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Answer all the following questions

In the interests of economy please write on both sides of the exam script

Each section to be completed in a separate answer book

Section1: Dr JA Rodrigues – The cytoskeleton (20 marks)

1. Actin is one of the most evolutionary conserved proteins.  What does this tell you about the structure and function of this protein in eukaryote cells?

(3)

2.
A paramecium is a large protozoan whose surface is covered with rows of motile cilia.  By grafting inverted rows of cilia that beat in an opposite direction to neighbouring rows of cilia, these “mutant” paramecia can pass on this altered pattern from parent to daughter cells for more than 100 generations.  Explain.






(2)

3.
How many complete microtubules do the following two structures contain?

(a) a (normal) centriole

(b) a cilium (axoneme)






(2)

4.
When swimming, the flagellum of a sperm cell has bent and straight regions.  In which of these segments are the dynein arms active?  Explain your reasoning.






(3)

5.
Why do you suppose more can be learned about microtubule dynamics by injecting fluorescent tubulin into a cell than radioactively-labelled tubulin?








(3)

6.
Dozens of different motor proteins have been identified to date.  Explain how some of these motor proteins use the microtubule network as a scaffold to position membrane-bound organelles, eg endoplasmic reticulum and Golgi apparatus.





(3)

7.
The actin filaments in the tail behind a Listeria bacterium migrating in the cytosol and observed by fluorescence microscopy have been shown to be stationary.  Specific proteins on the surface of the bacterium can sequester other host-cell proteins such as profilin.  Propose a feasible mechanism for the movement of the bacterium through the cytoplasm.






(4)

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

1.(a) 
Describe how light can be a stress to plants experiencing water-deficit.












(5)

   (b)
How do resurrection plants prevent this stress?  


(5)

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

1.
Transfer of a hydrophobic molecule from an aqueous solvent to a hydrophobic solvent results in a free energy change of approximately 15 kJ/mol/methyl group.

(a)       What causes this energy change?  



(4)

(b)
Free energy changes result from changes in enthalpy and entropy. How are these parameters affected by the transfer?  (2) 

(b)       Explain the relevance of this research to the relative binding of leucine and valine to the aminoacyl-tRNA specific for leucine. (6)

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

1.
Discuss the histone fold motif, and mention which structural elements are important in DNA binding in the nucleosome. 


(7)

2.
Discuss the idea of "chromatin remodeling", mentioning enzymatic complexes that are involved in the process 



(8)

2. Briefly describe one proposed structure for the 30nm chromatin fiber.

(3)

3.
Acetylated core histones are generally associated with transcriptionally active regions of chromatin.  Suggest a possible purpose for this.
(2)

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)

Please answer question 1 and 2.  You may choose to answer either question 3 or 4.  The total number of marks for this section is 20.

1.
Describe the interaction between maize plants and the fungal pathogen Cochliobolus carbonum.  What features are required for a compatible or an incompatible interaction?





(4)

2. Discuss, using examples, potential strategies for the control of plant pathogens (ie. outline mechanisms utilised during the development of resistance, and how they could be manipulated for use in plants).   (10)

Answer either question 3 or 4.

3. Salicylic acid is the mobile signal required for the induction of systemic acquired resistance.

Is this statement true or false?  Discuss your answer with reference to experimental evidence.






(6)

4. Oat plants, which contain antimicrobial avenacins, are resistant to attack by Gaeumannomyces graminis var. tritici, but are susceptible to Gaeumannomyces graminis var. avenae.

(a)
Why?  








(1)
(b)
Mutant analysis was carried out on both the plant and the pathogen.  Discuss the types of mutants that could be isolated and what the effect would be on the interaction between the plant and the pathogen for each of these mutants.






(5)

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

1. 
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)

2. Consider a small protein containing 101 amino acid residues. The protein will have 200 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)

3. It has been postulated that the normal (non-infectious) form of a prion differs from the infectious form only in secondary/tertiary structure. 

(a) How might you show that changes in secondary structure occur?(3)

(b) How might you check for changes in quaternary structure?
(3)

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

1.
Define the term: a) proteomics and b) genomics  


(6)

2.
Briefly explain how MALDI TOF mass-spectrometry is used to identify an unknown protein.






(6)

3.
Very briefly explain how the protein concentration in two different samples can be reliably estimated by mass-spectrometry using an isotope-coded affinity tagged reagent (ICAT).



(4)
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