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CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE 

 
Course title 
& Code 

Credits Credit distribution of the 
course 

Eligibility 
criteria 

Pre-requisite 
of the course 
(if any) Lecture Tutorial Practical/ 

Practice 
MICROB-
DSC301: 
 
BASIC 
CONCEPTS 
OF CELL 
BIOLOGY 

4 3 0 1 Class XII pass 
with Biology/ 
Biotechnology/ 
Biochemistry 

NIL 

 
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.  

• To familiarize the students 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 structure of the cell wall and cell membrane, 
membrane transport mechanisms, cell-matrix and cell-cell interactions, and the 
importance of the cytoskeleton. 

• Student will be able to describe the organization and functioning of various cell 
organelles and gain insights into the internal organization of the nucleus. 

• Student will be able to discuss the mechanisms of protein sorting, intracellular 
trafficking, and protein export. 

• Student will be able to analyse the structure of the plant and animal cell by 
microscopic observation and the ultrastructure of cell organelles by electron 
microscopy.  

DISCIPLINE SPECIFIC CORE COURSE – 7:  
BASIC CONCEPTS OF CELL BIOLOGY  
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• Student will be able to demonstrate the fractionation of cell components by 
ultracentrifugation and describe cell sorting by flow cytometry. 

 

SYLLABUS OF DSC-7   
 
UNIT – I (12 hours) 
Cell envelope and cell interactions: Structure and composition of bacterial, fungal and 
plant cell walls. Composition of plasma membrane: phospholipid bilayer, membrane 
proteins, glycocalyx. Membrane transport mechanisms: passive diffusion, facilitated 
diffusion (carrier proteins and channel proteins), active transport (Na+-K+ ATPase, ABC 
transporters). Components of extracellular matrix: polysaccharides, structural proteins, 
adhesion proteins. Cell-matrix interactions: cell surface receptors, focal adhesions, hemi- 
desmosomes. Cell-cell interactions: adhesion junctions, tight junctions, gap junctions, 
plasmodesmata 
 
UNIT – II (6 hours) 
Cytoskeleton: structural organization of actin filaments, microtubule structure and 
dynamics, structure of centriole, cilia, flagella. Microtubule motor proteins: kinesins and 
dyneins. 
 
UNIT – III (12 hours) 
Structures and functions of nucleus and other cell organelles: Structure and function of 
nucleus and its components (nuclear envelope, nuclear lamina, nuclear pore complex). 
Internal organization of nucleus: heterochromatin, euchromatin, nucleolus. Structure 
and function of cell organelles: mitochondrion, chloroplast, ribosome, peroxisome, 
lysosome 
 
UNIT – IV (15 hours) 
Protein sorting and membrane trafficking: Structure of endoplasmic reticulum 
(smooth and rough, ER transmembrane proteins). Targeting and translocation of 
proteins across the endoplasmic reticulum, protein processing, folding and 
assembly. Brief overview of the role of endoplasmic reticulum in synthesis of lipids 
and assembly of phospholipid bilayers. Structure and organization of golgi apparatus. 
Protein glycosylation, protein sorting, and exocytosis. Signal sequences in 
transmembrane transport: nuclear localization signal, endoplasmic reticulum signal 
sequence 
 
Practical component      30 Hours 
 
UNIT 1: (20 hours) 
Cell and cell organelles: Use of light microscopy and electron microscopy in studying 
cells. Study of the structure and function of a plant cell and an animal cell through 
microscopy. Analysis of the ultrastructure of cell organelles through electron 
micrographs: nucleus, plasma membrane, mitochondrion, chloroplast, ribosome, 
endoplasmic reticulum, golgi bodies, lysosome, centriole 
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Unit 2: (10 hours) 
Cell fractionation and sorting: Principle and working of cell fractionation by density 
gradient centrifugation using virtual lab. Principle and working of cell sorting by flow 
cytometry using virtual lab.  Analysis of cell cycle stages using flow cytometry.   

 
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. 9th edition. W.H. Freeman, UK. 2021. 

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

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

4. The Cell: A Molecular Approach by G.M. Cooper. 8th edition. Sinauer Associates, UK. 2018. 
5. Cell Biology by T.D. Pollard, W.C. Earnshaw, J. Lippincott-Schwartz and G.T. Johnson. 3rd 

edition. Elsevier, USA. 2016. 
6. Becker’s World of the Cell by J. Hardin and G. Bertoni. 9th Edition. Pearson, USA. 2015. 
7. Cell and Molecular Biology by E.D.P. De Robertis. 8th edition. Lippincott, Williams and Wilkins, 

USA. 2006.      
       
Practicals: 
 

1. A Cell 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. 
 
 
Note: Examination scheme and mode shall be as prescribed by the Examination Branch, 

University of Delhi, from time to time. 
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CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE 

 
Course title & 
Code 

Credits Credit distribution of the 
course 

Eligibility 
criteria 

Pre-
requisite 
of the 
course 
(if any) 

Lecture Tutorial Practical/ 
Practice 

MICROB-
DSC302: 
 
MICROBIAL 
PHYSIOLOGY 
AND 
METABOLISM- I 

4 3 0 1 Class XII pass 
with Biology/ 
Biotechnology/ 
Biochemistry 

NIL 

 
 

Learning Objectives   
 
The Learning Objectives of this course are as follows: 

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

• 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: 

• Student will be able to discuss the diverse nutritional categories of bacteria/archaea and 
mechanisms of transport of nutrients across membranes of microbes. 

• Student will be able to describe the physiology of bacterial growth, calculation of 
generation time and specific growth rate, and the effects of physicochemical factors on 
microbial growth. 

• Student will be able to describe the metabolic pathways used by bacteria for energy 
generation and conservation during growth on glucose and other carbon sources under 
aerobic and anaerobic conditions. 

• Student will be able to discuss energy production processes in microbes.  

DISCIPLINE SPECIFIC CORE COURSE –8:  
MICROBIAL PHYSIOLOGY AND METABOLISM- I 

 

29



• Student will be able to analyse growth kinetics of bacteria, and evaluate the impact of 
external factors on bacterial growth kinetics. 
 

SYLLABUS OF DSC-8 
 

UNIT – I (10 hours) 
Nutritional diversity amongst bacteria and mechanisms of nutrients transport: 
Classification of bacteria based on carbon, electron and energy sources. Nutrient transport 
across membrane: passive transport (diffusion- simple and facilitated), active transport 
(primary and secondary with suitable examples, concept of uniport, symport, antiport) and 
group translocation. Electrogenic and electroneutral transport. Transport of iron in 
bacteria through concerted action of primary and secondary active transport. 
 
UNIT – II (12 hours) 
Microbial growth patterns, kinetics and physiological adaptations: Batch, continuous, 
diauxic and synchronous growth. Bacterial growth kinetics: growth curve, generation time 
and specific growth rate. Physiological adaptations by microbes for growth under different 
environmental conditions: effect of temperature, pH, oxygen concentration, solute and 
water activity. 
 
UNIT – III (12 hours) 
Chemoheterotrophic metabolism under aerobic conditions: Concept of metabolism and 
energy production. Glucose degradation/catabolism by microbes via: glycolysis, Entner-
Doudoroff (ED) pathway, Pentose phosphate pathway (PPP). The pyruvate dehydrogenase 
reaction, Krebs Cycle, anaplerotic reactions, Glyoxylate cycle. Utilization of fructose, 
lactose and pentose 
 
UNIT – IV (11 hours) 
Electron transport and energy production: Redox potentials of the electron carriers, 
organization of electron carriers in mitochondria, coupling sites, mechanisms of proton 
translocation, chemiosmotic hypothesis, oxidative phosphorylation and ATP generation, 
uncouplers and inhibitors of respiratory chain, comparison of mitochondrial and bacterial 
electron transport, branched respiratory chain in E. coli under high and low levels of O2. 
 

Practical component   30 Hours 
 
UNIT 1: (20 hours) 
Microbial growth: Study of various methods of measurement of microbial growth. 
Collection of data and plotting of bacterial growth curve of E. coli using turbidometric 
method (using optical density as the indirect method of measurement of bacterial 
growth). Understanding bacterial growth kinetics by calculation of generation time and 
specific growth rate of bacteria from the graph. Study of radial growth of Aspergillus 
niger using point inoculation method 
 
Unit 2: (10 hours) 

30



Effect of environmental factors on microbial growth: Study of the effect of 
physicochemical factors like temperature and pH variations on the growth of E.coli. 
Understanding the physiological importance of catalase and oxidase in protecting 
bacteria from the harmful effects of oxidizing environment: detection and assay of 
their activity in bacteria. 

 
Essential/recommended readings 

Theory:
1. Lehninger Principles of Biochemistry by D.L. Nelson and M.M. Cox. 8th edition. W.H. Freeman 

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,J. 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. 
 
Note: Examination scheme and mode shall be as prescribed by the Examination Branch, 

University of Delhi, from time to time. 
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CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE 
 
Course title & 
Code 

Credits Credit distribution of the 
course 

Eligibility 
criteria 

Pre-
requisite 
of the 
course 
(if any) 

Lecture Tutorial Practical/ 
Practice 

MICROB-DSC303: 
 
ENVIRONMENTAL 
MICROBIOLOGY 

4 3 0 1 Class XII pass 
with Biology/ 
Biotechnology/ 
Biochemistry 

NIL 

 
Learning Objectives   
 
The Learning Objectives of this course are as follows: 

• The main objective of this paper is to provide students with in-depth knowledge of 
diverse microbial populations/ communities present in different habitats in the 
ecosystem.  

• Students will become aware of the inter-microbial, microbe-plant and microbe-animal 
interactions and their benefits. The students will also learn about the management of 
solid and liquid waste and different strategies for microbial remediation of 
environment pollutants. 

 
Learning outcomes  
 
The Learning Outcomes of this course are as follows: 

• Student will be able to discuss natural habitats of diverse microbial populations and 
give an overview of the concept of metagenomics. 

• Student will be able to analyse various positive and negative interactions amongst 
microbes and also between microbes and plants / animals. 

• Student will be able to explain the importance of microorganisms in mineral cycling 
within an ecosystem, and their effects on the environment. 

• Student will be able to discuss various methods involved in sewage treatment, how we 
can make water safe for drinking, and various methods for testing water potability. 

• Student will be able to evaluate different waste management strategies using 
microorganisms. 

• Student will be able to describe various methods of microbial remediation for treating 
pollutants present in our environment. Student will be able to determine the 
importance of quality control in the food industry and describe various indices being 
used to measure quality and safety in the food industry. 

 

DISCIPLINE SPECIFIC CORE COURSE – 9:  
ENVIRONMENTAL MICROBIOLOGY 
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SYLLABUS OF DSC-9 
 

UNIT – I (11 hours) 
Natural habitats and their microbial communities: Concepts of habitat, niche. 
Autochthonous, allochthonous, zymogenous microorganisms. Colonization and 
succession. Lithosphere: Soil profile, soil characteristics: physical and chemical, soil 
microbial community. Hydrosphere: Freshwater habitat: stratification and microbial 
composition of lake. Marine habitat: stratification and microbial composition of ocean. 
Atmosphere: atmosphere as microbial habitat, dispersal of microorganisms/spores, 
bioaerosols, methods of air sampling (filtration and deposition). Extreme habitats with 
reference to temperature, hydrostatic pressure, salinity and low nutrient levels. Concept 
of metagenomics, use of metagenomics to profile microbial communities in natural 
habitats. 
 
UNIT – II (9 hours) 
Interactions of microbial populations: Microbe-microbe interactions. Positive 
interactions: mutualism, protocooperation, commensalism. Negative interactions: 
antagonism, competition, predation, parasitism. Microbe-plant interactions. Symbiotic 
association: microbes associated with roots and aerial plant surfaces, leguminous roots-
rhizobium symbiosis, Anabaena-Azolla symbiosis, mycorrhizal and actinorhizal 
associations. Microbe- animal interactions. Microflora in ruminant gut, nematophagous 
fungi and symbiotic luminescent bacteria. 
 
UNIT – III (9 hours) 
Mineral cycling by microbes and their effects on the environment : Importance of 
biogeochemical cycles. Carbon cycle: microbial degradation of cellulose, lignin and chitin, 
Nitrogen cycle: nitrogen fixation, ammonification, nitrification, denitrification and nitrate 
reduction. Phosphorus cycle: solubilisation and immobilization. Sulphur cycle: oxidative 
and reductive sulphur transformation, metal corrosion, acid mining drainage, nitrate 
pollution 
 
UNIT – IV (9 hours) 
Wastewater treatment and water potability: Sources and composition of liquid waste. 
Sewage strength: BOD and COD. Primary, secondary (aerobic: trickling filter, activated 
sludge process; anaerobic: septic tank, anaerobic sludge digestor) and tertiary sewage 
treatment. Treatment and safety of drinking (potable) water, Methods to detect 
potability of water samples: standard qualitative procedure - presumptive test/MPN test, 
confirmed and completed tests for fecal coliforms; membrane filter technique and 
Presence/Absence tests for coliforms, Indicator microorganisms. 
 
UNIT – V (7 hours) 
Disposal of solid waste by microbes and microbial remediation of environment: Sources 
and types of solid waste. Methods of solid waste disposal: sanitary landfills, composting 
(static piles, aerated piles and continuous feed reactors). Concepts of xenobiotics, 
recalcitrant compounds and bioremediation. Biodegradation of pesticides (DDT and 
Propanil), oil spills, e-waste and plastics.     
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Practical component    30 Hours 
 
UNIT 1: (15 hours) 
Soil microflora:  
Study of the presence of microbial activity in soil by qualitative detection of enzyme 
activity: dehydrogenase, amylase, urease. Microbial interactions: Isolation and 
quantitation of bacteria from rhizosphere and root-free soil to determine the 
rhizosphere effect. Isolation of symbiotic and non-symbiotic nitrogen fixers: 
Rhizobium and Azotobacter or Azospirillum. 
  
Unit 2: (15 hours) 
Mineral cycling and waste management by microbial remediation: Demonstration 
of phosphate solubilization by plate isolation method. Student group project: 
Preparation of Winogradsky column mini aquatic ecosystem. Assessment of the 
microbiological quality of water by standard qualitative procedures. Determination 
of BOD of wastewater sample by Dissolved Oxygen Electrode method/ Winkler’s 
method. Student group project: Sewage surveillance in the fight against COVID19. 

 
Essential/recommended readings 

Theory: 
 

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

2. Microbial bioremediation by P. Rajendran and P. Gunasekaran. 1st edition, MJP 
Publishers, India. 2019. 

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

4. Environmental microbiology by K.V. Ramesh. MJP Publisher. 2019. 
5. Soil Microbiology by N.S. Subba Rao. 5th edition. Medtech, India. 2017. 
6. Wastewater Microbiology by D.H. Bergey. Medtech, India. 2014. 
7. Environmental Biotechnology by M. Jain. 1st Edition. Alpha Science International Ltd. 

2014. 
8. Environmental Microbiology edited by I.L. Pepper, C.P. Gerba, T.J. Gentry. 3rd 

edition.Academic Press, USA. 2014. 
9. Microbial ecology by L.L. Barton and D.E. Northrup. 1st Edition. John Wiley & Sons. 2011. 
10. Environmental Microbiology of Aquatic and Waste Systems by N. Okafor. Springer, 

USA.2011. 
11. Environmental Biotechnology: Basic Concepts and Applications by I.S. Thakur. 2nd 

Edition. I K International Publishing House Pvt. Ltd. 2011. 
12. Advances in Applied Bioremediation edited by A. Singh, R.C. Kuhad and O. P. 

Ward.Springer-Verlag, Germany. 2009. 
13. Microbial Ecology: Fundamentals and Applications by R.M. Atlas, R. Bartha. 4th 

edition.Benjamin Cummings, USA. 2000. 
14. Principles of Microbiology by R. M. Atlas. 2nd edition. W.M.T. Brown Publishers, 

USA.1997. 
 

Practicals: 

34



 
1. Benson’s Microbiological Applications, Laboratory Manual in General Microbiology by A. 

Brown and H. Smith. 15th edition. McGraw-Hill Education, USA. 2022. 
2. Microbiology: A Laboratory Manual by J. Cappuccino and C.T. Welsh. 12th edition. Pearson 

Education, USA. 2020. 
3. Experiments in Microbiology, Plant Pathology and Biotechnology by K. R. Aneja. 5th edition. 

New Age International Publishers, India. 2017. 
4. Manual of Environmental Microbiology by C. J., Hurst, R. L., Crawford, J. L., Garland and D. A. 

Lipson. American Society for Microbiology Press. USA. 2007. 
5. Microbial Ecology: Fundamentals and Applications by R.M. Atlas and R. Bartha. 4th edition. 

Benjamin Cummings, USA. 2000. 
6. Methods in Applied Soil Microbiology and Biochemistry by K. Alef and P. Nannipieri. Ist 

edition. Academic Press, USA. 1995. 
 
Note: Examination scheme and mode shall be as prescribed by the Examination Branch, 

University of Delhi, from time to time. 
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