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Answer all questions

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

1.
What are the TWO MAIN requirements of a vaccine?


[5]
__________________________________________________________________________
2.
What are the advantages / disadvantages of live vs killed vaccines?

[5]
__________________________________________________________________________

3.
The figure below is derived from a review on the Bill & Melinda Gates Foundation’s support for vaccine research and development and details the six Grand Challenges relating to vaccines and immunity.  Write notes on why each is important.









[3 marks each=18]
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__________________________________________________________________________

4.
What are the 3 stages of clinical trial testing of vaccines and what is tested for in each?









[5]
__________________________________________________________________________
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Figure 1 The Grand Challenges in Global Health related to vaccine improvements.



5.
Use the diagram of the lysine biosynthetic pathway (Figure A) and the graphs (Figure B) to answer the questions that follow.

Figure A. Regulation of lysine biosynthesis in Brevibacterium flavum and Corynebacterium glutamicum. Abbreviations: ASA, aspartate semialdehyde; DHDP, dihydropicolinate; DAP, diaminopimelate; Hse, homoserine.
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Figure B. Effect of increasing concentrations of L-threonine and S‑(2‑aminoethyl)-L-cysteine hydrochloride (AEC.HCl) on cell growth of Brevibacterium flavum.  The wild-type B. flavum strain was able to synthesise all amino acids shown in the biosynthetic pathway at the normal levels.  The growth of the bacterium was best in the presence of added L‑threonine alone.  This maximal growth was set as 100% growth for each threonine concentration.  Growth in the presence of AEC.HCl and AEC.HCl + Thr was expressed relative to the maximal growth at the corresponding threonine concentration.

a)
Why did increasing concentrations of AEC restrict the growth of B. flavum?

(5)

b)
Why was the growth of the bacterium even more severely restricted when AEC and threonine were added together?


(3)

[8]

__________________________________________________________________________

6.
Explain, in general terms, how control over the biosynthesis of the important cellular molecule, L-tryptophan, is effected by the mechanisms of repression and feedback inhibition.  Why does a cell need two different ways for exerting this control?

[5]

__________________________________________________________________________

7.
Although Corynebacterium glutamicum is used for the production of both glutamic acid and L-lysine, it is not possible to produce high yields of both amino acids in the same culture.  Explain why this is so.

[5]

__________________________________________________________________________

8.
What are carotenoids and what does it mean for a carotenoid to have a “provitamin A function”?








[5]
__________________________________________________________________________

9.
There are two distinct phases in the production of vitamin B12 by Propionibacterium freudenreichii ATCC 6207. What are the culture conditions in these two steps and what is the biological purpose of imposing different conditions in the two phases of the fermentation?







[5]
__________________________________________________________________________

10.
Enzymes can be immobilised by binding to an insoluble carrier in two ways: by ionic interactions (or adsorption) and by covalent bonding.  What are the advantages and disadvantages of each of these approaches?




[5]
__________________________________________________________________________

11.
You are the leader of an Environmental Protection Agency SWAT team which deals with the bioremediation of major oil spills.  There has just been a catastrophic crude oil spill from a supertanker that was transporting oil from the Alaskan Pipeline to Japan.  The spill occurred within range of the coast and near important fishing areas.  Taking into account the location of the disaster, describe the approach you would use to rapidly reduce the chances of a major environmental disaster.

[15]
__________________________________________________________________________

12.
Barkay et al (1999) investigated the effect of a polymeric biosurfactant, alasan, on the solubilization and biodegradation of polyaromatic hydrocarbons (PAHs). The bioemulsifier alasan is produced by Acinetobacter radioresistens KA53. Examine the data presented in the Figure 4 (below) and answer the following questions.

a)
Why was PAH mineralization measured in terms of CO2 generated?
(2)

b)
Describe the data depicted in the Figure and discuss what the experiment shows.








(5)












[7]
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Barkay, T. et al., 1999. Appl. Env. Microbiol. 65: 2697–2702

FIG. 4. The effect of alasan on mineralization of 14C-PAHs.  Mineralization of [14C]FLA (A) and [14C]PHE (B) was monitored in incubations containing 1 mg of the respective PAH and 0 ((), 100 ((), 300 ((), and 500 (() mg of alasan ml-1.  Means and standard deviations of triplicate incubations are presented.  Standard deviations smaller than 2% are hidden by the symbols.

__________________________________________________________________________

13.
Describe the mechanism whereby methane is metabolised by methanotrophic bacteria.








[5]

__________________________________________________________________________

14.
The absence of a catabolic pathway for a specific xenobiotic is no longer an obstacle to its biodegradation. How would one construct / modify a bacterium to enable it to degrade a new xenobiotic?  






[7]

__________________________________________________________________________
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