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Answer either Q # 1 OR 2.  We will ONLY grade the first one you answer.
1.  (6 points) There are 3 mechanisms by which ATP can be synthesized in a cell.  Mention the predominant mechanism that is used to synthesize ATP when glucose is broken down (a) in the absence of inorganic electron acceptors, and (b) in the presence of inorganic acceptors.  Pick one of these choices: substrate level phosphorylation (S.L.P.), or oxidative phosphorylation (O.P.), or photo phosphorylation (P.P.).  


a.  Absence of inorganic acceptor
______________________


b.  Presence of inorganic acceptor
______________________

OR

2.  (6 points) Mention 2 ways by which a cell can regenerate NAD + (i.e. oxidized   NADH) in the absence of oxygen.

3.  (6 points) Calvin cycle (Dark cycle of photosynthesis) is divided into 3 phases.


Name the phase during which CO2 is incorporated.

________________


Name the phase during which hydrogen is incorporated.
________________


Name the phase during which ATP is incorporated.

________________

4.  (8 points) Identify the structure given below and label the following in this structure.


a.  This molecule is 
_______________________________ 


b.  Label the 3’ and the 5’ carbons on this molecule.


c.  Label a high-energy (anhydride) bond.


d.  The nitrogenous base is linked by a low-energy / high-energy bond to the 

 
sugar.  Circle the correct answer.
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Answer either Q # 5 OR 6.  We will ONLY grade the first one you answer.
5.  (5 points) Predict which of the following proteins, if temperature sensitive, would stop chromosome replication immediately, and which one would stop replication slowly, when the culture is shifted to non-permissive temperature.  Circle the correct answer.  



Protein




Replication

Single-strand DNA binding protein

immediate / slow

Replication initiator protein


immediate / slow

DNA Helicase




immediate / slow

DNA Ligase




immediate / slow

DNA Primase




immediate / slow
OR

6.  (5 points) Briefly describe the role of one of the following proteins in DNA replication in E. coli: DNA Topoisomerase I, DNA Gyrase, Epsilon subunit of DNA polymerase III, Beta-clamp of DNA polymerase holoenzyme, DNA polymerase I, DNA polymerase III

7.  (6 points) Transcribe (using the holoenzyme RNA polymerase) the following double stranded DNA to give an RNA transcript.

a.  Show only the first 6 nucleotides.

b.  Circle the 5’ end and the 3’ end on the top strand.

[Hint: The consensus promoter sequence is –35: TTGACA, and –10: TATAAT.  

These are in bold as also is the transcription start site +1 in bold.]

a.  Sequence of the transcript: 5’ __________________

5’/3’
AATAGTGTATAGACATGATAGAAGCACTCTACTATATTCTCAATAGCCCTTGGACGAG
5’/3’

TTATCACATATCTGTACTATCTTCGTGAGATGATATAAGAGTTATCGGGAACCTGCTC
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8.  (8 points) Which of the following activities are associated with the holoenzyme DNA polymerase III and which ones with RNA polymerase of E. coli?  Circle Yes if the polymerase is capable of that activity (function) and No if it is not.



Activity

DNA Polymerase III

RNA Polymerase

5’ (( 3’ synthesis

Yes / No 


Yes / No 

5’  (( 3’ exonuclease 
Yes / No 


Yes / No 

3’  (( 5’ exonuclease 
Yes / No 


Yes / No 

5’  (( 3’ helicase 

Yes / No 


Yes / No 
9.  (6 points) Given below is a sequence of a DNA molecule that contains the initiation codon actually used in the translation of gene



CATCCCGATGCCCTTCCGCTAGCG



GTAGGGCTACGGGAAGGCGATCGC

Transcribe this DNA segment to give mRNA molecule.  Label the 5’ and the 3’ end of the messenger.  In the transcribed mRNA underline the start codon, the 2nd codon and the codon that will code for the carboxyl terminal amino acid of the peptide that will be translated from this message.  Hint: locate the start and the stop codons.

a.  mRNA
5’






3’

b.  Codon for the carboxyl terminal amino acid of the peptide
_________________

10.  (5 points) The charging of the tRNA with an amino acid is catalyzed by amino-acyl tRNA synthetase as shown below.  A large portion of the energy derived from the hydrolysis of ATP is still stored in this bond and is available for peptide-bond formation during protein synthesis.  The free energy for this reaction is close to zero.  Suggest a further step that when coupled to this reaction will help drive this reaction to completion.  Answer in less than 10 words.





    aminoacyl tRNA synthetase

ATP + tRNA + amino acid (((((((((((  aminoacyl-tRNA + AMP + PPi
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11.  (4 points) Rifampicin inhibits the initiation / elongation / termination step in the replication / transcription / translation process.  Circle the correct answer for each.

12.  (3 points) The genes for transfer RNAs in E. coli would / would not be expected to be transcribed.  Circle the correct answer. 

13.  (3 points) You would / would not expect the Shine-Dalgarno sequence of Dna A protein to be transcribed.  Circle the correct answer for each.

14.  (3 points) True / False
Both prokaryotic and eukaryotic messenger RNA can be translated by several ribosomes at the same time.

Answer either Q # 15 OR 16.  We will ONLY grade the first one you answer.
15.  (5 points) Why (chemically) can N-formyl methionine only be used for initiation of protein synthesis, whereas, methionine can be used for both initiation and elongation?

OR

16.  (5 points) Describe the functional (not structureal) role of EITHER 16S rRNA in initiation of protein synthesis, OR of 23S rRNA during the elongation steps of protein synthesis.

 
a.  16S rRNA

OR

 
b.  23S rRNA
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17.  (5 points) Chloramphenicol, erythromycin and tetracycline all inhibit protein synthesis.  In that case, how are these useful as antibiotics when given to humans?  Include in your answer the specific mechanism (where does it bind) by which any one of these antibiotics inhibits protein synthesis.

Answer either Q # 18A OR 18B.  We will ONLY grade the first one you answer.
Mention one situation (mutation in which protein or site) under which you would expect the lactose operon to be expressed constitutively in the following environment.

18A.  (5 points) Absence of lactose

OR

18B.  (5 points) Presence of glucose

19.  (6 points) Imagine that you have created a fusion between the trp operon, and the lac operon as shown in the figure.  Under which of the following conditions will lac Z be expressed in the strain that carries the fused operon.


a.  Only when lactose and glucose are present.


b.  Only when lactose and glucose are absent.


c.  Only when lactose is absent and glucose is present.


d.  Only when lactose is present and glucose is absent.


e.  Only when tryptophan is present.


f.  Only when tryptophan is absent.
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20.  (4 points) Regulation of continuation of transcription by a specific amino-acyl tRNA 

is called ____________________________

Answer either Q # 21 OR 22.  We will ONLY grade the first one you answer.
21.  (5 points) How are the genes for spore formation in Bacillus subtilis turned on only when the nutrient supply is depleted?

OR

22.  (5 points) How does micF RNA regulate the levels of the outer membrane proteins, OmpC and OmpF, in E. coli?

23.  (4 points) In E. coli DNA replication takes 40 minutes and cell division another 20 minutes.  You would expect E. coli cells growing with a generation time of 100 minutes to synthesize DNA continuously / discontinuously.  Circle the correct answer.

24.  (3 points) True / False
Mutants unable to synthesize functional Fts Z protein result in long filamentous cells with more than one copy of genome.

Bonus: Answer either Q # 25 OR 26.  We will ONLY grade the first one you answer.
25.  (4 points) Why does E. coli have 7 different sigma factors where as B. subtilis has almost 17 different sigma factors?  Hint: think of the journal article on sigma factors.
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OR

26.  (4 points) Write down one question (from the material we covered for this test in the class) and its correct answer that you would have liked to see on this exam and has not been asked.
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