Chapter 16 Solutions to Selected problems 2007
2. Tracing carbon atoms I. Glucose labeled with 14C at C-1 is incubated with the glycolytic enzymes and necessary cofactors.

(a) What is the distribution of 14C in the pyruvate that is formed? (Assume that the interconversion of glyceraldehyde 3-phosphate and dihydroxyacetone phosphate is very rapid compared with the subsequent step.)

(b) If the specific activity of the glucose substrate is 10 mCi mM-1, what is the specific activity of the pyruvate that is formed?

Answer:


(a) The label is in the methyl carbon atom of pyruvate.

(b) 5 mCi/mM. The specific activity is halved because the number of moles of product (pyruvate) is twice that of the labeled substrate (glucose).

3. Lactic acid fermentation. (a) Write a balanced equation for the conversion of glucose into lactate. (b) Calculate the standard free-energy change of this reaction by using the data given in Table 16.3 and the fact that ΔG°´ is -6 kcal for the following reaction:
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What is the free-energy change (ΔG, not ΔG°´) of this reaction when the concentrations of reactants are: glucose, 5 mM; lactate, 0.05 mM; ATP, 2 mM; ADP, 0.2 mM; and Pi, 1 mM?

Answer:
(a) Glucose + 2 Pi + 2 ADP → 2 lactate + 2 ATP

(b) ΔG′ = -27.2 kcal mol-1 (-114 kJ mol-1).

4. High potential. What is the equilibrium ratio of phosphoenolpyruvate to pyruvate under standard conditions when [ATP]/[ADP] = 10?
Answer:

3.06 × 10-5.
6. (He skipped this one in class and said we don’t need to know it, but I think we should know it… so here goes…).

Double labeling. 3-Phosphoglycerate labeled uniformly with 14C is incubated with 1,3-BPG labeled with 32P at C-1. What is the radioisotope distribution of the 2,3-BPG that is formed on addition of BPG mutase?
Answer:

All three carbon atoms of 2,3-BPG are 14C labeled. The phosphorus atom attached to the C-2 hydroxyl group is 32P labeled.
8. 


Distinctive sugars. The intravenous infusion of fructose into healthy volunteers leads to a two- to fivefold increase in the level of lactate in the blood, a far greater increase than that observed after the infusion of the same amount of glucose.

(a) Why is glycolysis more rapid after the infusion of fructose?

(b) Fructose has been used in place of glucose for intravenous feeding. Why is this use of fructose unwise?
Answer:

(a) The fructose 1-phosphate pathway forms glyceraldehyde 3-phosphate.

(b) Phosphofructokinase, a key control enzyme, is bypassed. Furthermore, fructose 1-phosphate stimulates pyruvate kinase.

10.
Metabolic mutant. What are the likely consequences of a genetic disorder rendering fructose 1,6-bisphosphatase in liver less sensitive to regulation by fructose 2,6-bisphosphate?
Answer:

Fructose 2,6-bisphosphate, present at high concentration when glucose is abundant, normally inhibits gluconeogenesis by blocking fructose 1,6-bisphosphatase. In this genetic disorder, the phosphatase is active irrespective of the glucose level. Hence, substrate cycling is increased. The level of fructose 1,6-bisphosphate is consequently lower than normal. Less pyruvate is formed and thus less ATP is generated.
11.

Biotin snatcher. Avidin, a 70-kd protein in egg white, has very high affinity for biotin. In fact, it is a highly specific inhibitor of biotin enzymes. Which of the following conversions would be blocked by the addition of avidin to a cell homogenate?

(a) Glucose → pyruvate

(b) Pyruvate → glucose

(c) Oxaloacetate → glucose

(d) Malate → oxaloacetate

(e) Pyruvate → oxaloacetate

(f) Glyceraldehyde 3-phosphate → fructose 1,6-bisphosphate
Answer:

Reactions in parts b and e would be blocked.
12.

Tracing carbon atoms II. If cells synthesizing glucose from lactate are exposed to CO2 labeled with 14C, what will be the distribution of label in the newly synthesized glucose?
Answer:

There will be no labeled carbons. The CO2 added to pyruvate (formed from the lactate) to form oxaloacetate is lost with the conversion of oxaloacetate into phosphoenolpyruvate.
13.

Arsenate poisoning. Arsenate (AsO43-) closely resembles Pi in structure and reactivity. In the reaction catalyzed by glyceraldehyde 3-phosphate dehydrogenase, arsenate can replace phosphate in attacking the energy-rich thioester intermediate. The product of this reaction, 1-arseno-3-phosphoglycerate, is unstable. It and other acyl arsenates are rapidly and spontaneously hydrolyzed. What is the effect of arsenate on energy generation in a cell?
Answer:

The net reaction in the presence of arsenate is
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Glycolysis proceeds in the presence of arsenate, but the ATP normally formed in the conversion of 1,3-bisphosphoglycerate into 3-phosphoglycerate is lost. Thus, arsenate uncouples oxidation and phosphorylation by forming a highly labile acyl arsenate.

14.


Reduce, reuse, recycle. In the conversion of glucose into two molecules of lactate, the NADH generated earlier in the pathway is oxidized to NAD+. Why is it not to the cells advantage to simply make more NAD+ so that the regeneration would not be necessary? After all, the cell would save much energy because it would no longer need to synthesize lactic acid dehydrogenase.
Answer:


This example illustrates the difference between stoichio-metric and catalytic utilization of a molecule. If cells used NAD+ stoichiometrically, a new molecule of NAD+ would be required each time a lactate is produced. As we will see, the synthesis of NAD+ requires ATP. On the other hand, if the NAD+ that is converted into NADH could be recycled and reused, a small amount of the molecule could regenerate a vast amount of lactate. This is the case in the cell. NAD+ is regenerated by the oxidation of NADH and reused. NAD+ is thus used catalytically.

16.

Working at cross-purposes? Gluconeogenesis takes place during intense exercise, which seems counterintuitive. Why would an organism synthesize glucose and at the same time use glucose to generate energy?
Answer:

The synthesis of glucose during intense exercise provides a good example of interorgan cooperation in higher organisms. When muscle is actively contracting, lactate is produced from glucose by glycolysis. The lactate is released into the blood and absorbed by the liver, where it is converted by gluconeogenesis into glucose. The newly synthesized glucose is then released and taken up by the muscle for energy generation.
