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ANSWER FIVE OUT OF THE SIX QUESTIONS

In the interest of economy please write on both sides of the exam script.

1a)
Minor mutations are far more likely to occur than major mutations in a strain-development program for improving an industrially-important microorganism. Describe how mutation and selection are used in strain development and explain how the method exploits minor mutations to improve the strain.









(5)

b)
Staphylococcus aureus, Escherichia coli and Candida albicans are all pathogenic microorganisms of medical importance. If you had isolated environmental actinomycete bacteria and were screening them for antibiotic production, why use all three of these test microorganisms, rather than just one of them?





(5)

c)
i) What are the activities of Vaccinia Virus Complement Control Protein (VCP) that makes it a 
    potential treatment for inflammatory diseases? Provide examples of diseases where VCP 
    could be therapeutically used?







(2)

ii) What are the entrepreneural challenges to the commercialization of VCP?

(2)

iii) What is the market potential of VCP? 






(2)

iv) What is the commercial competition for VCP and why is VCP likely to be better than its 
competition?









(2)

d)
Define what is meant by the “carrying capacity” of a pond used for the aquaculture of fish.






 





(2)
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2.a)
The upstream processes of sourcing the raw materials for the nutrient medium, formulating the medium and sterilizing the medium are critical for the successful cultivation of microorganisms on a large scale. Briefly describe the important considerations under each of these three headings.










(8)

b)
Protoplast fusion has been used successfully for strain improvement in filamentous microorgansims (i.e. fungi and actinomycete bacteria). Why might one carry out a protoplast-fusion experiment between a higher-yielding mutant strain and a lower-yielding ancestral strain (developed earlier in the strain-development program)?




(3)

c)
Read the following extract by Lewis, R. (2003) The Scientist 17(15): 11 titled “Botulism from Blubber”, and answer the questions that follow:


“In mid-July 2002, public health officials investigated a cluster of native Alaskans with the telltale signs of botulism, including dry mouth, blurred vision, swallowing difficulties, and progressive paralysis. The villagers, who lived on the west coast near the Bering Sea, had recently feasted on “muktuk”, the skin and pink blubber layer from an adult beluga whale that had beached itself weeks earlier. After refrigerating muktuk hunks in plastic bags for two days, the villagers then ate the meat, raw. Eight of the 14 diners became ill. All recovered thanks to the prompt administration of antitoxin and ventilator support.


Alaska leads the states in botulism, thanks to cultural practices and the type E toxin that is unique to marine mammals. Subsistence living continues to be a way of life for many natives in rural Alaska. “Muktuk is often traditionally consumed uncooked”, says Joe McLaughlin, the epidemic intelligence officer from the Centres for Disease control and Prevention who headed the investigation. It makes sense - a  seaside cetacean seems an ideal incubator for Clostridium botulinum, an anaerobe that prefers a moist, low-acid environment. And in July, the temperature crept just high enough to match the lower temperature limit for toxin production, perhaps due to global warming.”  


i)
How could the above incident of food poisoning have been prevented?

(2)


ii)
What factors contributed to the contamination of the beluga whale with Clostridium botulinum ?









(3)


iii)
What is the mode of action of the toxin in humans that leads to “blurred vision, swallowing difficulties and progressive paralysis”?




(4)













[20]

3a)
Research workers have been cloning cellulase genes from many diverse bacteria in order to make a recombinant super-bug which can hydrolyse cellulose fast and efficiently. Discuss the reasons why they have not found this task as easy as anticipated.



(10)

b)
Discuss how the carrying capacity of an aquaculture pond is influenced by the species of fish that is being farmed, and how this effect can be addressed.




(7)

c)

Comment on the economic impact of aflatoxins.




     
(3)

[20]

4a)
You are setting up a new winery and aim to make novel wines which you hope will make you famous. You start by isolating a new strain of Saccharomyces cerevisiae from the bloom of the local grapes, but it needs some strain improvement. Give examples of the characteristics which you would like to have in the improved strain, and the reasons for these choices.

(7)

  b)
Before the twentieth century, medicines consisted mainly of herbs and potions. It was not until the mid-nineteenth century that the first serious efforts were made to isolate and purify the active compounds of these remedies, i.e. the pure chemical compounds responsible for the medical properties. The successes of these efforts led to the birth of many of the well known pharmaceutical companies.  Since then, many naturally occurring drugs have been purified and their structures determined, e.g. quinine from the bark of the cinchona tree. An overall pattern for drug discovery and development has evolved, which focuses mainly on what is known as the lead compound – the active principle.

Describe the stages in drug discovery and drug development that culminate in the structure determination of the lead compound. 







(8)

c)i)
Complete the table describing important features of the poliovirus vaccine using yes or no answers.

	Attribute
	Killed (Salk)
	Live (Sabin)

	Interrupts transmission


	A
	B



	Induces intestinal IgA


	C


	D



	Affords secondary protection to others
	E


	F



	Co-infection with other viruses may impair immunisation
	G


	H




(4)
ii)
Which of the above vaccines is currently given in the United States and why ?
(1)
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5a)
Briefly describe the two arms of the immune system and how they combat a viral infection.


(3)

b)
Clostridium tetani is a Gram-positive, spore-forming rod that lives in the soil and causes the disease called tetanus. Neonatal tetanus (NT) remains an important public health problem in Africa and is responsible for 10%-30% of all infant deaths.

(i)
How do infants catch tetanus and why is it so deadly ?



(2)

(ii)
Protection against tetanus is given by the DTP vaccine, given at 6, 10, 14 weeks, and 18 months in South Africa.

What is the vaccine against tetanus (T) called and how is it prepared ?

(2)

What does the pertussis (P) component of the vaccine consist of ?


(1)

c)
The dreaded disease smallpox was eradicated by vaccination in the 1970s.

(i)
Name two features of the disease and/or vaccine that facilitated the eradication?
(2)

(ii)
Why is it not possible to eradicate flu using a similar global vaccination campaign?














(1)

d)
(i)
What treatment is given to a baby born to a hepatitis B positive mother ?

(2)

        (ii)
Describe   the   vaccine  given   to   infants  to  protect  them   against   meningitis 
caused by Haemophilus influenzae type b (Hib). 





(1)

e)
List THREE common antimicrobial agents and discuss their mode of action.  

(6)

[20]

6a)
What characteristics of a seaweed make it a likely candidate for mariculture? 

(6)

b) Why can seaweeds be useful when used in integrated aquaculture  along with animal species?

(5)

c)
List two factors which influence the growth rate of aquacultured fish. Briefly explain how the factors you listed affect fish growth rate.






(4)

d)
Discuss the role of microorganisms in the production of sauerkraut and pickles.

(5)
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