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Multiple Choice Questions  Each question is worth one mark. There are 30 questions in this section.  
1)  The version of the midterm is: (a bonus mark to start!) [Mark your answer on the Scantron sheet!]
a) version A

b) version B 

2) The amount of the total daily energy intake that comes from dietary carbohydrates in the typical diet of a North American adult is approximately:

a) 10-20%

b) 30-40%

 c) 50-60%

d) 70-80%

e) 90-100%

3)  Which of the following statements about inhibitors is not true?
a) Allostery refers to the binding of a ligand at one site affects binding of another at another site.

b) Cyanide is a good example of an exogenous inhibitor of the electron transport chain.

c) The relaxed “R” state of allosteric enzymes has a higher affinity for their substrates.

d) Fructose 1, 6 bisphosphate activation of glycerol kinase is a good example of allosteric activation
e) Feedback inhibition is an important means through which the product of a pathway can inhibit the flux of metabolites by inhibiting the first step of the pathway. 
4) Covalent control of enzymes within metabolic pathways includes each of the following mechanisms except:

a) methylation

b) phosphorylation

c) calcium binding

d) sequestration (for example in the nucleus)

e) acetylation

 5) If you incubated cultured muscle cells with insulin and 14C radio-labeled glucose, and the labeling was specifically at carbon#1 of the glucose molecule, which carbon in glyceraldehydes 3-phosphate (G3P) in the cells would be radioactive?  Secondly, what percentage of G3P molecules going into the ‘payoff’ phase of glycolysis would be radioactive?
a)  1; 100
b) 2; 50
c) 3; 100
d) 1; 50
e) 3; 50
6) The two steps in glycolysis at which ‘substrate level’ phosphorylation occurs are:
a) phosphoglycerate kinase and pyruvate kinase
b) hexokinase and phosphofructokinase
c) phosphohexose isomerase and triose phosphoisomerase
d) glyceraldehyde 3-phosphate dehydrogenase and phosphofructokinase
e) none of the above
7)  The net yield of ATP in muscle cells under anaerobic conditions oxidizing 1 mmol of glucose would be _____ mmol.  (Assuming that NAD+ is being regenerated/ is not limiting the reactions)

a) 1
b) 2

c) 3

d) 4

e) none of the above

8) Glycogen phosphorylase catalyzes the removal of _________________ from the non-reducing end of the glycogen molecule.
a) glucose

b) mannose

c) glucose 6-phosphate

d) glucose 1,6 bisphosphate 

e) glucose 1-phosphate

9) Which of the following statements about lactase deficiency is true?
a) Lactase deficiency is common in human babies.

b) Lactose is a disaccharide composed of mannose and galactose.

c) Lactase deficiency is caused by the insufficient release of lactase from the pancreas.

d) Secondary lactase deficiency can occur with inflammatory bowel disease.

e)  Lactase deficiency is a rare genetic condition.
10) Which of the following about fermentation is not true?
a)  It always occurs during anaerobic conditions

b) There is a net production of ATP (in other words some may be consumed during the fermentation process, but overall there is an INCREASE in the amount of ATP)

c) There is a net production of NADH

d) It occurs in yeast, and one of the products is ethanol.

e) It occurs in human muscle, and one of the products is lactate.

11) Which of the following about thiamine pyrophosphate (TPP) is not true?
a) It is synthesized from a B-vitamin.
b) It is a carrier of active acetaldehyde groups.
c) It is a necessary coenzyme for pyruvate dehydrogenase.
d) It is a necessary coenzyme for alpha-ketoglutarate dehydrogenase.
e) It is required to support two steps in glycolysis. 
12)  The pentose phosphate pathway is important under a number of cellular conditions so that cells have enough:
i) ribose 5-phosphate,   ii) NADH,  iii) NADPH,  iv) reduced glutathione (GSH),  v)  adenine
SELECT THE LETTER CORRESPONDING TO THE BEST ANSWER:

a) i, ii, iv, and v
b)  i, iii, iv and v
c)  ii, iii, iv and v
d) i, ii, iii and iv
e) i, ii, iii, iv and v
13) The consumption of fava beans can result in hemolytic anemia in some people. This is due to a deficiency in the enzyme, ____________________________.

a) lactate dehydrogenase

b) lactase

c)  hexose isomerase

d) glucose 6-phosphatase

e) glucose 6-phosphate dehydrogenase

14) Which of the following cell types has an obligatory requirement for glucose? (In other words which cells need a supply of glucose all of the time?) 
a) red blood cells

b) muscle cells
c) liver cells
d) beta cells of the pancreas

e) NONE of the above types of cells need glucose all of the time.

15) All of the following are important substrates for gluconeogenesis in liver, except: 
a) lactate

b) glycerol

c) fatty acids

d) glucogenic amino acids

e) pyruvate

16)   The liver has enough glycogen to provide blood glucose for approximately this amount of time in fasting adult humans:
a) 1 hour
b) 2 hours
c) 10 hours
d) 25 hours
e) 1 week
17) The three steps in glycolysis that need to be bypassed during gluconeogenesis are:
a) hexokinase, phosphofructokinase and enolase
b) phosphohexose isomerase, phosphofructokinase and enolase
c) hexokinase,  phosphohexose isomerase and enolase

 d) hexo kinase, phosphofructokinase and pyruvate kinase

e) glyceraldehyde 3-phosphate dehydrogenase, phosphoglycerate kinase, and pyruvate kinase

18) After an overnight fast (i.e., no food or drink (other than water) for about 12h) the following processes are occurring in the liver:
a) glycogenesis and gluconeogenesis
b) glycogenolysis and gluconeogenesis
c) gluconeogenesis (and no change in glycogen levels) 
d)  fatty acid synthesis (and no change in glycogen levels)
e) none of the above

19) If a person tells you that they “hit the wall’ during a marathon, they probably don’t mean this in a literal sense (i.e., they didn’t crash into an actual wall).  It probably means that they became extremely exhausted because:
a) their liver glycogen was severely depleted
b) their muscle glycogen was severely depleted
c) their muscle lipid stores were severely depleted
d) their liver lipid stores were severely depleted

e) muscle lactate levels were severely depleted
20)  During glycogenolysis, the debranching enzyme is responsible for:
a) transferring a strand of 3 linked glucose molecules from one short branch to another longer branch. 
b) cleaving an alpha 1,6 glycosidic bond to release a glucose molecule
c) cleaving an alpha 1,4 glycosidic bond to move one branch of linked glucose molecules to another branch.  
d) Both a and b
e) None of the above

21) When blood glucose levels are normal or slightly above normal (5-10mM), the activity of the major muscle form of hexokinase  is __________, while the activity of liver form of hexokinase is ______________.

a)  about half of its Vmax;   about half of its Vmax

b) at its Vmax;    at its Vmax

c) about half of its Vmax;    at its Vmax

d) at its Vmax; about half of its Vmax

e) none of the above.
22) ATP levels in a cell are important signal within metabolic pathways, including glycolysis and gluconeogenesis.  For example, at a given concentration of fructose 6-phosphate, the activity of phosphofructokinase-1 is _________ at  ___________ concentrations of ATP.
a) high;  high
b) low;  low
c) high; low
(do not worry – there are no (d) or (e) choices!)
23) Fructose 2, 6 bisphosphate (F2,6BP) is not a metabolite in the glycolytic or gluconeogenesis pathways, but it is an extremely important regulatory molecule.  The enzyme that produces F2,6BP is _________________________. 
a) fructose bisphosphatase-2 
b) phosphofructokinase -2
c) pyruvate kinase
d) fructose phosphatase
e) none of the above
24)  Pyruvate kinase is the last enzyme in glycolysis.  In the liver it is inhibited under conditions when the  ‘reverse’ pathway, gluconeogenesis,  is needed.  Of the following molecules that control pyruvate kinase activity, which inhibit it? 
a) ATP
b) glucagon
c) acetyl CoA
d) long chain fatty acids
e) all of the above
25) The cellular locations for glycolysis, for the pentose phosphate pathway, for the TCA cycle, and for oxidative phosphorylation are: 
a) mitochondria; mitochondria; cytoplasm; mitochondria
b) mitochondria; nucleus; cytoplasm; mitochondria
c) cytoplasm; cytoplasm; cytoplasm; mitochondria
d) cytoplasm; cytoplasm ; mitochondria; mitochondria
e) mitochondria; mitochondria; mitochondria; mitochondria
26) Pyruvate dehydrogenase and alpha-ketoglutarate dehydrogenase have similar structures and functions. Which of the following is untrue with these two enzymes?
a) they use the same 5 cofactors, NAD, FAD, TPP, lipoate and CoASH.

b) substrate channeling occurs within these multi-enzyme structures.
c) they each are composed of five different enzymes.
d) they catalyze highly exergonic reactions
e) they catalyze decarboxylation reactions
27) The TCA cycle enzyme that catalyzes a substrate level phosphorylation step is:
a) citrate synthase
b) aconitase
c) isocitrate dehydrogenase
d) succinyl CoA synthetase
e) succinate dehydrogenase
28) How many of the TCA cycle reactions involve the release of reducing equivalents (i.e., in the form of NADH or FADH2)?
a) 1
b) 2
c) 3
d) 4
e) 5
29) The electron transport chain complex that is inhibited by malonate is:
a) Complex I 
b) Complex II
c) Complex III
d) Complex IV
e) ATP synthase

30)  The three proton pumping sites of the electron transport chain are:
a) Complexes I, II, III
b) Complexes I, III, V
c) Complexes III, IV, V
d) Complexes I, III, IV
e) Complexes II, III, IV
True/false (Each of these 20 questions is worth half a mark; thus this section is worth 10 marks)
*** Mark “A” for True and “B” for False on the pink Scantron sheet!
1) The amount of energy stored in the body as ATP is very high.
 2) Humans are autotrophs. 
3) Compartmentalization is a general means of metabolic control that is more important in eukaryotic cells than prokaryotic cells.
4) The committing step in metabolic pathways is usually one that has a large positive free energy change. 
5) During the oxidation of energy substrates, the entropy within the metabolic system or pathway increases.   
6) Proteins lacking a N-terminal PEST motif have a longer half-life than those without one. 
7)  Under aerobic conditions yeast oxidize glucose to produce ethanol. 
8) Pyruvate decarboxylase is important in lactic acid fermentation. 
9) In the non-oxidative phase of the pentose phosphate pathway glucose 6-phophate is converted through several steps to ribulose 5-phosphate. 
10) Leucine is a glucogenic amino acid. 
11) Per gram of tissue, the liver normally stores more glycogen than does muscle. 
12) Glycogen is a complex ‘tree-like’ structure with linear portions of glucose molecules linked by alpha 1,-4 glycosidic linkages.
13) Glycogenolysis in muscle results in the release of glucose into the blood. 
14) Liver glycogen phosphorylase is inhibited by insulin. 
15) The intramitochondrial concentrations of oxaloacetate are low (in relation to other metabolites of the TCA cycle). 
16) The only TCA cycle enzyme to be bound in the mitochondrial inner membrane is succinate dehydrogenase.  
17) Pyruvate carboxylase is an important cataplerotic reaction for the TCA cycle in liver. 
18) Citrate synthase is an important control step in the TCA cycle; when NADH levels are high it is inhibited. 
19) Glyoxysomes are not found in mammalian cells. 
20) The electrons from the oxidation of fatty acids enter the electron transport chain at complex I.
Fill in the blanks:  Each of the blanks is worth one mark (17 marks total for this section). 
Mark your answers on these pages.
1. Name the specific isoform of the enzyme that catalyzes the phosphorylation of glucose upon its entry into liver cells (hepatocytes): _________________________________
2. The ‘lysis’ step in the preparatory phase of glycolysis is catalyzed by this enzyme: _______________.

3.  The net yield of NADH in glycolysis  from one molecule of glucose (under aerobic conditions) is : ___________ (enter the number of molecule(s) here)
4. Name the enzyme that converts dihydroxyacetone phosphate to glyceraldehyde-3-phosphate (G3P) in glycolysis and draw the structure of glyceraldehyde-3-phosphate.
Enzyme name: _____________________

Structure of G3P: ___________________________________________________________

5.  Sucrose is a disaccharide composed of these two monosaccharides: (half a mark each)
______________________________  and _______________________________________

6. When lactate produced by fermentation in muscle is produced, it is exported into the blood and is transported to the liver. There it is converted to glucose and this is transported back to the muscle. This is called the __________________________________  cycle.
7. When pyruvate is metabolized to ethanol during fermentation, there is an intermediate metabolite.  The name of this metabolite: _____________________________________

(Hint: it is produced by pyruvate decarboxylase, and is the substrate of alcohol dehydrogenase)

8.   The intracellular levels of this molecule control the flow of glucose into glycolysis versus into the 
pentose phosphate pathway: ____________________________________
9. Name the enzyme that is responsible for the addition of the first few glucose molecules in a ‘brand-
new’ glycogen molecule._______________________________________

10. The word used to describe the replenishing of metabolites in the tricarboxylic acid cycle is:
_____________________________________________.

11.  What is the structure of succinate?







_____________________________________________

12.  Name the scientist who devised the Chemiosmotic Theory (which underlies the process of oxidative 

phosphorylation): __________________________________________________.
13.  The number of protons that must return to the mitochondrial matrix for the synthesis of one molecule of ATP during oxidative phosphorylation is: ________
14.  The name of the mitochondrial shuttle mechanism that serves to move reducing equivalents from the cytoplasm to complex I of the electron transport chain is called:
__________________________________________________________________

15.  Name the endogenous inhibitor that inhibits ATP synthase during ischaemia:

_________________________________________________

*** HAND IN THIS BOOKLET AND YOUR PINK COMPUTER SHEET.  DID YOU REMEMBER TO MARK ALL OF YOUR ANSWERS TO THE MULTIPLE CHOICE QUESTIONS AND TRUE/FALSE QUESTIONS ON THE PINK SHEET?
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