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

1. Suppose there is a drug that inhibits the entrance reaction to the Krebs Cycle, in which pyruvate is converted to acetyl-coA. In E. coli the enzyme inhibition is 95%, but for the purposes of energy generation, we will consider it to be 100%. Also assume acetyl-coA can be hydrolyzed in E. coli to acetate and coA with no energetic consequences. The drug is present for questions 1A and 1B. The pathway of fatty acid catabolism can be found on the last pages.
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:  ______.

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:  ______.

Explain both A and B below.
If the “entrance reaction” is considered the condensation of acetyl-coA with oxaloaacetate to form citrate, you will get one answer. If only pyruvate to acetyl coA is considered to be blocked, then you will get a different answer. 

2. Which yields more ATP? Place a check before the best answer. Assume that: E. coli are growing in minimal medium; all molecules mentioned can diffuse into the cells. Hint: you don’t always need to calculate the total ATP yield in each case; it is sufficient to focus on the difference. 

2A. Aerobically, ___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.

2B. In the absence of oxygen (anaerobiosis): ___ one mole of glucose,   ___ two moles of 3-phosphoglyceric acid,     ___ the same

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

3.  The enzyme threonine deaminase catalyzes the deamination of the amino acid threonine, which is the first step in the pathway to the amino acid isoleucine:  thr  ( alpha-keto-butyric acid + NH3. Suppose the equilibrium constant for this reaction is 1.0 and the Km for threonine is 10-4 M. 
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)

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).  

4. Gramicidin is a 10 amino acid circular oligo-peptide that can integrate into membranes and create a pore through which small ions can freely pass. If yeast cells are treated with gramicidin, which of the following mitochondrial processes should be affected (no explanations required, but may be provided on the back if you wish):


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)
5. For this question, refer to the diagram of the ATP synthetase on the last pages. Greek characters α, β, (, δ, ( = alpha, beta, gamma, delta, epsilon. Explain only your chosen answer(s). 

Consequences to be indicated in 5A and 5B below. 

     a. Protons are no longer pumped out of the mitochondria


     b. Protons can no longer flow back into the mitochondria via the FoF1 complex. 

     c. The gamma subunit no longer turns.

     d. ATP is no longer produced at all by oxidative phosphorylation.

     e. Only one molecule of ATP is produced per turn of the gamma subunit.

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:  ____ _____________

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:  ________________

6. You start with a culture of E. coli bacteria. You take two samples from this culture and grow them differently for many generations– one with tritiated thymine (3H-T) – Expt. 1; and the other with BUdR – Expt. 2.  See the last page for a description of the properties of 3H-T and BUdR, and conditions of growth.

A. You isolate DNA (containing 3H-T) from the bacteria in expt. 1 and DNA (containing BUdR) from the bacteria in expt. 2. The DNA is native, not denatured. You mix equal amounts of the two DNA’s, and do equilibrium density gradient centrifugation on the mix. Then you analyze the number and composition of the bands in the test tube at the end of the centrifugation. 

A-1. How many bands will you find? (1) (2) (3) (4) (>4) (can’t predict). 

A-2. How many bands should contain both 3H and BUdR? (0) (1) (more than 1, but not all) (all) (can’t predict)

A-3. How many bands will contain DNA with a density greater than 1.7 g/cc? (0) (1) (2) (3) (4) (>4) (can’t predict). 

Explain all 3 answers.


B. 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.) 

Explain B-3. 

C. Suppose you take bacteria from expt. 1 (grown in 3H-T), and transfer them to fresh medium containing BUdR but not 3H-T.  You grow the bacteria for 2 generations in the new medium with BUdR (but no 3H). Then you extract native (not denatured) DNA from the bacteria and separate the DNA molecules on the basis of density as above. 

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

C-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.

C-3. How many types of DNA will contain DNA with a density greater than 1.7? (0) (1) (2) (3) (4) (>4) (can’t predict). Show how you figured this out.

7. B. subtilis (a bacterium) has a circular chromosome that replicates bidrectionally from a single origin. 

A-1. During replication of DNA in B. subtilis, ligase is required at (1 replication fork) (2 replication forks) 

(>2 replication forks) (1, 2, or >2 -- can’t predict how many replication forks), AND 

A-2. Ligase will be needed multiple times to complete the replication of (‘Watson’) (‘Crick’) (both) 

(one or the other, but not both). Explain the principles behind your answer in a sentence or two

. 

B. Suppose enzyme X of B. subtilis is required for DNA replication. Enzyme X has three activities: DNA polymerase, 5’ to 3’ exonuclease, and 3’ to 5’ exonuclease.  By mutation, you can eliminate any one of the 3 activities. If you eliminate the 5’ to 3’ exo of enzyme X (but all the other enzymes are working okay), DNA synthesis stops. If you eliminate the polymerase activity of enzyme X, or the 3’ to 5’ exo, DNA replication is not affected.  

B-1. During normal DNA replication in B subtilis, what is the most likely job of enzyme X? 

(synthesizing primer) (adding to the 3’ end of primer) (adding to the 5’ end of primer) (degrading primer from the 3’ end) (degrading primer from the 5’ end) (joining primers) (none of these) (beats me).

B-2. Given these results, DNA replication in B. subtilis should make use of additional enzymes to (synthesize primer) (add to the end of primer) (degrade primer) (join primers) (none of these). Circle all correct choices. 

Explain B-1 briefly.

B-3. When the polymerase activity of enzyme X is measured (in a test tube), the enzyme should catalyze addition of nucleotides to the (5’ end) (3’ end) (both) (neither) (either one -- can’t predict) of a growing chain.

B-4. Suppose you isolate enzyme X from a mutant strain of B. subtilis. This enzyme is from a mutant that has a temperature-sensitive 5’ to 3’ exo. This enzyme activity is irreversibly inactivated at high temperature. The other activities of the enzyme are heat resistant. Can this enzyme be used for PCR? (no) (yes, but only for one PCR cycle) (yes, but only for 2 to 3 cycles of PCR) (yes, for multiple cycles of PCR) (beats me). Explain why enzyme X would (or wouldn’t) function in PCR. 

C. Suppose you can isolate the messenger RNA that codes for enzyme X, and the mRNA that codes for ligase. Suppose the enzyme X mRNA hybridizes to the ‘Watson’ strand of the B. subtilis DNA. 

C-1.  Then the enzyme X mRNA should also hybridize to (Crick) (the enzyme X mRNA) (both) (neither), AND 

C-2. The ligase mRNA should hybridize to (Crick) (Watson) (part of Crick & part of Watson) 

(Crick or Watson but can’t predict which) (neither). Explain how you know in a sentence or two.
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Various formulas you may or may not find useful:
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the density of their DNA is 1.70

BUGR is very similar to T, and is incorporated in place of T. BUdR is used here in large amounts, and is more dense
than T, so DNA containing BUdr has a higher than normal density. The structure of BUdR is shown below.

Tritiated T is Thymine containing *H atoms. 3H is highly radioactive, and easily detected (by its radioactivity). *H-T
is used here in small trace amounts -- not enough is used to have any effect on the density of the DNA in the bacteria.
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DeltaG = DeltaGO + RTlnQ





Q= [C][D]/[A][B] for the reaction A+B ( C+D





DeltaGO = -RTlnKeq





lnX = 2.3 logX





RT = 0.6 kcal/mole
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