
 

Syllabus for Ph.D. (Life Sciences) Entrance Exam Paper -II 

UNIT-1 MOLECULES AND THEIR INTERACTION RELAVENT TO 

BIOLOGY 

A. Structure of atoms, molecules and chemical bonds. 

B. Composition, structure and function of biomolecules (carbohydrates, lipids, 

proteins, nucleic acids and vitamins). 

C. Stablizing interactions (Van der Waals, electrostatic, hydrogen bonding, hydrophobic 

interaction, etc.). 

D. Principles of biophysical chemistry (pH, buffer, reaction kinetics, thermodynamics, 

colligative properties). 

E. Bioenergetics, glycolysis, oxidative phosphorylation, coupled reaction, group 

transfer, biological energy transducers. 

F. Principles of catalysis, enzymes and enzyme kinetics, enzyme regulation, mechanism of 

enzyme catalysis, isozymes 

G. Conformation of proteins (Ramachandran plot, secondary structure, domains, motif 

and folds). 

H. Conformation of nucleic acids (helix (A, B, Z), t-RNA, micro-RNA). 

I. Stability of proteins and nucleic acids. 

J. Metabolism of carbohydrates, lipids, amino acids nucleotides and vitamins. 

UNIT-2 CELLULAR ORGANIZATION 

A) Membrane structure and function 

(Structure of model membrane, lipid bilayer and membrane protein diffusion, osmosis, 

ion channels, active transport, membrane pumps, mechanism of sorting and regulation 

of intracellular transport,electrical properties of membranes). 

B) Structural organization and function of intracellular organelles (Cell wall, nucleus, 

mitochondria, Golgi bodies, lysosomes, endoplasmic reticulum, peroxisomes, plastids, 

vacuoles, chloroplast, structure & function of cytoskeleton and its role in motility). 

C) Organization of genes and chromosomes (Operon, unique and repetitive DNA, 

interrupted genes, gene families, structure of chromatin and chromosomes, 

heterochromatin, euchromatin, transposons). 

D) Cell division and cell cycle (Mitosis and meiosis, their regulation, steps in cell cycle, 

regulation and control of cell cycle). 

E) Microbial Physiology (Growth yield and characteristics, strategies of cell division, 

stress response) 

UNIT-3 FUNDAMENTAL PROCESSES 

DNA replication, repair and recombination (Unit of replication, enzymes involved, replication 

origin and replication fork, fidelity of replication, extrachromosomal replicons, DNA damage 

and repair mechanisms, homologous and site-specific recombination). B) RNA synthesis and 

processing (transcription factors and machinery, formation of initiation complex, transcription 

activator and repressor, RNA polymerases, capping, elongation, and termination, RNA 

processing, RNA editing, splicing, and polyadenylation, structure and function of different types 

of RNA, RNA transport). C) Protein synthesis and processing (Ribosome, formation of initiation 



complex, initiation factors and their regulation, elongation and elongation factors, termination, 

genetic code, aminoacylation of tRNA, tRNA-identity, aminoacyl tRNA synthetase, and 

translational proof-reading, translational inhibitors, Post- translational modification of proteins). 

D) Control of gene expression at transcription and translation level (regulating the expression of 

phages, viruses, prokaryotic and eukaryotic genes, role of chromatin in gene expression and gene 

silencing). 

UNIT-4 SYSTEM PHYSIOLOGY - PLANT 

 A. Photosynthesis - Light harvesting complexes; mechanisms of electron transport; 

photoprotective mechanisms; CO2 fixation-C3, C4 and CAM pathways.  

B. Respiration and photorespiration – Citric acid cycle; plant mitochondrial electron transport 

and ATP synthesis; alternate oxidase; photorespiratory pathway.  

C. Nitrogen metabolism - Nitrate and ammonium assimilation; amino acid biosynthesis.  

D. Plant hormones – Biosynthesis, storage, breakdown and transport; physiological effects and 

mechanisms of action.  

E. Sensory photobiology - Structure, function and mechanisms of action of phytochromes, 

cryptochromes and phototropins; stomatal movement; photoperiodism and biological clocks.  

F. Solute transport and photoassimilate translocation – uptake, transport and translocation of 

water, ions, solutes and macromolecules from soil, through cells, across membranes, through 

xylem and phloem; transpiration; mechanisms of loading and unloading of photoassimilates.  

G. Secondary metabolites - Biosynthesis of terpenes, phenols and nitrogenous compounds and 

their roles. H. Stress physiology – Responses of plants to biotic (pathogen and insects) and 

abiotic (water, temperature and salt) stresses. 

UNIT-5 METHODS IN LIFE SCIENCES 

Isolation and purification of RNA , DNA (genomic and plasmid) and proteins, different separation 

methods. Analysis of RNA, DNA and proteins by one and two dimensional gel electrophoresis, 

Isoelectric focusing gels. Molecular cloning of DNA or RNA fragments in bacterial and 

eukaryotic systems. Expression of recombinant proteins using bacterial, animal and plant vectors. 

Isolation of specific nucleic acid sequences Generation of genomic and cDNA libraries in plasmid, 

phage, cosmid, BAC and YAC vectors. In vitro mutagenesis and deletion techniques, gene knock 

out in bacterial and eukaryotic organisms. Protein sequencing methods, detection of post 

translation modification of proteins. DNA sequencing methods, strategies for genome sequencing. 

Methods for analysis of gene expression at RNA and protein level, large scale expression, such as 

micro array based techniques Isolation, separation and analysis of carbohydrate and lipid 

molecules RFLP, RAPD and AFLP techniques  

Antibody generation, Detection of molecules using ELISA, RIA, western blot, 

immunoprecipitation, fluocytometry and immunofluorescence microscopy, detection of molecules 

in living cells, in situ localization by techniques such as FISH and GISH.  

Molecular analysis using UV/visible, fluorescence, circular dichroism, NMR and ESR 

spectroscopy Molecular structure determination using X-ray diffraction and NMR, Molecular 

analysis using light scattering, different types of mass spectrometry and surface plasma resonance 

methods. 
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