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48 Marks

1.
The use of macromolecular sequences in microbial phylogeny is based on certain assumptions about these molecules. What are these assumptions and what potential problems with these assumptions might cause errors in the estimation of the evolutionary relatedness between microorganisms?


[6]

2.
A student is convinced that a bacterial isolate is a species of Staphylococcus because it “looks and smells like a staphylococcus” on an agar plate. She may be right, but it is risky to jump to conclusions about a bacterium’s identity based only on colony morphology (and smell). What would you recommend should be done in this situation to confirm that the isolate does indeed belong to the genus Staphylococcus?







[5]

3.
Leptospirillum ferriphilum is a eubacterium that grows under conditions where the temperature is above 40°C and the pH below 2. What characteristics would you expect for this microorganism with respect to: the composition of its cell envelope, its sensitivity to inhibitors of protein synthesis and transcription and its phylogenetic association?






[6]

4.
If you were given an agar plate of a filamentous microorganism, how would you determine whether it is an actinomycete or a mould (fungus)? You may assume that you can carry out any tests that you think would help you to make your decision, including: staining, cultivation (with or without selected inhibitory agents), microscopy and DNA sequencing.




[5]

5.
An aerobic soil bacterium, strain CZA14, was inoculated onto a minimal agar plate containing glucose, potassium phosphate, NaCl, MgSO4, FeSO4 and KNO3 (as sole nitrogen source). CZA14 was also stab inoculated into nutrient agar (a rich medium) containing added KNO3 in a sterile universal. The two cultures were incubated at 30°C for 7 days and then examined. CZA14 had grown well on the minimal medium with KNO3 as the sole nitrogen source. It had also grown well in the nutrient agar, but the test for nitrate reduction showed that the nitrate in this medium had not been reduced to nitrite. How do you explain these, apparently contradictory, observations?




[5]

6.
The energy-generating metabolism of Desulfovibrio vulgaris can be summarised in the equation:

SO42(  +  4H2         (         S2(  +  4H2O

Indicate what kind of metabolism this is with respect to the source of electrons and the requirement for oxygen.





[4]

7.
When the concentration of NH4( in the medium is high, a prototrophic bacterium can synthesize all its amino acids from NH4( and (–ketoglutarate. Explain how this occurs, making sure you mention the names of the important enzymes involved.








[5]

8.
The metabolism of Oenococcus oeni is strictly fermentative. As such, it does not exhibit electron‑transport chain activity and, when fermenting glucose, generates its ATP by substrate‑level phosphorylation only. However, when O. oeni is catabolising glucose (or fructose) and L-malate, it is able to generate a proton motive force (pmf) and use the energy of this gradient to drive ATP synthesis by ATPase (ATP synthase). The mechanism is as follows:

L-Malate is transported into the cell and then decarboxylated by the malolactic enzyme:

(OOC-CH2-CH(OH)-COOH    (    H(   (   H3C-CH(OH)-COOH    (    CO2
(L-malate)



(L-lactic acid)

The intracellular lactic acid is excreted from the cell by symport with a proton, thereby generating a pmf. The malate does not participate in glycolysis and there is no tricarboxylic‑acid cycle activity in O. oeni.

(a).
Explain what would happen to the cell’s ability to make ATP by this mechanism if  nigericin was added to the culture?


(4)

(b).
Consider this experiment. O. oeni is inoculated into two identical, rich, liquid media. One is supplemented with fructose and the other with fructose plus malate. The cultures are then incubated under identical conditions at 27°C for 48 hours.

Would you expect there to be any difference in the cell yield of the two cultures? Explain your answer.




(4)

[8]

9.
When E. coli grows fermentatively (i.e. there is no electron-transport activity) it still has to carry out nutrient-transport activities such as sugar symport. Explain how it is possible for ATP to drive an entropically-driven process such as glucose symport under these conditions.





[4]

Dr V. Abratt








28 Marks

1.
How do pH and oxygen availability affect the types of bacteria that grow in the various definable regions of the alimentary canal? Give an example of at least one bacterium found in each region.





[4]

2.
What are the general features of bacterial “pathogenicity islands”? Using Vibrio cholerae as an example, describe the role that pathogenicity islands play in the bacterial infectious cycle.






[6]

3.
Compare the main characteristics and symptoms of the diseases caused by Clostridium  tetani and Clostridium botulinum with respect to the modes of action of the toxins produced by each.





[6]

4.
What are the main features of bacterial endotoxins, and what is the significance of endotoxins in the production of pharmaceutical products?


[6]

5.
Discuss how nosocomial infections and herd immunity impact on the way in which diseases are managed in the community health context.

[6]

Prof J. Thomson







24 Marks

1.
How can you use penicillin to enrich for an E. coli auxotrophic mutant? What is the mode of action of penicillin that enables this enrichment to occur?
[3]

2.
How does streptomycin inhibit the growth of E. coli? How can streptomycin-sensitive and streptomycin resistant E. coli mutants be used to show this?
[6]

3.
How can you use conjugation to map genes on the E. coli chromosome?  How can you prove that the chromosome is circular? Give examples of, and explain, the expected results.







[15]

