University of Cape Town

Department of Molecular & Cell Biology

Course Code: MCB201S



Course Name: Molecular Biology &








  Physiological Biochemistry

Paper:
  1  





Date:    31 October 2005
No.of pages:
12




Marks: 129
Time: 
 3 Hours




Venue:  DO1 

Time: 14h00
ANSWER ALL THE QUESTIONS

In the interest of economy please write on both sides of the exam script
Please answer each section in a different answer book.

Section 1 : 


Dr Jerry Rodrigues 



98 Marks

Carbohydrates: (17 marks)

The following questions (1 to 10) are of the multiple choice type (give best answer)

1.
Consider the sugars shown below: 
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Answer the following three questions about these carbohydrate structures.

-What kind of isomers are A and B?

-What kind of isomers are A and C?

-What kind of isomers are B and C?

a.
anomers; epimers; enantiomers 

b.
enantiomers; anomers; diastereomers 

c.
diastereomers; enantiomers; epimers 

d.
epimers; enantiomers; diastereomers 

e.
enantiomers; epimers; anomers





(3)
2. (-D-glucopyranose in the chair form is the most widely occurring form of glucose in nature and it has the following characteristics EXCEPT:
a.
forms a six-membered ring.


b.
carbon 6 is above the plane of the chair.


c.
all of the -OH groups are equatorial.


d.
the anomeric carbon has a hydroxyl that is below the plane of the chair.


e.
all axial positions are occupied by -H.




(1)
3. "Blood sugar" in hemolymph of insects is trehalose, represented as _____________.
a. (Glc(1→1)( Glc

b. (Glc


c.
(Glc(1→ 4)(Glc


d.
(Gal(1→ 4)(Glc

e.
(Glc(1→ 4)(Glc







(1)
4. In plant cells, starch is hydrolyzed by _________________ to release _________________ and a starch molecule with ________________.

a. starch phosphorylase; glucose-1-phosphate; one less glucose unit

b. salivary (-amylase; maltose 1-phosphate; two less glucose units

c. starch phosphorylase; maltose 1-phosphate; two less glucose units

d. ( (1(6) glucosidase; glucose-6-phosphate; one less glucose unit

e. starch hydrolase; glucose; one less glucose unit



(1)
5. Cooked starch is more digestible because:

a. it has been partially hydrolyzed during cooking.

b. the amylopectin is converted to amylose during cooking.

c. the enzymes that hydrolyze the starch are only active when the starch is hot.

d. the starch granules take up water, swell and are more accessible to the enzymes.

e. all are true.








(1)
6. Which of the following statements about cellulose fiber is true?
a.
It is a linear polymer of ((1(4) glycosidic linked glucose and galactose residues.


b.
It is extremely susceptible to hydrolysis.


c.
It is water-soluble.


d.
It is made up of very weak microfibrils.


e.
Intermolecular hydrogen bonds play a major role in stabilization of the microfibrils.








(1)
7. Cellulose is extremely resistant to hydrolysis, but cellulase catalyzes the hydrolysis and comes from:
a.
the pancreas.


b.
bacteria that live in the rumen.


c.
the liver.


d.
H+ secreted into the rumen.


e.
the intestinal wall.







(1)

8. ____________ and _____________ are found in tendons, cartilage and other connective tissue.

a. Heparin; chondroitins

b. Chondroitins; keratin sulfate
c. Keratin sulfate, dermatan sulfate
d. Heparin, keratin sulfate
e. All are true.








(1)
9.
You are a biochemist. An unknown disaccharide was delivered to you to identify the two component monosaccharides and to determine how they are linked.  After establishing that it was a reducing disaccharide, you react the disaccharide with methyl iodide (permethylation). Finally, you acid hydrolyze the disaccharide and analyze the products.  The two products you obtain are α-D-2,4,6-trimethylgalactose and β-D-2,3,4,6-tetramethylglucose.  Draw (Haworth structures) and name the disaccharide.














(4)

10.
Oligosaccharide cleavage can serve as a timing device for protein degradation. This mechanism manifests itself as a slow cleavage of 3 monosaccharide residues from N-linked glycoproteins circulating in the blood. Describe the role of the liver asialoglycoprotein receptor in this mechanism.




(3)
Immunology: (13 marks)

1.
Define the following terms as applied to antibodies or their genes:

a) Segmental flexibility







[1]
b)
Terminal deoxyribonucleotidyl transferase




[1]
c)
CDR (complementarity determining regions)



[1]












(3)
2.
 An important step in the differentiation of an antibody-producing cell is called class-switching.

(a) Are the genes for the constant region of each class of heavy chain in undifferentiated cells next to each other?  Yes or no.



[1]
(b) Is the antigen-binding specificity conserved when class-switching takes place?










[1]
(c) Briefly describe “class-switching”.





[2]

(4)

The following questions (3 to 8) are of the multiple choice type (give best answer)

3. The humoral immune system primarily acts against

a. intracellular viruses.

b. circulating bacteria.

c. tissue transplants.

d. a and b

e. a and c









(1)
4. When a T cell is activated by an antigen, it

a. secretes antibodies.

b. proliferates.

c. dies.

d. becomes a hybridoma.

e. becomes a plasma cell.






(1)
5. 
Which of the following is not a characteristic of plasma cells?

a. They arise from B cells.

b. They are effector cells.

c. They secrete antibodies.

d. They survive in the animal for many years.

e. They have large amounts of endoplasmic reticulum.



(1)
6.
Hay fever is an allergic response to pollen.  What type of antibody molecule is being produced?

a. IgG

b. IgM

c. IgD

d. IgA

e. IgE









(1)
7.
The immunoglobulin class IgA is mainly found

a. circulating in the blood.

b. in mucus secretions.

c. near the surface of the skin associated with mast cells.

d. shortly after first exposure to an antigen.

e.
All of the above







(1)
8. Which of the following features is not characteristic of T cell receptors?

a. Consist of two polypeptide chains

b. Both chains span the plasma membrane

c. Are able to bind to free antigen

d. All receptors on a particular T cell have the same specificity

e. Have constant and variable regions





(1)
An overview of metabolism (15 marks)

The following questions (1 to 9) are of the multiple choice type (give best answer)


1.
Given the following standard free energies of glucose-1-phosphate (-21 kJ/mol) and glucose-6-phosphate (-14 kJ/mol). For the isomerization of glucose-1-phosphate and glucose-6-phosphate, what is the free energy change and the direction in which the reaction will proceed?

a.
glucose-6-phosphate → glucose-1-phosphate; + 7 kJ/mol
b.
glucose 1 phosphate → glucose-6-phosphate; - 7 kJ/mol
c.
glucose-1-phosphate ↔ glucose-6-phosphate; - 35 kJ/mol
d.
glucose-6-phosphate → glucose-1-phosphate; - 7 kJ/mol
e.
glucose-1-phosphate → glucose-6-phosphate; + 7 kJ/mol


(2)
2. The ranking from most reduced to least reduced carbon atom is:

A – carbonyl group; B – methylene group; C – CO2; D – secondary alcohol group; 

E – carboxyl group.

a. A, B, C, D, E

b. B, E, A, D, C

c. C, B, E, A, D

d. B, D, A, E, C

e.
C, D, E, B, A








(1)
3.
Which of the following co-factor(s) contain(s) a phosphoanhydride bond?

a.
FAD
b.
NAD
c.
Coenzyme A
d.
none of the three
e.
all three








(1)
4.
Which of the following co-factors does NOT participate in oxidoreduction reactions?

a. FAD

b.
NAD

c. Coenzyme A

d. Lipoic acid

e. All of the above participate






(1)
5.
All are coenzymes with an adenine nucleotide portion EXCEPT:

a. ATP.

b. FMNH2.

c. Coenzyme A.

d. FADH2.

e. NADH
.








(1)
6. Pantothenic acid is the vitamin portion of _________ and ____________ and forms __________ linkages with acyl groups.

a. TPP; ATP; phosphoester.

b. Coenzyme A; ATP; thioester.

c. TPP; Coenzyme A; phosphoester.

d. acyl carrier protein; CoA; thioester.

e. acyl carrier protein; TPP; phosphoester






(2)

7.
What causes pyridoxal-5-phosphate (PLP) to be so versatile?
a.
It reacts very quickly with simple sugars.


b.
Its ability to be a one or two electron carrier.


c.
The formation of a thioester bond.


d.
Its ability to transfer methyl groups.


e.
Its ability to form a Schiff base and act as an electron sink.


(1)
8.
Most biotin-dependent carboxylations use __________ as the carboxylating agent and transfer the carboxyl group to a substrate ___________.

5. bicarbonate; hydroxyl group.

6. hydroxyl groups; carbanion.

7. carboxyl group; carbonium ion.

8. bicarbonate; carbanion.

9. carboxyl group; hydroxyl group.




(2)
9.
What vitamin is needed for coagulation of blood and what must happen for it to be functional?
a.
vitamin D, a co-translational modification of serine.


b.
vitamin K, a posttranslational carboxylation of glutamate.


c.
vitamin K, a co-translational carboxylation of aspartate.


d.
vitamin D, a posttranslational glycosylation of serine.


e.
vitamin E, a posttranslational glycosylation of tyrosine.


(1)
10.
What is the primary advantage of subcellular compartments to intermediary metabolism?








(3)
Glycolysis: (18 marks)

1.
In glycolysis, fructose-1,6-bisphosphate (F1,6BP) is converted into glyceraldehyde-3-phosphate (G3P) and dihydroxyacetone phosphate (DHAP).

a)
Draw the structures (Fischer projections) of the reactant and the products.
[6]
b)
What is the common name of the enzyme that catalyzes this reaction?
[1]
c)
The (G°’ for this reaction is +23.9 kJ/mol. Calculate the equilibrium constant (Keq) at standard conditions (25°C). For full credit, you must show your calculations.








[5]











(12)

2.
A yeast culture is grown in the presence of glucose and undergoes alcoholic fermentation. The glucose is radioactively labeled at certain positions with [14C]-carbon in such a way that all the [14C]-label is found in CO2. Which carbon atom(s) of the glucose are [14C]-labeled? To answer the question, you must draw the structure of glucose (Fisher projection) and circle the radioactively labeled atoms. 

(3)
The following questions (3 to 5) are of the multiple choice type (give best answer)

3.
Of the following enzymes, which one catalyses synthesis of ATP? 

a.
phosphoglycerate kinase
b. 
hexokinase

c. 
phosphofructokinase

d. 
glycogen kinase

e.
none of the above choices is correct




(1)
4. In phase 1 of glycolysis, the appropriate sequence of enzymes is (choose one of the alternative combinations shown below):

A  phosphofructokinase-1 (PFK-1).

B hexokinase / glucokinase.

C fructose bisphosphate aldolase.

D Phosphoglucoisomerase.

E triose phosphate isomerase  (TIM).

a. A, C, B, E, D

b. B, D, A, C, E

c. B, D, C, A, E

d. B, C, D, E, A

e. B, D, E, C, A







(1)
5. For phosphofructokinase-1:

a. Low ATP stimulates the enzyme, but fructose-2,6-bisphosphate inhibits.

b. High ATP stimulates the enzyme, and fructose-2,6-bisphosphate activates.

c. High ATP stimulates the enzyme, but fructose-2,6-bisphosphate inhibits.

d. The enzyme is more active at low ATP than at high, and fructose-2,6-bisphosphate activates the enzyme.

e. ATP and fructose-2,6-bisphosphate both inhibit the enzyme.

(1)
The tricarboxylic acid cycle: (12 marks)

The following questions (1 to 6) are of the multiple choice type (give best answer)
1. The pyruvate dehydrogenase complex contains three multimeric enzymes (ETA, EPDH, and EDLD). All the following are properties of EPDH EXCEPT:
a.
It uses thiamin pyrophosphate as a catalytic coenzyme.


b.
It oxidatively decarboxylates pyruvate.


c.
It binds NAD+ in its active site.


d.
It transfers an acetyl group to lipoamide of ETA.


e.
It forms a hydroxyethyl-TPP intermediate.




(1)
2.
Order the coenzymes according to their involvement in the pyruvate dehydrogenase complex (PDC).
A.
NAD+

B.
CoA-SH

C.
TPP

D. Lipoate (lipoamide)

E. [FAD]







(1)
a.
A, B, C, D, E


b.
C, B, A, E, D


c.
B, D, E, A, C


d.
C, E, D, B, A

e.
C, D, B, E, A

3.
How many NADH molecules are produced in the TCA cycle per molecule of acetyl-CoA oxidized?
a.
1


b.
2


c.
3


d.
4


e.
5









(1)
4.
Of the following, which enzyme is part of both the TCA cycle and the electron transport chain? 

a. 
aconitase

b. 
succinate dehydrogenase
c. 
(-ketoglutarate dehydrogenase complex

d.
malate dehydrogenase

e. None of the above







(1)
5.
The first molecule of CO2 that is expelled from the isocitrate molecule was derived originally from 

a. 
the carbonyl carbon from the newly added acetyl group

b. 
the methyl group from the newly added acetyl group

c. 
a non-carboxyl group in the oxalocetate

d.
the oxaloacetate carboxyl group
e. 
the (-keto group of the oxaloacetate





(1)
6.
Fluoroacetate inhibits the TCA cycle. Although it does not inhibit citrate synthase, the product inhibits:
a.
aconitase.


b.
isocitrate dehydrogenase.


c.
(-ketoglutarate dehydrogenase.


d.
succinate dehydrogenase.


e.
pyruvate dehydrogenase.






(1)
7.
a)
What is an anaplerotic reaction?





[1]

b)
What reaction does pyruvate carboxylase catalyse?



[2]












(3)

8.a)
Identify the following compounds:
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[1]
  b)
If a Schiff base were produced between a side chain lysine and each of these compounds and then subsequently displaced by ammonia, into which amino acids would each of these compounds be converted?




[2]












(3)

Electron transport and oxidative phosphorylation: (14 marks)
The following questions (1 to 5) are of the multiple choice type (give best answer)
1.
Which of the following is solely a two-electron donor?
a.
FAD


b.
Fe-S


c.
NADH


d.
NAD+


e.
cyt c









(1)
2.
In the first phase of the Q cycle, UQH2 transfers one electron to __________ and then to ___________, releasing _______ H+ to the intermembrane space leaving _________ that transfers a second electron to ________.

a. cyt c; Rieske protein; one; UQ; cyt bH
b. cyt bL; cyt bH; two; UQ; cyt c1
c. cyt c1; Rieske protein; one; UQ.-; cyt bH
d. Rieske protein; cyt c1; two; UQ.-; cyt bL
e.
Rieske protein; cyt bL; one; UQ.-; cyt c1




(2)
3.
Complex III takes up _____ proton(s) on the matrix side of the _______ membrane and releases ________ protons on the intermembrane side for each pair of __________ passed through the Q cycle.

a. two; inner; four; electrons

b. one; inner; two; protons

c. two; inner; four; protons

d. one; outer; two; electrons

e.
none are true








(2)
4.
The complete reduction of one molecule of oxygen gas requires how many electrons?
a.
two


b.
three


c.
four


d.
eight

e.
six









(1)
5.
What is the effect of adding oligomycin and then 2,4-dinitrophenol to respiring mitochondria?
a.
Electron transport speeds up and ATP synthesis stops.


b.
Electron transport continues and ATP synthesis continues.


c.
Electron transport stops and ATP synthesis stops.


d.
Nothing, the uncoupler and inhibitor cancel each other out.


e.
Electron transport stops and ATP synthesis continues.


(1)
6.
Predictions regarding the P/O ratio.  

Use the following assumptions (points i and ii):

(i)
A total of 10 H+ ejected per 2 e transferred from NADH to ½O2. 

(ii)
Four H+ enter the matrix for each ~bond of ATP synthesized. 

(a)
Based on the above assumptions, what would be the predicted P/O ratio, i.e., the number of ATP molecules synthesized per 2 e transferred from NADH to O2?  










[1]
(b)
Complex II of the respiratory chain (Succinate Dehydrogenase) catalyzes transfer of 2 e from succinate to coenzyme Q. 

What would be the predicted P/O ratio with succinate as electron source instead of NADH?








[1]











(2)
7.
Consider the oxidation of NADH by molecular oxygen as carried out via the electron transport pathway

NADH + H+ + 1/2 O2 ( NAD+ + H2O

a) What is the standard free energy change (∆Gº’), for this reaction if Eo’(NAD+/NADH+H+) = -0.320 volts and Eo’ (1/2 O2/H2O) = +0.816 volts?[3]
b)  What is the equilibrium constant (Keq) for this reaction?


[2]










(5)
Section 2 : 

Prof H Klump 


30 Marks

Channels and pumps:

1.
Calculate the free energy difference at 25 oC due to a galactose gradient across a membrane, if the concentration on side 1 is 2 mM and the concentration on side 2 is 10 mM.








(4)
2. In the situation described below what is the free energy change if 1 mol of Na+ is transported across a membrane from a region where the concentration is 1 mM to a region where it is 100 mM ? ( Assume the T = 37 oC)

a. In the absence of a membrane potential.

b. When the transport is opposed by a membrane potential  of 70 mV.

In each case , will hydrolysis of 1 mol of ATP suffice to drive the transport of 1 mol of ion? (Assume ΔG for ATP hydrolysis is about  - 30 Kj/mol under these conditions.)








(6)
3. Explain how the Xenopus oocyte expression system can be used to learn about the function of the acetylcholine receptor.




(5)

4. Explain the mechanism that leads to the action potential travelling along the axon membrane of myelinated motor neurons and describe the events that are triggered when it arrives at the synapsis.





(7)
5. Make a drawing of the calcium pump of the sarcoplasmic reticulum and outline its reaction cycle.







(5)
6.
Briefly describe the structure and function of a gap-junction.

(3)
Section 3 : 

A Prof Wolf Brandt 


10 Marks

Lipids

1.
Draw the following typical structures (a to f) making use of simplified representations of a typical phospholipid and a detergent as shown (include rough representations of proteins where necessary).

:




[image: image3.png]P








a) a typical detergent 

b) a typical phospholipid

c) a micelle

d) a lipid structure at the water-air interface

e) a lipid vesicle (liposome)

f) typical lipid cell membrane structure






(8)
2.

What is meant by the “fluid” mosaic model of membrane structure? 

(2)
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