
  THEORY SYLLABUS  

I SEMESTER 
 

 PAPER-HCT-101:  CELL BIOLOGY  
 

52hrs 

 UNIT I   

 Membrane systems and organelles: 13hrs 

 
 

 

 

 

 

Plasma membrane: Structure and chemical composition: Fluid-mosaic model. 

Transport across membranes: Diffusion, active transport, co-transport and bulk 

transport, Membrane potentials ï resting potential and types of propagation of 

action potentials, liposomes. 

Cell organelles : Structure, composition and functions of cell organelles: 

Endoplasmic reticulum, Golgi complex, Lysosomes, Mitochondria, Chloroplast and 

nucleus. 

 

UNIT II  

Cellular interactions and their environment: 

Interaction of cells with non cellular substrates: The extra cellular space, the 

extracellular matrix, collagens, proteoglycans, fibronectin, laminin and other 

proteins, Integrins, focal adhesions and hemidesmosomes. 

Interactions of cells with other cells: Selectin, immunoglobulin super family and 

integrin super family, cadherins, Junctions: tight junctions, gap junctions and 

desmosomes, Plasmodesmata. 

 
Cell signaling: Communication between cells and their environment, basic 

characteristics, second messengers and G protein-complex-coupled receptors, role 

of calcium as a second messenger, receptor tyrosine kinases, MAP kinase cascade. 

 
UNIT II I  

DNA and its replication: 

Chemical nature of the gene- structure of DNA, mechanism of DNA replication in 

prokaryotes and eukaryotes. Non-coding DNA, DNA constancy and C value 

paradox, mobile genetic elements.  

                                                                                                                                                                                                                                 

 
 

 

 

 

13 hrs 

 

 

 

 

 

 

13hrs 

 

 
 

 

 

 

Expression of genome:                                                                                  

Transcription: Prokaryotic and eukaryotic transcription, RNA polymerases, 

general and specific transcription factors, post-transcriptional modifications in 

RNA( 5' cap formation) transcription termination, poly-adenylation, RNA splicing, 

Ribozymes, antisense RNA. 

Translation: Prokaryotic and Eukaryotic translation, mechanism of initiation, 

elongation and termination. Co- translational and post-translational modifications of 

proteins. 

 

 

 

 

 

 

 

 

 

 

 



UNIT I V 

Tools of Genetic engineering:                                                                          

Restriction enzymes, methylases, polymerases, reverse transcriptase, terminal 

transferase, ligase, kinases and phosphatases. Cloning vectors: plasmids, phages, 

cosmids, phagemids, viruses and artificial chromosomes. Expression vectors- 

classification, isolation, purification, salient features and their advantages. 

 

Recombination DNA technology: Introduction of recombinant DNA- 

transformation, transduction, transfection, electroporation, biolistics, microinjection, 

agronfection, liposome fusion. Application of recombinant DNA technology and 

Transgenic animals. 

           

13 Hrs 
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I SEMESTER ï PRACTICAL   SYLLABUS  

 

                     HCP-101    CELL BIOLOGY                                                   Total : 60 hrs 

 

 1. Vital staining of Mitochondria 

2. Study of Mitosis in Onion root tips 

 

 
 

3. Meiosis: Study of meiotic stages of a grasshopper testis 

(Poecilocera/Oxya sps). 

 

 4. Study of X-chromatin in human (Buccal smear)  

 5. Demonstration and Identification of sperms: Insect, Amphibian, 

Annelid and Mammalian. 

 

  

   

 



 PAPER-HCT-102:  BASIC GENETICS            

 

UNIT I           

    52 hrs 

 Introduction to Science of Inheritance: Model genetic organisms. Life history and 

inheritance pattern in bacteriophage (T4), Fungi (Neurospora), Algae (Chlamydomonas), 

Bacteria (E. coli), Plant (Arabidopsis), Caenorhabiditis, Drosophila and Mouse.        

13hrs 

 Mendelian principles: Mendel and his laws, Applications of laws and probability tests. 

Chi-square test and its application in the analysis of Genetic data.  Pattern of inheritance 

in haploid (Neurospora) and dipliod (Drosophila). Extension of Mendelism- alleles, 

allelic variation and genetic factor dominant relationship, basis of dominant and recessive 

inheritance.  Multiple alleles and allelic series, lethal alleles, penetrance and expressivity, 

pleiotropy.    

 

UNIT II  

 

 Chromosomal basis of inheritance: Concepts and evidences, sex chromosomes, Sex 

determination, molecular mechanism of sex determination in Drosophila and man. Sex 

linked inheritance in Drosophila and man. Multiple sex chromosomes, sex- limited and 

sex influenced traits.  

13 hrs 

 Linkage and crossing over: Concept, Genetic recombination and constructions of 

genetic map. Genetic and linkage map in Drosophila, Neurospora, Algae and plants 

(Maize). Interference and coincidence. Mitotic recombination.  

 

UNIT III  

  

 

 

 

Non-Mendelian inheritance/ Extranuclear genes: Maternal inheritance, Extra nuclear 

inheritance in Neurospora, Chlamydomonas, Paramecium, Yeast, Drosophila and Man, 

Mitochondrial and Chloroplast genes. 

Somatic cell genetics: Cell-cell hybridization, cell hybrids, mapping of genes by cell 

hybridization methods and in-situ hybridization. 

 

UNIT IV                                                                                

Transposable genetic elements  :                                                                 
Discovery and definition of transposons, simple transposons ( IS elements ), composite 

transposons (Tn3, Tn5), Ac/Ds elements in maize, P elements in Drosophila, 

Retrotransposons, mechanisms of transposition. Transposition - Transposable genetic 

elements in prokaryotes and eukaryotes; Mechanisms of transposition; Role of 

transposons in mutation. 

 

13 hrs 

 

 

      

 

 

13hrs 

REFERENCES 

1. Atherly A. G., Girton, J. R. & McDonald, J. F., 1999. The Science of Genetics, Saunders College 

Publishing, Harcourt Brace College Publishers. 

2. Brookers R. J., Benjamin/Cummings, 1999. Genetics: Analysis and Principles, Longman Inc. 

3. Garner E. J., Simmons, M. J. & Snustad, D. P., 1991. Principles of Genetics, John Wiley & Sons Inc., N.Y. 

4. Griffiths, A. J. F., Miller, J. H., Suzuki, D. T., Lewontin, R. C. & Gelbart, 1996. An Introduction to Genetic 

Analysis, W H. Freeman and Company, N.Y. 



5. Monroe W. Strickberger. 1996. Genetics,  3
rd
 Ed.,  M. W. Mac Millan Publishing Co., N.Y. 

6. Watson, J.D., Hopkins, N. H., Roberts, J. W. Steitz & Weiner, A. M., 1987. Molecular Biology of the Genes, 

The Benjamin/Cummings Publishing Company Inc., Tokyo. 

 

7. William S. Klug & Michael R. Cummings, 1996. Essentials of Genetics, 2
nd

 Ed., Prentice Hall Internationals. 

8. Daniel L. Hartl & Elizabeth W. Jones, 1999. Essential Genetics, 2
nd

 Ed., Jones & Bartlett Publishers 

9. Tom Strachan & Andrew P. Read, 2004. Human Molecular Genetics 3, 3
rd
 Ed., Garland Science, N.Y. 

10. Robert H. Tamarin, 2002. Principles of Genetics, 7
th
 Ed., TaTa McGraw-Hill Edition, New Delhi, India. 
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I SEMESTER ï PRACTICAL   SYLLABUS  

         

                HCP -102       BASIC GENETICS                                                           Total : 60 hrs 

 

1. Study of Drosophila life cycle and its external morphology. 

2. Drosophila culture: media preparation and handling of flies 

3. Study of Drosophila mutants  

4. Mounting of sex comb of Drosophila melanogaster 

5. Study of Law of segregation and Law of independent assortment 

in fruit flies 

6. Study of sperm shape abnormalities in mouse. 
 

 

 

 

 

 

 

 

 

 

 



 

                       PAPER ï HCT-103: ESSENTIALS OF CYTOGENETICS 
 

UNIT I  

52hrs 

 Nucleus and Chromosome structure: Chromosomal theory of inheritance, Interphase 

nucleus, nuclear membrane, nuclear matrix and other structures, Molecular organization 

of prokaryotic and eukaryotic chromosomes, Nucleosome structure, Chromosomal 

protein, Higher order of eukaryotic chromosomes, DNA scaffolds and loops, structure of 

eukaryotic chromosomes, Chromomere, Kinetochores, Centromeres and Telomeres, 

Heterochromatin and Euchromatin.                      

 

UNIT II                                                     

13hrs 

 Cell division: Mitotic and meiotic transmission of chromosomes, Specialized      

Chromosomes; Lampbrush chromosomes: Types, occurrence, specialized organization 

and biological significance. Polytene chromosomes: Occurrence, structural organization 

and their functional role. Supernumerary chromosomes: Occurrence, role during meiosis 

and mitosis and their evolutionary significance. 

 

13hrs 

 Chromosome aberrations: Changes in chromosome structure, Origins of changes in 

chromosome structure. Deletions, duplications, inversions and translocations. Genetic 

significance of Robertsonian  and non-Robertsonian translocations. 

 

UNIT III                                           

 

 Changes in chromosome number: Anueuploidy (monosomy, trisomy, double trisomy, 

tetrasomy, nullisomy): Causes and consequences. Polyploidy (haploids, triploids, 

tetraploids, allotetraploids): Occurrence, types and genetic significance 

 

13hrs 

 

 

 Role of chromosomes during evolution: Chromosomal changes and species 

differentiation, Chromosomal mechanics in speciation processes (Rodents, Insects). Role 

of heterochromatin in species evolution and karyotypic differentiation(Drosophila and 

mammals). 

 

UNIT IV  

 

 Evolution of sex chromosomes: Types of Sex chromosomes, simple and multiple sex 

chromosome. Evolution of X and Y chromosome. Chromosome imprinting phenomena.   

Chromosomes in evolution: Evolution of new Karyotypes (Ex. Drosophila virilis group), 

Practical applications of rearrangements: Balancers, Ring chromosomes, Attached X-

chromosome in Drosophila. 

  

 

 

 

 

 

13 hrs 
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I SEMESTER ï PRACTICAL   SYLLABUS  

                          

    HCP-103 ESSENTIALS OF CYTOGENETICS                                           Total : 60 hrs  

1.  Study of meiosis in Laccotrephis and Sphaerodema.  

2.  Study of inversion polymorphism in Chironomous/mosquito polytene 

chromosomes. 

 

3.  Study of chromosomal aberrations induced by chemicals and X-rays 

(Rat). 

 

4.  Feulgen staining of DNA in protozoa (Paramecium)  
 

 

 

 

 

 

 

 

 

 

 



 

 

                  PAPER-HCT-104:  BIOLOGICAL CHEMISTRY  52hrs 

   

 UNIT I   
 Biomolecules:   

Carbohydrates - Classification, structure and properties of different classes,                                     

chemical reactions, derived sugars. 

Amino acids and Proteins ï Structure, classification and properties of amino acids 

and proteins, non-protein amino acids, essential amino acids,  

amphoteric properties of amino acids, dissociation, chemical reactions.   

Classes and properties of proteins. Structural Organization of proteins  

(Primary, Secondary, Tertiary and quaternary structure). 

Lipids ï Classification, structure of lipids, fatty acids, phospholipids, spingolipids, 

glycolipids and steroids, chemical reactions. 

Nucleic acids ï Structure and properties of different types of RNA,  

Structure of DNA. Watson ï Crick model of DNA, Polymorphism in DNA  

Structure.   

 

UNIT II  

13hrs 

 Enzymes: History, classification and nomenclature, specificity of enzyme; 

Kinetics of enzyme catalyzed reaction -  Chemical kinetics, Michaelis ï Menten 

equation, Transformation of M-M equation, L-B Plot, quantitative assay of enzyme 

activity, factors affecting enzyme activity, Mechanism of enzyme action ï 

hypothesis, catalytic mechanism, acid-base and covalent catalysis ï activation and 

inhibition of enzymes, allosteric modulation, coenzymes and isoenzymes. 

 

UNIT III                                                                        

13hrs 

 Bioenergetics:  Laws of thermodynamics and their application to biological 

process, basic concepts of metabolic energy, capture and transfer, biochemical 

energetics ï free energy concept, high energy phosphate compounds (ATP and 

others) 

 

Biological Oxidation: Oxidationïreduction reactions, biological redox potential, 

mitochondrial electron transport chain, oxidative phosphorylation, chemical and 

chemiosmotic hypothesis. 

14 hrs 

  

UNIT IV  

 

 Metabolism:   

Carbohydrates: Glycogenolysis, glycogenesis, regulation of glycogen  

metabolism, glycolysis, gluconeogenesis, fermentation reactions, TCA cycle,  

glyoxylate   cycle, pentose phosphate pathway. 

Proteins and amino acid metabolism: Enzymatic and chemical hydrolysis of    

protein, general metabolism of amino acids ï transamination, deamination, 

13hrs 



decarboxylation, urea cycle, uric acid biosynthesis. 

Lipids:  Biosynthesis of fatty acids ï Regulation of fatty acid synthesis.  

Oxidation of fatty acids ï scheme of ɓ-oxidation, energetics of ɓ- oxidation,  

other pathways. 

Nucleic acids -  Biosynthesis of purines and pyrimidines. 
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I SEMESTER ï PRACTICAL   SYLLABUS  

 

                       HCP-104  BIOLOGICAL CHEMSITRY                 Total : 60 hrs 

 

 1. Study of sodium-potassium ATPase activity in two tissues 

(Frog/Rat). 

 

 

 

2. Estimation of acetylcholine esterase activity by Hestrinôs method 
(Frog/Rat). 

 

 3. Preparation of phosphatides from egg yolk.  

 4. Estimation of proteins in liver/mouse by Lowryôs/Bradfordôs 
method. 

 

 5. Estimation of amino acids by Sorensonôs method.  

 6. Determination of blood glucose and serum cholesterol in clinical 

samples. 

 

 

 

 

 



 

PAPER- SCT-105: CELLULAR PHYSIOLOGY                                     40 Hrs 

UNIT  I                                                                                                                                     13 hrs 

THE CELL ENVIRONMENT  

Water, gases and pressure for survival of cells. Buffers and buffering systems- resistance of cells 

to pH changes, halophilic organisms and bitterns. 

Radiations in the cell environment ï natural radiations, different kinds of ionizing radiations 

and their effect on cells. Responses of, photoreceptors cells and vision.  

Temperature- biokinetic zone, heat resistance and heat death of cells, cold resistance and cold 

death of cells. Thermal resistance of dormant cells, rate of thermo-chemical reactions, 

temperature effects on rate of diffusion and conductivity. Vanôt Hoff equation for Q10 

UNIT II  

BIOMEMBRANES                                                                                                              14 hrs 

Cell water and Homeostasis: Plasma membrane and permeability to water and solutes, partition 

coefficient and permeability, volume and distribution of water and electrolytes, normal balance, 

and cell volume regulations. Effect of narcotics and anesthetics upon permeability 

 Membrane potentials: Measuring membrane potential, separation of charge, generation of 

resting potential and propagation of action potential. Factors  controlling ion movements, Nernst 

equilibrium potential, Using  and Goldman Constant  Field equations  for movement of  solvent 

and solutes across cell membrane.   

     Channels: Voltage ïsensitive sodium channels and voltage clamping. Extracellular recordings-

compound action potential and cardiac action potential. Patch clamp techniques for single 

channel and whole cell recordings 

UNIT III                                                                                                                                13 hrs 

EXCITABILITY and CONTRA CTILITY  

Action potentials of cells- rate and conduction of nerve impulses, salutatory conduction, heat 

production and nerve activity, synaptic transmission of action potentials, effects of various 

factors on action potential of nerve cells. Action potentials in muscle fibers 

Contractility - contraction of smooth muscle cells, cardiac cells and skeletal muscle fibers. 

Molecular orientation in muscle fibers, structural proteins, calcium conductance and source of 

energy for contraction, mechanisms of muscle contraction, work and heat generation in muscle 

contraction. Mechanism of contraction in non-muscular cells. 
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