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Section 1 : 

Dr Jerry Rodrigues 


89 Marks

Carbohydrates: (12 marks)

1.
What is the common name of this monosaccharide? 
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(1)

2.
Which of the following disaccharides is α-cellobiose with a β-glycosidic linkage?
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(1)

3.
O-linked oligosaccharides are responsible for different blood group types.

(a)
How can two different genes for different glycosyltransferases determine ABO blood group types (antigens) in humans?


(3)

(b)
Which sugar (hexose) is added to the terminus of O-linked glycoproteins on erythrocytes of humans with the blood group A?


(1)

4.
Given are the Fischer projections of 8 sugars.  You were told to know 5 of these 8 (A to E).  Match the following names to the correct structures (a to h).  Note that some hydrogen atoms have been omitted for clarity.

(A) D-fructose

(B) D ribose

(C) D-mannose

(D) D-glucose

(E) D-galactose
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(5)

5.
Elastase is a serum protein that has a glycosylation site within the following peptide sequence:
- - - Asn-Gly-Ser - - - 


Please state to which amino acid residue in the given sequence is the sugar attached in elastase.







(1)

Immunology: (12 marks)

1.

Define the following terms as applied to antibodies or their genes:

a) epitope

b) segmental flexibility

c) RAG-1/RAG-2

d) complementarity determining region (CDR)

e) terminal deoxyribonucleotidyl transferase



(5)

2.
The human germ line cell contains a rather large repertoire of variable-region genes. For ( light chains, there are about 40 V-segment genes and five J-segment genes.

(a)
How many different kinds of complete V( genes can be formed in these cells?








(1)

· A similar analysis suggests that about 120 different ( light chains can be generated.  However, a larger number of variable regions can be formed from heavy chain genes because there are 51 V, 27 D and 6 J gene segments.

(b)
How many kinds of different antibodies could theoretically be produced from a simple calculation involving the above analyses of variable-region genes?








(1)

3.
The T-cell receptor does not act alone in recognizing and mediating the fate of target cells.  It is also associated with 6 polypeptide chains that contain intracellular ITAM regions.  Examine the sketch shown below of the interaction between the T-cell receptor and an antigen-presenting cell.

  [image: image3.jpg]



Introduction to metabolism (14 marks)

1. Which of the following choices will produce the most ATP when completely metabolized? 

a. 1 mole of glucose

b. 1 mole of amino acid

c. 1 mole of fatty acid

d. 1 mole of triglyceride






(1)

2.(a)
Metabolism is regulated in 3 principal ways.  Name them.


(3)

   (b)
What is meant by the energy status of a cell in relation to metabolic control?



(1)

3.
Which of the following water-soluble vitamins forms part of the structure of NAD+?

(a) Riboflavin

(b) Thiamine

(c) Pantothenate

(d) Pyridoxine

(e) niacin








(1)

4.
The high phosphoryl transfer potential of ATP can be attributed to three important factors related to structural features of the reactants and/or products. Name them.












(3)

5.(a)
Calculate (G°’ for the isomerization of glucose 6-phosphate to glucose 1-phosphate.








(3)

  (b)
What is the equilibrium ratio of glucose 6-phosphate to glucose 1-phosphate at 25°C?


((G°’: glucose 1-phosphate = -5 kcal mol-1; glucose 6-phosphate = -3.3 kcal mol-1).




(2)

Glycolysis/Gluconeogenesis: (24 marks)

1.

Which statement is true of glucokinase?

(a)  It catalyzes the phosphorylation of fructose.

(b)  It has a higher Km for glucose than does hexokinase.

(c)  It is found in muscles.

(d)  It is inhibited by glucose-6-phosphate.

(e)  None of the above is correct.





(1)

2.
What is the net yield of NADH when glucose 6-phosphate is converted to ethanol during fermentation?

(a)  0

(b)  1

(c)  2

(d)  3

(e)  4









(1)

3.
The two enzymes which catalyze the substrate-level phosphorylation of ADP to ATP in glycolysis are:

(a)  hexokinase and glycerol kinase.

(b)  succinyl-CoA synthase and phosphorylase b kinase.

(c)  phosphofructokinase and pyruvate kinase.

(d)  pyruvate kinase and phosphoglycerate kinase.

(e)  phosphoenolpyruvate carboxykinase and phosphoglycerate kinase












(1)

4. Fructose (choose the best answer):

(a)
unlike glucose cannot be catabolized by the glycolytic pathway 

(b)
in the liver, enters directly into glycolysis as fructose-6-phosphate 

(c)
must be isomerized to glucose before it can be metabolized 

(d)
is converted to a UDP-linked form and then epimerized to UDP-glucose 

(f) catabolism in liver uses fructokinase and a specific aldolase that recognized fructose 1-phosphate.














(1)

5.
When blood glucagon rises (as a result of glucose scarcity), which of the following hepatic enzyme activities FALLS? 

(a)
adenylate cyclase 

(b)
protein kinase A 

(c)
phophofructokinase-2 

(d)
fructose 1, 6-phosphatase 

(e)
glycogen phosphorylase 





(1)

6.
The second step in the gluconeogenic pathway (starting with pyruvate) results in the formation of

(a)  phosphoenolpyruvate.

(b)  malate.

(c)  aspartate.

(d)  oxaloacetate.

(e)  lactate








(1)

7. In substrate level phosphorylation (choose the best answer): 

(a)
the substrate reacts to form a product, such as ATP, containing a high-energy bond 

(b)
ATP synthesis is linked to dissipation of a proton gradient 

(c)
High-energy intermediate compounds cannot be identified 

(d)
Oxidation of one molecule of substrate is linked to synthesis of more than one ATP molecule 

(e)
Mitochondria participate, but not cytoplasm.















(1)

8.
All of the following compounds are potential substrates for the gluconeogenesis pathway EXCEPT: 

(a)
alanine 

(b)
lactate 

(c)
glycerol 

(d)
acetyl CoA 

(e)
oxaloacetate







(1)

9.

Acetyl-CoA regulates gluconeogenesis by activating:

(a)  phosphoenolpyruvate carboxykinase.

(b)  pyruvate kinase.

(c)  pyruvate carboxylase.

(d)  lactate dehydrogenase.

(e)  fructose 1,6-bisphosphatase












(1)

10.

Enzymes in liver which are exclusively gluconeogenic are:

(a)  glucose 6-phosphatase, fructose 1,6-bisphosphatase and glucokinase.

(b)  PEP carboxykinase, glucose 6-phosphatase and aldolase A.

(c)  fructose bisphosphatase, pyruvate dehydrogenase and PEP carboxykinase.

(d)  PEP carboxykinase, fructose bisphosphatase and glucose 6-phosphatase.












(1)

11.
When undergoing strenuous exercise the Cori Cycle is functioning. Which of the following compounds is being delivered to muscle tissue as part of this Cycle?

(a) Glucose

(b) Lactate

(c) Galactose

(d) Pyruvate

(e) Alanine








(1)

12.
Most biochemistry textbooks (90%), state that the phosphofructokinase (PFK 1) reaction is the rate-limiting step (it is also the committed step) of glycolysis.  However, the textbook by Berg et al doesn’t necessarily agree totally with those authors, and goes so far as to say that hexokinase and pyruvate kinase also set the pace of glycolysis.  Discuss why you think that these latter two enzymes also need to be seriously considered as pace setters of glycolysis?  


(5)

13.

Gluconeogenesis is (choose the best answer):

(a)
activated by high concentrations of acetyl CoA 

(b)
inhibited by ATP 

(c)
activated by glucagon in the muscle 

(d)
predominantly a mitochondrial pathway 

(e)
stimulated by insulin in the liver




(1)

14.(a)
Briefly draw out the reaction mechanism for the enzyme that interconverts dihydroxyacetone phosphate and glyceraldehyde 3-phosphate. (note the correct form of the histidine and glutamate residues in the active site).

(5)

  (b)
What is the name of the enzyme involved?




(1)

  (c)
What is the name of the intermediate that is formed?


(1)

Citric acid cycle: (12 marks)

1. What is the role of thiamine pyrophosphate (TPP) in the pyruvate dehydrogenase enzyme complex? 

(a)
Carries an electron pair

(b)
It is a required allosteric activator

(c) It is required to assemble the complex

(d) Carries an acetyl group






(1)
2.
What reaction does pyruvate dehydrogenase (PDH) catalyze? 

(a)
Pyruvate + NADH → Lactate + NAD+ 
(b) Pyruvate + ATP → Phosphoenolpyruvate + ADP 

(c) Pyruvate + ATP + CO2→ Oxaloacetate + ADP + Pi 
(d)
Pyruvate + NAD+ + CoA-SH → Acetyl-CoA + NADH + CO2

(1)
3. Lipoic acid is bound to enzymes that catalyse oxidative decarboxylation of  (-keto acids.

What is the chemical mode of attachment of lipoic acid to enzymes?
(2)
4.

The activity of pyruvate dehydrogenase (PDH) decreases

(a)
as the concentration of acetyl-CoA decreases.

(b)
as the concentration of NAD increases.

(c)
when the dephospho-enzyme is converted to its phospho form.

(d)
as the concentration of pyruvate increases.

(e)
as the concentration of AMP increases



(1)

5.
Which of the following enzyme systems is most analogous to the pyruvate dehydrogenase complex?

(a)
oxaloacetate dehydrogenase

(b)
(-ketoglutarate dehydrogenase

(c)
fumarase

(d)
isocitrate dehydrogenase

(e)
succinate dehydrogenase





(1)

6. 
Where in the cell would you find enzymes involved in the Malate-Aspartate shuttle?

(a)
In the lumen of the endoplasmic reticulum 

(b)
In the lumen of the thylakoid membrane 

(c)
In the matrix of mitochondria 

(d)
In the stroma of the chloroplast 




(1)

7.(a)
Given the following information, calculate the physiological  (G of the isocitrate dehydrogenase reaction at 25°C and pH 7.0 ((G(( =- 4.8 kcal mol-1).

[NAD+]/[NADH] = 8; [(-ketoglutarate] = 0.1 mM; [isocitrate] = 0.02 mM; assume standard conditions for CO2 (ie 1 atm).



(3)

  (b)
Is this reaction a likely site for metabolic control? Explain.


(2)

Oxidative phosphorylation: (15 marks)
1.

If you have a very high redox potential (E’0), you:

(a) give up electrons very easily

(b) don’t accept electrons very easily

(c)
are more of a reductant

(d) are more accepting of electrons




(1)

2.
Which electron transport system complex does NOT cause the release of protons into the intermembrane space?

(a) Complex I

(b) Complex II

(c) Complex III

(d) Complex IV







(1)

3.
Explain why oxidation of each FADH2 molecule by the respiratory chain produces only 2 ATP molecules compared to 3 ATPs for the oxidation of each NADH molecule.







(3)

4.(a)
Calculate (G°’ for the glutathione reductase reaction in the direction shown (reaction 1)



GSSG + NADP H + H+ 
     2 GSH +NADP+
 ………(reaction 1)

Redox potentials are as follows:

E’0 (GSSG)  

  2 GSH = -0.23V

E’0 (NADP+/NADPH) =  -0.32V; F = 23.06 Kcal mol-1 V-1


(4)
  (b)
Suppose that a cell contained an isoform (isoenzyme) of glutathione reductase that used NADH instead of NADPH as the reactive coenzyme.  Would you expect (G°’ for this enzyme to be higher, lower or stay the same as the corresponding value for the real glutathione reductase?




(1)

5.
The oxidation of substrates in mitochondria generates a proton gradient.  If the proton concentration in the mitochondrial matrix is 4 x 10-8 M, and the pH difference across the inner mitochondrial membrane is 1.1, what is the pH outside the membrane?(2)

6.

Explain how 2,4-dinitrophenol (2,4-DNP) uncouples oxidative phosphorylation.













(3)

Section 2 : 

Prof H Klump 


30 Marks

Membrane structure and function: (30 marks)

1.

The human retina contains two different kinds of photo-reactive cells.

(a)
Name these cells, and describe in your own words their different functions in the visual process, and draw a schematic representation of one kind of these cells.







(6)

(b)
Explain, using a diagram, a mechanism that leads to the action potential in a cell of your retina.






(5)

(c).
Explain, using a diagram, the mechanism that leads to 'colour blindness'.



(3)

2.

The transport of molecules across a membrane may be active or passive.

(a)
Define the terms 'active transport' and passive transport" by using the framework of thermodynamics.




(4)

(b) How is the sodium gradient established and maintained so that there remains a higher sodium concentration outside the cell than inside the cell?








(4)

(c)
Compare the functional sites and the reaction cycles of the Ca-ATPase and the Na-K pump.






(4)

(d)
Compare the structure and function of a gap-junction to an ion-channel.






(4)

Section 3 : 

A Prof Wolf Brandt 


11 Marks

1.
Make simple representative drawings of:

a) A liposome







(1)

b) Section of a lipid bilayer (liquid crystalline state)


(2)

c) Section of a lipid bilayer (gel state).




(2)

d) Typical phospholipid






(2)

e) A wax








(2)

2.
Lipid bilayers are more stable in the liquid crystalline state or gel state and why?











(2)










(a)	Please identify the structures labeled A – D in the sketch.			          (4)





(b)	What is the function of (D)?	         (1)
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