Key to Introductory biology Exam 2     Oct. 29, 2009              Questions & Answers

1. Arginase is the first enzyme in a catabolic pathway degrading the amino acid arginine:


Arginine+ H2O ( ornithine + urea,   delta Go = -5 kcal/mole
The Km of arginase for arginine is 3 mM and suppose its turnover number is 100 per second. BEC is a competitive inhibitor of arginase. At a concentration of 3 mM arginine the inclusion of 0.001 mM BEC reduces the Vo of the reaction to 10% of the value in the absence of BEC. 
1A. Consider the arginase reaction run with and without BEC at 30 mM arginine; the ratio of the Vo in the presence of 0.001 mM BEC to the Vo in the absence of BEC would be: 

 (0)  (<0.1)  (0.1)  (>0.1)  (can’t predict).  Use a diagram to explain your answer. 
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The higher concentration of substrate will compete more effectively for the active site, so the inhibition will be less as [S] increases. From the graph, we can see that although the BEC +/1 ratio is 5/50 = 0.1 at 3 mM arg, at 30 mM arg it is more like 30% to 40%
1B. Suppose the Vmax values in the presence of 0.001 mM BEC and 0.01 mM BEC were measured; the ratio of the Vmax in the presence of 0.01 mM BEC to the Vmax in the presence of 0.001 mM BEC would be:        (0) (<0.1) (0.1) (>0.1 but <1)  (1) (>1 but <10) (10) (>10) 

For competitive inhibitors, the same Vmax is always achievable with sufficient substrate added.

1C.  Which binds to arginase more tightly:  (arginine)  ( BEC)  (same) (can’t predict).

The approximate equilibrium constant (binding constant) of arginase for arginine is just the Km, 3 millimolar. Since BEC competes well with arginine when present at a concentration of only 0.001 millimolar, it must be binding at least 1000 times more tightly than arginine.
1D. If 0.01 mM BEC is added to E. coli growing in glucose minimal medium plus 3 mM arginine the rate of arginine biosynthesis might be expected to (increase) (be unaffected)  (decrease)  

The inhibition of arginase reduces its destruction so its concentration should remain higher than in the absence of BEC resulting in a higher concentration of arginine remaining. 

2. The proline catabolic pathway in E. coli is shown on the last pages. 

2A. In the presence of air, E. coli can grow in minimal medium with proline as the sole course of carbon and energy. The number of net ATP molecules that E. coli can derive from the metabolism of one molecule of proline is  __17____ and the main carbon-containing end product(s) of proline metabolism under these conditions is (are): _________________ .

1 FADH2 in the first step of proline catabolism =     2 ATP

1 NADH  in the second step of proline catabolism = 3 ATP

1 NADH from the oxidation of glutamate  =              3 ATP

1 NADH from the KC oxidation of a-ketoglutarate=3ATP 

1 ATP from GTP in the Krebs Cycle= 
          1 ATP

1 FADH2 from the KC oxidation of succinate =         2 ATP

1 NADH from the KC oxidation of malate=                3 ATP
Total: 





         17 ATP


Oxaloacetate   +   CO2
There is no source of acetyl-CoA to condense with the oxaloacetate. 
2B?. There was no 2B. 

2C. Can E. coli grow on proline as the sole source of carbon and energy in the absence of air? (yes) (no) 
No. In the absence of the electron transport chain, there are no steps in the pathway to reduce the NADH and FADH2 back to NAD and FAD, so you would run out of the latter compounds. .
2D. E. coli grown in air with glucose and proline can use the proline as the sole source of nitrogen atoms for amino acid biosynthesis  (i.e., with no ammonium ions added to the medium).  This ability requires the action of 

(transaminases) (glutamic dehydrogenase, i.e.,  oxidative deamination)  (both)  (neither) 
Glutamate can be produced from proline by transamination. This glutamate can then act as a universal donor of amino groups to form all the amino acids by more transaminations.   The oxidation deamination of glutamate need not be invoked. 
3. Suppose 9 protons are pumped out through the mitochondrial inner membrane for every 2 electrons passed to the electron transport chain from NADH.  About how many protons pass through the FoF1 ATP synthetase when the gamma subunit turns 240o?  _______
6.  You get 1 ATPs made for every third of a turn of the gamma subunit since there are 3 alpha-beta dimers in the F1 head and each synthesizes one ATP per full turn. 240o is 2/3 of a turn, so 2 ATPs would be synthesized. For every NADH oxidized by the ETC you pump 9 protons out and you get 3 ATPs , or 1 ATP for every 3 protons pumped, which means 1 ATP for every 3 protons flowing back (as the whole system is in a steady state). Or 2 ATP for every 6 protons flowing back in.   So the production  of 2 ATPs is associated with the flow back of 6 protons. 

Alternative acceptable answer provided by some students:

There are 10 subunits in the C-protein that turns, driven by the passage of H+ ions into the matrix. 240 deg is 2/3 of 360 deg, or 2/3 of a turn, meaning that 6.7 of the 10 c-subunits move, each movement associated with an  inflowing of an inflowing proton, or 6 to 7 protons for 2/3 of a turn.
For Questions 4 to 7, each answer is worth 2 pts and each explanation is worth 2 pts, unless it says otherwise. 

4. Here is a stretch of bacterial DNA. Assume it codes for a single peptide, and the bottom strand is the sense strand. Only part of the base sequence is shown. The ………. section in the middle represents a long sequence that is not specified.

5’ TCTCATGCTTTACCCGA……………..AAATTCCATAGCGTAT

     AGAGTACGAATGGGCT………….….TTTAAGGTATCGCATA

A. Given that the bottom strand is the sense strand, where should the promoter(s) be?  (near the right end) (at both ends)
(near the left end) (in the middle) (at one end or the other) (at >2 locations on the DNA) (beats me). Explain how you know. 
4A. Promoter should be near the right end. If the bottom strand is the sense strand, it is the other strand that is template. The sense strand is the one that matches the mRNA (except for the U vs T difference). The mRNA must be synthesized anti-parallel to the template, and must grow from its 5’ end to its 3’ end. (The template is read from ITS 3’ end to ITS 5’ end.) The promoter is where RNA polymerase binds and transcription starts; since transcription must go right to left, the promoter must be on the right. Note that the sequence shown codes for only one peptide, therefore it should be transcribed as a single unit to make one mRNA and have only one promoter. Long DNA molecules often have multiple promoters, but only one per gene, that is, one promoter per transcription unit. 
B. Suppose the sequence UGC is found in the RNA transcript, and it is encoded in the middle section symbolized by the dots (………).  Which of the following sequences, all written 5’ to 3’, should be found in the template strand? (UGC) (TGC) (GCA) (ACG) (CGU) (CGT). Show how this DNA produces this transcript. 

4B. GCA. If 5’UGC3’  is in the mRNA, 5’TGC3’ is in the sense strand of the DNA and the anti-parallel complement should be in the template strand, namely 3’ACG 5’ or 5’GCA 3’. The template and the mRNA match up like so: 

DNA  would be 


5’ ……. GCA………

or 3’ ……. ACG……

Transcript would be


3’…….. CGU……..

or 5’……. UGC…….

(Note: if you thought the UGC was written 3’ to 5’, as in the sense strand above, then the answer was ACG. This was okay if and only if it was clearly explained.) 
C. Suppose the DNA is transcribed, using the normal promoter, and the RNA is used as mRNA. Assume translation starts at the first start codon in the mRNA. (The genetic code is on the last page.)


C-1. Then the second codon to be translated should be ______________ (label the ends), which specifies the amino acid _____________________. (If you aren’t sure where to start, pick a reasonable spot and go on.)


C-2. Given your answer to part B-1, the second tRNA to be used in translation should have the anticodon _______________________. (label the ends). Assume no wobble.

Draw the mRNA section up to and including the first and second codon. Show where the anticodon (for tRNA #2) goes, and label the ends of the anticodon and the mRNA. 

4. 
C-1. Second codon should be 5’GAA3’ and corresponding amino acid should be glu which is glutamic acid, not glutamine. (Glutamine is gln). 


C-2. Anticodon whould be 3’CUU or 5’ UUC. 

What ever you said for the codon in C-1, you received credit for the corresponding amino acid and anticodon in part C-2 if it all matched up correctly. (You received part credit for the explanation if you did not start translation in the right place or left off any of the features mentioned below.)
 
Your picture should show the sequence  5’AUACGCUAUGGAA……  and the anticodon of the tRNA in the proper orientation:






         


     3’CUU

The part to the left of the AUG is the 5’ UTR (untranslated region). Translation starts at the first AUG, with the insertion of methionine (met), using the first tRNA. The start codon, AUG, serves both to start translation and to insert met. The second tRNA used in translation should correspond to the codon after the AUG, not the one after that (UUU). 

Translation does not start at the codon after the AUG; it starts with the insertion of met. Finished proteins often do not have met on their amino end because the met (plus a few other AA) are removed after translation is finished. The met is NOT missing because the codon was skipped during translation. 
D. Suppose the DNA is damaged, and only the bottom strand is altered. One base in the middle of the ….. section in the bottom strand is changed, say from A to C. The top strand is not altered. Suppose the DNA is transcribed, using the normal promoter, and the transcript is translated. How many amino acids in the protein do you expect to be different? 

(all) (one) (none) (one or none) (three) (one or more) (zero to 3) (can’t predict – could be any number). 

4D. None of the AA will be changed. The template strand is unaltered, so the mRNA should not be changed. You didn’t have to worry about the degeneracy in the code since there is no change in the mRNA. (You received 1 pt for explaining that IF the mRNA was changed, you might or might not change one amino acid, because you might change a codon to a synonymous one such as CCA to CCC.) 

5. The standard DNA polymerase used in PCR (Taq) has no exonuclease activity. It is a heat stable DNA polymerase, but does not have either 5’ to 3’ or 3’ to 5’ exonuclease. Under some conditions, Taq polymerase replicates DNA with relatively low fidelity – that is, it has a higher error rate than many other DNA polymerases. You graduate and go to work for a biotech firm. They ask you find a heat stable DNA polymerases that has a lower error rate than Taq.  You will probably look for a DNA polymerase that has (5’ to 3’ exonuclease activity) (3’ to 5’ exonuclease activity) 

(both exonuclease activities) (neither exonuclease activity – neither one will improve fidelity).

5. You need a polymerase with 3’ to 5’ exonuclease activity, so it can proofread – that is, so it can back up and remove bases that were inserted incorrectly during polymerization. (It wasn’t sufficient to explain that the enzyme needed to proofread – for full credit you had to explain what that term means.) 


Bases are added on the to the 3’ end of the growing chain. To remove a base that was just added (incorrectly), you need a 3’ to 5’ exo. You don’t need 5’ to 3’ exo, as that is used to remove primers, and there are no RNA primers to remove in PCR. The primers in PCR are DNA, and remain a permanent part of the new chain. (Even if the enzyme can remove primers, it wouldn’t help improve accuracy to remove them.) 
6. You have a double stranded DNA that you wish to replicate. It is 100,000 base pairs long and has one origin about 60,000 base pairs from one end. The top strand (‘Watson’) is written in the standard convention. The two ends of the DNA are labeled L (left) and R (right) respectively. A picture of the DNA is shown on the last page.   


Assume the entire molecule is being replicated in in vivo (inside a cell) in the usual way. (Note this is NOT PCR.) 

A. The synthesis of the new ‘Crick’ strand will be continuous from 
(L to R) (R to L) (Ori to L) (Ori to R) (Ori to R or ori to L) (L to R or R to L). Explain after B.

B. Consider the number of primers required to make a new ‘Crick’ strand that goes stretches from L to R.  


B-1. The number of primers required will be (1) (2) (3) (>3) (0). 


B-2. The primers used will be made of (DNA) (RNA) (protein) (DNA or RNA) (RNA or protein) (any of these) (none of these). Explain A & B. A diagram (well-labeled) might help.

Note we crossed out the term ‘goes’ and replaced it with ‘stretches’. We did not mean to imply any sense of direction during synthesis, only that the new ‘Crick has one end at R and one end at L. 

6. A. Ori to L. (1 pt.) 
6. B-1. >3 Primers.

6. B-2. RNA. 

Replication here must be bidirectional from a single origin as shown on the bottom of handout 11-3. The new Crick must be the complement to the old Watson, and the same as the old Crick. It makes no sense for it to be a ‘copy’ of the old Crick. (However, your picture was given full credit if it was otherwise correct, but showed the synthesis of a copy of the old Crick (= a new Watson)). To make a strand that stretches from point L to point R, synthesis must be continuous on one side of the replication fork and discontinuous on the other side. This is true for both Crick and Watson strands, and whether you make the chain from L to R or R to L. The only difference is that the continuous part is from Ori to L for the new Crick (complement to Watson), and from Ori to R for Watson (the complement to Crick). 

C-1.  The number of replication forks needed to synthesize the new ‘Crick’ strand (stretches from L to R) should be (1) (2) (3) (<3) (0). 

C-2. To make a new ‘Watson’ in addition to the new ‘Crick’, how many additional replication forks will you need?  (1) (2) (3) (<3) (0).  (Assume the new Watson also goes stretches from L to R.) Explain briefly.

Note: For both parts of C, 4th  choice should be >3, not <3
6. C-1.  2 replication forks; replication must be bidirectional. You need one replication fork going to the left to synthesize part of the new Crick (continuously, from O to L), and one fork going to the right to synthesize the other part of the new Crick (discontinuously, from O to R).
6. C-2. 0. No additional replication forks are needed. A single replication fork makes complements to both strands, synthesizing a new Crick AND a new Watson. 

. 

D. Suppose a nucleotide containing the base G is added to the growing ‘Crick’ chain. 

D-1. The base G should be connected to the template strand by (a covalent double bond) (a covalent triple bond) 

(a single hydrogen bond) (two hydrogen bonds) (three hydrogen bonds) (a phosphodiester bond) (none of these). 

D-2. When the G is added to the growing chain, which of the following will be released? 
(phosphate) (pyrophosphate) (ribose-phosphate) (tri-phosphate) (ribose) (ATP). 

D-3. Whatever is released will come from the (5’end) (3’end) (either end) (both ends) of the nucleotide containing the G. 

Pick one answer for each part and explain briefly.

6. D. 1 pt. each answer, and 1 pt for explaining or supporting each choice. 

6. D-1.  3 Hydrogen bonds. The G must be H bonded to a C in the template. Every G-C base pair has 3 hydrogen bonds. 
6. D-2.  Pyrophosphate (PPi) is released from the dGTP; the PPi that is released is then split into two phosphates (2 Pi).

6. D-3.  The PPi is released from the 5’ end of the nucleotide (dGTP) that is being added to the 3’ end of the growing chain. 

7. You have 4 different DNA molecules. All are basically double stranded, but have overhanging, single stranded ends. The 4 molecules are drawn on the last page. (In all cases W is the top strand). You have a DNA polymerase with no exonuclease activity, and you have radioactive dXTPs. (Radioactivity is in the bases). 

A. You want to make a DNA molecule (in vitro) that has radioactivity in Watson, but not in Crick. You should be able to do it if you start with DNA (A) (B) (C) (D) (none of these) (depends on which DNA polymerase you use). Circle all correct answers. 

B. Suppose you do another experiment. This time you want to add as much radioactive label as possible, whether it is in W, C or both. You can add only one of the following nucleotides, and each one contains a radioactive base. Which one will give you the most label? (dATP) (dGTP) (dCTP) (dTTP) (dUTP) Remember you can only add one nucleotide. If two are equally good, circle both. Explain your answers to A & B briefly. 

7. A. Molecule B. You are not replicating DNA here – there is no primer. You are simply extending the shorter strands that have 3’ ends, using the longer complementary strands as templates. You can fill in an end and convert that end of the molecule to a double stranded form only if the shorter end is the 3’ end. That’s because  polymerase can only add to 3’ ends, not to 5’ ends. Adding to the 3’ end of a chain (when its complement is longer) is similar to extending a primer – the complementary overhanging strand is used as template.  
Molecule B is the only one where you can extend W without extending C. (Molecule A is the reverse – the only end you can extend belongs to C.) If you add radioactive nucleotides and polymerase, you can fill in the right end of B, by extending the 3’ end of the shorter W strand, so W would become radioactive. (You can’t add to the C strand.)  

Molecule C has a 3’ end on each shorter strand – if you extend the strands by adding radioactive nucleotides, both W & C strands would become radioactive.  

You can’t add at all to molecule D – its shorter strands all have 5’ ends. 
7. B. dATP. (Ans 1 pt.) 

You have only one nucleotide, and you can’t skip over any part of the template. If the template (the overhanging end) has, say, an A in the first position of the overhang, as in molecule A, you have to have dTTP to extend the shorter strand. If you have only dCTP, dGTP or dATP you can’t add them to the growing chain. In fact, you can’t add anything unless you have dTTP to add first.  


 If you can add only one nucleotide, the best one to add is dATP. Nucleotides with A can be added in two places; nucleotides with C or T can only be added in one. If you have dATP, you can add one nucleotide to the 3’ end of each strand of molecule C. If you have dTTP or cGTP is available, you can only add to one end of one strand, for A and B respectively. (You can one nucleotide with T to the3’  end of C in molecule A; you can add one nucleotide with G to the 3’  end of W in molecule B.) You can’t add at all to molecule D which has only 5’ ends available. 

If you thought you had one radioactive nucleotide, mixed with the 3 others that were NOT radioactive, then you would get the most radioactivity if you used dCTP since there are more G’s in the template strands than any other base. But if the nonradioactive nucleotides are absent, you can’t extend the 3’ ends and reach the place where the C’s go. (If you clearly explained this, you got full credit. If you just said ‘dCTP’ because there are more G’s, you got 1 pt.) 
DNA for Problem 6.  



Origin (ori)



↓


5’--------------------------------------------------------------3’ (Watson)

   --------------------------------------------------------------     (Crick)

       L





R

DNAs for Problem 7. 

A = 5’ GGGA------------------------------AGGG
W

B = 
5’ ------------------------------

             
         ------------------------------

C

       GGGC------------------------------CGGG

C = 5’ GGGT---------------------------



D =      5’ ------------------------AGGG

            
         ----------------------------TGGG  
                        
      GGGA-----------------------
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