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A NON-PROGRAMMABLE CALCULATOR MAY BE USED ON THIS EXAM.   
No programmable calculators are permitted, and no sharing of calculators.  We have a couple of 
spare calculators to lend in an emergency. 
 
SHOW YOUR WORK FOR ALL CALCULATIONS, AND BE SURE TO STATE UNITS OF ANY 
NUMERICAL ANSWERS.  If the reasoning, calculations, or answer are shown anywhere other 
than in the space provided, make a note in the space provided and put answer on BACK OF SAME 
PAGE so the grader for that page will have it. 
 
USEFUL CONSTANTS: 

R (gas constant) = 8.315 J•mol–1•Kelvin–1 = 8.315 x 10–3 kJ•mol–1•Kelvin–1  

F (Faraday Constant) = 96.48 kJ•V–1•mol–1 

If temperature = 25 °C, absolute temperature T = 298 K (Assume this temperature unless problem 

states otherwise.)  

 

Potentially useful equations: 
 

Energy Charge (EC): 
 
   [ATP]+ 0.5[ADP]     
[ATP]+ [ADP]+ [AMP] 

 
 
 
 
 

Change in Free Energy: 
 
ΔG'= ΔGº'+RT ln [product]actual 

                 [substrate]actual 

 
At equilibrium (when ΔG’ = 0): 
 
ΔGº'= −RT ln [product]equilibrium 

    [substrate]equilibrium 
 

Change in Reduction Potential: 
 
ΔEº'= (Eº'e- acceptor ) − (Eº'e- donor) 
 
Relating ΔGº' to ΔEº': 
ΔGº'= −nFΔEº' 
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1. (6 pts, 2 pts each)  Circle T for true statements and F for false statements. 
 

T / F Biological systems at equilibrium with the environment are dead. 
 

T / F Burning 15.7 g of glucose in a bomb calorimeter releases the same amount of energy as 
aerobic respiration of 1 gram of glucose in your body. 

 

T / F Energy input is required to increase the entropy of a biological system. 

2. (4 pts) Name two primary messengers (aside from epinephrine) discussed in class. 
 

 
 
 
 

3. (6 pts)  Name 3 types (general classes, not specific examples) of receptor proteins. 
 
 
 
 
 
 
 
 
4. (6 pts)  Outline the series of events involved in G protein activation, starting with the arrival of a 

signal at the cell surface and ending with the active component of the G protein that affects its target. 
 

 
 
 
 
 
 
 

 
  
5. (6 pts)  Cyclic AMP (cAMP) was discussed in detail in class and in the text.   

A. (2 pts) The role of cAMP in the epinephrine stimulated signaling pathway is: 
 

1. Receptor 
2. Inhibitor of epinephrine signaling 
3. Primary messenger 

4. Second messenger 
5. Energy storage compound 
6. Hormone 

 

B. (4 pts) Briefly explain what triggers cAMP production in this pathway; how is cAMP made?  
 
 
 
 

 
 
 
 
 
 

/28 

p. 2 (28 points)   
p. 3 (21 points)   
p. 4 (29 points)   
p. 5 (22 points)   
TOTAL:  (100 points)   
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6. (5 pts)  Explain in general terms why anabolism is favored under conditions of high Energy Charge 
in the cell.  (You do NOT need to discuss specific reactions that are regulated.) 

 
 
 
 
 
 
 

 
7. (5 pts)  Under certain conditions, muscle cells turn on a process that converts sugar into lactate 

instead of into acetyl-CoA.  
 

A.  (2 pts) What is this process called? 
 
 

B.  (3 pts) What conditions are required to make this happen?  
 
 
 
 

8. (7 pts)  The enzyme phosphoglycerate kinase catalyzes the 7th step in glycolysis and generates two of 
the ATP molecules (per glucose molecule) formed by glycolysis.  

 

A. (3 pts) Besides ADP and ATP, what are the substrate and product of phosphoglycerate kinase? 
(Circle the correct answer for each.) 
 

Substrate 
1. dihydroxyacetone phosphate (DHAP) 
2. 3-phosphoglycerate (3-PGA) 
3. 1,3-bisphosphoglycerate (1,3-BPG) 
4.  glyceraldehyde-3-phosphate (GAP) 
5. fructose-1,6-bisphosphate (F-1,6-BP) 

6. phosphoenolypyruvate (PEP) 

7. pyruvate 

Product 
1. dihydroxyacetone phosphate (DHAP) 
2. 3-phosphoglycerate (3-PGA) 
3. 1,3-bisphosphoglycerate (1,3-BPG)  
4. glyceraldehyde-3-phosphate (GAP) 
5. fructose-1,6-bisphosphate (F-1,6-BP) 

6. phosphoenolypyruvate (PEP) 

7. pyruvate 
 

B. (4 pts)  The ! G¡' of this reaction in glycolysis is " 18.8 kJámol-1, but the ! G' under physiological 
conditions is +1.3 kJámol-1.  
Why is this reaction able to proceed forward, given the actual ! G' in the cell?  
 
 
 
 
 
 

9. (4 pts) The disease beriberi is caused by a nutritional deficiency in vitamin B1 (thiamine). 
What key mitochondrial enzyme that is required for the production of acetyl-CoA from 
glucose uses thiamine as a coenzyme in the reaction mechanism? 
 

 
 
 

 /21 
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10. (9 pts)  Several small molecules (not proteins) were discussed in class that play a role in regulating 
the rates of glycolysis and gluconeogenesis within the cell. Name three different regulatory 
molecules. For each regulatory molecule, name one enzyme in glycolysis or gluconeogenesis that it 
regulates and tell whether it is a stimulator or inhibitor of that particular enzyme. (Abbreviations for 
compound and enzyme names are fine; but they must be absolutely correct! Enzymes may be 
affected by more than one regulatory molecule.) 

Regulator Enzyme Stimulates/Inhibits 
 

1. 
 
 
 
2. 
 
 
 
3. 
 

 
11. (4 pts) Why would a deficiency in the enzyme lactate dehydrogenase make it difficult for an 

individual with this condition to quickly run up three flights of stairs? 
 

 
 
 
 
12. (6 pts) Ubiquinone (coenzyme Q) has four critical functions in the electron transport system. 

Describe two of them. 
 
 
 
 
 
 
 

13. (6 pts) Chloroplasts are plant organelles that convert sunlight energy into chemical energy. 
 

A. (4 pts) What two products of the photosynthetic electron transport system in chloroplasts (in 
addition to H2O) are required by the Calvin cycle to synthesize hexose phosphates? 

 
 
 

B. (2 pts) Where does the carbon come from for synthesis of hexose phosphates by the Calvin cycle? 
 
 
14. (4 pts)  Fill in the blanks to make the statements true about photosynthesis. 
 

A.  (2 pts) A minimum number of ______  photons must be absorbed during photosynthetic electron 
transport for every O2 that is evolved. 

 

B.  (2 pts) The ___________________________________ force drives the production of ATP by 
ATP Synthase in photosynthesis. /29 
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15. (8 pts)  The enzyme isocitrate dehydrogenase catalyzes the formation of the first of the three NADH 
molecules produced by the citrate cycle.  Two relevant standard half reactions and their reduction 
potentials are written below.   

 

 #-ketoglutarate + CO2 + 2H+ + 2e $  isocitrate       E¡' = Ð0.380 V 
 NAD+ + H+ + 2e- $ NADH E¡' = Ð0.320 V 
 

A. (3 pts) Write out the net reaction for this important redox conversion in the citrate cycle. 
 
 

B. (4 pts) Calculate the change in standard reduction potential (! E¼') for the reaction.   
Show your work and state units.  

 

 
 
 
 
C. (1 pt) Indicate whether this reaction is favorable or unfavorable under standard conditions.  

 
 

16. (8 pts)  In the electron transport system found in the mitochondria, electrons are passed through 
several one-electron carrier proteins. One of these is the small soluble protein cytochrome c, and 
another is cytochrome a3 which is part of complex IV. Given the following information,  

 
cytochrome c(Fe3+) + cytochrome a3(Fe2+) $ cytochrome c(Fe2+) + cytochrome a3(Fe3+) 
! E¡' = Ð0.096 V 

 

A. (4 pts) Calculate the change in free energy under standard conditions for the transfer of an electron 
in the reaction as written above. Show your work and state units. 
 

 
 
 
 

B. (2 pts) Is this reaction as written favorable or unfavorable under standard conditions?  
(circle correct answer) 

 

favorable    unfavorable 
 

C. (2 pts) Which protein is further upstream in the electron transport system in the mitochondrion?  
(circle correct answer) 

cytochrome c  cytochrome a3 
    

17. (6 pts)  The Pentose Phosphate Pathway has two phases, an oxidative phase and a non-oxidative 
phase. What does each part do for the cell? (In other words, what is accomplished in each phase?) 
 
Oxidative Phase (3 pts) 
 
 
 
Non-oxidative Phase (3 pts) 
 
 
 
 /22 


