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Constants:
T = 298 K
R = 1.98 x 10-3 kcal mol-1deg-1
F = 23.06 kcal V-1mol-1




1) What are the roles of ubiquinone (Coenzyme Q) and cytochrome C in the electron transport chain?



Match the poison with the site it blocks in oxidative phosphorylation.  Answers may be used more than once.  




Rotenone
a.
uncoupler



Oligomycin
b.
NADH-Q reductase



Bongkrekic acid
c.
cytochrome oxidase



Dinitrophenol
d.
ATP/ADP translocase



Carbon monoxide
e.
ATP synthase



Cyanide
f.
Nothing matches

2) The cell can transfer the high energy electrons from NADH into the mitochondria using either the glycerol phosphate shuttle or the malate-aspartate shuttle.  Explain one of these two shuttles with a diagram and make sure to include details of total ATP yield.  Show the structures or names of the molecules involved and also their cellular location (inside or outside the mitochondria).



3) Draw a diagram of the four complexes (complex I, II, III, IV) involved in oxidative phosphorylation, including the including details of how many protons are pumped by the transfer of two electrons through each complex, location of the mobile electron carriers involved, and the names of the enzymes that form each complex.  Include details of one poison that can block electron transfer somewhere in this chain, showing the reaction blocked and a substrate that can be added to bypass the blockage.  The mobile electron carriers for electron transport are NADH, FADH2, Q, cytochrome C and O2. 


4) What is the effect of high AMP levels on glycolysis and gluconeogenesis?  Explain the cellular rationale for this effect.



















Which enzyme is affected in each pathway?
 


Glycolysis:



Gluconeogenesis:



How does the effect of high citrate levels on these enzymes compare with the effect of AMP? Explain the cellular rationale for this effect.


5) Gluconeogenesis shares some reactions with glycolysis.  Identify one reaction that is different in gluconeogenesis than glycolysis and one that is found in both pathways.  You can either show the reactants and products for each reaction, or list the enzymes involved.



Explain why gluconeogenesis is not simply the exact reversal of glycolysis.


6) Why is the operation of the pentose phosphate pathway necessary for fatty acid synthesis?  


Briefly outline one way that the pentose phosphate pathway can provide ribose for RNA synthesis.  You do not need to provide the names of all the intermediates or all the enzymes, simply demonstrate that you know where the ribose comes from.



7) Use a diagram to show how epinephrine affects the degradation of glycogen


How does the cell keep glycogen synthesis and degradation from occurring at the same time?





8) Draw the structure of linolenate (18:3-cis-9, cis-12, cis-15).



All fatty acids in mammals are derived from the four fatty acids listed below.  



a.
palmitoleate (16:1-cis-9)


b.
oleate (18:1-cis-9)


c.
linoleate (18:2-cis-9, cis-12)


d.
linolenate (18:3-cis-9, cis-12, cis-15).  


Which of these four fatty acids is the biosynthetic precursor to 




20:3 cis-5,cis-8, cis-11



22:1 cis-13 


Each blank may contain only one answer, but answers may be used in more than one blank (i.e., you may decide that letter b (oleate) is the best answer for both blanks).

9) Name the enzyme that is the control point in fatty acid synthesis.



Why is this step a good regulatory site in the pathway?



What is the role of citrate in fatty acid synthesis?


10) The microbial oxidation of long-chain alkanes (saturated hydrocarbons), which are found in crude oil, is the subject of intense study because of concern about oil spills.  In many bacteria, alkane oxidation occurs within the outer membrane.  A monooxygenase enzyme uses molecular oxygen and an oxidizable substrate, such as NADH, to convert an alkane to a primary alcohol.  Studies show that three additional reactions are required for the primary alcohol to undergo -oxidation.  Propose a pathway for the conversion of a long-chain primary alcohol to a substrate that can undergo -oxidation.  Include cofactors and electron acceptors that may be required.



CH3-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH3

alkane

Alkane


CH3-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2OH

Primary alcohol
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