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ANSWER ALL THE QUESTIONS

In the interest of economy please write on both sides of the exam script
Please answer each section in a different answer book.
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60 Marks

DNA replication, recombination, and repair

1. DNA---->RNA------>Protein

This flow diagram of the transfer of genetic information has to be modified to include recent knowledge (e.g. the retroviral infection as well as the mosaic nature of the eukaryotic genome). Amend this diagram and comment on the additional information.








(5)

2. The nucleic acids DNA and RNA are both potential carriers of genetic information. List their common features, and explain their differences (e.g. the advantage to have thymine in DNAs as compared to uracil). Comment also on the proteins involved in the transcription/translation of the genetic information.(4)

3. The double helix can be reversibly denatured. Describe the experiments that allow the recording of the helix to coil transition and explain how sequence variations, ionic strength of the solution, and the pH can influence the thermal stability of the DNA double helix.







(6)

4. Most of the DNA in nature is supercoiled. Explain the difference between the supercoiling of eukaryotic chromosomal DNA and bacterial DNA. Use an equation to link changes in supercoiling with changes in twist of the DNA. Consider overwinding as well as underwinding.



(5)

5. Suppose one double helical turn of a superhelical DNA molecule changes conformation from B- to Z-form. What are the changes in L, W, and T?  Why do you suppose the transition of DNA from B- to Z-form is favoured by negative supercoiling?








(4)

6. Make a list of the ways that transcription in eukaryotes differs from transcription in prokaryotes.






(5)

7. Single-stranded nucleic acids can adopt elaborate structures. In an analogy to protein structures the DNA helix is regarded as an example of secondary structure. Describe at least three examples of tertiary nucleic acid structures and sketch them.








(6)

8. Most eukaryotic genes are mosaics of introns and exons. Sketch three mechanisms that describe the splicing of primary transcripts into the final message.








(4)

9. DNA polymerases have proof-reading capacities, while RNA polymerases have none. 

a.
Why can RNA polymerase function without this?


(2)

b. List the proof-reading features of DNA polymerases.  Why is it of such importance that these features are present?



(4)

c. What may be the feature of a cell that lacked DNA polymerase 3'-exonuclease activity ?






(2)

10. a)
Sketch the individual steps that allow the synthesis of exact copy of  the lagging strand of the DNA double helix.





(4)

b) Given that the average length of an Okazaki fragment is 1000 nucleotides and the haploid human genome consist of 3 billion base pairs. How many fragments must be generated for the replication of the full chromosomal set of a somatic cell?

(3)

11.
List at least three mechanisms that eukaryotic cells use to repair local DNA damage. Sketch the mechanisms.





(6)

Assoc Prof Nicci Illing






60 Marks

Regulation of eukaryotic gene transcription

Graph paper needs to be provided for question 3.

Please answer all of the following questions.

Question 1 - 20 Marks

1.1 What is the relationship between TFIID and TBP?



(1)

1.2 Draw a diagram showing the important features of the structure of TBP bound to the TATA-box.  Label your diagram clearly.





(5)

1.3 Discuss what the proposed functions of the various domains in your diagram are.

(8)

1.4 Explain why the binding of TBP the TATA-box is such a key event in the initiation of 
      transcription by RNA polymerase II in eukaryotes.



(6)

Question 2 - 25 Marks

2.1 Describe the structure of the basic helix-loop-helix domain that is found in this family of regulatory transcription factors. Describe the function of this domain. Use a diagram to illustrate your answer. 





(6)

2.2 List two ways in which the activity of a regulatory transcription factor can be regulated in a cell.








(2)

2.3 i) Draw a diagram illustrating what conserved nucleotide sequences you would expect 
    to find in the promoter of a gene that is regulated by retinoic acid in the developing 
    mammalian brain.







(4)


ii) Illustrate which proteins you would expect to find associated with this promoter 
    when it is being actively transcribed. 





(4)

iii)Describe what the function is of these proteins in the context of activation of 
    transcription.








(7)

iv) Illustrate which proteins you would expect to find associated with this promoter 
     when it is NOT being transcribed.





(3)

      v) Describe what the function is of these proteins in the context of transcription.












(4)

Question 3 - 15 Marks
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Fig 1: Micrococcal nuclease digestion of chromatin.  Chromatin and naked DNA are shown after treatment with micrococcal nuclease I, removal of proteins and resolution on an agarose gel.  Size markers in bp are incidated on the right hand side of the gel.

1. Explain why digestion of chromatin with MNase I gives a different pattern of DNA fragments than digestion of naked DNA with MNase I.

(4)

2. Calculate the length of DNA protected by one nucleosome. Show all your calculations clearly.







(3)

3. Draw a diagram to illustrate what the difference is between DNA protected by the  nucleosome, and the repeating length of chromatin.  Label your diagram clearly.

(3)

4. Calculate the length of repeating length of chromatin.  Show your calculations clearly.









(3)

5. How would you purify DNA from chromatin once it had been digested with MNase I.








(2)
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