Student Name: ________________________  Student Number:__________________


1. I have exam version: (a bonus mark to start you off!)

a. A

b. B

2. There are two shuttle mechanisms that transport the cytosolic reducing equivalents from NADH into the mitochondria. These are the glycerol 3-phosphate shuttle and the_________.

a. adenine nucleotide transporter

b. phosphate carrier shuttle

c. malate glutamate shuttle 

d. malate aspartate shuttle
e. glutamate shuttle

3. The name of the enzyme in the electron transport chain that catalyzes the reduction of oxygen to water is:

a. succinate dehydrogenase

b. NADH dehydrogenase

c. glycerol 3-phosphate dehydrogenase

d. ETF: Q oxidoreductase

e. cytochrome oxidase
4. The reducing equivalents/electrons from the oxidation of fatty acids enter the electron transport chain at:

a. complex I

b. complex II

c. coenzyme Q
d. cytochrome c

e. complex V

5.  In the electron transport chain, which of the following is NOT a site of proton pumping (from the matrix to the intermembrane space)?

a. complex I

b. complex II
c. complex III

d. complex IV

e. None of the above (In other words, complexes I, II, III and IV all pump protons.)

6. The glyoxylate cycle functions in plants and some microorganisms to produce glucose from:

a. amino acids

b. starch

c. fatty acids
d. starch and fatty acids

e. none of the above

7. One of the three main controlling steps of the TCA cycle is: 

a. succinate dehydrogenase

b. alpha-ketoglutarate dehydrogenase
c. fumarase

d. aconitase

e. malate dehydrogenase

8. Anaplerosis in the TCA cycle is necessary to replenish intermediates that are ‘lost’ from the cycle to synthetic reactions in the cell, such as fatty acid synthesis. One very important metabolite in the TCA cycle that is replenished is:

a. oxaloacetate
b. citrate

c. isocitrate

d. succinate

e. none of the above

9.  The reaction in the TCA cycle that produces FADH2 is:

a.  alpha-ketoglutarate dehydrogenase

b. isocitrate dehydrogenase

c. aconitase

d. succinate dehydrogenase
e. citrate synthase

10.  The hydration reaction from fumarate to malate, is catalyzed by the enzyme: 

a. malate dehydrogenase

b. fumarate dehydrogenase 

c. fumarate dehydratase

d. malate dehydrogease

e. fumarase
11. The name of the competitive inhibitor for succinate dehydrogenase is:

a. malonate
b. malate

c. succinyl acetate

d. succinyl-CoA

e. cyanide

12.The product of pyruvate dehydrogenase is:

a. citrate

b. oxaloacetate

c. succinate

d. acetyl CoA
e. none of the above

13. Pyruvate kinase is regulated in all tissues by levels of ATP, acetyl-CoA, and long-chain fatty acids. In one particular tissue, it is also regulated by its phosphorylation. This tissue is:
a. liver
b. muscle
c. kidney
d. brain
e. adipose 
14. Gluconeogenesis is essentially the reverse of glycolysis, except that three enzymatic steps must be bypassed. These steps in glycolysis are catalyzed by the following enzymes: 

a. pyruvate kinase; enolase; phosphoglycerate mutase

b. pyruvate kinase; phosphofructokinase; hexokinase
c. pyruvate kinase; phosphoglycerate kinase; hexokinase

d. enolase; phosphoglycerate mutase; phosphoglycerate kinase

e. phosphofructokinase phosphoglucose isomerase; hexokinase

15. Gluconeogensis occurs in the liver (and to a small extent also in the kidneys). Substrates for gluconeogenesis include all of the following EXCEPT:

a. most of the common amino acids

b. glycerol

c. lactate

d. fatty acids
e. pyruvate

16. Which of the following statements about the pentose phosphate pathway is wrong?

a. The pentose phosphate pathway is present in most organisms.

b. In most tissues of the body, the proportion of glucose 6-phosphate molecules entering into the pentose phosphate pathway is small relative the proportion of glucose 6-phosphate entering glycolysis.

c. A product of the oxidative phase, ribose 5-phosphate, is used in the synthesis of nucleotides, and the breakdown (catabolism) of fatty acids. 

d.  CO2 is released during the oxidative phase.

e.  The non-oxidative phase occurs when ribose 5-phasphate is not greatly needed, but there is still a need for NADPH.

17. Pyruvate decarboxylase (an enzyme involved in ethanol fermentation) catalyzes the removal of an active acetaldehyde group. The enzyme cofactor, _____________________, is essential in this reaction.

a. nicotinamide

b. thiamine pyrophosphate
c. pyridoxine

d. flavin mononucleotide

e. biotin

18. NAD+ levels can limit the rate of glycolysis. There are a number of ways that NAD+ levels are increased to allow glycolysis to continue.  Under aerobic conditions NAD+ is regenerated through the conversion of pyruvate to _____________.

a. lactate

b. ethanol 

c. glyceraldehyde-3-phosphate

d. phosphoenolpyruvate

e. acetyl CoA
19. In the research laboratory, if you were studying the characteristics of glycolytic flux in cultured cells, and you had ‘fed’ the cells with radioactive glucose, with carbon #6 of the glucose molecules as 14C, which carbon(s) in the glycerol 3-phosphate molecule would be radiolabeled during glycolysis? 

a. 1
b. 2

c. 3

d. all of the carbon molecules

e. none of the carbon molecules

20. The first priming reaction in glycolysis is catalyzed by hexokinase, the second priming reaction is catalyzed by:

a. phosphohexose isomerase

b. phosphoglycerate kinase

c. aldolase 

d. phosphofructokinase-1
e. phosphoglycerate phosphatase

21. The cofactor required by most enzymes of glycolysis is:

a. Selenium

b. Manganese

c. Calcium

d. Magnesium
e. Potassium

22. In fermentative glycolysis the net production from one molecule of glucose is:

a.  2 lactate molecules; 2 ATP molecules; 2 NADH molecules 

b. 1 lactate molecule; 2 ATP molecules; 2 NADH molecules

c. 2 lactate molecules; 4 ATP molecules; 2 NADH molecules

d. 2 lactate molecules; 2 ATP molecules; 1 NADH molecule

e. 2 lactate molecules; 2 ATP molecules; 0 NADH molecules
23. When the accumulation of a metabolite in a cell directly affects the expression level of mRNA for a pathway enzyme, this is referred to as:

a. post-translational control

b. translational control

c. feed-forward control

d. transcriptional control
e. reciprocal control

24. Researchers can measure the levels of mRNA transcripts using: 

a. metabolomics

b. microarrays (e.g., using the Affymetrix chip passed around in class)
c. genome databases

d. proteomics

e. none of the above

25. Which of the following is the correct descending order of quantitative importance of dietary energy sources for average North American adults? (i.e., from most important to least important)

a. protein; fat; carbohydrate
b. fat; carbohydrate; protein
c. carbohydrate; protein; fat

d. carbohydrate = protein; fat   (In other words, carbohydrate energy intake is approx.    equal to protein energy intake)

e. carbohydrate = fat; protein (In other words, carbohydrate energy intake is approx. equal to fat energy intake)
True or False:  Mark “A” for True, and “B” for False on the pink computer sheet. Each of the following 20 questions is worth ½ mark; therefore 10 marks for this section.
26) The metabolic function of uncoupling protein-3 is well understood. True (A)  or False (B)?
27)  Carbon monoxide is an inhibitor of Complex IV of the electron transport transport chain; thus all of the complexes prior to complex IV are reduced in the presence of carbon monoxide. True (A)  or False (B)?
28) When mitochondrial oxidative phosphorylation is uncoupled oxygen consumption and ATP production are both increased. True (A)  or False (B)?
29) With regard to the reactions catalyzed by synthases and synthetases, synthetases catalyze condensation reactions in which no purine nucleotides are needed.  True (A)  or False (B)?
30)  The name of the enzyme in the TCA cycle that catalyzes the release of GTP is succinate dehydrogenase.  True (A)  or False (B)?
31)  A product of the alpha-ketoglutarate dehydrogenase enzyme is succinyl-CoA. True (A)  or False (B)?
32) The reaction catalyzed by citrate synthase is highly endergonic.  True (A)  or False (B)?
33) Epinephrine stimulates glycolysis in the liver  True (A)  or False (B)?
34) Glycogen debranching enzyme removes a molecule of non-phosphorylated glucose by breaking the alpha 1-6 linkage.  True (A)  or False (B)?
35) Glycogen phosphorylase cleaves one molecule of glucose, as glucose 6-phosphate, from the non-reducing end of the glycogen molecule.  True (A)  or False (B)?
36) Glycogen is a large ‘tree-like’ structure composed of glucose molecules linked in the linear regions by alpha 1-4 glycosidic bonds. True (A)  or False (B)?
37) Liver stores more glycogen per gram of tissue than muscle does. True (A)  or False (B)?
38) Some of the gluconeogenic enzymatic reactions occur in the mitochondria as well as in the cytoplasm of liver cells. True (A)  or False (B)?
39) The enzyme lactase hydrolyzes the disaccharide lactose into the monomers, glucose and fructose.  True (A)  or False (B)?
40) When one molecule of fructose produces two molecules of pyruvate through glycolysis, only one molecule of ATP is produced.  True (A)  or False (B)?
41) 2-phosphoglycerate has a lower standard free energy of hydrolysis than phosphoenolpyruvate.  True (A)  or False (B)?
42) The hexokinase reaction is highly endergonic. True (A)  or False (B)?
43)  When a metabolic pathway progresses from an ordered state to a state of entropy (e.g., from a few complex molecules to many very simple molecules), energy tends to be released.   True (A)  or False (B)?
44) Compartmentalization of metabolites is a more important means of metabolic control in eukaryotes than in prokaryotes. True (A)  or False (B)?
45) The amount of energy stored in the body as ATP is high. True (A)  or False (B)?
Fill in the blanks (One mark for each of the blanks; 15 marks in total for this section):
1) In the research article assigned for reading in our last class (Feb 2) the activity of mitochondrial proton leak was assessed in mitochondria isolated from which tissue?
______BROWN FAT ADIPOSE TISSUE (BAT)______ (1 mark) 

2) The number of protons pumped out of the mitochondrial matrix by the electron transport chain when one molecule of succinate is being oxidized is _6_. (1 mark) 
3)  With regard to coenzyme A – what does “A” refer to? (In other words, what does “A” stand for?)  __ACETYLATION__ (1 mark)
4)  Name one benefit of substrate channeling (e.g., in the reactions catalyzed by pyruvate dehydrogenase): ____PREVENT THEFT, INTERMEDIATES ON SITE, COORDINATELY CONTROLLED___

 (1 mark)
5)  Name the only enzyme in the TCA cycle that is bound in the mitochondrial inner membrane: ___SUCCINATE DEHYDROGENASE_____ (1 mark)
6) Draw the structure of oxaloacetate. (1 mark)






______
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______

7) Name the molecule that acts in the reciprocal regulation of phosphofructokinase-1 and fructose bisphosphatase-1 activities:  ___FRUCTOSE-2,6-BISPHOSPHATE___ (1 mark)
8) Name one of the common amino acids that cannot be converted through gluconeogenesis to glucose: __LEUCINE or LYSINE___ (1 mark) 

9) The most common human enzyme defect, which can increase the chances of a toxic reaction to antimalarial medications and to divicine (a chemical in fava beans) is a mutation in the gene for this enzyme: ____GLUCOSE-6-PHOSPHATE DEHYDROGENASE (G6PDH)___ (1 mark) 

10) Name the enzyme that is present in liver, but not in muscle, that is responsible for the release of glucose from glycogen into the blood: __GLUCOSE-6-PHOSPHATASE__  (1 mark)
11) In the Cori Cycle, the lactate that is exported from the muscle is converted to __GLUCOSE___  in liver cells. (1 mark)
12)  Name one of the enzymes in glycolysis that catalyzes a substrate-level phosphorylation step: ___PYRUVATE KINASE or PHOSPHOGLYCERATE KINASE___ (1 mark) 
13) Name the functionally unique isoform of hexokinase that is expressed in the liver: ___GLUCOKINASE or HEXOKINASE IV (HKIV)____ (1 mark) 
14) When the binding of a ligand at one site of an enzyme affects the binding of another ligand at another site on that same enzyme, this is referred to as ___ALLOSTERY___ (1 mark) 

15)  The chemical intermediate linking energy releasing catabolic (exergonic) reactions with energy demanding anabolic (endergonic) reactions is ____ADENOSINETRIPHOSPHATE_____ (1 mark)
Reminder:  Have you filled in the pink computer sheet for multiple choice and true/false questions?
























1
PAGE  
7

[image: image1]