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Attempt 5 Questions in all. Question Number 1 is compulsory.

Non-Programmable Scientific Calculators are allowed.

Each question carries I 8 marks

1)   Attempt any six of the following:                                                                                    (6 x3=18,)
a)   What is self-replication? What is its significance for cell division, growth of organisms

and inheritance of properties from one generation to the next?
b)  The concentration of ATP in E Coli cytoplasm is found to be about 10 mM (mim moles

per liter). If an E Coli cell has a volume of about 1 #m3, what is the number of ATP
molecules in it?

c)   .State Kleiber's  law  for the  rate  of energy  consumption per unit mass.  What is  the

prediction  of this  law  for the  rate  of physiological  reactions  in  a  mouse  (10  g)  in
comparison to a human (70 kg)?

d)   What are the run and tumble modes of motion of bacteria uncle.r chemotaxis.
e)   A reaction pathway has two reactions ri:A + a  i 2c  and r2: C + 2D  -> A . Write the

stoichiometric matrix for these reactions.

D    Give  an  example  of  positive  feedback  in  an  ecosystem  and  briefly  explain   its
consequences.

g)   Distinguish the roles of mRNA, tRNA and rRNA in transcription and translation of the
genetic code for making proteins.

h)  What are different kinds of point mutations  in DNA.  What effect do these have on

protein synthesis?

2)   a) What is the role of cell membrane in sustaining a living cell? Explain how cell membranes
keep an electric potential difference between the inside and outside of a cell.                  (6)
b) Why is energy required to make a bacterial cell? Explain with the help of laws of physics.
List the main energy consuming processes during the rapid growth phase of a cell. An E Coli
cell consumes 6.5 million ATP molecules per second in its exponential growth phase.  If the



hydrolysisofATPreleases57kJ/mol,whatistheminimunpowerrequiredinthisphaseof/Q\(8)
l`||O  uull  5|u ,Y ,^1.

c)Whatarethetwotenetsofthecelltheoryoflife?HowdotheserelatetotheproblemofrahE'

(10)

the cell growth.

origin of life?

3)   a) Derive the relationship between the mean  root square displacement and time for a one-
dimensionalrandomwalk.Explainhowthediffusionincellscanbeunderstoodasarandom
walk.  The diffusion coefficient of small metabolites in water is D  s  10-9m2s-1  . Estimate
thetimeitwouldtakeametabolitetodiffuseintothevoluneofamammaliancellofradius
10 prm. Can diffusionbe an adequate mechanism to distribute metabolites in a cell?         (12)
b)Distinguishbetweentheprimary,secondary,tertiaryandquatemarystructuresofaprotein.
Describe the bonds which sustain different structures of a protein.                                        (6)

4)   a) Describe the structure and movement of Myosin and Kinesin based molecular motors in
cells. What is the `sliding model' ofmuscle contraction?                                                      (12)
b) Describe differeht processes that translate the same gene into different proteins        (6).

I
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5)a)Discusstheargumentfortheimplausibilityoflifebasedonasimplifiedprobabilityestimate,
andexplainhowthisleadstotheoriginoflifeproblem.Whatconsiderationsshowthatunlike
assumptionsofasimplifiedprobabilityestimate,emergenceoflifewasacomplexandnota/1n\

fully random process.LILJ.LJ   ^t+```+`,*-.  I--__-_'

b)  Describe  an  intracellular  biochemical  network  (e.g.,  a  signaling  network).  Explain  the
difference  between  a  one-component  system  and  a  two-component  system  in  cellular^\
signaling.

6)a)whatarefoodchains?Whatistheconceptofenergypyramidandwhydofoodchainsrarely<\(6)

b)Defineconservedmoietieswithrespecttodynamicsofmetabolicnetworks.Explaintheir
LLCJ.v`+  J.I.|`JJ.`/   .Li`r..LL  `+   ---jr ------  '   --

/4\(6)

have more than 6 trophic levels?

significancewiththehelpofanexamplc.
c)Whataredifferenttypesofcellsin+humanbody,andgivetheirpercentagesintermsoftotal
DiE;iLL].I.ut+LL`+`+   yTi.iL  .I+-*^,-I   --------

numberofcells?whyisthispercentageverysmallformusclecellsandneuronseventhough
their contribution to the mass of a human body is significant?                                              (6)

7)   a)   State   tenets   of  the   neo-Darwinian   theory   of  evolution.   Discuss   how   chromosomal
recombination and horizontal gene transfer contribute to genetic variability.                   (8)
b) Write a simplified mathematical model  that describes the dynamics  of transcription and
translation.Clearlydefinethevariablesandparametersused.Findsteadystatevaluesofthe1n\

protein ari.d mRNA concentrations.


