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COMPREHENSIVE EXAMINATION (CLOSED BOOK)

Full marks: 46   DATE: 09.05.17
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· Answer to the point

· Answer all parts of same question together

· Irrelevant answer may attract penalty
· No mark(s) will be awarded for writing expression(s) only
· Each term should be having proper justification.
· Steps in each calculation carry marks
1. a) Define the following terms: i) Potential energy surface (PES) ii) Cooperatively of protein folding iii) Pseudorotation torsion angle iv) Ellipticity in CD Spectra

       [4X0.5=2]
b)  Describe how Tm (melting temperature) of "normal" DNA is affected by salt concentration.

       [1]
c)  Nucleotide bases do not have rigid chemical structures. Justify this statement.
Is there any biological significance for variable chemical structures of nucleotide bases?

       [2]
d) Both Ramachandran plot and helical wheel diagram are used as tool to understand structural/functional aspect of protein structure. What structural and/or functional phenomena could be better understood by these tools? Briefly explain.




       [3]   

2. a) Draw atomistic detail of tri-Gly with all phi ((), psi (() and omega (() torsion angles are at trans orientation. Which torsion angle/s among these three types of torsion angles becomes more flexible due to the presence of Gly. Explain with the help of Newman projection drawing.   [2+2]
b) What would be the consequence in P-P (along a chain) distances due to change in sugar puckers there in? Explain your answer with appropriate schematic diagram.
                   [2]
c) Hydrogen bonding or hydrophobic interaction, which one would be the driving force for DNA structural stabilization. Justify







       [2]
d) Draw the typical vdW and electrostatic energy curve between two atoms as a function of position. Explain each of the curves.







       [2]
3. a) The spontaneous self-assembly of protein molecules with huge numbers of degrees of freedom into a unique three-dimensional structure that carries out a biological function is perhaps the simplest case of biological self-organization. The protein-folding problem can be stated quite simply: how do amino-acid sequences specify proteins' three-dimensional structures? Discuss the possible answer to the above stated classical protein folding problem. 

       [3]
b) Explain why we observe membrane bilayer instead of any other forms of lipid assembly regarding cellular membrane formation. Predict the properties of the lipid bilayers that would result if phospholipids had only one hydrocarbon chain instead of two.


   [2+1]
c) Explain how CD spectroscopy assists in understanding protein secondary structure.             [2]
d) Suppose that one turn of B-DNA in a circular DNA with Lk=100, Tw=104 and Wr= -4 becomes a turn of Z-DNA. What are the values of Lk, Wr and Tw after the transition?
       [2]
4. a) The elasticity of a biopolymer is defined by persistence length (lp). One can describe the elasticity of a polymer chain by identifying two points on the chain and by finding out the correlation between these two points. Write down an expression for this correlation function and explain how this function can tell us that how much flexible a polymer chain would be.           [5]
b) In context of a DNA chain, people fund that there is an optimal length over which the probability of binding is maximum. Briefly explain the dependency on the size of DNA chain to this probability.









       [5]


5. a) The biopolymers, poly-peptides and poly-nucleotides can transform between helix and coil conformations. Through properly labelled plots, discuss the transition between these two states for these two polymers as a function of temperature. 




       [5]
b) When we write the partition function for helix coil transition in polypeptide, we assign statistical weights to open and closed states. Briefly explain the values (or experssion) of these weights for (i) the open, (ii) close and (iii) the first residue that is going to transform from one state to another.









       [3]
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· Answer to the point

· Answer all parts of same question together

· Irrelevant answer may attract penalty

· Steps in each calculation carry marks
1. a) The following table shows the residues and corresponding phi (() and psi (() angles of a stable poly-peptide structure. Critically review the given structure and draw the schematic 3D structure of the polypeptide. Provide justification of your answer.



       [3]
	Residue Name
	Phi (() in degree
	Psi (() in Degree

	ASN -1
	-
	-56

	LEU-2
	-44
	-51

	TYR-3
	-66
	-31

	ILE-4
	-65
	-46

	GLN-5
	-65
	-30

	TRP-6
	-73
	-43

	LEU-7
	-65
	-43

	LYS-8
	-60
	-26

	ASP-9
	-78
	-9

	GLY-10
	111
	8

	GLY-11
	55
	-124

	PRO-12
	-58
	-29

	SER-13
	-82
	19

	SER-14
	-124
	13

	GLY-15
	68
	25

	ARG-16
	-144
	131

	PRO-17
	-70
	160

	PRO-18
	-69
	146

	PRO-19
	-77
	124

	SER-20
	-78
	-


b) In the process of transcription, RNA chain is synthesized with the help of RNA polymerase in presence of DNA strand. In this process either the polymerase must screw around the DNA or the DNA thread must screw itself through a stationary polymerase. Which of these alternatives will be favored in living cells? Justify your answer with proper reasons.                                    [2]
c) It is well established that prolines and glycins are preferred in turn region of proteins for different reasons. What other residues could also be preffered in turn region? Justify your answer.










       [2]

d) In protein-DNA complexes, it has been found that Arginine residues prefer over Lysine residues to bind phosphate groups of DNA. Justify





       [2]
e) DNase I is an enzyme which binds to the minor groove and cleaves DNA. Would you expect DNase I to cleave Z-DNA? Why? 







       [2]
f) From the following CD data draw the inference. 





       [3]
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[CD spectra of the molybdate-sensing protein ModE from E. coli in the absence (solid line) and presence (dotted line) of 1 mM molybdate. Panels A and B show the far UV and near UV CD spectra respectively]
2. Why an optical trap is created to investigate the mechanical response of DNA/RNA or any other bio-molecule?










        [4]
3. You are asked to find out the force that is required by a hypothetical molecule (A) to move over another bio-molecule (B).  Can you suggest an experimental set-up (with proper label) that can measure this force? Briefly explain how this force can be estimated.  




        [6]

***********************************GOOD LUCK*************************************
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