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1a.
Draw a diagram depicting electron flow during cyclic phosphorylation in photosynthesis. 







(4)

  b.
Explain how this electron flow results in the production of ATP. 

(3)

  c.
What is the ratio between photons absorbed, electron flow and ATP production? 











(2)

  d.
Why does cyclic phosphorylation occur?




(1)

2a.
The structure of ribulose-5-phosphate is shown below. This compound must be converted to either ribose-5-phosphate or xylulose-5-phosphate for use in the pentose phosphate pathway. Draw the structures of these two compounds.
(2)

  b.
Which enzymes are responsible for these reactions?



(2)

  c.
What is the approximate free energy of each reaction?


(1)

  d.
Which enzyme converts this to ribulose-1,5-bisphosphate?


(1)

  e.
This reaction is not reversible. Why not?




(2)


3.
The enzyme glucose-6-phosphate dehydrogenase is described as being “demand driven”. 

a.
Explain what is meant by the term “demand driven”.


(1)

b.
What reactions does this enzyme catalyse?




(2)

c.
What is the ratio of oxidised:reduced coenzyme of the coenzyme used in this reaction?








(1)

4a.
What compound is directly responsible for the activation of protein kinase A?











(1)

  b.
Protein kinase A in turn phosphorylates a number of other proteins. List 5 of these (5) and explain what effect phosphorylation has on each protein (5). Total =          (10)









(10)

5a.
Explain thermodynamically why glycogen branching alters the solubility of glycogen. 








(5)

  b.
What properties would a typical branching enzyme have regarding the branching process?








(3)

  c.
Give another reason why branching ocurrs.




(1)

6.
After a meal the glucose concentration rises in the liver cells resulting in a rapid decrease in the activity if glycogen phosphorylase and an increase in the activity of glycogen synthase. Describe the molecular mechanism whereby these activities are altered. Note: this has nothing whatsoever to do with epinephrine levels.(5)

7a.
Fatty acids initially activated before catabolism by being linked to a coenzyme. Which?








(1)

  b.
What chemical equation would best descibe this activation reaction?
(2)

  c.
Explain the energetics of how this reaction proceeds based on the ΔGo’ values of hydrolysis of each component.





(4)

8.
The structure of carnitine is shown below.

a.
Draw a diagram of acyl carnitine with the acyl group shown as “R”

(1)

b.
Explain the mechanism whereby carnitine is used to transport fatty acids into the mitochondrion.







(4)

c.
Only long chain fatty acids require carnitine for transport into the mitochondrion. Why do you think short chain fatty acids can diffuse in whereas long chain ones cannot?








(2)

[image: image1.png]CH; Ho H o
| A\
CH3—N*—CH,-C——CH,-C—0"

Hy




9.
Very briefly explain what ketone bodies are and under what metabolic circumstances they are formed. Give one example of a ketone body – name and structure please. 







(4)

10.
The structure of pyridoxal phosphate is shown below.

a.
Draw pyridoxal phosphate with an amino acid covalently attached to it via a Schiff base.








(1)

b.
What is the pKa of the Schiff base.?





(1)

c.
Which class of enzymes use pyridoxal phosphate as a coenzyme to transfer amino groups?








(1)

d.
If the amino group of alanine (R = CH3) were transferred, what compound would it be transferred to and what would be the products of such a reaction. Names only please.









(3)

e.
What steric feature is common amongst enzymes that modify amino acids and use pyridoxal phosphate?







(2)
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Practical Question - 15 marks

The data below shows the reduction of NAD+ by alcohol dehydrogenase. Calculate the turnover number of the enzyme. The extinction coefficient of NADH + H+ is 6.3 X 103 at 340 nm. ADH has a molecular weight of 154 000 Da and was present in the cuvette at a concentration of 0.01 mg/ml.







(12)

What assumption(s) must one make for this calculation?



(1)

What reaction is actually catalysed by this enzyme (names and structures please)
(2)
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34 Marks

Protein Folding 

1. The three-dimensional structure of a protein is determined by its primary, secondary and tertiary structure.

a. What is understood by the term "super-secondary structure", and what is a "motif"? Sketch two examples for particular combinations of secondary structures.

b. What are the forces that contribute to the stability of super-secondary structures?

c. How do protein subunits interact at the quaternary level of protein structure? (Give at least one example for a filamentous, and one for a globular protein)

(8)

2. Proper folding of proteins is essential for biological activity. Describe the roles of molecular chaperones and chaperonins in the folding of proteins.

(2)

3. Physical methods are often used to determine protein conformations. Describe how x-ray crystallography, cryo-electron microscopy and NMR spectroscopy can be used to determine the shape of proteins.




(7)

4. Two peptides, A and B, have similar tertiary structures. Whereas A normally exists as a monomer, B exists as a tetramer, B4. What differences might one expect to find in the amino acid compositions of A and B?


(4)

5. A protein was purified to homogeneity, and the molecular weight was found to be 60 kDa by molecular exclusion chromatography. If this chromatography were performed in the presence of 6 M urea, only a 30 kDa species was present. When the chromatography was repeated in the presence of 6 M urea and 10 mM 2-mercaptoethanol, there was only a single molecular species of 15 kDa. What is the structure of the native molecule? What effects do urea and 2-mercaptoethanol have on protein structure?






(6)

6. CD measurements have shown that poly-L-lysine is a random coil at pH 7 but becomes alpha helical as the pH is raised above 10. 

a. Account for the pH-dependent conformational transition. 

b. Predict the pH dependence of the helix-coil transition of poly-L-glutamate.

(4)

7. How did the particular set of amino acids become the building blocks of proteins? List three reasons.







(3)

Practical Question – 10 Marks

Levinthal's paradox states that a protein of 100 amino acids may as a first approximation have two possible conformations per amino acid or 1.27 x 10 30 conformations to choose from for the whole chain. Allow 10 -13 seconds for the protein to test each individual conformation in search for the overall energy minimum. How long would it take to scan the whole conformational space? 

From our observations we know that the proteins fold much faster. Which conclusions do we draw from the observation about accessible states?

Describe an experiment that allows you to follow the unfolding rather than the folding of a protein.
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