Exam 2 Intro Bio  Fall 2008    last update 10/27/2008 5:23 PM  ANSWER KEY 

1A. In the presence of oxygen, and in the long run, the number of  moles of ATP expected to be produced by the catabolism of one mole of a 6-carbon fatty acid is:  __45, or 9____.

1B. In the absence of oxygen, and in the long run, the number of  moles of ATP expected to be produced by the catabolism of one mole of a  6-carbon fatty acid is:  __0____.

Explain both A and B below.
If the “entrance reaction” is considered the condensation of acetyl-coA with oxaloaacetate to form citrate, then:
First acetyl-coA from F.A.: -1 ATP investment + 1 FADH2 ( 2 ATP) + 1 NADH2 (3 ATP) = 4 ATP net

Second acetyl-coA from F.A.: 1 FADH2 ( 2 ATP) + 1 NADH2 (3 ATP) = 5 ATP net

Third acetyl-coA produced with second. NO FADH2 or NADH2 involved. Total = 5 +4 ( 9 ATP

No further metabolism of acetyl-coA in presence of the drug , so 9 is the answer. 
If only pyruvate to acetyl coA is considered to be blocked, then: 

You get 9 ATP as above; plus, for each of the 3 acetyl-coA molecules produced you get 3 NADH’s (for 9 ATPs from oxphox) and 1 FADH2 (for 2 ATPs) plus one GTP (=ATP) by substrate level phosphorylation, for  total of  12 ATPs per acetyl-coA, times 3 acetyl-coAs = 36, plus the original 9 = 45 grand total. 

2A. Aerobically, _X__one mole of a saturated fatty acid (stearic) of 18 carbons, ___one mole of an unsaturated fatty acid of 18 carbons with a cis double bond between carbons 8 and 9 from the carboxyl end), or__ the same.

.
One less FADH2 will be produced by the oxidation of oleic acid, as it already has the double bond that is the result of an FAD mediated oxidation of the saturated fatty acid. 
2B. In the absence of oxygen (anaerobiosis): ___ one mole of glucose,   ___ two moles of 3-phosphoglyceric acid,     _x__ the same

Each yields 2 net ATPs. Glucose because 4 ATPs are produced in glycolysis but 2 ATPs need be invested.
3-phosphoglycerate yields 1 net ATP per mole at the last step of glycolysis, pyruvate would be the excreted end product. and NAD is not involved. 

2C. Aerobically,  ___ one mole of pyruvate, _X__ one mole of alanine, or  ___ the same. 

.
Alanine gets converted to pyruvate via transamination, which converts alpha-ketoglutarate to glutamate. The glutamate is then deaminated back to alpha-ketoglutarate to regenerate it, but that reaction yields 1 NADH, which can donate electrons to the E.T.C and yield 3 more ATPs via oxidative phosphorylation. 
3A. If the steady state concentrations of each reactant and product in this reaction in an E. coli cell growing in glucose minimal medium is 10-4M, then the reaction:  

(is proceeding to the right)  (is proceeding to the left) (is at equilibrium) and the change in free energy for the reaction is approximately: (-6)   (-5)   (-4)   (-3)   (-2)   (-1)   0   (1)   (2)   (3)   (4)   (5)   (6) 
(Admittedly. the problem was not set properly to give a unique answer)

The equilibrium constant is 1, so the Delta Go (-RTlnK) is 0.

Delta G = 0 +RTln 10-4 x 10-4 /10-4  = -RTln10-4  =-0.6 x 2.3 x log10-4  
Exact answer 5.52

Rounded answer  5 or 6 OK

Estimated answer of -4 (based on 0.6*2.3 ~ 1)  OK

Admittedly, the problem was not set up optimally. 

Since the sign is negative, energy is released, and the reaction goes to the right. 

3B.  Suppose E. coli are grown in glucose minimal medium supplemented with a high concentrations of threonine and isoleucine, and the steady state concentrations of these two amino acids in the E. coli cells are found to be 10-2 M.  Compared to the cells grown in glucose minimal medium, the reaction rate in these E. coli cells would be expected to be:  (higher) (lower) (about the same).  

Lower, because the isoleucine should act as an allosteric feedback inhibitor to shut down the threonine deaminase.

4A. Passage of electrons from NADH2 to oxygen (yes) (no)
4B.  Running of the Krebs Cycle (yes) (no) 

4C.  Pumping protons by the electron transport chain (yes) (no)
4D.  ATP synthesis by the ATP synthetase (yes)  (no)
4E.  Heat production by the mitochondria. (yes)  (no)
5A.  Suppose subunit c protein of the ATP synthetase is missing in a mutant strain of yeast. Indicate the expected consequences by writing in the corresponding letters:  ____ b, c, d  _____________
Without the C subunit, there is no place for the protein to bind to make their way back across the mitochondrial inner membrane. Without the c subnit turning, the gamma subunit does not turn. Without the gamma subunit turning, there is no s distortion of the alpha-beta subunits and therefore no ATP synthesis. 
5B. Suppose subunit b protein of the ATP synthetase is missing in a mutant strain of yeast. Indicate the expected consequences by writing in the corresponding letters:  ____ d ________________

Without the b subunit to hold the complex of 3 alpha-beta subunit still (immobile), the turning gamma subunit will simply turn the entire F1 head of the ATP synthetase. There will be no force exerted to distort the alpha-beta subunit and so no ATP synthesis
Answers: 

6A-1. 2 bands – one would have BUdR in both strands and the other no BUdR. (There won’t be 3 bands because there would not be enough DNA with BUdR in one strand to be detectable.)  You would have significant amounts of DNA with 3H in both strands and significant amounts with BUdR in both strands, but insignificant amounts with BUdR (or 3H) in only one strand. (After many generations of exponential growth, the amount of ‘new’ DNA with the label in both strands will greatly exceed the amount of hybrid DNA with label in only one ‘new’ strand.)  The 3H DNA will be the same density as normal DNA, but the DNA with BUdR in both strands will be denser.  Since the two DNA’s differ in density, they will be separated by this procedure. (Hybrid DNA with BUdR in one strand only would also be separable by density from the other two.  In this case there wouldn’t be enough to give a band. However part credit was given if you thought there was enough DNA with BUdR in one strand to give a third band. More credit was given if you explained there wouldn’t be very much hybrid.)
A-2. none. Each ds DNA will remain separate – one contains BUdR and the other contains tritium. 

A-3. one. The one with BUdR  (in both strands) will have a density greater than normal, that is, above 1.7 g/cc. You won’t see a band, as explained above, containing DNA with BUdR in one strand only. 


6B. You isolate DNA from the bacteria in expt. 1, and from the bacteria in expt. 2. You mix equal amounts of the two DNA’s. This time you denature the mix by heating it, and then cool it down.  You separate the ds (double stranded) DNA molecules that you have at the end on the basis of density. (Assume there are no single stranded molecules left.) 

B-1. How many types of ds DNA (with different densities) will you obtain? (only 1) (2) (3) (4) (>4). 

B-2. You should be able to obtain separate ds DNA samples containing: (3H only) (BUdR only) 
(both 3H and BUdR in the same sample) (neither BUdR nor 3H). Circle all correct possibilities.

B-3. You isolate DNA of each density, denature it, and measure the Tm. BUdR is in the enol form more often than T is. Assume that in the ds DNA made in expt. 2, BUdR is found only where T belongs, so it is always opposite A. Which type of DNA should have the lowest Tm ? (least dense DNA) (most dense DNA) (all DNA with BUdR in it) (DNA of intermediate density) (doesn’t matter – all samples should contain DNA with the same Tm.) 

Answers to Question 6, B-1 & B-2.

6B-1. 3 types (but see note).  B-2. 3H only, BUdR only, and both 3H and BUdR in the same sample. The two DNA samples are from the same organism, so ‘Crick’ strands containing one label (BUdR or 3H) will be complementary to ‘Watson’ strands containing the other label and vice versa.  When you cool the DNA down, a ‘Watson’ can hybridize to a ‘Crick’ with either label. So you should get all 3 possible combinations – DNA with  BUdR in both strands (densest), DNA with 3H in both strands (lightest or least dense), and DNA with BUdR in one strand and 3H in the other (intermediate density). 

Note: The A+T in both strands must be equal, but one strand could have more A and the other more T. We are assuming that the A and T are distributed about evenly between the two strands, which is usually the case. If the distribution is very uneven, then there would be more bands that differ in density and the situation would be more complex. 

6B-3. Densest DNA, because this DNA has the most BUdR-A base pairs and the least H bonds. 
Detailed explanation: The Tm is the temperature at which the two strands of the double helix come apart, or ‘melt’ and this depends on the number of H bonds connecting the two strands of the DNA. The less H bonds, the lower the Tm.


Tm usually depends on the % G+C, since that normally determines the number of H bonds. That’s because there are 3 H bonds (not a triple bond) per C-G pair and 2 H bonds (not a double bond) per A-T pair.  But it is really the number of H bonds that matters.  In this case the % G+ C is the same in all DNA’s, and so what differs is the number of H bonds in A-T pairs vs A-BUdR pairs. Each BUdR-A pair or A-T pair can form 2 hydrogen bonds (not a double bond) -- if the BUdR or T is in the usual keto form. But if the BUdR or T is in the enol form, it cannot pair up and form any H bonds with A. Since BUdR spends more time in the enol form than T, each BUdR-A pair will be hydrogen bonded less often than each T-A base pair. Therefore DNA with more BUdR-A pairs will have less H bonds at any one moment and be easier to denature The densest DNA has the most BUdR-A pairs, so it will have the lowest Tm.

Note that you have to look at the structure of both A and T (or BUdR) to see what groups can form H bonds. Even if a group on the BUdR or T is δ+ or δ-, it won’t form a hydrogen bond unless there is a complementary group (δ- or δ+, respectively) on the opposite spot on the Adenine.  

Answers to 6C: 
C-1. 2 densities expected, hybrid (one strand with BUdR and one without) and heavy (both strands containing BUdR). 


C-2. Both and BUdR only. There should be hybrid DNA containing one strand with BUdR and one with 3H, and there should be DNA containing BUdR in both strands.

C-3. Two types. In this experiment all the DNA is double stranded – there are no single strands. After two generations, all the ds DNA will contain BUdR – in either one strand or both. Note this is the reverse of the Meselson-Stahl experiment – the bacteria are switched from ‘light’ medium (no BUdR) to ‘heavy’ medium (containing BUdR). In the N-S experiment, bacteria were switched from ‘heavy’ medium (with 15N) to ‘light’ medium (with 14N).  Once the DNA replicates twice, half the ds molecules will contain one old light strand (3H but no BUdR) and one new heavy strand (BUdR but no 3H). The other half of the ds molecules will contain two new heavy strands.

Answers to 7A:  

7A-1. 2 replication forks – replication is bidirectional, which means there are two DNA replication forks, one going clockwise and one counter clockwise. Ligase is required at each fork, because there is discontinuous synthesis at each one. 

7A-2. Both. Each new strand will be replicated discontinuously at one fork and continuously at the other. At one fork,  ‘Crick’ will be made discontinuously (the new lagging strand) and ‘Watson’ will be made continuously (the new leading strand).  At the other fork, Crick will be made continuously and Watson discontinuously. See class handout 11-3. Ligase is needed multiple times to join the Okazaki fragments made in discontinuous synthesis. 

Answers to 7B-1 & 7B-2. 

7B-1. Degrading primer from the 5’ end. 
7B-2.  Primase to synthesize primer, and another polymerase to add to the 3’ end of primer (in other words, to carry out elongation). 
Short Explanation: 5’ to 3’ exo activity is what is essential, and this activity is needed to degrade the primer  

Long Explanation: Results show you can replicate DNA without the 3’ to 5’ exo or polymerase activity of enzyme X, but not without the 5’ to 3’ exo. Therefore it must be the 5’ to 3’ exo of enzyme X that is critical in DNA replication, and cannot be replaced by action of another enzyme. The function of 5’ to 3’ exo is to degrade the primer. The other activities of enzyme X could be used for elongation and proof reading, but they are clearly not necessary for DNA replication – some other enzyme must be able to carry out those functions during normal replication.  (Enzyme X may normally fill the gap left by primer degradation, however another enzyme can substitute for it in this regard.) But nothing else can degrade the primer, since replication stops if you block the 5’ to 3’ exo. (The polymerase and 3’ to 5’ exo activities of enzyme X are thought to be used in DNA repair, and probably also in normally filling the gap after primer is removed.)  
Answers to 7B-3 & 7B-4. 
7B-3. 3’ end. All polymerases add to the 3’ end. (No explanation required for this one.)
7B-4. Yes, for multiple cycles. 

Short explanation: You don’t need to remove primer, so you don’t need the 5’ to 3’ exo of enzyme X. You do need a heat resistant DNA polymerase, which enzyme X has 

Long explanation; There is no discontinuous synthesis in PCR; there are no lagging strands (or replication forks). The DNA template is completely denatured, and each half is used as template to make a new strand. Each new strand is made continuously. You still need a primer, but only one primer is needed per new strand made. In PCR preformed DNA primers are used instead of the RNA primers used in regular DNA replication. DNA primers are not removed – they become part of the new chain. Therefore you don’t need enzymes to make or degrade primer in PCR. Consequently, neither primase nor 5’ to 3’ exo is needed. PCR utilizes cycles of cooling and heating, which will inactivate the 5’ to 3’ exo of enzyme X. However, since no 5’ to 3’ exo is needed to degrade the primer, it doesn’t matter if the 5’ to 3’ exo of enzyme X is inactivated during heating. PCR does require a DNA polymerase, but enzyme X has a heat resistant polymerase. 

7C-1. Neither. RNA is transcribed from only one strand  so it won’t hybridize to itself or the ‘other’ strand. 

7C-2. Crick or Watson but can’t predict which. Each mRNA is transcribed from only one strand, but for any one region it can be either Watson or Crick. The strand that is the sense strand for enzyme X is not necessarily the strand that is the sense strand for ligase. Although Watson is the template strand for enzyme X mRNA, it is not necessarily the template strand for ligase mRNA. 

























