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(12) 1. Pyruvate kinase has a very large negative ∆Go', and so the reaction 

operates with a large negative ∆G and is essentially irreversible.   
 
  (a)  How do animal cells carry out the conversion of pyruvate to 

phosphoenol pyruvate?  Give the reactants, products, (names or 
structures)  and the name(s) of the enzyme(s) involved. 
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  (b)  How do C-4 plant cells carry out this conversion?  Give the reactants, products, 

(names or structures)  and the name(s) of the enzyme(s) involved. 
 
 
 
 
 
 
(10) 2. Give the name and structure of the products formed when sedoheptulose-7-phosphate 

reacts with glyceraldehyde-3-phosphate in the presence of: 
 
  (a) Transketolase    (b) Transaldolase 

 
 
 
 
 
 
 
 
 (4) 3. Wernicke-Korsakoff syndrome is a mental disorder coupled with loss of memory and 

partial paralysis.  It is an example of a condition dependent on both genetic and 
environmental factors, and involves transketolase.  Explain the enzyme defect and the 
environmental factors involved. 
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(12) 4. Phosphofructokinase-1 and phosphofructokinase-2 both catalyze a reaction between 

fructose-6-phosphate and ATP.  Compare and contrast these two enzymes with respect to: 
 
  (a)  structure of the product of each reaction (draw structure).   

 
 
 
 
 
 
 
  (b)  further metabolism of the product of each reaction (i.e. what enzyme(s) act on each 

product?) 
 
 
 
 
 
 
 
  (c)  regulation of the activity of each enzyme. 
 
 
 
 
 
 
 
 
 
 
 (11) 5. Diagram the thylakoid membrane , identifying the space on each side of it.  On your 

diagram place, in proper orientation, the following: 
 
  CF1, CFo, plastocyanin, pigment system I, pigment system II, cytochrome b/f complex, 

direction of proton movement by the cytochrome complex, site of O2 production, site of 
NADPH production, Rubisco, and ferredoxin .   
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 6. The stimulation of glycogen breakdown by hormones was the first experimental system in 

which a "second messenger" signaling pathway was demonstrated for the ultimate 
activation of the enzyme phosphorylase.  This pathway acts as a "cascade" in that the 
product in each step is a catalyst for the next step, resulting in an amplification of the 
signal. 

 
(8)  (a) Diagram this signaling pathway for muscle, indicating all the intermediate steps 

and intermediates from the first interaction of the hormone (including identification 
of the primary hormone involved) with the cell to the covalent modification of 
phosphorylase. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (4)  (b) What is the identity of the "second messenger" in this scheme (draw its structure), 

identify the protein it activates, and describe how it interacts with that protein. 
 
 
 
 
 
 
 
 (6)  (c) Name four enzymes or proteins in muscle whose activities are affected when 

covalently modified by the activated protein described in part (b).  For each, indicate 
whether the modified protein is activated or inhibited.  
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(15) 7. A number of components are involved in the light reaction of plant photosynthesis.  Match 

a component in the list at the right with each statement below by placing the appropriate 
letter in the blank.  Only one component per blank. (P700 is photosystem I, P680 is 
photosystem II).  

 
_____ reduced directly by P680* a. Z, a tyrosine residue 

____ reduced directly by P700* b. phycocyanin 

____ oxidized directly by P680+ c. plastocyanin 

____ oxidized directly by P700+ d. Ao, a chlorophyll molecule 

____ an accessory pigment e. pheophytin 

____ chlorophyll a without Mg2+ f. cytochrome a3 

____ reduced by cytochrome b/f complex g. ferredoxin 

____ removes electrons from the Mn cluster  

____ a Cu containing protein  

____ an Fe/S protein  

 
(6) 8. Rubisco is the most abundant protein in the biosphere.  In addition to catalyzing the 

fixation of CO2 into organic form, it also catalyzes a competing reaction with O2, a 
reaction responsible for photorespiration.  Give the structure of the reactants and products 
of this reaction with O2.   

 
 

 
 
 
 
 
 
 
(6) 9. Because of the side reaction with oxygen described in question 5, regulatory mechanisms 

have evolved that prevent Rubisco from being active in the dark when photosynthesis 
cannot occur.  Describe these regulatory mechanisms and how they stimulate Rubisco in 
the light but not in the dark.  

 
 
 
 
 
 
 
 (6) 10. In the Cori cycle, muscle converts glucose to lactate, while the liver converts the lactate 

back to glucose.  Give the overall stoichiometry of each of these pathways by adding the 
additional reactants and products to the equations below 

 
  (a) in muscle: glucose    →→  2 lactate   
 
  (b) in liver: 2 lactate     →→  glucose    


