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Please answer Section 1 and Practical Question 1 in Book 1

Please answer Section 2 and Practical Question 2 in Book 2

Section 1: Metabolism. G. Lindsey. 70 marks. Please write in Book 1

1.  Provide a schematic diagram (Please supply the names of the enzymes and substrates, not
structures) explaining how:

a. NADPH + H+ and ribose-5-phosphate can be produced in the cell via the pentose phosphate pathway. 








[7]

b. Excess ribose-5-phosphate can be converted into 3 and 6 carbon sugars for subsequent catabolism.









[5]

c. Control of this pathway is mediated






[3]

2.
Briefly explain how glucagon effects the activity of phosphofructokinase 2 and how the concentration of fructose-2,6-bisphosphate effects flux through the glycolytic pathway relative to gluconeogenesis. 







[6]

3a.
Discuss the energetics of the formation of phosphoenolpyruvate from pyruvate for gluconeogenesis.








[5]

  b.
In which compartments of the cell do the various reactions occur?


[3]

4.
Describe the reactions whereby fatty acids in the cytoplasm are converted to NADH + H+ and acetyl CoA in the mitochondrial matrix. 




[12]

5.
The structure of pyridoxal phosphate is shown.

a. Draw the structure of this co-enzyme when an amino acid is bound to it.

[2]

b. Describe with the aid of suitable diagrams how amino acids are converted to keto 
    acids.









[4]

c.
What is the universal acceptor of amino groups?




[1]
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d.
How is this acceptor processed in order to regenerate it for further amino group transfer?










[4]
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5a.
Describe how carbamoyl phosphate is made for subsequent production of urea. 












[6]

b.
The structure of citrulline is shown. Complete the reactions of the urea cycle. Please name the enzymes required. In which compartments of the cell do the various reactions occur.










[12]

Section 2: Protein Folding and Stability. H Klump. 30 marks. Please write in Book 2

1. Use a diagram to depict the contributions to the free energy of folding of globular proteins.









[5]

2. What is the role of the loops or short segments of "random " structure in a protein whose structure is primary alpha-helical?






[5]

3. A teenager can grow 10 cm in a year during growth spurts. Assuming the increase is height is due to vertical growth of collagen fibres, calculate the number of collagen helix turns synthesised per minute.







[5]

4. The hemagglutinin protein in influenza virus contains a remarkably long alpha helix with 53 residues.

a. How long is this helix (in nm)






[2]

b. How many turns does this helix have?





[1]

c. Each residue in an alpha helix is involved in two H-bonds. How many H-bonds are  present in this helix?







[2]

5 Although the bond energy for the H-bond in a vacuum is estimated to be about 20 kJ/mol, we find that each H-bond in a folded protein contributes much less (probably less than 5 kJ/mol) to the enthalpy of protein stabilisation. Suggest an explanation for the difference.










[5]

6 Which of the molecular interactions is the main contributor to protein stability in an aqueous environment and why ?






[5]

Section 3: Practical question ADH/Lysozyme practicals 16 marks.

Please write in Book 1

1.
DEAE 52 has a tertiary nitrogen with a pKa of approximately 10 as its functional group and CM 52 has a carboxylic acid with a pKa of approximately 4.0 as its functional group.  You have a mixture of two proteins X  & Y, which have pKas of 6.5 and 9 respectively. Which resin would bind which protein at the following pH values?

a. 5.5










[1]

b. 7










[1]

c. 11










[1]

d. You are required to separate the two proteins at pH 6.0 and have only CM 52. How would you perform this task?






[2]

e. During the ADH practical you determined the turnover number by measuring the rate of reaction at high substrate concentration. What difficulties are encountered by this approach?









[2]

f. Describe a better approach to determine the turnover number.


[3]

g. You determine the following data. Protein concentration = 1.5 mg/ml; Molecular weight = 75 kDa; Vo at substrate concentration equal to 10 * Km = 10 OD units s-1;
( = 103 M-1cm-1.  Calculate the turnover number.



[4]

h. What equation relates the velocity of a reaction to the substrate concentration, the turnover number, the Km and the enzyme concentration?


[2]

Section 4. Protein folding practical. 14 marks Please write in Book 2.

1 Describe an experiment that allows you to follow the unfolding of a globular protein.










[5]

2 All proteins are increasingly unstable with increasing temperature, but only a few regain full activity on cooling back to room temperature. Why?



[3]

3.
Fluorescence emission intensity at 330nm is used to follow the unfolding. What amino acid is involved here?








[1]

4.
You observe a sigmoidal unfolding curve for your protein. Comment on the shape and give reasons for the pre- and post-transition slope.




[5]
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