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B.Sc. (Hons.) Microbiology

DISCIPLINE SPECIFIC CORE COURSE - 10:

ADVANCES IN CELL BIOLOGY

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title | Credits Credit distribution of the Eligibility Pre-requisite
& Code course criteria of the course
Lecture | Tutorial | Practical/ (if any)
Practice
MICROB- 4 3 0 1 Class XIl pass Basic
DSC401: with Biology/ | Concepts of
Biotechnology/ | Cell Biology
ADVANCES Biochemistry
IN CELL
BIOLOGY

Learning Objectives

The Learning Objectives of this course are as follows:

The major objective of this course is to introduce the students to the essentials of
eukaryotic cell biology.

The students will gain knowledge about the physical and chemical architecture of
cells as well as structural and functional details of different cell organelles.

They will become familiar with cell cycle events, and mechanisms of cell
communication and cell death.

They will be educated about the hallmarks, etiology and diagnosis of cancers.

They will be introduced to the cutting edge science of stem cell technology, their
production and various applications.

Learning outcomes

The Learning Outcomes of this course are as follows:

Student will be able to describe the different components of cell signalling pathways
used for cell communication.

Student will be able to recall cell division, mechanisms of cell cycle regulation, and
types of cell death.

Student will be able to evaluate the importance of stem cells and their associated
technologies and applications.



e Student will be able to describe the different types of cancers, their causes,
characteristics, diagnosis, and treatment modalities.

e Student will be able to analyze DNA by Feulgen staining followed by microscopic
observation. Student will be able to analyze the different stages of cell division:
mitotic stages by temporary mount and meiosis stages by the permanent mount.

e Student will be able to evaluate chromosome polyploidy by colchicine treatment of
plant material followed by staining.

SYLLABUS OF DSC-10

UNIT -1 (20 hours)

Cell Signalling: Modes of cell-cell signalling: endocrine, paracrine, autocrine. Signalling
molecules: nitric oxide, carbon monoxide, steroid hormones, neurotransmitters,
peptide hormones and growth factors. Cell surface receptors and receptor-ligand
interactions: G protein-coupled receptors, receptor protein tyrosine kinases, cytokine
receptors. Signal transduction: cyclic AMP, cyclic GMP and MAP kinase pathways.

UNIT - 11 (10 hours)

Cell Cycle and Cell Death: Phases and regulation of eukaryotic cell cycle. Mitosis and
meiosis. Types of cell death: necrosis, apoptosis and autophagy, mitophagy.
Characteristics and pathways of apoptosis: intrinsic and extrinsic.

UNIT = 1ll (5 hours)
Cell Renewal: Stem cells: characteristics and types: somatic stem cells, embryonic stem
cells, induced pluripotent stem cells. Therapeutic applications of stem cells.

UNIT -1V (10 hours)

Cancer biology: Hallmarks of cancer. Causes of cancer: carcinogens, cancer-causing
microorganisms. Proto-oncogenes and oncogenes. Tumor suppressor genes.
Characteristic features of cancer cells. Types of cancers. Cancer stem cells.
Approaches to cancer diagnosis. Currently available cancer treatment modalities
(including bone marrow transplantation, immune cell and oncolytic viral therapies).

Practical component

UNIT 1: (20 hours)

Cell division and cytochemical analysis of DNA: Performance of cytochemical
staining of DNA by Feulgen stain. Microscopic examination and analysis of the
different stages of mitosis through temporary mounts of stained onion root tip.
Microscopic examination and analysis of the different stages of meiosis through
temporary mounts / permanent slides.

Unit 2: (10 hours)
Chromosome polyploidy and properties of cancer cells: Study of polyploidy in onion
root tip by colchicine treatment followed by acetocarmine stain. Identification and
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study of properties of different types of cancerous cells through light and electron
micrographs.

Essential/recommended readings
Theory:

1. Molecular Cell Biology by H. Lodish, A. Berk, C. Kaiser, M. Krieger, A. Bretscher,
H.Ploegh, A. Amon and K.C. Martin. 9% edition. W.H. Freeman, UK. 2021.

2. Essential Cell Biology by B. Alberts, K. Hopkin, A.D. Johnson, D. Morgan, and
M. Raff. 5"edition. W.W. Norton & Co, USA. 2019.

3. Karp’s Cell and Molecular Biology by G. Karp, J. Iwasa and W. Marshall. 9t edition.
Wiley, USA. 2019.

4. The Cell: A Molecular Approach by G.M. Cooper. 8™ edition. Sinauer Associates,
UK. 2018.

5. The science of stem cells by J.M.W. Slack. 1t edition. John Wiley & Sons. 2018.

6. Cell Biology by T.D. Pollard, W.C. Earnshaw, J. Lippincott-Schwartz and G.T.
Johnson. 3™edition. Elsevier, USA. 2016.

7. Becker’s World of the Cell by J. Hardin and G. Bertoni. 9t" Edition. Pearson, USA.
2015.

8. Principles of stem cell biology and cancer: future applications and therapeutics by
T. Regad, T. Sayers and R. Rees. 1° edition. John Wiley & Sons. 2015.

9. Essentials of stem cell biology edited by R. Lanza and A. Atala. 3™ edition. Academic
Press. 2013.

10. Cell and Molecular Biology by E.D.P. De Robertis. 8% edition. Lippincott,
Williams andWilkins, USA. 2006.

Practicals:

1. ACell Biology Manual by J. Francis. Kendall/Hunt Publishing Co, USA. 2022.

2. Practical Laboratory Manual- Cell Biology by A. Gupta, B.K. Sati. Lambert Academic
Publishing, USA. 2019.

3. Cell Biology Practical Manual by R. Gupta, S. Makhija and R. Toteja. Prestige
Publishers, India. 2018.

4. Laboratory Manual of Cell Biology by R. Majumdar, R. Sisodia. Prestige Publishers,
India. 2018.

5. Essential Cell Biology Vol 1: Cell Structure- A Practical Approach by J. Davey and
M.Lord. Oxford University Press, UK. 2003.

6. Essential Cell Biology Vol 2: Cell Function- A Practical Approach by J. Davey and M.
Lord. Oxford University Press, UK. 2003.

Suggestive readings
Note: Examination scheme and mode shall be as prescribed by the Examination Branch,
University of Delhi, from time to time.



DISCIPLINE SPECIFIC CORE COURSE —-11:

MICROBIAL PHYSIOLOGY AND METABOLISM- II

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits | Credit distribution of the Eligibility Pre-

Code course criteria requisite of
Lecture | Tutorial | Practical/ the course

Practice (if any)
MICROB- 4 3 0 1 Class XII pass Microbial
DSC402: with Biology/ | Physiology
Biotechnology/ | and

MICROBIAL Biochemistry Metabolism-

PHYSIOLOGY |

AND

METABOLISM-

Il

Learning Objectives

The Learning Objectives of this course are as follows:

e The main objective of this course is to enable students to understand the underlying
mechanisms governing various physiological and metabolic features of prokaryotes.

e These include transport mechanisms for the uptake of nutrients, bacterial growth,
and the diversity of prokaryotes due to (i) adaptations to the different habitats in
which they grow and (ii) metabolic pathways for energy production and carbon and
nitrogen assimilation.

e The course will build the strong foundation needed by the students for further
studies in the advanced fields of microbiology including metabolic engineering.

Learning outcomes

The Learning Outcomes of this course are as follows:
e Student will be able to elaborate on various pathways of fermentation in microbes.
e Student will be able to discuss the classification of chemolithotrophs and phototrophs
along with mechanisms of energy production and cellular carbon synthesis.
e Student will be able to describe the nitrogen cycle and its assimilation and dissimilation
by processes like nitrogen fixation, ammonia assimilation, nitrification, denitrification
etc.



e Student will be able to evaluate the diversity of metabolic pathways in microbes by
designing and formulation of microbial culture media and studying the effect of
changing chemical environment on fungal growth using various carbon sources.

e Student will be able to evaluate the diversity of metabolic pathways in microbes by
studying the effect of changing chemical environment on bacterial growth using
various nitrogen sources.

SYLLABUS OF DSC-11

UNIT -1 (8 hours)

Microbial fermentations: Principles of fermentation. Alcohol fermentation and Pasteur
effect. Lactate fermentation (homofermentative and heterofermentative pathways).
Concept of linear and branched fermentation pathways.

UNIT - 11 (12 hours)

Metabolism in chemolithotrophic autotrophs: Physiological groups of chemolithotrophs
(aerobic and anaerobic). Detailed mechanism of energy production and generation of
reducing power in H2 oxidizers and methanogens.

UNIT - 11l (13 hours)

Metabolism in phototrophic autotrophs: Families of phototrophic bacteria, bacterial
photosynthetic pigments, generation of energy and reducing power in purple and green
bacteria (anoxygenic photosynthesis) and cyanobacteria (oxygenic photosynthesis),
photophosphorylation (cyclic and non- cyclic). Production of cellular carbon (C1
metabolism) in autotrophs by Calvin cycle & reductive TCA pathway and by acetyl-CoA in
methanogens.

UNIT -1V (12 hours)

Nitrogen Metabolism: Biological nitrogen fixation: Diversity, mechanism of nitrogen
fixation, nitrogenase activity and its physiological regulation, alternate nitrogenases,
ammonia assimilation, assimilatory nitrate reduction. dissimilatory nitrate reduction
(denitrification, nitrate/ nitrite and nitrate/ ammonia respiration).

Practical component

UNIT 1: (15 hours)

Carbon metabolism: Comparison of the growth of A. niger in minimal medium
containing different carbon sources (glucose, fructose and lactose) on different days
of growth using dry weight method.

Unit 2: (15 hours)

Nitrogen metabolism: Study of the effect of nitrogen sources (ammonium, nitrate
and peptone) on the growth of E. coli. Investigation any one bacterium for its
nitrifying / denitrifying properties



Essential/recommended readings
Theory:

1.

Fundamentals of Bacterial Physiology and Metabolism by Rani Gupta and Namita Gupta.
Springer Nature Singapore Pvt. Ltd., Singapore. 2021.

2. Lehninger Principles of Biochemistry by D.L. Nelson and M.M. Cox. 8th edition. W.H. Freeman
and Company, UK. 2021.
3. Brock Biology of Microorganisms by M.T. Madigan,). Aiyer,D. Buckley,W.Sattley and D.
Stahl.16th edition. Pearson, USA. 2021.
4. Prescott’s Microbiology by J. M. Willey, K. Sandman and D. Wood. 11th edition. McGrawHill
Higher Education, USA. 2019.
5. Microbial Biochemistry by G.N. Cohen. 2nd edition. Springer, Germany. 2014.
6. The Physiology and Biochemistry of Prokaryotes by D. White, J. Drummond and C. Fuqua. 4th
edition. Oxford University Press, UK. 2011.
7. Microbial Physiology by S.R. Reddy and S.M. Reddy. Scientific Publishers India. 2007.
8. Microbial Physiology by A.G. Moat, J.W. Foster and M.P. Spector. 4th edition. John Wiley&
Sons, USA. 2002.
Practicals:
1. Essentials of Practical Microbiology by A. Sastry and S. Bhat. 2nd edition. Jaypee Brothers
Medical Publishers, India. 2021.
2. Microbiology: A Laboratory Manual by J. Cappuccino and C.T. Welsh. 12th edition. Pearson
Education, USA. 2020.
3. Laboratory Experiments in Microbiology by T. Johnson and C. Case. 12th Edition. Pearson
Education, USA. 2019.
4. Microbiology Practical Manual edited by A. Jain, J. Agarwal, V. Venkatesh. Elsevier, India.
2018.
5. Applied Microbial Physiology: A Practical Approach by P. M. Rhodes and P. F. Stanbury. IRC

Press. 1997.

Suggestive readings
Note: Examination scheme and mode shall be as prescribed by the Examination Branch,

University of Delhi, from time to time.



DISCIPLINE SPECIFIC CORE COURSE - 12:

VIROLOGY

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits | Credit distribution of the Eligibility Pre-
Code course criteria requisite
Lecture | Tutorial | Practical/ of the
Practice course
(if any)
MICROB- 4 3 0 1 Class XIlI pass NIL
DSC403: with Biology/
Biotechnology/
VIROLOGY Biochemistry

Learning Objectives

The Learning Objectives of this course are as follows:

The major objective of this course is to make students aware of the extent to which
the tiniest of microorganism (viruses) leave their impact on human and animal health
as well as in agriculture.

Students will get acquainted with the structures and replication strategies of
bacterial, plant and human viruses.

Students will gain in-depth knowledge of how viruses infect their host, spread across
a population, and cause diseases.

They will learn of preventive measures used for protection against viral infections,
and control

They will acquire knowledge of emerging and re- emerging viruses in context to
public health threats taking coronavirus as the case study.

Learning outcomes

The Learning Outcomes of this course are as follows:

Student will be able to describe the nature, properties and structure of viruses, and
be knowledgeable about sub-viral particles, giant viruses and viral taxonomy.

Student will be able to discuss bacterial viruses, their salient features, and replication
strategy of important bacteriophages.

Elaborate on plant viruses, modes of transmission and their economic importance.
Student will be able to evaluate the salient features and replication strategies of
important human viruses, and will have understood the concept of oncogenesis, DNA
and RNA cancer-causing viruses.



e Student will be able to describe how to prevent viral infections using vaccines and
antiviral compounds.

e Student will be able to assess the problems of emerging and re-emerging viruses,
having an understanding of the rise of coronavirus as the major public health crisis
along with the implemented management protocols.

SYLLABUS OF DSC-12

UNIT -1 (9 hours)

Introduction to Virology: History of virology. Nature and general properties of viruses,
concept of viroids, virusoids, satellite viruses, prions, giant viruses (mama, mimi and
pandora virus), virophages (Sputnik). Structure of viruses: Capsid symmetry, enveloped
and non- enveloped viruses. Isolation, purification and cultivation of viruses. Viral
taxonomy: Classification and nomenclature of different groups of viruses.

UNIT - 11 (8 hours)

Bacteriophages: Diversity, one step multiplication curve. T4 phage: Unusual bases,
terminal redundancy, lytic cycle, assembly, maturation and release of progeny virions.
Lambda phage: genome structure, concept of early and late proteins, lytic cycle and
lysogeny. X174 phage: Overlapping genes, and rolling circle replication.

UNIT - 11l (3 hours)

Plant Viruses: Diversity, modes of transmission (non-persistent, semi persistent and
persistent), salient features of replication of Geminivirus. Economic importance of plant
viruses : adverse and beneficial effects. Virus-like particles (VLPs) and their applications
in medicine.

UNIT - IV (18 hours)

Human Viruses: Diversity, routes of transmission: vertical and horizontal (vector-borne,
air-borne, oral-faecal borne) infection cycle. Replication of Human Immuno Deficiency
Virus (HIV) and Polio Virus. Overlapping genes. Partial double stranded genomes:
Hepatitis B. Segmented genomes: Influenza virus. Non-segmented genomes:
Picornavirus. Assembly with example of Polio virus. Oncogenic viruses: types of
oncogenic DNA and RNA viruses. Emerging and Re-emerging viruses: H1IN1, Dengue,
Ebola, Zika virus and associated pandemics and epidemics. Case study of the SARS-CoV2
Corona virus as the recent public health threat: emergence, epidemiology, management
protocols, emergence of variants, global impact

UNIT -V (7 hours)

Prevention and Control of Viral Diseases: Antiviral compounds and their mode of
action: AZT, ritonavir, lamivudine. Interferons and their mode of action. General
principles of viral vaccines: live attenuated vaccines, inactivated viral vaccine, subunit
vaccine, recombinant viral vaccine.

Practical component



UNIT 1: (22 hours)

Structure and isolation of viruses: Principle and use of electron microscopy to study
virus structure. Use of electron micrographs for studying the structural
characteristics of the following viruses: Bacterial viruses: $X174, T4, A. Plant viruses:
caulimo, gemini, tobacco ringspot, cucumber mosaic and alfalfa mosaic viruses.
Human viruses: rhabdo, influenza, paramyxo, hepatitis B and retroviruses.

Isolation of bacterial and plant viruses: Isolation and enumeration of
bacteriophages (PFU) from water/sewage samples using double agar layer
technique. Qualitative analysis of lytic and lysogenic phage by observation of plaque
phenotypes (clear versus turbid). Isolation of plant viruses from infected leaves
followed by locally inoculating healthy plant leaves to confirm isolation and
infectivity. Use of the local lesion assay to observe characteristic lesions formed on
the plant leaves and measure of infectivity of the virus by enumeration of the
number of local lesions on the inoculated leaves.

Unit 2: (8 hours)

Isolation and propagation of animal viruses: Principle and working method of using
chick embryo cultivation technique. Demonstration of the method using videos.
Cytopathic effects of viruses: observation of the physical attributes of virus-infected
cells of different types with suitable photographs and images.

Essential/recommended readings
Theory:

1. Fields Virology: DNA Viruses (Vol 2) by P.M. Howley, D.M. Knipe, J.L. Cohen, B.A.
Damania. 7th edition. Walters Kluwer, Netherlands. 2021.

2. Fields Virology: Emerging Viruses (Vol 1) by P.M. Howley, D.M. Knipe, S. Whelan. 7th
edition. Walters Kluwer, Netherlands. 2020.

3. Principles of Virology, Molecular biology, Pathogenesis and Control by S. Flint, L.
Enquist, R. Krug, V. Racaniello, A. Skalka. 5th edition. ASM press, USA. 2020.

4. Plant Viruses: Diversity, Interaction and Management by R.K. Gaur, S.M.P. Khurana,
and Y. Dorokhov. CRC Press. Taylor & Francis Group. 2018.

5. Principles of Molecular Virology by A.J. Cann. 6th edition. Academic Press, Elsevier
Netherlands. 2016.

6. Introduction to Modern Virology by N.J. Dimmock, A.L. Easton and K.N. Leppard. 7th
edition.Wiley-Blackwell Publishing. 2016.

7. Understanding Viruses by Teri Shors Jones. 3rd edition. Jones and Bartlett Learning,

USA. 2016.

Plant Virology by R. Hull. 5th edition. Academic Press, USA. 2014.

9. Virology: Principles and Applications by J. Carter and V. Saunders. 2nd edition. John
Wiley andSons, UK. 2013.

10. Plant Viruses by M.V. Nayudu. Tata McGraw Hill, India. 2008.

11. Basic Virology by E.K. Wagner, M.J. Hewlett, D.C. Bloom. 3rd edition. Wiley-Blackwell
Publishing. 2007.

oo
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12. Virology by J.A. Levy, H.F. Conrat and R.A. Owens. 3rd edition. Prentice Hall, USA.
2000.

Practicals:

1. Benson’s Microbiological Applications, Laboratory Manual in General Microbiology by A.
Brown and H. Smith. 15th edition. McGraw-Hill Education, USA. 2022.

2. Bacteriophages by D., Harper, S., Abedon, B., Burrowes, and M. McConville. 1st edition.
Springer, Switzerland. 2021.

3. Freshney’s Culture of Animal Cells by R. I., Freshney and A. Capes-Davis. John Wiley and
Sons. U.K. 2021.

4. Microbiology: A Laboratory Manual by J. Cappuccino and C.T. Welsh. 12th edition.
Pearson Education, USA. 2020.

5. Manual of Clinical Microbiology, 2 Volume set by K. C., Carroll, M. A., Pfaller, M. L.,
Landry, A. J., McAdam, R., Patel, S. S., Richter and D. W. Warnock. 12th edition. ASM
Press. USA. 2019.

6. Experiments in Microbiology, Plant Pathology and Biotechnology by K. R. Aneja. 5th
edition. New Age International Publishers, India. 2017.

7. Practical Plant Virology by J., Dijkstra and C., Jager. Springer Science and Business Media.
Germany. 2012.

8. A Colour Atlas of Virology by J. Versteeg. Mosby International. Taiwan. 1990.

Suggestive readings

Note: Examination scheme and mode shall be as prescribed by the Examination Branch,
University of Delhi, from time to time.
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SEMESTER-V

DISCIPLINE SPECIFIC CORE COURSE - 13:

PRINCIPLES OF MOLECULAR BIOLOGY-I

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits | Credit distribution of the Eligibility Pre-
Code course criteria requisite
Lecture | Tutorial | Practical/ of the
Practice course
(if any)
MICROB- 4 3 0 1 Class XIlI pass NIL
DSC501: with Biology/
Biotechnology/
PRINCIPLES OF Biochemistry
MOLECULAR
BIOLOGY-I

Learning Objectives

The Learning Objectives of this course are as follows:

The major objective of this course is for the student to gain comprehensive
knowledge of the basic concepts of molecular biology.

The student will become familiar with DNA-related cellular processes and will
become aware of the central dogma of molecular biology, learning about the
propagation of information through DNA replication and the unidirectional flow of
information from DNA to RNA to proteins through transcription and translation

Learning outcomes

The Learning Outcomes of this course are as follows:

Student will be able to describe DNA and RNA as genetic material and the structure
and properties of the different DNA types as well as the various kinds of RNA.

Student will be able to explain the process of propagation of information in
prokaryotes and eukaryotes by DNA replication and the various enzymes and other
proteins that modulate this process.

Student will be able to describe the basic prokaryotic and eukaryotic transcription
processes, including the RNA polymerases and general transcription factors involved,
differentiate between the processes in prokaryotes and eukaryotes.

Student will be able to evaluate the relevance of the double helical structure of DNA
in the propagation of genetic material.

12



e Student will be able to demonstrate the isolation of genomic DNA and plasmid from
bacterial cells, and analyze them through agarose gel electrophoresis.
SYLLABUS OF DSC-13

UNIT - 1(12 hours)

Structure and properties of nucleic acids: Types of genetic material: DNA and RNA.
Structure of DNA: characteristic features of double helix. Properties of different types of
DNA: A, B and Z. Denaturation and renaturation of DNA, factors affecting renaturation
kinetics, concept of Tm. Principle and method of cot curve analysis of DNA. Factors
affecting DNA topology: role of topoisomerases | and Il. Concept of linking number.
Concept of concatenation and concatamerization. DNA organization in prokaryotes and
eukaryotes. Structure and function of RNA: rRNA, tRNA and mRNA.

UNIT - 11 (17 hours)

Replication of DNA in prokaryotes and eukaryotes: Semi-conservative DNA replication.
Unidirectional and bidirectional DNA replication. DNA replication modes with one
example each: D-loop (mitochondrial), © (theta), rolling circle. Structure of origins of
replication in prokaryotes versus eukaryotes, initiators and replicators. Mechanism of
origin activation in prokaryotes (E.coli) and eukaryotes (S.cerevisiae). Mechanism of
DNA replication: semi-discontinuous replication, leading and lagging strand synthesis.
Replication machinery in prokaryotes and eukaryotes: primase, DNA polymerases, DNA
ligase. Mechanisms for maintaining fidelity of replication. Differences in prokaryotic and
eukaryotic DNA replication. Regulation of replication in prokaryotes and eukaryotes.
Replication of chromosome ends: mechanism of action of telomerase, importance of
telomerase in ageing.

UNIT - 1l (16 hours)

Transcription in prokaryotes and eukaryotes: Distinction between replication and
transcription. Concept of transcription unit. Concept of operon and polycistronic
transcription in prokaryotes. RNA polymerases in prokaryotes and eukaryotes. Structure
and properties of promoter in prokaryotes and eukaryotes. Role of enhancers and
silencers in gene regulation. General transcription factors in eukaryotes. Process of
transcription initiation and elongation in prokaryotes and eukaryotes. Transcription
termination: rho-dependent and rho-independent termination mechanisms. Inhibitors
of transcription and their mechanism. Comparison of the transcription process in
prokaryotes versus in eukaryotes

Practical component

UNIT 1: (12 hours)

Study of different types of DNA and RNA:

Student research study project: Discovery of DNA as genetic material. Discovery of
structure of DNA: the double helix.

Study of the structure and properties of different types of DNA using micrographs
and/or models: A-DNA, B-DNA and Z-DNA. Study of the structure and properties of

13



various RNAs using micrographs: mRNA, rRNA, tRNA, miRNA, siRNA, guide RNA,
xistRNA, snRNA, snoRNA. Discussion on the importance of the double helix
structure in DNA replication by semi- conservative mode: the Meselson & Stahl
experiment.

Unit 2: (18 hours)

Isolation and analysis of DNA:

Isolation of genomic DNA from Escherichia coli cultures: cell lysis and DNA
precipitation. Analysis of the isolated genomic DNA: principle and working method
of agarose gel electrophoresis. Isolation of plasmid DNA using alkaline lysis method.
Analysis of the isolated plasmid DNA by agarose gel electrophoresis. Identification
of the different forms of plasmid DNA by agarose gel electrophoresis.

DNA estimation: colorimetric estimation of DNA using salmon sperm DNA or calf
thymus DNA as standard: diphenylamine method. Spectrophotometric method
using absorbance at 260 nm.

Essential/recommended readings
Theory:

1. Lewin’s Essential Genes by J. Krebs, E. Goldstein and S. Kilpatrick. 4th edition. Jones
andBartlett Publishers, USA. 2020.

2. Karp’s Cell and Molecular Biology by G. Karp, J. lwasa and W. Marshall. 9th edition.
Wiley, USA. 2019

3. Molecular Biology by D. Clark, N. Pazdernik and M. McGehee. 3rd edition. Academic
Cell, USA. 2018.

4, Lewin’s Genes Xll by J. Krebs, E. Goldstein and S. Kilpatrick. 12th edition. Jones and
BartlettLearning, USA. 2017.

5. Becker’s World of the Cell by J .Hardin and G.P. Bertoni. 9th edition. Pearson, USA.
2015.

6. Principles of Genetics by D.P. Snustad and M.J. Simmons. 7th edition. Wiley and
Sons, UK. 2015.

7. Molecular Biology of the Gene by J.D. Watson, T.A. Baker, S.P. Bell, A. Gann, M.
Levine and R. Losick. 7th edition. Pearson Education, USA. 2014.

8. Cell and Molecular Biology by E.D.P. De Robertis and E.M.F. De Robertis. 8th edition.
Lippincott Williams and Wilkins, USA. 2006.

Practicals:

1. Molecular Cloning: A Laboratory Manual by M. Green and J. Sambrook Volumes 1-3.
4th edition. Cold Spring Harbor Laboratory Press, USA. 2012.

2. An Introduction to Practical Biochemistry by D. Plummer. 3rd edition. McGraw Hill
Education, India. 2017.

Suggestive readings
Note: Examination scheme and mode shall be as prescribed by the Examination Branch,
University of Delhi, from time to time.
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B.Sc. (Hons.) Microbiology

DISCIPLINE SPECIFIC CORE COURSE - 14:

BASIC CONCEPTS OF IMMUNOLOGY

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits | Credit distribution of the Eligibility Pre-
Code course criteria requisite
Lecture | Tutorial | Practical/ of the
Practice course
(if any)
MICROB- 4 3 0 1 Class XIl pass None
DSC502: with Biology/
Biotechnology/

BASIC Biochemistry

CONCEPTS OF

IMMUNOLOGY

Learning Objectives

The Learning Objectives of this course are as follows:

The main objective of this course is to give the students insight into how the human
body tackles diseases and what mechanisms of defense are used in protection
processes.

The students will develop a clear understanding of the various components of the
immune system and will become aware of the characteristics of antigens, their types
and various antibodies produced by the system to defend us from the invading
microorganisms.

The student also learns about the major histocompatibility complex, the
complement system, monoclonal antibodies and cytokines, which are of paramount
importance in triggering an efficient immune response.

Learning outcomes

The Learning Outcomes of this course are as follows:

The student will be able to describe various types of immune responses and the
basic processes involved therein, how the immune system protects us from infection
using various lines of defense.

The student will be able to explain the characteristics and functions of the cells of
the immune system as well as the structure and functioning of various organs of the
immune system, and immunodiagnostic techniques.
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e The student will be able to explain the important properties of antigens as well as
how environmental factors affect antigen immunogenicity; the structure, types, and
functions of antibodies, monoclonal and chimeric antibodies.

e The student will be able to describe the major histocompatibility complex proteins
and their loci in the genome along with the two distinct pathways for processing and
presentation of exogenous and endogenous antigens.

e The student will be able to discuss the mechanisms by which the complement
system is activated via three distinct pathways so as to support the antibodies and
phagocytes to clear microbes and damaged cells with utmost efficacy.

SYLLABUS OF DSC-14

UNIT -1 (10 hours)

Basic Introduction to immune system: Components of innate immunity: Anatomical
and physiological barriers, chemical mediators, non-specific defence mechanisms,
inflammatory response, phagocytosis, Pattern Recognition Receptors (PRR). Features of
Adaptive Immunity, Cytokines and cytokine receptor families with emphasis on IL-2R.

UNIT - 11 (10 hours)

Cells and organs of Immune System: Hematopoiesis, structures, functions and
properties of cells of lymphoid lineage (T cell, B cell, NK cell) and myeloid lineage
(macrophage, neutrophil, eosinophil, basophil, mast cell, dendritic cell). Separation of
cells using Flow Cytometry. Primary and secondary immune organs (bone marrow,
thymus, spleen, lymph nodes, GALT).

UNIT - 11l (15 hours)

Antigens and antibodies: Properties of Antigens: foreignness, molecular size,
heterogeneity. Antigenicity and immunogenicity, environmental factors affecting
immunogenicity of an antigen, adjuvants, epitopes of an antigen (T and B cell epitopes),
T-dependent and T-independent antigens, haptens.

Elucidation of antibody structure; types, functions and properties of antibodies,
antigenic determinants on antibodies (isotypic, allotypic, idiotypic), monoclonal and
chimeric antibodies, immunoglobulin superfamily. Immunodiagnostics by SDS-PAGE,
western blotting, ELISA and its types, immunofluorescence, immunoelectron
microscopy.

UNIT =1V (5 hours)

T Cell Receptor, Major Histocompatibility Complex and Antigen Presentation:
Structure and functions of TCR-CD3 complex, MHC | & MHC Il molecules, organization
of MHC locus (mouse and human), antigen processing pathways (cytosolic and
endocytic).

UNIT -V (5 hours)
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Complement and Activation Pathways: Components of complement system,
Complement activation pathways (classical, alternative and lectin) and their biological
consequences.

Practical component

UNIT 1: (18 hours)

Introduction to Immunology:

Student study research project: The contributions of the following scientists to the
development of the field of immunology: Edward Jenner, Paul Ehrlich, Peter
Medawar, MacFarlane Burnet, Neils K Jerne, Susumu Tonegawa, Jules Bordet, Peter
C. Doherty & Rolf M. Zinkernagel, Cesar Milstein & Georges E. Kohler, and George
Snell, Jean Dausset & Baruj Benacerraf.

Cells of Immune system:

Familiarizing students with the haemocytometer and its uses. Determining total
leucocyte count in the given blood sample: making a smear of human blood and
performing total and differential leukocyte count, determining percent count
neutrophils, lymphocytes, eosinophils, basophils and monocytes. Study of the
association of abnormal blood counts with diseases like leukopenia, leukocytosis,
neutropenia.

Unit 2: (12 hours)

Basic Immunodiagnostic techniques:

Concepts of agglutination and identification of human blood groups. Understanding the
concepts of immunoprecipitation by performing double immunodiffusion (Ouchterlony
method). Principles, working methods and applications of Lateral Flow Test and Plate/
Dot ELISA. Performance of Plate/ Dot ELISA, and Lateral Flow Test using any diagnostic
kit.

Essential/recommended readings
Theory:

1.Immunology: A short course by R. Coico. 8th edition. Wiley- BlackwellScientific
Publication, UK. 2021

2. Cellular and Molecular Immunology by A.K. Abbas, A.H. Lichtman and S. Pillai. 10th
edition.Elsevier, USA. 2021.

3. Kuby Immunology by J. Punt, S. Stranford, P. Jones and J. Owen. 8 th edition.

4.W.H. Freemanand Company, USA. 2018.

5. Roitt’s Essential Immunology by P. Delves, S. Martin, D. Burton and |.M. Roitt. 13th
edition.Wiley- Blackwell Scientific Publication, UK. 2017.

6.Janeway’s Immunobiology by K. Murphy and C. Weaver. 9th edition. Garland
Science Publishers, USA. 2016.

7.Basic and Clinical Immunology by M. Peakman and D. Vergani. 2nd edition.
ChurchillLivingstone, UK. 2009.

8.Immunology by C. Richard and S. Geoffrey. 6th edition. Wiley- Blackwell Scientific
Publication, UK. 2009.
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Practicals:
1. A Handbook of Practical and Clinical Immunology Volumes | & 2 by G. P. Talwar and S.K.
Gupta. 2nd edition. CBS Publishers, India. 2017.
2. Practical Immunology, A Laboratory Manual by S. Balakrishnan, K. Karthik and S.
Duraisamy. Lambert Academic Publishing, India. 2017.
3. Microbiology: A Laboratory Manual by J. Cappuccino and C.T. Welsh. 11th edition.
Pearson Education, USA. 2016.
4. Laboratory Manual on Immunology and Molecular Biology by D. Dwivedi and V. Singh.
Lambert Academic Publishing, India. 2013.
5. Practical Immunology by F.C. Hay, M.R. Olwyn and M.R. Westwood. 4th edition. Wiley
Blackwell Publishing. 2002.

Suggestive readings

Note: Examination scheme and mode shall be as prescribed by the Examination Branch,
University of Delhi, from time to time.
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DISCIPLINE SPECIFIC CORE COURSE -15:

MEDICAL MICROBIOLOGY

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits | Credit distribution of the Eligibility Pre-
Code course criteria requisite
Lecture | Tutorial | Practical/ of the
Practice course
(if any)
MICROB- 4 3 0 1 Class XIl pass None
DSC503: with Biology/
Biotechnology/
MEDICAL Biochemistry
MICROBIOLOGY

Learning Objectives

The Learning Objectives of this course are as follows:

The main objective of this course is to introduce the students to the fundamental
features of medical microbiology.

Students will recognize the diversity of microbial pathogens and their virulence
mechanisms. They will be introduced to specific infectious diseases of global
relevance, diagnostic methods, and methods to manage infectious diseases.

They will become familiar with the functional aspects of antimicrobial
chemotherapy and anti- microbial resistance and will gain insights into the recent
development of new molecular diagnostic methods as well as the global spread and
emergence of infectious agents.

Learning outcomes

The Learning Outcomes of this course are as follows:

Student will be able to explain the terms in describing disease causalities, pathogenic
features of microbial agents of disease, and their transmission, and will be able to

describe the diverse nature of the human microbiome and its significance.

Student will be able to describe the spectrum of diseases caused by bacterial
pathogens, and the course of disease development and accompanying symptoms.
Student will be able to to discuss the methods of transmission, epidemiological

aspects, preventive measures, treatments.

Student will be able to explain the human diseases caused by viruses including
emerging viral pathogens, giving an understanding of the etiology, course of disease

development, symptoms, diagnosis and management of these diseases.
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e Student will be able to elaborate on the fungal and protozoan diseases with respect to
their etiology, symptoms, transmission, diagnosis and control.

e Student will be able to explain the basic concepts of handling clinical specimens, and
approaches used to aid in detection/ diagnosis of infectious agents using
immunological and molecular biology-based methods.

e Student will be able to evaluate the mode of action of different antimicrobial agents,
concept of antimicrobial resistance and immunization schedule followed in India.

SYLLABUS OF DSC-15

UNIT =1 (7 hours)

Introduction to pathogenicity, infection and human microbiota: Commonly used terms
and nomenclature: pathogen, infection, invasion, virulence and its determinants,
endotoxins and exotoxins, carriers and their types. Opportunistic, nosocomial, acute,
latent and chronic infections. Sepsis and septic shock. Modes of transmission of
pathogens. Role of microbiome in human health. Factors governing the microbiota of
skin, throat and upper respiratory tract, gastrointestinal tract, urogenital tract (with
examples of microorganisms in each instance).

UNIT - 11 (12 hours)

Bacterial pathogens causing common diseases in humans: Symptoms, transmission,
prophylaxis and treatment of the diseases caused by: Bacillus anthracis, Clostridium
tetani, Clostridium difficile, Escherichia coli, Helicobacter pylori, Mycobacterium
tuberculosis, Staphylococcus aureus, Salmonella enterica Typhi, Treponema pallidum,
Vibrio cholerae

Unit lll: (12 hours)

Viral diseases in humans: Etiology, symptoms, transmission, diagnosis, prophylaxis, and
treatment of the following diseases: Polio, Chicken pox, Mumps, Measles, Herpes,
Hepatitis, Rabies, AIDS, Influenza (swine flu and bird flu), Dengue, Japanese Encephalitis,
Rota virus infections, COVID-19.

UNIT - IV (4 hours)

Protozoan and fungal diseases in humans: Etiology, symptoms, transmission, diagnosis
and control of Malaria and Kala azar. Types of mycoses. Detailed study of certain
mycoses. Cutaneous mycoses: Tinea pedis (Athlete’s foot). Systemic mycoses:
Aspergillosis. Opportunistic mycoses: Candidiasis, Mucormycosis.

UNIT -V (10 hours)

Diagnostics and therapeutics in infectious diseases:

Collection, transport and culturing of clinical samples. Principles of different diagnostic
tests: Agglutination-based tests (Widal and VDRL test), lateral flow assay-based Kkits,
immunofluorescence test for syphilis, Nucleic acid based diagnostic techniques: Rapid
PCR and RT-PCR.
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Anti-microbial chemotherapy: General characteristics and mode of action of anti-
microbial agents. Antibacterial with one example each: inhibitor of nucleic acid synthesis,
inhibitor of cell wall synthesis, inhibitor of cell membrane function, inhibitor of protein
synthesis. Antifungal: mechanisms of action of amphotericin B, griseofulvin. Antiviral:
mechanism of action of amantadine, tamiflu, acyclovir. Antimicrobial resistance:
mechanisms of drug resistance, MDR, XDR, TDR, NDM-1, ESBL, MRSA, VRSA, ESKAPE
pathogens.

Practical component

UNIT 1: (16 hours)

Identification and analysis of the cultural, morphological and biochemical
characteristics of bacteria: E. coli, Salmonella, Pseudomonas, Staphylococcus,
Bacillus, Klebsiella (any three).

Study of the composition and use of important differential media for identification of
bacteria: mannitol salt agar, deoxycholate citrate agar / Salmonella Shigella (SS) agar,
MacConkey / EMB Agar.

Identification of bacteria based on biochemical characteristics: IMViC (Indole test,
Methyl Red test, Voges-Proskauer test, Citrate test), Triple Sugar Iron (TSI) test,
nitrate reduction test, urease test and catalase test.

Group project: Study of skin microbiome: Study of the bacterial flora of skin by swab
method: Isolation of bacteria from skin on general purpose media (nutrient agar)
and/or selective media (mannitol salt agar). Study of colony characteristics of the
obtained isolates followed by Gram staining and microscopy to determine the gram
character, shape and arrangement of cells.

Unit 2: (14 hours)

Study of antibiotic sensitivity and rapid detection of infectious diseases: Principle
and performance of antibacterial sensitivity test by Kirby-Bauer method. Concept of
MIC values. Determining MIC of any two antibiotics for any two bacteria.

Principles and working of rapid antigen tests. Demonstration of lateral flow kit for
rapid antigen detection of COVID19. Principle and working of antibody detection test:
Dengue test / Widal test for typhoid.

Essential/recommended readings
Theory:

1. Brock Biology of Microorganisms by M.T. Madigan,). Aiyer,D. Buckley,W.Sattley and D.
Stahl.16th edition. Pearson, USA. 2021.

2. Prescott’s Microbiology by J. M. Willey, K. Sandman and D. Wood. 11th edition. McGrawHill
Higher Education, USA. 2019.

3. Textbook of Microbiology by R. Ananthanarayan and C.K.J. Paniker. 10th edition. Universities
Press, India. 2017.

4. Jawetz, Melnick and Adelberg’s Medical Microbiology by K.C. Carroll, S.A. Morse,
T.A.Mietzner and S. Miller. 27th edition. McGraw Hill Education. 2016.
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Microbiology: An Introduction by G.J. Tortora, B.R. Funke and C.L. Case. 9thedition.Pearson
Education, USA. 2007.

DNA microarrays for the diagnosis of infectious diseases by E. Donatin E and M. Drancourt.
Med Mal Infect. 2012; 42(10):453-459. D0i:10.1016/j.medmal.2012.07.017

Practicals:

1. A Handbook of Practical and Clinical Immunology Volumes | & 2 by G. P. Talwar and S.K.
Gupta. 2nd edition. CBS Publishers, India. 2017.

2. Practical Immunology, A Laboratory Manual by S. Balakrishnan, K. Karthik and S. Duraisamy.
Lambert Academic Publishing, India. 2017.

3. Microbiology: A Laboratory Manual by J. Cappuccino and C.T. Welsh. 11th edition. Pearson
Education, USA. 2016.

4. Laboratory Manual on Immunology and Molecular Biology by D. Dwivedi and V. Singh.
Lambert Academic Publishing, India. 2013.

5. Practical Immunology by F.C. Hay, M.R. Olwyn and M.R. Westwood. 4th edition. Wiley

Blackwell Publishing. 2002.

Suggestive readings
Note: Examination scheme and mode shall be as prescribed by the Examination Branch,

University of Delhi, from time to time.
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SEMESTER-VI

DISCIPLINE SPECIFIC CORE COURSE - 16:

PRINCIPLES OF MOLECULAR BIOLOGY-II

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title | Credits | Credit distribution of the Eligibility Pre-
& Code course criteria requisite
Lecture | Tutorial | Practical/ of the
Practice course
(if any)
MICROB- 4 3 0 1 Class XII pass Principles
DSC601: with Biology/ | of
Biotechnology/ | Molecular
PRINCIPLES Biochemistry Biology-I
OF
MOLECULAR
BIOLOGY-II

Learning Objectives

The Learning Objectives of this course are as follows:

The major objective of this course is for the student to gain comprehensive
knowledge of the basic concepts of molecular biology.

The student will become familiar with DNA-related cellular processes and will
become aware of the central dogma of molecular biology, learning about the
propagation of information through DNA replication and the unidirectional flow of
information from DNA to RNA to proteins through transcription and translation.

Learning outcomes

The Learning Outcomes of this course are as follows:

Student will be able to explain RNA processing events including capping,
polyadenylation and splicing. Can discourse on the concepts of RNA interference
through siRNA and miRNA.
Student will be able to discuss the mechanisms of translation of proteins in both
prokaryotes and eukaryotes, and convey information about the inhibitors of protein
synthesis.
Student will be able to analyze and explain various mechanisms of gene regulation
in prokaryotes and eukaryotes at the level of transcription and post-transcriptional
processes, as well as epigenetic mechanisms of gene regulation through chromatin
modifications, the role of IncRNAs in gene regulation.
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e Student will be able to demonstrate the procedure of isolation and analyze RNA by
colorimetric and spectrophotometric methods, resolve proteins by electrophoresis
on SDS-PAGE.

SYLLABUS OF DSC-16

UNIT -1 (15 hours)

RNA processing and its applications: Difference in structure of prokaryotic and
eukaryotic mRNA. Split gene theory, introns and exons. Processing of eukaryotic mRNA:
capping and polyadenylation mechanisms and enzymes involved. RNA splicing: Group |
and Group Il introns and the mechanisms of splicing linked to them. Spliceosome
machinery. Concepts of alternative splicing and trans-splicing. Processing of rRNA. RNA
interference and its significance. Brief overview of siRNA and miRNAs.

UNIT - 11 (14 hours)

Translation in prokaryotes and eukaryotes: Translational machinery: ribosome
structure in prokaryotes and eukaryotes, tRNA structure, aminoacyl tRNA synthetases
and charging of tRNA. Mechanism of initiation, elongation and termination of
polypeptide synthesis in prokaryotes and eukaryotes, highlighting the differences in the
processes between the two groups of organisms. Mechanisms for maintaining the
fidelity of translation.

UNIT - 11l (16 hours)

Regulation of gene expression in prokaryotes and eukaryotes: Principles of
transcriptional regulation in prokaryotes: negative versus positive regulation using lac,
trp and ara operons as examples. Gene regulation during sporulation in Bacillus. Yeast
mating-type switching. Mechanisms of epigenetic regulation of gene expression:
regulation of gene expression by DNA methylation, histone acetylation and histone
methylation. Regulation of gene expression by DNA methylation in prokaryotes versus
in eukaryotes. Histone methylation as both, positive as well as negative regulator of
gene expression. Gene regulation by long noncoding RNAs (IncRNAs).

Practical component

UNIT 1: (15 hours)

Analysis of RNA and its applications:

RNA isolation and estimation: Total RNA isolation from yeast / bacterial cells.
Colorimetric analysis of RNA with yeast tRNA as standard, using orcinol reagent or
UV spectrophotometry. Northern blot analysis of processed RNA through virtual lab.

Student group research study project: use of mRNA in vaccines — case study of the
COVID19 mRNA vaccines: CCMB vaccine technology/platform (based on Pfizer-
BioNTech/Moderna technology) versus Gennova vaccine technology/platform
(based on HDT Bio Corp technology)

or
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Student group research study project: trans-splicing in trypanosomatids.

Unit 2: (15 hours)

Analysis of proteins:

Analysis of total cell protein of bacteria by SDS-PAGE.

Student group research study project: drugs that inhibit protein translation and
their mechanism of action.

Essential/recommended readings

Theory:

1.

Lewin’s Essential Genes by J. Krebs, E. Goldstein and S. Kilpatrick. 4th edition. Jones
andBartlett Publishers, USA. 2020.

2. Karp’s Cell and Molecular Biology by G. Karp, J. lwasa and W. Marshall. 9th edition.
Wiley, USA. 2019

3. Molecular Biology by D. Clark, N. Pazdernik and M. McGehee. 3rd edition. Academic
Cell, USA. 2018.

4, Lewin’s Genes Xll by J. Krebs, E. Goldstein and S. Kilpatrick. 12th edition. Jones and
BartlettLearning, USA. 2017.

5. Becker’s World of the Cell by J .Hardin and G.P. Bertoni. 9th edition. Pearson, USA.
2015.

6. Principles of Genetics by D.P. Snustad and M.J. Simmons. 7th edition. Wiley and
Sons, UK. 2015.

7. Molecular Biology of the Gene by J.D. Watson, T.A. Baker, S.P. Bell, A. Gann, M.
Levine and R. Losick. 7th edition. Pearson Education, USA. 2014.

8. Cell and Molecular Biology by E.D.P. De Robertis and E.M.F. De Robertis. 8th edition.
Lippincott Williams and Wilkins, USA. 2006.

Practicals:

Molecular Cloning: A Laboratory Manual by M. Green and J. Sambrook Volumes 1-3.
4th edition. Cold Spring Harbor Laboratory Press, USA. 2012.

An Introduction to Practical Biochemistry by D. Plummer. 3rd edition. McGraw Hill
Education, India. 2017.

Suggestive readings
Note: Examination scheme and mode shall be as prescribed by the Examination Branch,
University of Delhi, from time to time.
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DISCIPLINE SPECIFIC CORE COURSE - 17:

ADVANCES IN IMMUNOLOGY

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits | Credit distribution of the | Eligibility Pre-
Code course criteria requisite of
Lecture | Tutorial | Practical/ the course
Practice (if any)

MICROB- 4 3 0 1 Class XIl pass Basic

DSC602: with Biology/ | concepts of
Biotechnology/ | Immunology

ADVANCES IN Biochemistry

IMMUNOLOGY

Learning Objectives

The Learning Objectives of this course are as follows:

The main objective of this course is to provide a detailed insight to the student about
crucial roles played by human immune system in generation of an optimum immune
response as well as in serious conditions arising by immune dysfunction such as
infections, hypersensitivity, immunodeficiency and autoimmunity.

Also the importance of immune system in cases of cancer and organ transplant. The
course further enhances the student’s understanding of how various
immunodiagnostics and other advances in immunology have changed the face of
modern medicine.

Learning outcomes

The Learning Outcomes of this course are as follows:

Student will be able to discuss the generation of humoral and cell-mediated immune
response and the killing mechanisms available within the host body.

Student will be able to describe immunity disorders like hypersensitivity,
autoimmunity and immunodeficiency.

Student will be able to explain organ transplantation and the role of the immune
system in acceptance or rejection of the grafts, and ways to manage it.

Student will be able to describe types of cancers, the antigens and immune response
involved, tumor evasion mechanisms, diagnosis and treatment.

Student will be able to describe vaccine formulation and its types, adjuvants, and
National Immunization Schedule.

SYLLABUS OF DSC-17
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UNIT - 1(12 hours)

Generation of Immune Response: B cell development, generation of humoral immune
response, primary and secondary immune response, generation of cell-mediated
immune response (TCR, Self MHC restriction, T cell activation, co-stimulatory signals),
killing mechanisms by CTL and NK cells.

UNIT - 11 (12 hours)

Immune Dysfunction: Types of hypersensitivities with one examples each, mechanism,
manifestations and detection of type | hypersensitivity; Autoimmunity: types and
mechanisms (Hashimoto’s thyroiditis, Goodpasture’s syndrome, IDDM, Rheumatoid
arthritis, Multiple sclerosis, SLE); Immunodeficiency: Animal models (nude and SCID
mice), disorders (SCID, DiGeorge syndrome, Chediak- Higashi syndrome, LAD, CGD).

UNIT - 11l (8 hours)

Transplantation Immunology: Types of grafts (autograft, isograft, allograft &
xenograft), HLA typing, immunologic basis of graft rejection (sensitization & effector
stages), role of T cells in graft rejection, GVHD, clinical manifestations of graft rejection
(hyperacute, acute and chronic rejection), immunosuppressive therapies (general and
specific), immunoprivileged sites

UNIT - IV (8 hours)

Cancer Immunology: Immune surveillance, types of cancers, malignant transformation
of cells, tumor antigens (TATA and TSTA), immune response to cancer, tumor evasion,
immunodiagnosis and cancer immunotherapy

UNIT -V (5 hours)

Vaccines: Active immunization, designing vaccines, boosters, types of vaccines: live
attenuated, toxoid, conjugate/ multivalent, subunit, peptide, recombinant (vector
based), DNA and RNA vaccines, use of adjuvants, National Immunization Schedule (NIS).

Practical component

UNIT 1: (20 hours)

Immunological techniques based on antigen - antibody interactions: Principles,
working methods and applications of the following immunological techniques:
ELISPOT, western blotting, immunofluorescence, flow cytometry, immunoelectron
microscopy. Performance of SDS-PAGE to separate the different types of
immunoglobulins. Detection of Type | hypersensitivity by RIST and RAST. MLR and
Microcytotoxicity tests for HLA typing using pictures.

Unit 2: (12 hours)

Student group research studies:

Student group research project |: Experimental Systems in Immunology: Primary
lymphoid cell culture systems. Animal models: Nude mouse, SCID mouse, SPF (Specific
Pathogen Free) colony mice, dirty mice.
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Student group research project Il: short-term and long-term immune response to
COVID-19 vaccines: case study of Covaxin.

Essential/recommended readings
Theory:

1.Immunology: A short course by R. Coico. 8th edition. Wiley- BlackwellScientific
Publication, UK. 2021

2. Cellular and Molecular Immunology by A.K. Abbas, A.H. Lichtman and S. Pillai. 10th
edition.Elsevier, USA. 2021.

3. Kuby Immunology by J. Punt, S. Stranford, P. Jones and J. Owen. 8 th edition.

4.W.H. Freemanand Company, USA. 2018.

5.Roitt’s Essential Immunology by P. Delves, S. Martin, D. Burton and |.M. Roitt. 13th
edition.Wiley- Blackwell Scientific Publication, UK. 2017.

6.Janeway’s Immunobiology by K. Murphy and C. Weaver. 9th edition. Garland
Science Publishers, USA. 2016.

7.Basic and Clinical Immunology by M. Peakman and D. Vergani. 2nd edition.
ChurchillLivingstone, UK. 2009.

8.Immunology by C. Richard and S. Geoffrey. 6th edition. Wiley- Blackwell Scientific
Publication, UK. 2009.

Practicals:

1. A Handbook of Practical and Clinical Immunology Volumes | & 2 by G. P. Talwar and S.K.
Gupta. 2nd edition. CBS Publishers, India. 2017.

2. Practical Immunology, A Laboratory Manual by S. Balakrishnan, K. Karthik and S.
Duraisamy. Lambert Academic Publishing, India. 2017.
3. Microbiology: A Laboratory Manual by J. Cappuccino and C.T. Welsh. 11th edition.
Pearson Education, USA. 2016.
4. Laboratory Manual on Immunology and Molecular Biology by D. Dwivedi and V. Singh.
Lambert Academic Publishing, India. 2013.
5. Practical Immunology by F.C. Hay, M.R. Olwyn and M.R. Westwood. 4th edition. Wiley
Blackwell Publishing. 2002.

Suggestive readings

Note: Examination scheme and mode shall be as prescribed by the Examination Branch,
University of Delhi, from time to time.
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DISCIPLINE SPECIFIC CORE COURSE -18:

INDUSTRIAL MICROBIOLOGY

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits | Credit distribution of the Eligibility Pre-
Code course criteria requisite
Lecture | Tutorial | Practical/ of the
Practice course
(if any)
MICROB- 4 3 0 1 Class XIl pass None
DSC603: with Biology/
Biotechnology/
INDUSTRIAL Biochemistry
MICROBIOLOGY

Learning Objectives

The Learning Objectives of this course are as follows:

e The major objective of this course is to give students an overview of the applications
of fermentation processes in industry.

e The students will gain in-depth knowledge of different types of fermentation
processes, fermenter designs and operations. They will become aware of large scale
culturing methods of microorganisms for production of bioactives of industrial
importance.

e Students will also gain an insight into steroid biotransformation and enzyme
immobilization

Learning outcomes

The Learning Outcomes of this course are as follows:

e Student will be able to describe important developments in industrial microbiology
and explain different types of fermentation processes.

e Student will be able to discuss the design, operations and applications of different
types of fermenters and the measurement and control of fermentation parameters.

e Student will be able to demonstrate use of various methods to isolate, screen,
preserve and maintain industrially important microbial strains, the different types of
media used in fermentation processes.

e Student will be able to demonstrate use of various techniques for the recovery and
purification of industrial products produced by microorganisms.
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e Student will be able to explain the principles of large-scale microbial production and
recovery of industrial products.

e Student will be able to demonstrate microbiological transformations of steroids and
use the methods of enzyme immobilization to exploit their advantages and
applications in the industry.

SYLLABUS OF DSC-18

UNIT =1 (7 hours)

Development of industrial microbiology: Important developments in industrial
microbiology and contribution of following scientists: Louis Pasteur, Carl Wilhelm
Scheele, Casimir Funk, Alexander Fleming, Selman A. Waksman, Howard W Florey and
Ernst B Chain. Types of fermentation processes: aerobic and anaerobic fermentations,
solid-state and liquid-state (stationary and submerged) fermentations, batch, fed-batch
and continuous fermentations

UNIT - 11 (10 hours)

Bioreactors and analysis of fermentation parameters: Parts of a typical fermenter. Types
of bioreactors and their applications: Laboratory, pilot-scale and production fermenters,
continuously stirred tank reactor, air-lift fermenter. Measurement and control of
parameters: pH, temperature, dissolved oxygen, foaming and aeration.

UNIT - Ill (7 hours)

Selection of industrially important microbial strains: Sources of industrially important
microorganisms, their isolation and screening (primary and secondary). Preservation and
maintenance of stock and working cultures. Crude and synthetic fermentation media,
inoculum and production media. Crude media components: molasses, corn-steep liquor,
sulphite- waste liquor, whey, yeast extract. , peptone and tryptone.

UNIT -1V (4 hours)

Recovery methods for fermentation products: Physiochemical and biological methods
for cell disruption, centrifugation, batch filtration, precipitation, solvent-solvent
extraction spray drying and lyophilization.

UNIT -V (17 hours)

Upstream and downstream processing of microbial products, steroid biotransformation
and enzyme immobilization: Citric acid, ethanol, glutamic acid, Vitamin B12, Wine
(white, rose & red), beer, antibiotics (penicillin,streptomycin) and enzymes (amylase,
protease, lipase and glucose oxidase). Microbiological transformation of steroids and its
applications. Methods of enzyme immobilization: cross linking, entrapment, adsorption
and covalent bonding. Advantages and applications of immobilized enzymes: glucose
isomerase and penicillin acylase

Practical component
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UNIT 1: (18 hours)

Aerobic fermentation processes: Microbial production of  enzymes
(amylases/lipase/protease) by liquid-state static /submerged fermentation and its
detection by plate-assay method using an agar-based medium. Estimation of enzyme
activity spectrophotometrically. Production of amino acids (glutamic acid /lysine)
using a suitable bacterial culture, its detection by paper chromatography and its
colorimetric estimation using buffered ninhydrin reagent. Microbial production of
citric acid by solid-state /liquid state fermentation using Aspergillus niger, its
detection by chromatographic techniques and its quantitative estimation by titration.

Unit 2: (12 hours)

Anaerobic fermentation processes: Ethanol production by submerged fermentation
using Saccharomyces cerevisiae, its detection by qualitative tests and its estimation
spectrophotometrically using a suitable reagent.

A visit to any educational institute/industry to understand different types of
fermenters/ bioreactors: laboratory-scale, pilot-scale and production fermenter, and
their components (spargers, baffles, impellers etc

Essential/recommended readings
Theory:

1. Industrial Microbiology by A.H. Patel. 2nd edition. Laxmi publication Pvt Ltd/Trinity Press.
2022.

2. Industrial Microbiology by L.E. Casida. 2nd edition. New Age International publisher. 2019.

Modern Industrial Microbiology and Biotechnology by N. Okafor and B.C. Okeke. 2nd

edition. CRC press, UK. 2018.

Crueger’s Biotechnology: A Textbook of Industrial Microbiology by W. Crueger,

Crueger and K.R.Aneja. 3rd edition. Medtech Publisher, India. 2017.

Biotechnology Industrial Microbiology. A textbook by W.Clarke. CBS Publishers, India.2016.

Industrial Microbiology by K.L. Benson. CBS Publishers & Distributors. 2016.

Principles of Fermentation Technology by P.F. Stanbury, A.Whitaker and S.J. Hall. 3rd

edition. Elsevier Science Ltd, Netherlands. 2016.

8. Microbial technology. Vol I- Microbial processes and Vol Il -Fermentation technology edited
by H.J. Peppler and D. Perlman. 2nd edition. Academic Press, USA. 2009.

9. Industrial Microbiology: An Introduction by M.J. Waites, N.L. Morgan, J.S . Rockey and
G.Higton. Wiley —Blackwell. 2001.

10. Microbial Biotechnology: Fundamentals of Applied Microbiology by A.N. Glazer and
H.Nikaido. 1st edition. W.H. Freeman and Company, UK.1995.

w

No vk

Practicals:
1. Microbiology: A Laboratory Manual by J. Cappuccino and C.T. Welsh. 12th edition. Pearson
Education, USA. 2020.
2. Laboratory manual of Microbiology and Biotechnology by K.R. Aneja. 2nd edition. Scientific
International Pvt. Ltd., Delhi. 2018.
3. Manual of Industrial Microbiology and Biotechnology edited by R.H. Baltz, A.L. Demain,
and J.E. Davies. 3rd edition. American Society for Microbiology. 2010.
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4. Microbial technology. Vol I- Microbial processes and Vol Il -Fermentation technologyedited
by H.J. Peppler and D. Perlman. 2nd edition. Academic Press, USA. 2009.

Suggestive readings

Note: Examination scheme and mode shall be as prescribed by the Examination Branch,
University of Delhi, from time to time.
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