint, J., Racaniello, V.R., Rall, G.F., Hatziioannou, T. & Skalka, A.M. (2020). Principles of Virology, 5th edition. Wiley.
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	SEMESTER: II

PART: CORE PRACTICAL – II
	22PMIBP24: PRACTICAL II

(FOOD MICROBIOLOGY, BACTERIOLOGY, MYCOLOGY, PARASITOLOGY AND VIROLOGY)
	CREDIT:4

HOURS:12/W


COURSE OBJECTIVES
201) To make the students familiar with microbiological examination of food and dairy products.

202) To enable students to understand the laboratory diagnosis of bacterial diseases.

203) To make the students understand the diagnostic methods in medical mycology.

204) To enable students to understand the laboratory diagnosis of parasitic diseases.

205) To make the students understand the techniques in virology.

Food Microbiology

206) Enumeration of bacteria in milk by Breed count.

207) Quantitative analysis of milk by standard plate count method.

208) Determination of quality of milk sample by Methylene blue reduction test.

209) Determination of quality of milk sample by Resazurin test.

210) Microbiological analysis of food products.

211) Detection of bacteria in spoiled tinned food.

Bacteriology

212) Collection and transport of specimens for microbiological examination.

213) Isolation and identification of pathogenic bacteria from clinical specimens.

214) Staphylococcus aureus

215) Escherichia coli

216) Klebsiella pneumoniae

217) Proteus mirabilis

218) Pseudomonas aeruginosa

219) Salmonella Typhi

220) Antibiotic sensitivity test by Kirby-Bauer disc diffusion method.

Mycology

221) Microscopic examination of clinical specimens by KOH preparation.

222) Microscopic examination of clinical specimens by India ink / Nigrosin preparation.

223) Cultivation of fungi – Aspergillus, Penicillium and Dermatophytes.

224) Lactophenol cotton blue mount for identification of fungi.

225) Slide culture technique.

226) Germ tube test.

227) Carbohydrate assimilation test.

Parasitology

228) Stool examination: Saline wet mount and Iodine wet mount.

229) Concentration of stool for parasites.

230) Examination of blood for detection of malarial parasites.

Virology

231) Egg inoculation techniques (All routes).

232) Isolation of bacteriophage from natural sources.

233) Observation of viral inclusion bodies.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to:

234) Explain the microbiological analysis of food and dairy products.

235) Analyze and identify bacterial pathogens from clinical specimens.

236) Analyze and Identify fungal pathogens from clinical specimens.

237) Develop knowledge about diagnostic methods in parasitology.

238) Develop knowledge about the techniques in virology.

Text Books
239) Aneja, K.R. (2018). Laboratory Manual of Microbiology and Biotechnology. 2nd edition. MedTech.

240) Dubey, R.C. & Maheshwari, D.K. (2006). Practical Microbiology. Revised edition. S.Chand & Company Ltd.

241) Rajan.S. & Selvi Christy, R. (2019). Experimental Procedures in Life Sciences. CBS Publishers & Distributors.
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	SEMESTER-II

PART-CORE ELECTIVE- II
	22PMIBE25-1:  MICROBIAL INOCULANTS AND MUSHROOM TECHNOLOGY
	CREDITS:4

HOURS:4/W


COURSE OBJECTIVES
242) To learn about the different types of bio inoculants and its mass production. 

243) To  learn about  the types of fungal bio inoculants.

244) To enable the students to differentiate between the edible and poisonous Mushroom. 

245) To help the students to develop the skill and other requisites for mushroom cultivation 

246) To enable the students to find out the various research institutions involved in mushroom cultivation. 

Unit I: Bacterial Bio inoculants 




              Hours: 12

Introduction to Bio inoculants– types of bio inoculants– Biological nitrogen fixation- Importance of bio fertilizers. Cyanobacterial bio fertilizers - Isolation, identification and mass cultivation of BGA. Bacterial Bio fertilizers- Isolation, identification and mass cultivation of Free living forms: Azotobacter, Azospirillum: Symbiotic forms: Rhizobium-legume association.

Unit- II: Fungal Bioinoculants, P-Solubilizers and P-Mobilizers

Hours: 12
Mycorrhizae- types of mycorrhizae -Mechanisms of ‘P’ mobilizers – AM Fungi characters –Phosphate solubilizing bacteria – Mechanism of ‘P’ solubilization

Unit- III:   Mushroom and its Types 





Hours: 12

History of mushroom cultivation- General account on mushroom morphology – commonly cultivated mushrooms worldwide. Types of mushrooms: edible and poisonous mushrooms.

Unit IV: Mushroom Cultivation





Hours: 12
Mushroom morphology-Raising pure culture and spawn preparation - Cultivation of 

Agaricus bisporus and Volvariella volvaceae.

Unit V Mushroom Research and Development 



Hours: 12
National and International agencies - Present status of mushroom industry in India – Novel technologies for preservation -Marketing values in India.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 

247) Recognize the importance of microbial inoculants and bio fertilizers in agriculture.

248) Understand the applications of Mycorrhizae and Phosphate solubilizing bacteria.

249) Differentiate types of mushrooms cultivated around the world.
250) Discuss the cultivation of different types of mushroom.
251) Analyse the market value of Mushroom.

Text Books
252) Biswas, S., Datta, M. &  Ngachan, S.V. (2012).  Mushrooms: A Manual for Cultivation. Prentice Hall of India Private Ltd.

253) Dhar & Kaul, (2007). Biology and Cultivation of Edible Mushrooms.  Westville Publishing House.

254) Mahendra Rai. (2006). Handbook of Microbial Biofertilizers. CRC Press.

Supplementary Readings

255) Rao, N.S. (2007). Biofertilizers in Agriculture. Oxford & IBH Publishing Company Pvt. Ltd.

256) Totawat, K.L., Somani, L.L., Sharma, R.A. & Maloo, S.R. (2008). Biofertilizer Technology. Agrotech Publishing Academy. 

257) Suman, B.C. & Sharma, V.P. (2007). Mushroom Cultivation in India. 1st edition. Daya Publishing House. 
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	SEMESTER-II

PART-CORE ELECTIVE-II
	22PMIBE25-2 : MICROBIAL DIVERSITY AND EXTREMOPHILES
	CREDITS:4                                                                                                                     HOURS:4/W


COURSE OBJECTIVES
258) To learn the concept of microbial diversity.

259) To make the students to develop skills to culture microbes from diverse environment.

260) To learn and understand the habitat of methanogens and their applications.

261) To understand the adaptations of microbes in extreme pH.

262) To create an awareness about the microbial life in space.

Unit I: Microbial Diversity






Hours: 12
Biodiversity- Introduction to microbial biodiversity - distribution, abundance, Ecological niche. 

Types - Bacterial, Archael and Eucaryotes.

Unit II: Molecular methods  






 Hours: 12
Uncultivable and culturable bacteria - conventional and molecular methods of studying microbial diversity – RFLP, RAPD, AFLP and BOX-PCR.

Unit III:  Extremophilic Archaebacteria




 Hours: 12

Characteristics and classification of Archaebacteria. Thermophiles and hyper thermophiles Habitats and ecological aspects.  Biotechnological applications of thermozymes. Methanogens: Classification, habitats and their applications.

Unit IV:  Alkalophiles and Acidophiles




 Hours: 12
Alkalophiles Classification, alkaline environment, soda lakes and deserts- adaptations and applications.  Acidophiles - Classification, adaptations and applications of acidozymes. Halophiles and  Barophiles –their adaptations and applications. 

Unit V: Space Microbiology 






 Hours: 12
Space Microbiology- Aims and objectives of space research. Life detection methods Evidence of metabolism (Gulliver) - Evidence of photosynthesis (autotrophic and heterotrophic) – ATP production - Phosphate uptake - Sulphur uptake. Martian environment (atmosphere, climate and other details).

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 

263) Observe the microbial diversity in nature.

264) Discuss the molecular methods to detect the microbes of various diversity.

265) Explain the characteristics of microorganisms in extreme high temperature.

266) Describe about adaptations of acidophiles, halophiles and their applications.

267) Discover the microbial life in space.

Text Books

268) Gerday, C. & Glansdorff, N. (2007). Physiology and Biochemistry of     Extremophiles. ASM Press.

269) Anitori, R.P. (2012).  Extremophiles:  Microbiology and Biotechnology, Caister     Academic Press.

270) Singh, O.V. (2012). Extremophiles:  Sustainable Resources and Biotechnological     Implications. Wiley-   Blackwell.

Supplementary Readings

271) Breidahl, H.  (2001). Extremophiles: Life in Extreme Environments. Chelsea Clubhouse. 

272) Raniney, F & Oren, A. (2006). Extremophiles: Methods in Microbiology. Academic Press. 

273) Horikoshi, K & Tsujii, K. (2012). Extremophiles in Deep-sea environments. Springer. 
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	SEMESTER-II

PART-CORE ELECTIVE- II
	22PMIBE 25-3: ENVIRONMENTAL MICROBIAL TECHNOLOGY
	CREDITS:4

HOURS:4/W


COURSE OBJECTIVES
274) To provide a fundamental knowledge about the structure and function of ecosystem.
275) To realize the impact of water pollution on environment.

276) To help the students to understand about the transmission of airborne diseases.

277) To make the students to understand the microbial technology involved in waste treatment.

278) To provide an understanding of microbial degradation of hydrocarbons.

Unit I: Ecosystems 







Hours: 12

Environment and Ecosystems - Definitions, biotic and abiotic environment.  Environmental segments. Composition and structure of environment. Concept of biosphere, communities and ecosystems. Ecosystem characteristics structure and function. Food chains, food webs and tropic  structures. Ecological pyramids.

Unit II: Water Pollution and Eutrophication                              

Hours: 12
Water pollution - causes and effects. Eutrophication: Definition- causes and effects of  eutrophication on the quality of water environment - Microbial changes in eutrophic bodies of water  induced by various inorganic pollutants- Factors influencing eutrophication- Algal blooms: their effects  and toxicity. Physico-chemical and biological measures to control eutrophication.

Unit III: Aerobiology               





    
Hours: 12
Aerobiology -Droplet nuclei, aerosol, assessment of air quality by solid and liquid - impingement methods – Diseases caused by airborne microbes.

Unit  IV: Waste Treatment Techniques                                                          Hours: 12
Waste treatment techniques -Wastes - types - solid and liquid wastes characterization - solid – liquid; treatments - physical, chemical, biological - aerobic -anaerobic - primary - secondary - tertiary; solid waste treatment - Saccharification - Gasification – Composting. Liquid waste treatment – Trickling filter - Activated sludge – Oxidation pond - Oxidation ditch. 

Unit V: Microbiology of Degradation                     



Hours: 12
Microbial degradation of xenobiotics in the environment- hydrocarbons, substituted hydrocarbons, oil pollution, surfactants and pesticides. Release of Genetically Modified Organisms and its environmental impact assessment and ethical issues.

COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 

279) Understand  the components of ecosystems

280) Focus the cause of water pollution and its effects.

281) Understand the various assessment techniques of air quality.

282) Describe about different sewage treatment methods employed in waste water     treatment.

283) Explain the microbial degradation process.

Text Books

284) Crawford, R.L. (2005). Bioremediation:  Principles and Applications Biotechnology Research). 

285) Cambridge University Press.

286) Mc Eldowney, S. Hardman D.J. & Waite, S. (1993).  Pollution: Ecology and Biotreatment. 

287) Longman Scientific and Technical.

288) Glymph, T. (2005). Wastewater Microbiology: A Handbook for Operators. American 

289) Waterworks Association. 

Supplementary Readings

290) Bhattacharyya, B.C & Banerjee R. (2007) Environmental Biotechnology. Oxford University Press

291) Lawrence, P., Wacekett, C. & Hershberger, D. (2001). Biocatalysis and Biodegradation:  Microbial transformation of organic compounds. ASM Publications.

292) Hurst, C.J.  (2007). A Manual of Environmental Microbiology. 2nd edition. ASM Publications.
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	SEMESTER III

PART: CORE COURSE VII
	22PMICC31: PHARMACEUTICAL  MICROBIOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES: 

293) To gain knowledge about the pharmaceuticals. 

294) To know about vaccine and their types.

295) To understand the mode of action of antibiotics.

296) To gain knowledge about preservation of pharmaceutical products..
297) To know about Quality Assurance and Validation.  
Unit I:  Biopharmaceuticals                                                                    

Hours: 12

          Define - pharmaceuticals ,  Introduction Sources- biopharmaceuticals  in  production  and  research,  Cytokines, Hormones,  Blood  products,  Therapeutic  enzymes  (Asparaginase,  Streptokinase, β-Lactamase),  Antibiotics  (Aminoglycosides,  Tetracyclines) Application of microbial enzymes in pharmaceuticals. Synthetic  antimicrobial agents  - Chloramphenicol,  Sulphonamides  and  Quinolinone  antimicrobial  agents, Antifungal antibiotics, Antitumor substances, Chemical disinfectants, Antiseptics and Preservatives. Biosensors in pharmaceuticals. Application of microbial enzymes in pharmaceuticals. 

UNIT II:  Vaccines                                                                                      

Hours: 12

New vaccine technology, Types of vaccines- DNA vaccines, Synthetic peptide vaccines, Multivalent subunit vaccines, RNA vaccine, Toxoid, Viral vector vaccine and vaccine clinical trials. Production of pharmaceutical compounds through microbes - TPA. Insulin. Recombinant Vaccines.

Unit III:  Mechanism and Action of Antimicrobial Agents                 

Hours: 12

Mechanism and action of antibiotics (Inhibitors of cell wall synthesis, Nucleic acid and protein synthesis).  Molecular principles of drug targeting.  Bacterial resistance to antibiotics. Mode of action of bacterial killing by Quinolinones. Mode of action of non – antibiotic antimicrobial agents.  Penetrating  defenses  (Cellular permeability  barrier,  Cellular  transport  system  and  Drug  diffusion).  Microbial contamination  and  spoilage  of  pharmaceutical  products  (Parenteral  and  Non parenteral, Ophthalmic preparations and Implants).
UNIT IV: Preservation of Pharmaceutical Products                                 

Hours: 12

 
Objectives of preservation, Principles of preservation, Development of a Preservative System- components of the formulation: Properties of the Preservatives. The ideal preservative, rational development of a product preservative system -Preservative monograph. Preservative stability and efficacy, Methods of Preservative evaluation and testing.
UNIT V: Quality Assurance and Validation                                             

Hours: 12

Quality Assurance and Validation - Regulatory  aspects  of  Quality  Control (QC),  Quality  Assurance  (QA),  Quality  Management  (QM),  Current  Good Manufacturing  Practices  (CGMP),  Good  Laboratory  Practices  (GLP)  and  CMP  in Pharma Industry. ISO9000, WHO, USFDA certification. Microbial Limit test of pharma products.  Sterility  testing, Pyrogen testing and LAL test  of  Sterile pharma products. Sterilization  - heat,  D  - value,  Z  - value  and  Survival  curve,  Radioactive, Gaseous and  Filtration. Chemical and  biological indicators.  Designing layout for microbiology laboratory and Safety in microbiology laboratory. Market planning.

COURSE OUTCOMES

Upon successful completion of the course, the students will be able to: 

298) Illustrate the production of antibiotics, enzymes, and synthetic antimicrobial agents. 

299) Explain the  production of  pharmaceutical compounds using microbes.

300) Understand the mode of action of antibiotics and bacterial resistance to antibiotics.

301) Explain about preservation of  pharmaceutical products.

302) Create knowledge about quality assurance and validation.

Text Books

303) Denyer, S.P., Hodges, N., Gorman, S.P. & Gilmore, B.F. (2013). Hugo and Russells’s Pharmaceutical Microbiology. 8th edition. Wiley-Blackwell.
304) Balasubramanian, D., Bryce C.F.A., Dharmalingam, K., Green, J, & Jayaraman, K. (1996). Concepts in Biotechnology, University Press (India) Pvt. Ltd.

305) Satyanarayana, U. (2005). Biotechnology, Books and Allied (P) Ltd, Kolkata.

Supplementary Readings

306) Purohit, S.S., Saluja, A.K. & Kakrani, H.N. (2008). Pharmaceutical Microbiology. Agrobios (India).

307) Ashutosh Kar. (2008). Pharmaceutical Microbiology. New Age International Private Ltd.

308) Ghosh, M.N. (2008). Fundamentals of Experimental Pharmacology. 6th edition. Hilton & Company.
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	SEMESTER III

PART: CORE COURSE -VIII
	22PMICC32: BIOPROCESS TECHNOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES: 

1. To gain knowledge about the principles of fermentation.

2. To understand the fermentor design and types of fermentors.
3. To understand the mass transfers in bioreactors.

4. To gain knowledge about production of therapeutic compounds.
5. To gain knowledge about product recovery.
Unit I: Fermentation Process                                                         

Hours: 12
Concept of fermentation process – The range of fermentation process, Chronological development - Component parts of fermentation process - Types of fermentation.

Unit II: Fermentors                                                        


Hours: 12
Fermentor  design - Body construction, Individual  parts,  Fermentors - Stirred tank,  Bubble  column,  Air  lift,  Tower  Fermentors,  CSTR.  Computers in bioprocess control.  Bioprocess control - Control of pH, Aerator, Agitator and Temperature - Computer application in fermentation technology.

Unit III: Mass Transfer and Types                                                       
Hours: 12
Mass transfer in bioreactor.  Gas liquid exchange - Mass transfer - Heat transfer - O2 transfer - Stirring and mixing - Newtonian, Non Newtonian fluids – Effect of viscosity Scale up, Scale down.

Unit IV: Production of Therapeutic Compounds                               
Hours: 12
Microbial  production  of  therapeutic  compounds  (Antibiotics)  - Bioplastics (PHB  &  PHA)  - Biopolymer  (Xanthan)  – Nanotechnology  - Biological  synthesis  of nanoparticles  - Types  of  nanoparticles - Characterization  studies  (UV-Visible spectroscopy, FTIR, SEM, TEM, XRD analysis) - Advantages and disadvantages of microbial synthesis of nanoparticles.
Unit V: Downstream Processing                                                                
Hours: 12
Downstream processing - Recovery of intracellular and extracellular products - Biomass  separation  by  centrifugation,  Filtration,  Flocculation  and  other  recent developments,  Cell  disintegration  - Physical,  Chemical  and  Enzymatic  methods. Extraction - Solvent, Two phase, Liquid extraction, Whole broth, Aqueous multiphase extraction - Purification by different methods. Concentration by precipitation, Ultra filtration, Reverse osmosis. Drying and Crystallization.
COURSE OUTCOMES: 

Upon successful completion of the course, the students will be able to: 

309) Understand the principles of fermentation and types of fermentation.

310) Apply knowledge to design the fermentor. 

311) Estimate the Mass Transfer in bioreactor. 

312) Formulate the therapeutic compounds.

313) Describe about product recovery.

Text Books
314) Waites, M.J., Morgan, N.L., Rockey, J.S. & Higton, G. (2021). Industrial Microbiology: An Introduction. Blackwell Science.

315) Patel, A.H. (2011). Industrial Microbiology. 2nd edition. Laxmi Publications.

316) Casida, L.E. (2019). Industrial Microbiology. 2nd edition. New Age International Publishers.

Supplementary Readings
317) Stanbury, P., Whitaker, A. & Hall, S.J. (2016). Principles of Fermentation Technology. 3rd edition. Butterworth-Heinemann Publications.

318) Prescott, S.C., Dunn, C.G. & Reed, G. (1982). Prescott and Dunn’s Industrial Microbiology. 4th edition. AVI Publishing Company. 

319) Anuj Kumar Rana. (2015). Down Stream Processing Techniques in Biotechnology. Global Vision Publishing House. 
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	SEMESTER III

PART: CORE COURSE -IX
	22PMICC33: RESEARCH METHODOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES: 

320) To gain knowledge about citations and impact factor.

321)  To gain knowledge about preparing research report.

322) To gain knowledge about general laboratory procedures.

323) To gain knowledge about statistical analysis.

324) To gain knowledge about ethical committee and laboratory animal management.  

Unit I: Research                                                                                                 Hours: 12
Definition - Literature Collection - Literature Citation - Experimental designs - Major search engines - Major Websites - Impact factor, Citation index, h-index, i-10 index, Scopus, Web of science - book and scientific information - Identification, Selection and formulation of research problem. 

Unit II: Research Report                                                                                   Hours: 12

Components of a Research Report - Authors and Addresses – Abstract – Synopsis - Key words - Introduction - Materials and Methods – Results – Discussion - Acknowledgements - Summary and Conclusions – Appendices –References - Title - Tables - Figures - Formatting and Typing- Plagiarism.

Unit III:  General Laboratory Procedures                                                      
Hours: 12                                     

 pH, Buffers, Electrodes and Biosensors - Estimation of Carbohydrates (Bradford Method), Protein (Lowry Method), Lipid (Soxhlet Method), Nucleic Acid (Spectrophotometry) and Techniques for sample preparation.

Unit IV:  Collection of Data                                                                              
Hours: 12

Primary data and secondary data - Data collection methods - Relevancies - Limitations and cautions. Measures of central tendency: Arithmetic Mean, Median, Mode, Geometric Mean and Harmonic Mean. Measures of Dispersion: Range, Quartile Deviation, Mean Deviation, Standard Deviation and Coefficient of Variation- Correlation analysis.

Unit V: Biological Research                                                                            
Hours: 12

Institutional ethical committee - Animal ethical committee - Use of laboratory animals in research- Laboratory animal management.

COURSE OUTCOMES: 
Upon successful completion of the course, the students will be able to: 

325) Express knowledge about Literature collection, Citation and Experimental design.

326) Explain about Thesis writing, Article writing and Research paper Publication.

327) Illustrate the  general laboratory procedures. 

328) Analyze the data  and carry out statistical analysis of data.

329) Evaluate the role of ethical committee and management of lab animals.
Text Books

1. Gurumani, N. (2006). Research Methodology for Biological Sciences. MJP Publishers.

2. Gupta, S.P. (2021). Statistical Methods. 46th edition. Sultan Chand & Sons.

3. Gurumani, N. (2011). An Introduction to Biostatistics.2nd edition.  MJP Publishers. 

Supplementary Readings
330) Singh, Y. K. (2006). Fundamental of Research Methodology and Statistics. New International (P) Limited.

331) Singh, Y.K. & Bajpai, R.B. (2008). Research Methodology Data Presentation. APH Publishing Corporation.

332) Anthony, M., Graziano, A.M. & Raulin, M.L. (2009). Research Methods: A Process of Inquiry, Allyn and Bacon.
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	SEMESTER - III

PART: CORE PRACTICAL-III
	22PMICP34: CORE PRACTICAL - III

(PHARMACEUTICAL MICROBIOLOGY, BIOPROCESS TECHNOLOGY AND RESEARCH METHODOLOGY)
	CREDIT:4
HOURS:11/W


COURSE OBJECTIVES

1. To make the students familiar with production of antibiotics.

2. To enable students to understand antimicrobial activity of a chemical compounds.

3. To make the students understand the production of wine and alcohol through fermentation.

4. To enable students to understand the estimation of proteins and carbohydrates.

5. To make the students understand the statistical based sample analysis.
Pharmaceutical Microbiology
333) Isolation of antibiotic producer by crowded plate technique.
334) Sterility testing of injectables and ophthalmic preparations.

335) Determination of microbial load in non-sterile pharmaceuticals (syrups, creams and ointments).
336) Evaluating the effectiveness of chemical agents by Phenol coefficient test.

337) Microbiological quality of air in sterile areas.

Bioprocess Technology
338) Wine production- Total acidity, alcohol estimation and sugar estimation.

339) Production and quantification of alcohol.
340) Production and quantification of protease.
341) Production and quantification of amylase.
342) Production and quantification of lipase.
Research Methodology

343) pH measurements.
344) Preparation of molar solutions.
345) Protein estimation (Lowry’s method / Bradford method).
346) Estimation of carbohydrates.
347) Data analysis – Mean, Median and Mode.

COURSE OUTCOMES

Upon successful completion of the course, the students will be able to: 

348) Explain about antibiotic production.
349) Analyze about antimicrobial activity of a chemical compound.
350) Estimate the production of wine and alcohol.
351) Evaluate  protein  and carbohydrate estimation.
352) Develop knowledge about statistical analysis of data.
Supplementary Readings
353) Aneja, K.R. (2018). Laboratory Manual of Microbiology and Biotechnology. 2nd edition. MedTech.

354) Dubey, R.C. & Maheshwari, D.K. (2006). Practical Microbiology. Revised edition. S.Chand & Company Ltd.

355) Rajan.S. & Selvi Christy, R. (2019). Experimental Procedures in Life Sciences. CBS Publishers & Distributors.
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	SEMESTER: III

PART: CORE

ELECTIVE - III A
	22PMICE35-1 : VERMICULTURE AND VERMITECHNOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES

	      1. To gain knowledge about the concepts of vermicomposting.
      2. To gain knowledge about soil properties.
      3. To enable knowledge about earthworm biology.
      4. To gain knowledge about the types of composting.
      5. To gain knowledge about vermicompost quality.



Unit I: Introduction and History
                                     
                       Hours:12                      
  History of composting – History of vermiculture - Materials required for vermicomposting - Methods of vermicomposting – advantages.
Unit II:  Soil Properties
                                                                        
Hours: 12
 
Physical properties of soil - soil colour, soil moisture, soil temperature, bulk density of soil, chemical properties of soil,  PH, Electrical conductivity, organic, Nitrogen, Phosphate and potash.


Unit III: Biology of Earth Worms
                                                            Hours: 12

 
Soil biota - Earthworms - Ecological classification of earth worms as Epigeics – Introduction  to earthworm biology - Physical and chemical effects of earth worms on soils - Role of earthworms in soil - Classification of earthworms based on ecological strategies- Burrowing activity of earth worms - Drilospheres - Microorganisms and their relationship with earthworms.

Unit IV: Composting                                                                                       Hours:12
 Composting - anaerobic composting, aerobic composting, types of composting, 

vermicompost earthworm species used in vermicompost production - endemic species, exotic species.
Unit V: Vermiculture                                                                                       Hours: 12
Vermicompost - setting up vermicompost quality N, P, K, C, N, Microbial quality applications - vermiculture – vermiwash - Role of vermicompost in organic farming - its quality and advantages over  chemical inputs. Earthworms in Bio - reclamation of soil. Problems in vermiculture units – remedial suggestions. Vermicomposting as a tool for solid waste management – a small scale industry and its economics.





COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 
356) Describe about Vermicomposting process.

357) Examine the characteristics of soil. 

358) Discuss the role of earthworms in soil

359) Express about the production methods of composting. 

360) Understand the utilization of earthworms in vermicompost production.

Text Books 
361) Nicholas Whitley (2015). The Application of Geology to Agriculture, Palala Press.

362) Chaudhari, P.S. (2016). Biology and Ecology of Tropical Earthworms, Discovery Publishing House Pvt. Ltd. 

363) Satchell, J.E. (2012). Earthworm Ecology: From Darwin to Agriculture. Chapman and Hall.
Supplementary Readings
364) Dash, M.C. (2012). Charles Darwin's Plough Tool for Vermitechnology. I K International Publishing House Private Ltd.
365) Thomas J. Barrett. (2018). Harnessing the Earthworm, Forgotten Books.

366) Yadav, S & Singh, V.K. (2014). Vermitechnology: Rebuilding of Sustainable Rural Livelihoods. Nova Science Publishers.
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	SEMESTER: III

PART: CORE

ELECTIVE - III B
	22PMICE35-2 : IPR, BIOSAFETY AND BIOETHICS
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES

367) To enable students to know about basic concepts of Intellectual Property Rights. 
368) To make students understand about Agreements and Treaties.
369) To make students understand about Patents.

370) To enable awareness about the biosafety. 
371) To understand about basic bioethics.

Unit I:  IPR - Types And Functions                                                          Hours: 12
Introduction – Intellectual Property Rights in microbiology - Types: Patents, Trademarks, Copyright and Trade secrets Industrial Design, Traditional Knowledge, Geographical Indications, IP as a factor in R&D; Case Studies WTO - Definition - Functions - Forms of IPR Protection.

Unit II: Agreements And Treaties                                                            Hours: 12
Agreements and Treaties - History of GATT & TRIPS Agreement; Madrid Agreement;
Hague Agreement; WIPO Treaties; Budapest Treaty; PCT; Indian Patent Act 1970 & Recent amendments.
Unit III: Applications of Patents                                                               Hours: 12
Basics of Patents and Concept of Prior Art IPR & edits. Introduction to Patents; Types of  Patent Applications: Ordinary, PCT, Conventional, Divisional and Patent of Addition; Specifications: Provisional and Complete; Process of Patenting, Indian and International Agencies Involved in IPR & Patenting, Global Scenario of Patents and India’s Position, Patenting of biological material, GLP, GMP.





Unit IV: Biosafety                                                                                      Hours: 12
Biosafety – Introduction. Different levels of biosafety. Guidelines for Recombinant DNA Research Activities in Microorganisms. Good Laboratory Practices (GLP). Containments – Types - Basic laboratory and Maximum containment  microbiology laboratory research.


Unit V: Bioethics                                                                                       Hours: 12
Bioethics - Definition – Principles of Bio ethics – General Issues Related to Environmental release of Genetically Modified Microorganisms. Ethical Issues Related to the use of Animal as Models for Microbial Diseases - Animal ethics Norms in India - Licensing of Animal House - Ethical Clearance Norms for Conducting Studies on Human Subjects. Ethical Issues Related to Research in Embryonic Stem Cell Cloning.






COURSE OUTCOMES:

Upon successful completion of the course, the students will be able to:
372) Understand the concepts, criteria and importance of IPR and patents. 
373) Advertise agreements, treaties and recent amendments.
374) Explain logics and concepts of patents. 
375) Deduce biosafety practices in the laboratory. 
376) Explain the principles of bioethics.
Text Books 
377) John Bryant (2005). Bioethics for Scientists. John Wiley and Sons.
378) Kankanala, K.C. (2007). Genetic Patent Law & Strategy, 1st edition, Manupatra Information

379) Solution Pvt. Ltd.

380) Joshi, R.M. (2006). Biosafety and Bioethics. 1st edition. Gyan Books.
Supplementary Readings
381) Lenk, C., Hoppe, N. & Andorno, R. (2013). Ethics and Law of Intellectual Property: Current Problems in Politics, Science and Technology, Ashgate Publisher Private Ltd.

382) Thiele, F. & Ashcroft, R.E. (2005). Bioethics in a Small World. Springer.

383) Goel, D. & Parashar, S. (2013). IPR, Biosafety and Bioethics. Pearson Education India.

OUTCOME MAPPING

	COURSE OUTCOME
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	SEMESTER: III

PART:CORE ELECTIVE-III C
	22PMICE35-3: PUBLIC HEALTH MICROBIOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES:

384) To make the student to understand the basic concept of public health.
385) To make students aware of Air borne infections.

386)  To make students aware of Water borne infections.

387) To make students aware of Food borne infections.

388) To make students aware of Nosocomial infections.

Unit I: Importance of Public Health Microbiology                                           Hours: 12
Introduction to public health: definition, scope, concept and importance of public health microbiology – Roles of microbiologist in public health.






Unit II: Air Borne Infections                                                                                     Hours: 12
Air borne infections: air and its composition – indoor air – outdoor air -air borne disease – Bacterial, viral and fungal - AQI - air sanitation.







Unit III: Water Borne Infections                                                                        Hours: 12
Water borne infections: Indicator organism – water treatment, water borne diseases - viral, Bacterial and protozoan – Control of water borne diseases.





Unit IV: Food Borne Infections                                                                         Hours: 12
Food borne infections: Definition and importance of food hygiene – Role of microorganisms  in food spoilage and poisoning – Food borne diseases – Types of food borne diseases.
Unit V: Nosocomial Infection                                                                            Hours: 12
Nosocomial infection- Bacterial, Viral and Fungal- Biomedical waste disposal - Monitoring of sanitation in community – Techniques used for the diagnosis of hospital acquired infection.
COURSE OUTCOMES:

Upon successful completion of the course, the students will be able to: 
389) Describe the basic concepts of public health.

390) Identify the outbreaks of communicable diseases. 

391) Express awareness about Prevention of disease.

392) Employ hygienic practices in food preparation. 

393) Understand about hospital acquired infection.

Text Books 

	394) Ghimire, P. & Parajuli, K. (2005) A Text Book of Microbiology, Vidhyarthi Pustak Bhandar Publication, Kathmandu. 

395) Brownson, R.C., Baker, E.A., Leet T.L. & Follespie K.N. (2003) Evidence Based Public Health. Oxford University Press.
396) Burlage, R.S. (2012). Principles of Public Health Microbiology. 1st edition. Jones & Bartlett Learning.


Supplementary Readings
397) Engelkirk, P.G. & Engelkirk, J.D. (2015). Burton’s Microbiology for the Health Sciences, 10th edition. Wolters Kluwer Health. 

398) Park, K. (2017). Park’s Text Book of Preventive and Social Medicine. Banarsidas Bhanot Publishers. 

399) Jay. J.M., Loessner, M.J. & Golden D.A. (2005). Modern Food Microbiology, 7th edition. Springer.
OUTCOME MAPPING
	COURSE OUTCOME
	PROGRAMME OUTCOME

	
	PO1
	PO2
	PO3
	PO4
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	3
	3
	3
	3
	2
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	3
	3
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	3
	3
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	3
	2


	SEMESTER III

PART: OPEN ELECTIVE - IIIA
	22PMICO36-1: FOOD PROCESSING TECHNOLOGY
	CREDIT:3
HOURS:3/W


COURSE  OBJECTIVES

400) To learn the basic concepts of  food preservation.

401) To impart knowledge on the process such as freezing and drying.

402) To gain knowledge about use of radiation in food processing 

403) To enable the students to understand the importance of packaging in food                 preservation

404) To get acquaintance to the latest technologies in  food  preservation methods

Unit I: Preservation of Food                                                                              Hours: 9

Aim and objectives of preservation, classification of foods based on perishability - methods of food preservation – principles of food preservation - asepsis – removal of microorganisms – maintenance of anaerobic conditions.

Unit II: Effect of Freezing and Drying on Foods                                              Hours: 9

Cold preservation – Freezing: Requirements of refrigerated storage - controlled low temperature, air circulation and humidity, changes in food during refrigerated storage, progressive freezing, changes during freezing – Dehydration. Normal drying curve, effect of food properties on dehydration, change in food during drying, drying methods and equipments. 

Unit III: Irradiation of Food                                                                                  Hours: 9

Food irradiation and microwave heating. Ionizing radiation and sources, unit of radiations, direct and indirect radiation effects, safety and wholesomeness of irradiated food. Microwave heating and application. 

Unit IV: Packaging of Foods                                                                                Hours: 9

 
Properties of packaging material, factors determining the packaging requirements of various foods and brief description of packaging of frozen products, dried products, fats and oils and thermally processed foods.

Unit V: Latest Technologies in Food Preservation                                          Hours: 9

Principles, advantages and disadvantages of the following process - non-thermal processes, ultrasound method, nanotechnology, oscillating magnetic field, electric field pulses, high pressure processing, high hydrostatic pressure technique, membrane technology, ohmic heating of foods.

COURSE OUTCOMES

 Upon successful completion of the course, the students will be able to: 
405) Understand the principles of food preservation.
406) Employ the process of freezing and drying of foods.
407) Adapt the process of  irradiation in food .
408) Explain the importance of packaging of food.
409) Discuss the latest food technologies
Text Books 

410) Frazier, W. C. & Westhoff, D.C.  (1988). Food Microbiology. 5th edition. Tata McGraw Hill.Publishing Company Ltd.
411) James, M.J. (2007). Modern Food Microbiology. 2nd edition. CBS Publishers and Distributors. 

412) Bhatia, S.C. (2008). Hand Book of Food Processing Technology. Volume 1. Atlantic Publishers and Distributors Pvt. Ltd.
Supplementary Readings
1. Adams, M.R., & Moss, M.G. (2005). Food Microbiology. 1st edition. New Age  

International (P) Ltd.
2. Banwant, G. J. (2002). Basic Food Microbiology. 2nd edition. Chapman and 

     Hall Inc.  
 3. Fellows, P.J. (2016). Food Processing Technology: Principles and Practice. 4th edition. Woodhead    Publishing Limited.
OUTCOME MAPPING
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	SEMESTER III

PART: OPEN ELECTIVE – IIIB
	22PMICO36-2: INFECTIOUS DISEASE AND ITS CONTROL
	CREDIT:3
HOURS:3/W


COURSE OBJECTIVES

1. To learn the basic concepts of infection and its types

2. To understand the pathogenesis of food borne and water borne diseases

3. To get the knowledge about signs and symptoms of air borne diseases

4. To learn about the transmission of diseases from animals to human beings

5. To know about the use and importance of anti microbial agents.

Unit I: Infection and its Types                                                                
  Hours: 9                      

 Definition, Infectious Vs Noninfectious; Pathogens – concept of pathogens, Infection-Types of Infection-  Sources of infection – methods of transmission of infection- Treatment and control of infection -  Normal Microflora of human body- Nosocomial infections.

Unit II: Food and Water Borne Diseases                                                          Hours: 9          

Causative organism, pathogenesis, symptoms, prevention and control of the following diseases- Typhoid-Bacillary dysentery- cholera – polio- Botulism

Unit III: Air Borne Diseases                                                                       
   Hours: 9                     

Causative organism, pathogenesis, symptoms, prevention and control of the following diseases- Tuberculosis - Pneumonia - Chicken pox, Histoplasmosis - Cryptococcosis

Unit IV: Zoonotic Diseases                                                                           
  Hours: 9

Zoonotic Diseases – examples (Rabies, Anthrax), pathogens – source. Sexually 
Transmitted infections – examples (Gonorrhoea, syphilis), pathogens involved. 

Unit V: Antimicrobial Agents                                                                      
  Hours: 9

Antibiotics, Antibacterial, Antifungal, Antiviral agents - Prevention and control of diseases; Immunization – Immunity, Immune system, Vaccines – types, examples, vaccination schedule; Personal hygiene, Healthy foods. 
 COURSE OUTCOMES
Upon successful completion of the course, the students will be able to: 
1. Collect information about sources and mode of transmission of infection.

2. Describe about water borne diseases and its control.

3. Analyse the route of transmission of air borne diseases and its control.

4. Identify the  zoonotic diseases and methods to control.

5. Focus the use of antimicrobial agents in microbial .disease management.
Text Books

413) Reba Kanungo (Ed.). (2022). Ananthanarayan and Paniker’s Text Book of Microbiology, 11th Edition, Universities Press (India) Private Limited.
414) Parija, S.C. (2016).  Text Book of Microbiology and Immunology. 3rd Edition. Elsevier India.
415) Chakraborty, P. (2013). A Text Book of Microbiology. 3rd edition. New Central Book Agency. 
Supplementary Readings

416) Riedel, S., Morse, S.A., Mietzner, T. & Miller, S. (2019). Jawetz Melnick and Adelberg’s Medical Microbiology. 28th edition, McGraw Hill Professional Publishing.

417) Murray, P., Rosenthal, K. & Pfaller, M. (2020). Medical Microbiology. 9th edition. Elsevier Health Sciences.
418) Bhatia, R. & Ichhpujani, R.L. (2008). Essentials of Medical Microbiology. 4th edition. Jaypee Brothers Medical Publishers Pvt. Ltd.
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	SEMESTER III

PART: OPEN ELECTIVE – IIIC
	22PMICO36-3: ENVIRONMENTAL MICROBIOLOGY
	CREDIT:3
HOURS:3/W


COURSE  OBJECTIVES

419) To learn the basic concepts of microbial ecology.

420) To study the microbial diversity in Environment.

421) To Understand the survival of microbes in extreme environments .

422) To know the mechanism of degradation of recalcitrant compounds by the microbes.

423) To understand the role of marine microbes in degradation.

Unit I: Microbial Ecology 



                                     
Hours: 9
 
Basic concepts, Types, microbial habitats and factors affecting microbial populations; Microbial interactions - competition, commensalism, mutualism, synergism and parasitism. Concept of habitat and ecological niches-limiting factor - energy flow-food chain - food web -trophic level. Ecological pyramids
Unit II: Microbial Diversity in Normal Environments 
      
            Hours: 9
Terrestrial (agricultural and desert soils), aquatic (fresh water and marine), atmospheric (stratosphere) and animal (cattle, termites).

Unit III: Microbial Diversity in Extreme Environments 
    
            Hours: 9
Adaptations and their applications of Oligotrophs, Thermophiles, Psychrophiles, Barophiles, radiation tolerant, metallophiles..

Unit IV: Microbial Degradation                                                                         Hours: 9
Bioaccumulation, Bio-magnification, Biodegradation of biopolymers (polyhydroxy alkanoates), Hydrocarbons (alkanes), Halogenated and sulfonated compounds. Pesticides degradation and recent advancement in treating pesticide residues.

Unit V: Marine Microbial Interactions

                                        Hours: 9          
Microorganisms responsible for bioluminescence in marine environment; Microbial indicators of marine pollution and control; Biofouling, biocorrosion, biofilms, biodegradation and bioremediation in marine environment; use of genetically engineered microorganisms in biodegradation.
COURSE OUTCOMES:
Upon successful completion of the course, the students will be able to: 
1. Distinguish the habitats of microbes.

2. Explain the microbial diversity in different environment.

3. Analyse the microbial diversity in extreme environment.

4. Describe the process of microbial degradation of pollutants.

5. Understand the importance of bioluminescence in marine microbes.
Text Books 

424) Atlas, R.M. & Bartha, R. (1997).  Microbial Ecology: Fundamentals and Applications. 4th   edition. Benjamin-Cummings.
425) Norris, R.D. (1993). Handbook of Bioremediation. 1st edition. CRC Press.
426) Jogdand, S.N. (2010). Environmental Biotechnology (Industrial Pollution Management). 3rd edition. Himalaya Publishing House. 
 Supplementary Readings

427) Chatterji, A.K. (2011).Introduction to Environmental Biotechnology. 3rd edition. Prentice Hall India Learning Private Limited. 
428) Mitchel, R. & Ji-Dong Gu. (2009). Environmental Microbiology. 2nd edition. Wiley-Blackwell 

429) Maier, R.M., Pepper, I.L.  & Gerba, C.P.  (2009). Environmental Microbiology. 2nd edition. Academic Press.
OUTCOME MAPPING:
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	SEMESTER: IV

PART: CORE COURSE -X
	22PMICC41: SOIL, AGRICULTURAL AND ENVIRONMENTAL MICROBIOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES:
	430) To make the students familiar with soil environment and soil microorganisms.

	431) To enable students to understand the interactions between microorganisms and plants.

	432) To make the students understand biogeochemical cycles and plant diseases.

	433) To enable students to understand the microbiology of air and water.

	434) To make the students familiar with waste water treatment processes.




Unit I: Soil As a Habitat for Microorganisms



Hours: 12

Soil, the natural medium for plant growth:  Soil structure - physical and chemical properties of soil – soil water – soil atmosphere – soil pH –; Soil microorganisms: Protozoa, nematodes, algae, fungi, bacteria and viruses; Interactions among microbial populations: Neutralism, commensalism, synergism, mutualism, competition, ammensalism, parasitism and predation.

Unit II: Interactions between Microorganisms and Plants


Hours: 12

Rhizosphere and Phyllosphere: Rhizosphere  - Rhizosphere effect - Nitrogen fixation in the rhizosphere - Alteration of rhizosphere microflora - Associative and antagonistic activities in the rhizosphere - Plant growth promoting rhizobacteria – Phyllosphere; Mycorrhizae: Fungal symbioses with roots – Ectomycorrhizae, Endomycorrhizae and other mycorrhizal associations.

Unit III: Biogeochemical Cycles and Plant Pathology
         

Hours: 12

Microbial transformations of carbon, nitrogen, sulfur and phosphorus; Biological nitrogen fixation – symbiotic and non symbiotic nitrogen fixation; Selected plant diseases: Diseases caused by bacteria: Bacterial wilt of potato, Citrus canker and Leaf blight of paddy - Diseases caused by fungi: False smut of paddy, Leaf smut of rice, Wheat rust, Red rot of sugarcane and Tikka disease of ground nut - Diseases caused by viruses: Tungro disease of rice, Leaf curl of tomato and Bunchy top of banana. 
Unit IV: Air and Water Microbiology




            
Hours: 12

Aeromicrobiology:  Microbial content of air - aerosols and aeromicrobial pathway – air-borne pathogens and diseases –assessment of air quality – air sanitation. Water Microbiology: Water microbial communities - water pollution - water borne pathogens - indicator organisms - microbiological examination of water.
Unit V: Waste Water Treatment

       



Hours: 12
Sewage: Primary treatment - secondary treatment - tertiary treatment - removal of pathogens, organics and inorganics by sewage treatment processes – oxidation ponds – septic tanks – land application of waste water – sludge processing – land application of biosolids.
COURSE OUTCOMES:

Upon successful completion of the course, the students will be able to:

435) Understand about soil environment and microbe-microbe interactions.

436) Explain about interactions between microorganisms and plants. 

437) Understand about  soil microbial transformations and plant diseases.
438) Understand about air and water microbiology.
439) Design waste water treatment processes.
Text Books
440) Subba Rao, N.S. (2017). Soil Microbiology. 5th edition. Oxford and IBH Publishing Company Pvt. Ltd.

441) Rangaswami, G. & Bagyaraj, D.J. (1996). Agricultural Microbiology. 2nd edition. Prentice Hall India Learning Private Ltd.

442) Rangaswami, G. & Mahadevan, A. (1998). Diseases of Crop Plants in India. 4th edition. Prentice Hall India Learning Private Ltd. 

Supplementary Readings
443) Atlas, R.M. & Bartha, R.  (2002). Microbial Ecology: Fundamentals and Applications. 4th edition. Pearson Education India. 

444) Elsas, J.D., Trevors, J.T., Rosado, A.S. & Nannipieri, P (Eds.). (2019). Modern Soil Microbiology. 3rd edition. CRC Press.

445) Paul, E.A. (2014). Soil Microbiology, Ecology and Biochemistry. 4th edition. Academic Press.
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	SEMESTER: IV

PART: CORE COURSE -XI
	22PMICC42: MEDICAL DIAGNOSTIC TECHNOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES:
	446) To make the students familiar with laboratory management.

	447) To enable students to understand pathological examination of clinical specimens.

	448) To make the students understand the techniques in haematology.

	449) To impart basic knowledge on techniques in histopathology and cytology.

	450) To make the students understand biochemical tests and serology.


Unit I: Laboratory Management





Hours: 12

Introduction to clinical laboratories: Organization of clinical laboratories – functional components – automation in clinical laboratories – laboratory information system; Laboratory safety and first aid; Maintenance and care of common laboratory equipments; Specimen handling and laboratory records; Accreditation and certification of laboratories.

Unit II: Pathology 







Hours: 12

Examination of urine – Examination of sputum – Examination of faeces – Examination of CSF – Examination of pleural and peritoneal fluids – Pregnancy Tests – Semen Analysis.

Unit III: Laboratory Haematology





Hours: 12

Collection of blood – Estimation of hemoglobin – Packed cell volume – Total leukocyte count – Reticulocyte count – Blood smear – Red cell indices – Erythrocyte sedimentation rate – Examination of bone marrow - Blood grouping and compatibility testing.

Unit IV: Histopathology and Cytology




Hours: 12

Tissue reception, labeling, fixation for different tissue and section cutting. Preparation of paraffin blocks (Dehydration, clearing, embedding, blocking). Handling and care of microtome sharpening of razors and section cutting. Preparation of common stains: H & E, Congo red, methyl violet, Leishman stain, Giemsa, VG, PAS and PASM staining techniques.

Unit V: Clinical Biochemistry and Serology




Hours: 12

Routine biochemical tests: Determination of blood glucose, serum protein, blood urea, creatinine and bilirubin; Biochemical test profiles - Renal function tests, Liver function tests and Thyroid function tests. Serology: Precipitation and agglutination reactions.
COURSE OUTCOMES:

Upon successful completion of the course, the students will be able to: 

451) Explain about the organization of clinical laboratory, laboratory safety and accreditation of laboratories.

452) Analyze the clinical specimens.

453) Illustrate the  diagnostic procedures in haematology. 

454) Describe about tissue fixation and staining.

455) Explain about clinical biochemistry tests and serological tests.

Text Books
456) Mukherjee, K.L. & Ghosh, S. (2017). Medical Laboratory Technology: Procedure Manual for Routine Diagnostic Test. Volume I, II & III. 3rd edition. McGraw Hill Education. 

457) Sathish Gupte. (2014). The Short Text Book of Medical Laboratory for Technicians. 2nd edition. Jaypee Brothers Medical Publishers Privated Ltd.

458) Kawthalkar, S.M. (2018). Essentials of Clinical Pathology. 2nd edition. Jaypee Brothers Medical Publishers Private Ltd. 

Supplementary Readings

459) Godkar, P.B. & Godkar, D.P. (2014). Text Book of Medical Laboratory Technology: Clinical Laboratory Science and Molecular Diagnosis. 3rd edition. Bhalani Publishing House.

460) Orchard, G. & Nation, B. (2017). Histopathology: Fundamentals of Biomedical Science. Oxford University Press. 

461) 3.Monica Cheesbrough. (2005). District Laboratory Practice in Tropical Countries. Part 1and 2. 2nd edition. Cambridge University Press.
OUTCOME MAPPING:
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	SEMESTER: IV

PART: CORE PRACTICAL -IV
	22PMICP43: PRACTICAL- IV

(SOIL, AGRICULTURAL,  ENVIRONMENTAL MICROBIOLOGY AND MEDICAL DIAGNOSTIC TECHNOLOGY
	CREDIT:4

HOURS:12/W


COURSE OBJECTIVES:
	462) To make the students familiar with isolation of soil microorganisms.

	463) To make the students familiar with isolation of nitrogen fixing bacteria.

	464) To enable students to understand plant diseases.

	465) To make the students understand serological reactions.

	466) To provide an insight in to processing of clinical specimens.


Soil, Agricultural and Environmental Microbiology

467) Isolation and enumeration of soil microorganisms (Bacteria, fungi and actinomycetes).

468) Isolation of free-living nitrogen fixing bacteria from soil – Azotobacter.
469) Isolation of symbiotic nitrogen fixing bacteria from root nodule – Rhizobium. 

470) Isolation of phosphate solubilizing microorganisms from soil.

471) Plant Pathology: Bacterial leaf blight of paddy, Brown spot of paddy, Red rot of sugarcane, Citrus  

472) canker, Tikka disease of ground nut, Brown rot of potato and Leaf spot of turmeric.

473) Enumeration of microorganisms from air – Settle plate technique.

474)  Bacteriological examination of water: Most probable number determination.

475) Determination of total bacterial population by standard plate count technique.

476) Quantitative analysis of water: Membrane filter method.
Medical Diagnostic Technology

477) RBC, WBC and Differential cell count.

478) Blood compatibility test (Cross match).

479) WIDAL test. 
480) RPR test.
481) VDRL test.

482) Urine culture.

483) Microscopic examination of sputum for tuberculosis. 

484)  Antimicrobial susceptibility test – Determination of MIC and MBC.

COURSE OUTCOMES:

Upon successful completion of the course, the students will be able to:

485) Illustrate  about the  isolation of bacteria, fungi and actinomycetes from soil.

486) Illustrate  about isolation of free-living and symbiotic nitrogen fixing bacteria.

487) Discriminate  bacterial and fungal plant diseases.

488) Explain the  serological diagnosis of infectious diseases.

489) Identify pathogens  from clinical specimens.

Supplementary Readings
490) Aneja, K.R. (2018). Laboratory Manual of Microbiology and Biotechnology. 2nd edition. MedTech.

491) Dubey, R.C. & Maheshwari, D.K. (2006). Practical Microbiology. Revised edition. S.Chand & Company Ltd.

492) Rajan, S. & Selvi Christy, R. (2019). Experimental Procedures in Life Sciences. CBS Publishers & Distributors.
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	SEMESTER: IV

PART:CORE ELECTIVE-IV A
	22PMICE44-1: MICROALGAL TECHNOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES:

493) To acquire knowledge about morphology of microalgae.
494) To enable the students to cultivate microalgae.
495) To make students to understand the importance of microalgae as growth promoting substance.
496) To make students to understand the applications of bio-products of microalgae.
497) To acquire knowledge about improvement of algal strains.
Unit I: Morphology and Reproduction of Algae                                          

 Hours: 12                            
Habitat –Distribution of microalgae – Morphology and General Characteristics of 

microalgae – Cyanobacteria – Diatom – Freshwater – Marine. Reproduction – sexual – asexual – life cycle. 

Unit II: Cultivation of Algae                                                                                    `
 Hours: 12
Mass cultivation - Circular – Tubular column – Raceway pond – Pit method. 
Mass cultivation of Chlorella – Spirulina – Dunaliella. Algal bloom. Factor influence algal growth – nutrients – temperature – light. 

Unit III: Microalgal Metabolites                                                                                
Hours: 12
Microalgal protein – peptides – SCP- pigments – carotenoids – phycocyanin – phycoerythrin. Lipids – FAME – Growth promoting substance from microalgae – Extracellular polymeric substance – Toxins

. 

Unit IV: Microalgae In Human Welfare                                                                  
Hours: 12
Bio-products of Microalgae - Nutraceuticals; Pharmaceuticals; Biofertilizers; and pollution control. Biofuels – biodiesel, Bioethanol and nanoparticles from microalgae – Antimicrobials from  microalgae – Food colorant. 
Unit V: Future of Microalgae                                                                                   
Hours: 12        

Application of synthetic biology in algae. Modification and improvement of algal strains. Current status and challenges.
COURSE OUTCOMES:
Upon successful completion of the course, the students will be able to: 
498) Understand the morphology and general characteristics of algae. 

499) Describe the commercial production of microalgae.

500) Discuss the importance of microalgal proteins.

501) Explain the production of biofuels from microalgae.

502) Advertise the applications of microalgae.

Text Books
503) Hoek, C.D.,  Mann, D & Jahns, H.M. (1995). Algae: An Introduction to Phycology. 

Cambridge University Press.
504) Stevernson, R.J., Bothwell, M.L. & Lowe, R.L. (1996). Algal Ecology - Fresh Water Benthic 
505) Ecosystems. Elsevier.

506) Bux, F. &  Chisti, Y. (2016). Algae Biotechnology: Products and Processes. Springer.
Supplementary Readings

507) Ismail, R., Gupta, S.K. & Shriwastav, A. (2016). Microalgae Applications in Wastewater Treatment.Springer. 

508) Pal, R. & Choudhury, A.K. (2014). Phytoplankton: Diversity and Ecology. Springer. 

509) Galanakis, C.M. (2020). Microalgae: Cultivation, Recovery of Compounds and Applications.Academic Press.
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	SEMESTER: IV

PART:CORE ELECTIVE- IVB
	22PMICE44-2: MICROBIOME SCIENCE
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES
510) To enable students about the importance of human, plant and animal microbiome.

511) To understand about metagenomics.

512) To gain knowledge about microbiome data analysis.

513) To understand about functional analysis of microbiome.

514) To gain knowledge about role of microbiomes in diseases.
Unit I: Types of Microbiomes                                                                                   Hours: 12                
Definition and discovery of the microbiome, Types of Microbiomes - Human microbiome - Gut, Genital, skin, oral, Respiratory microbiomes, Animal, Plant microbiomes, Root Microbiome, Environmental microbiomes, Bacteriabiome, Mycobiome, Phycobiome, Actinobiome, Virome, Phytobiome. 

Unit II: Metagenomics                                                                                               Hours: 12
Metagenomics - Definition, Metagenomics work flow - Sample collection and processing, Next Generation Sequencing (NGS) methods - Illumina Genome Analyzer (HiSeq/MiSeq), Pyrosequencing. 

Unit III: Microbiome Data Analysis                                                                          Hours: 12
QIIME (Quantitative Insights into Microbial Ecology) pipeline, Mothur pipeline, metagenome Seq R package -Sequence data (fastq), Metadata about samples (mapping file), Preprocessing: Operational Taxonomic Units (OTUs) Picking, Taxonomic Assignment, Phylogenetic Analysis. 

Unit IV: Functional Analysis of The Microbiome                                                  Hours: 12
Functional analysis of the microbiome from DNA sequence functional analysis, 

metatranscriptome, metabolome, proteome, and glycome - Metatranscriptomic analysis – nano LC MSMS, Proteome Discoverer software v1.4, Functional mining of metagenomes. 

Unit V: Role of Microbiome in Diseases                                                                Hours: 12

Microbiome distrbutions in healthy individuals; Composition of specific body sites microbiome (nose, skin, teeth, urogenital, etc.), microbiome’s role in diseases such as inflammatory bowel diseases, colitis, obesity, diabetes; effects of diet on microbiome.

COURSE OUTCOMES:
Upon successful completion of the course, the students will be able to: 
515) Explain about types of Microbiome.

516) Discuss about Metagenomics.
517) Compile microbiome data analysis. 
518) Understand  the functional analysis of microbiome.
519) Analyze the  role of Microbiome in various diseases. 

Text Books
520) Douglas, A.E. (2018). Fundamentals of Microbiome Science: How Microbes Shape Animal 
521) Biology. Princeton University Press.
522) Moise, A.M. (2017). The Gut Microbiome: Exploring the Connection between Microbes, Diet and Health. 1st edition. Greenwood Publishing Group Inc.
Supplementary Readings 

523) Saleem, M. (2015). Microbiome Community Ecology: Fundamentals and Applications,Springer.

524) Harwood, C. (2017). The Human Microbiome: Methods in Microbiology. 1st edition. Volume 44. Academic Press. 
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	SEMESTER: IV

PART:CORE ELECTIVE- IVV
	22PMICE44-3: MARINE MICROBIOLOGY
	CREDIT:4

HOURS:4/W


COURSE OBJECTIVES:

525) To understand the importance of marine environment.

526) To know about Marine extremophiles.

527) To know about the cultivation of marine microbes.

528) To aware of marine pollution and Bioremediation.

529) To know about Marine byproducts.

Unit I: Marine Microbial Habitats                                                                      Hours: 12
Marine environment– shallow and deep sea, coastal, mangroves and coral environments – properties of seawater, chemical and physical factors of marine environment; Diversity of microorganisms in marine environment - Archaea, bacteria, actinobacteria, cyanobacteria, algae, fungi, viruses and protozoa. 

Unit II: Marine Extremophiles                                                                         Hours: 12
Marine extremophiles - Survival at extreme environments – starvation – adaptive mechanisms in thermophilic, alkalophilic, osmophilic and barophilic, psychrophilic microorganisms – hyper       thermophiles, halophiles and their importance; Significance of marine microflora – Microbial  endosymbionts – epiphytes, coral-microbial association, sponge-microbial association.

Unit III: Cultivation of Marine Microbes and Nutrient Cycling                        Hours: 12
      Methods of studying marine microorganisms - sample collection, isolation and Identification; Preservation methods of marine microbes; Nutrient cycling in Marine Environment –Role of microorganisms in carbon, nitrogen, phosphorous and sulphur cycles in the marine environment. 

Unit IV: Marine Pollution and Bioremediation                                               Hours: 12
Pollution in marine environment; Pathogenic microorganisms, distribution, indicator  organisms, prevention and control of water pollution, quality standards; Xenobiotics, heavy metals and crude oil; Native microbial consortia and Genetically engineered microbes in bioremediation of  polluted marine sites - Biofouling – causes and their control. 
Unit V: Microbial Products from Sea                                                                       Hours: 12
      Production and applications of marine microbial products – Carrageenan, agar-agar, sea weed fertilizers, β carotene, enzyme, antibiotics, antitumour agents, biosurfactants and pigments; Preservation methods of sea foods; Quality control and regulations for microbial quality of fishes, shellfish and Marine living resources used for food.

COURSE OUTCOMES:
Upon successful completion of the course, the students will be able to: 
1. Understand the diversity of marine organisms.

2. Focus about the Marine extremophiles.

3. Explain about  the cultivation of  marine microbes.

4. Employ bioremediation of polluted marine environment.

5. Practice the  production of marine byproducts.

Text Books 

530) Munn, C.B. (2020). Marine microbiology: Ecology and Applications. 3rd edition. Taylor & Francis Inc. 

531) Austin, B. (1988). Marine Microbiology. 1st edition. Cambridge University Press.

532) Ford, T.E. (1993). Aquatic Microbiology: An ecological Approach. Blackwell Scientific Publications. 
Supplementary Readings
533) Gasol, J.M & Kirchman, D.L.  (eds.). (2018). Microbial Ecology of the Oceans, 3rd edition. John Wiley & Sons.
534) Ferguson Wood, E.J. (2012). The Living Ocean: Marine Microbiology. Springer Science and  Business media. 

535) Se-Kwon Kim. (2013). Marine Microbiology: Bioactive Compounds and Biotechnological      Applications. 1st edition. Wiley-VCH.
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