University of Cape Town

Department of Molecular and Cell Biology

MCB 302S: Cellular Biochemistry

Supplementary Exam

Paper 1 







January 2002

Time : 3 hours






120 marks


Section 1: Dr JA Rodrigues – The cytoskeleton (20 marks)

1. Outline the experimental details that were followed in order to demonstrate that in a cultured fish pigment cell, microtubules can find the centre of a cell even in the absence of centrioles.

(5)

2. The critical concentration for actin polymerization lies in the range of 0.2 µM to 1.0 µM.  However, in a number of cell types, the actin monomer concentration is typically between 50 µM and 200 µM.  Why is it, then, that in a fibroblast cell only 50% of the total actin is found in filaments and 50% in monomers?

(3)

3. It was recently found that actin assembly at the leading edge of motile cells creating a lamella that pushes the membrane forward involves a complex of seven proteins that included actin-related proteins 2 and 3 (Arp2-3 complex).  Explain how the binding of the activated Arp2-3 complex to actin filaments leads to cell migration.

(4)

4. Unlike actin and tubulin, which are globular proteins, most intermediate filaments are highly elongated fibrous molecules.  Discuss the current model of intermediate filament construction starting with the monomer and its heptad repeat to its final ropelike shape.

(5)

5. Described below is the result of a recent study on proteins of the cytoskeleton.  State the conclusion(s) that can be drawn from their finding:

When an animal cell is treated with cochicine, its microtubules depolymerize and virtually disappear.  If colchicine is then washed away, the microtubules reappear, beginning at the centrosome and elongating outward at about the rate (1 µm/min) at which tubulin polymerizes in vitro (i.e. elongation phase).












(3)

Section 2: Assoc. Prof. J Farrant – Plant physiology (10 marks)

1.
 What are compatible solutes? Select two of these substances and 

 suggest how they might enable plants to tolerate water deficit 

 stress.










(10)

Section 3: Assoc. Prof. G Lindsey – Desiccation tolerance (12 marks)

1. Explain how trehalose, a hydrophilic disaccharide, can stabilise

lipid bilayers. Your explanation should include how one determines the 

stability of the bilayers. 










(12)

Section 4: Assoc. Prof. H Patterton – Chromatin (20 marks)

1. Describe the two-hybrid assay in yeast, mentioning the purpose of the assay and all plasmid constructs that are used in the assay.  You may make use of illustrations. 

  (10)

2.
Discuss the histone fold motif, and mention which structural elements are important in DNA binding in the nucleosome. 

  (7)

3.
Briefly describe one proposed structure for the 30nm chromatin fibre.

   (3)


Section 5: Assoc. Prof. N Illing – Gene regulation (10 marks)

1.
The figure below illustrates the promoters of gene X and gene Y, that are transcribed by RNA polymerase II.  A response element for the transcription factor AA is found on both these promoters.  When AA binds to the promoter of gene X, it enhances the rate of transcription.  When AA binds to the promoter of gene Y, it leads to transcriptional repression.  Extrapolating from your knowledge of gene regulation by the steroid receptor family of transcription factors, explain how the binding of the same regulatory transcription factor AA, to the same response element, can lead to

i) transcriptional activation of gene X

(6)

ii) transcriptional repression of gene Y

(4)

 X







Y





Section 6: Dr K Denby/Dr S Murray – Plant-pathogen interactions (20 marks)

1.
Botrytis cinerea is the causal organism of grey mould on a wide range of crops.  Describe the pathogenicity mechanisms employed by this fungal pathogen.  

What strategies could be employed in order to make plants more resistant to B. cinerea? 

(10)
2.
In the gene-for-gene resistance model, R and Avr gene products are thought to interact, resulting in an incompatible interaction and the development of disease resistance.  

Discuss the available experimental evidence to support this model, including a description of the localization of the R and Avr gene products in the plant cell.  

Outline how R and Avr genes can be manipulated for use in the development of disease resistant plants.

(10)

Section 7: Prof. H Klump – Protein folding (12 marks)

1. List the most common types of H-bonds that contribute to the tertiary structure of proteins. 

         (3)
2. Although the bond energy for the hydrogen bond in a vacuum is estimated to be about 20 kJ/mol, we find that each hydrogen 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.

         (3)

3. Consider a small protein containing 51 amino acid residues. The protein will have 100 bonds about which rotation can occur. Assume that three orientations are possible about each of these bonds.

(a) Roughly, how many random-coil conformations will be possible for this protein based on these assumptions?

         (2)

(b) The estimate obtained in (a) is surely too large. Give one reason why this is so.

         (1)

4. It has been postulated that the normal (non-infectious) form of the agent causing BSE differs from the infectious form only in secondary/tertiary structure. 

(a) How might you show that changes in secondary structure occur?

(2)

(b) How might you check for changes in quaternary structure?

(1)

Section 8: Assoc. Prof. W Brandt – Proteomics (16 marks)

1.
Two-dimensional (2D) electrophoresis is a powerful tool in proteomics.

 Briefly discuss 2D electrophoresis under the following headings.

a)
What is 2D electrophoresis and what are the physical principles 

 involved in the protein separation?



(6)

b)
How are the proteins visualised in the 2D gel (2 methods)?











(4) 

c)
How does this method contribute to proteomic knowledge?











(3)

d)
List some of the problems encountered with this 

 methodology.

                                   

(3)
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