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1.
It has been shown that transcription of the rssAB operon is dependent on (S.
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a)
Using the diagram provided, explain “homeostatic feedback coupling” between (S and RssB in E. coli.




(5)

b)
If the relationship between (S and RssB is considered a cycle, then the phosphorylation/dephosphorylation of RssB is a cycle within a cycle. How does the phosphorylation and dephosphorylation of RssB modulate its activity?







(5)

[10]

c)
What is the purpose of using partial diploid cells in analyzing operon function? 







(2)

d)
The following partial diploid E. coli cells have been constructed.

In each case, predict the phenotype of the cells in the presence or absence of lactose. Explain your reasoning.

F’ gene 

Chromosomal gene




i+  oc  z+ y+

i+   o+   z+  y+
i-  o+  z+ y+

i+   o+   z+  y+

i+  o+  z- y+

i+   oc   z-  y+

i+  o+  z+ y-

i+   o+   z+  y -











(8)
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2a)
What is required for the stringent response to occur in E. coli? Please indicate both the conditions that lead to the stringent response and the cellular components that participate in it.







(8)

2b)
How would a relA( mutation affect the (p)ppGpp concentration during the stringent response in E. coli cells? Explain your answer.


(2)

[10]

2c)
What is the function of the AraC protein? Describe how the product of the araC gene was purified, and explain why this strategy had to be employed.
(5)

2d)
How is antisense RNA used to down-regulate the transposition of a transposon?











(5)











[10]
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3a)
Explain how the level of (S varies in E coli cells undergoing diauxic growth on glucose and lactose. What does this reveal about the flexibility, reversibility and response time of the stationary‑phase response?



(5)

3b)
You treat an E. coli::lambda lysogen with ultraviolet light.  Explain what happens at the molecular level to ensure the lambda goes through the lytic cycle and does not re-integrate into the E. coli chromosome.




(15)












[20]

4a)
Describe the mechanism which is used to regulate the expression of the tyrosine operon in Bacillus subtilis.






(10)

4b)
You wish to isolate a transposon mutant in a gene cloned into a plasmid carried by E. coli.  How would you do this and why?



(10)












[20]

5a)
"The regulation of nitrogen assimilation is achieved by similar strategies in both Gram-positive and Gram-negative bacteria". Discuss this statement giving relevant examples.







(15)

5b)
What is the difference between an operon and a regulon?  You have isolated a gene cluster that you suspect is regulated as an operon.  Describe two ways that you could prove experimentally that this is the case.



(5)












[20]

6a)
Bacteriophage MS2 is a very good example of gene regulation at the translational level. Describe the mechanisms used by this phage to ensure controlled expression.








(10)

6b)
Explain how two incompatible plasmids are separated so that daughter cells eventually carry only one or the other plasmid.



(10)
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