Name:_____________________________________________

MCB100A/CHEM130A Practice Exam- I I
 12-02-05 (Aathavan)

1. Choose your own levels of stringency – no cheat sheets/ cheat sheets/ open book

2. DON’T PANIC if it appears difficult. Nothing in here is beyond the domain of what you already know. Just clear your heads and think

3. Remember that this may not be representative of what’ll be on the exam. 

4. The exam may have errors (considering the time constraints). 

5. Have fun!

I. Chemical Potential: (10)
A. What is the chemical potential of the black dots in the following system.
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B. What is the chemical potential of a particle in a box, if there are M grid points and N particles?:

II. Pressure Induced protein unfolding: (10)

Consider the following equilibrium of a protein unfolding reaction. 



F <----> U
ΔG = 20kJ/mol
(300K, 1 atm)

When you apply very high pressures on this protein, it unfolds. At 100atm you find equal proportions of folded and unfolded states. The volume of the folded state is 1 litre/mol. What is the molar volume of the unfolded state.
III. Spontaneity (5) (from JKs PS from Chang)
Under standard-state conditions, one of the steps in glycolysis is as follows: 


Glucose + HPO42- 
--->
Glucose-6-phosphate + H2O    ΔGo
=
13.4kJ mol

A. Will it occur spontaneously?

B. Can the reaction take place in the cytoplasm of a cell where the concentrations are [glucose] = 4.5x 10-2M 
[HPO4] = 2.7 x 10-3 M
[glucose-6-phosphate]=1.6 x 10-4M and the temperature is 300K

IV. Abzymes: Antibody-enzymes (based on Janda et al, Science, 1989) (25)
A. Consider the following mechanism for an ester hydrolysis reaction.
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The rate constant of this un-catalyzed reaction is 9.3 x 10-7 s-1. Let us also say that the transmission factor will be given by υ=kBT/h where h is Planck’s constant (=6.6 x 10-34 J.s). 
A. What is the height of the reaction barrier? What will be the concentration of the transition state in solution if the reactant (1) was present at 1M concentration. 
B. An antibody is a large immunological protein molecule that binds with high specificity to a particular ‘foreign’ molecule.   Molecule 4 (shown below) exists stably in solution and can be considered to be a stable mimic of the transition state. An antibody (called 2H6) was isolated that bound strongly to 4. This antibody was found to catalyse the reaction in part A. What allows this antibody to be a catalyst?
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C.  Below are the results of a Michaelis –Menton characteristation of this ‘Catalytic Antibody’. (We shall call the catalytic antibody henceforth as an Ab-zyme) 
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Calculate from the ‘free energy barrier of the catalysed reaction.

D. Shown below is the free energy diagram of the uncatalysed reaction. Draw on this the free energy diagram of the catalysed reaction (namely the positions of the transition state and the ES and EP complexes).  For this you may assume that Km ≈ Kd of the antibody for the substrate and that Kd for product release is 1M. Mark out (quantitatively) the differences in the free energies between the catalysed and uncatalysed reaction. 
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E. Below is the Lineweaver Burke plot of this Abzyme. This is simply the reciprocal of a Michaelis- Menton plot (
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). The three lines correspond to experiments in the presence of (0, 2.5x 10-6M and 5 x 10-6M ) molecule 4 which now acts as an inhibitor. Deduce the mechanism of inhibition in operation here. (Hint: Look at what happens to the slopes and the y intercept of the three lines)
[image: image7.png]4V (M~ min é®)

IS

»

o
-350

650 1650 2650
[(R)-8] " (M )

3650





V. Glucose Transport: (20)
A. Consider a bacterial cell in a solution containing glucose at a concentration 1uM. Assuming that the membrane is permeable (through protein channels) to glucose what do you expect the concentration of glucose inside the cell to be (Ignore the effect of any other contents of the cell)?
B. Experiments however show that the concentration inside the cell is 10uM. You surmise that this was accomplished by active transport by a glucose pump. How much work would have been done by this pump?
C. You now discover that there was no active pump. Further you find out that what you thought was glucose inside the cell was actually a mixture of glucose and glucose 6 phosphate. The glucose inside the cell exists in equilibrium with Glucose-phophate which cannot move across the membrane.  For the conditions in B estimate the equilibrium constant for Glucose Phosphate formation reaction. (Neglect any charge considerations. Also assume for the moment that the standard chemical potential of glucose remains unchanged in the cell)
D. In reality would the concentration of glucose in the cell (case C) be lower or higher in the presence of glucose-6-phosphate than in its absence?
E. Lets assume now that the same amount of glucose was converted to long polymers of glycogen instead of glucose-phophate. Would the concentration of glucose be higher or lower in this case than in D?   

VI. Binding Equilibria: (20)
Barstar is an inhibitor of the enzyme Barnase and acts by binding in a 1:1 ratio with a dissociation constant 10-9M.
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Barnase
Barstar
A. What will be the concentration of barstar necessary to achieve 99% inactivation of a 1uM Barnase solution.
B. Let’s say that the enthalpy change in binding of barstar to barnase is -50kJ/molK (negative). What is the entropy change associated with this binding at 300K?

C. [image: image9.png]


[image: image10.png]


 Now consider that you have two molecules of barnase attached to each other via a small peptide linker such that there is no significant interaction between them. How will the fraction of barnase bound to barstar, θ, change as a function [barstar] 
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D. In a similar experiment you link two molecules of barstar together so that their individual binding affinities are not affected. You now study its binding to the monomeric barnase and the dimeric barnase. How will θ look like (qualitatively) in each case?
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VII. Reaction Kinetics: (5) (from JK’s PS)
Consider a reaction in which a substrate, S, is converted into a product, P:




S------->P

The following data were collected for the concentration of S as a function of time:

[S] (M) 
Time (sec)

0.008 


0

0.004 


1

0.002 


2

0.001 


3

(A) What is the order of the reaction and the half-life (t1/2)?
(B) What is the numerical value of the rate constant for the reaction given in (A), and its units?
VIII. True / False: If False Explain (8)
1. The reaction 2A ---->B must have reaction rate of order 2

2. If an enzyme has kcat and Km values of 200s-1 and 10-6M for substrate A and 20s-1 and 10-7M for substrate B, then the enzyme has greater specificity for substrate B.
3. A new report announces kcat/Km value of 10^12/M.s for an enzyme. You have calculated using the diffusion constants of the enzyme and substrate that kcat/Km cannot be more than 10^11. Therefore the report must be wrong.
4. The effects of BPG and H+ on Oxygen binding of hemoglobin are both allosteric in nature.
5. A double stranded DNA of length 20 basepairs melts at 60C. You now nick one of the strands in the middle, but the double helix is otherwise intact. This DNA will have the same melting temperature.

6. (from JK) A process that decreases the multiplicity of an isolated system can occur spontaneously. 
7. BPG decreases the affinity of O2 binding to Hemoglobin. Therefore people living at high altitude must have lower amounts of BPG.

8. A non-competitive inhibitor decreases both the apparent Km and the Vmax of the enzyme. 
9. Hemoglobin has a Hill coefficient of ~2.6 because it exists as a mixture of monomer, dimer, trimer and tertramer.
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