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Problem-Set Solutions
24.1
Starch digestion begins in the mouth; the enzyme salivary (-amylase catalyzes the hydrolysis 
of (-glycosidic linkages in starch (from plants) and glycogen (from meats) to produce smaller 
polysaccharides and the disaccharide maltose.

24.2
(-Amylase is inactivated by stomach acid, and there is no other starch-digesting enzyme 
present in the stomach.

24.3
The primary site for carbohydrate digestion is the small intestine. The pancreas secretes 

(-amylase into the small intestine; pancreatic (-amylase breaks down polysaccharide chains 
into shorter segments until maltose and glucose are the dominant species.

24.4
outer membranes of intestinal mucosal cells; disaccharides

24.5
The digestion of sucrose (and other disaccharides) occurs on the outer membranes of intestinal 
mucosal cells; the conversion of sucrose to glucose and fructose is a hydrolysis reaction.

24.6
outer membranes of intestinal mucosal cells; hydrolysis of lactose

24.7
The three major monosaccharides produced by the digestion of carbohydrates are glucose, 
galactose, and fructose.

24.8
hydrolysis

24.9
The starting material for glycolysis is glucose. During glycolysis, a glucose molecule is 
converted to two molecules of pyruvate.

24.10
pyruvate

24.11
The conversion of glucose to pyruvate is an oxidation process; the oxidizing agent is the 
coenzyme NAD+.

24.12
Molecular oxygen is not required in the reactions.

24.13
The first step of glycolysis is the phosphorylation of glucose. The formation of 

glucose 6-phosphate has the effect of trapping glucose within a cell, since glucose 6-phosphate 
cannot cross cell membranes.

24.14
Fructose 1,6-bisphosphate cannot enter any other reaction pathway, while both glucose 

6-phosphate and fructose 6-phosphate can enter other reaction pathways.

24.15
Fructose 1,6-biphosphate is split into the two C3 fragments, dihydroxyacetone phosphate and 
glyceraldehyde 3-phosphate.

24.16
It is isomerized into the other usable C3 fragment.

24.17
A glucose molecule produces two pyruvate molecules during glycolysis.

24.18
net of two ATP; two NADH

24.19
Two steps in the glycolysis pathway produce ATP. In step 7, the C-1 phosphate group of 

1,3-bisphosphoglycerate (the high-energy phosphate) is transferred to an ADP molecule to 
form ATP. In step 10, phosphoenolpyruvate transfers its high-energy phosphate group to an 
ADP molecule to produce ATP and pyruvate.

24.20
two

24.21
As shown in Figure 24.3, three steps of glycolysis involve phosphorylation; they are steps 1, 3, 
and 6.

24.22
step 6

24.23
Glycolysis takes place in the cell cytosol, where all of the enzymes needed for glycolysis are 
present.

24.24
Glycolysis occurs in the cytosol; the citric acid cycle occurs in the mitochondria.

	24.25   a.  Glucose + ATP
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	glucose 6-phosphate + ADP + H+


	b.  2-Phosphoglycerate
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	phosphoenolpyruvate + water


	c.  3-Phophoglycerate
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	2-phosphoglycerate


	d.  1,3-Bisphosphoglycerate + ADP
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	3-phosphoglycerate + ATP


24.26
a.
fructose 6-phosphate
b.
fructose 1,6-bisphosphate


c.
ADP
d.
triosephosphate isomerase

24.27
a.
A second substrate-level phosphorylation reaction takes place in step 10; 



phosphoenolpyruvate transfers its high-energy phosphate group to an ADP molecule to 


produce ATP and pyruvate.






b.
The first ATP-consuming reaction is step 1; the phosphorylation of glucose to yield 


glucose 6-phosphate uses a phosphate group from an ATP molecule.



c.
The third isomerization reaction is step 8; the phosphate group of 3-phosphoglycerate is 

moved from carbon 3 to carbon 2.






d.
NAD+ is used as an oxidizing agent in step 6; a phosphate group is added to 



glyceraldehyde 3-phosphate to produce 1,3-bisphosphoglycerate, and the hydrogen of the 

aldehyde group becomes a part of NADH.

24.28
a.
step 6
b.
step 7
c.
step 9
d.
step 2

24.29
a.
ATP molecules are involved in steps 1, 3, 7, and 10 of glycolysis; there is a net gain of two 

ATP molecules for every glucose molecule converted into two pyruvates.


b.
Sucrose is composed of glucose and fructose; fructose is converted in the liver to two 


trioses that enter the glycolytic pathway. Two ATP molecules are produced for each of the 

C6 sugars, for a total of four ATP molecules per molecule of sucrose.

24.30
a.
+4
b.
+4

	24.31
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	24.32
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	24.33
	 [image: image13.wmf]C

H

2

C

O

C

H

2

O

O

H

P

C

H

O

C

H

C

H

2

O

H

O

P

1

2

3

4

5

6

C

H

2

C

O

C

O

P

C

C

C

H

2

O

H

O

P

1

2

3

4

5

6

H

O

H

H

H

O

H

F

r

u

c

t

o

s

e

 

1

,

6

-

b

i

s

p

h

o

s

p

h

a

t

e

A

l

d

o

l

a

s

e

D

i

h

y

d

r

o

x

y

a

c

e

t

o

n

e

p

h

o

s

p

h

a

t

e

G

l

y

c

e

r

a

l

d

e

h

y

d

e

3

-

p

h

o

s

p

h

a

t

e




	24.34
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24.35
The fate of the pyruvate produced in most cells from glycolysis varies with cellular conditions. 
Three common fates for pyruvate are conversions to acetyl CoA, lactate, and ethanol.

24.36
aerobic – acetyl CoA; anaerobic – lactate  

24.37
The overall reaction equation for the conversion of pyruvate to acetyl CoA is:



pyruvate + CoA–SH + NAD+ ( acetyl CoA + NADH + CO2
24.38
pyruvate + NADH + H+ ( lactate + NAD+
24.39
The last step of the electron transport chain is dependent on oxygen; under anaerobic 
conditions (lack of oxygen) the ETC slows down, and so does the conversion of NADH to 
NAD+. Since NAD+ is needed for glycolysis, an alternative method for conversion of NADH 
to NAD+ without oxygen is used; this anaerobic oxidation of NADH is called fermentation. 
Lactate fermentation is the enzymatic anaerobic reduction of pyruvate to lactate in order to 
convert NADH to NAD+. The lactate formed in this process is converted back to pyruvate 
when cellular conditions become aerobic.

24.40
NAD+ is produced from NADH.

24.41
Under anaerobic conditions, some simple organisms, including yeast, can regenerate NAD+ 
through ethanol fermentation. The enzymatic anaerobic conversion of pyruvate to ethanol also 
yields CO2.

	24.42
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24.43
The net reaction for the conversion of one glucose molecule to two lactate molecules is: 


glucose + 2ADP + 2Pi ( 2 lactate + 2ATP

24.44
glucose + 2ADP + 2Pi ( 2 ethanol + 2CO2 + 2ATP

24.45
The NADH produced in the cytosol cannot cross the mitochondrial membranes; a shuttle 
system carries the electrons from NADH across the membrane to FAD. The FADH2 produced 
in this way can participate in the electron transport chain, but enters at a later point than 
NADH molecules would, so that the ATP yield for one cytosolic NADH is 1.5 rather than 2.5.
One molecule of glucose produces two molecules of cytosolic NADH, so the total ATP 
production is decreased by two.

24.46

NADH        +        H+       +        FAD            (         NAD+         +         FADH2

  (cytoplasmic)                          (mitochondrial)          (cytoplasmic)        (mitochondrial)

24.47
For every glucose molecule converted into two pyruvates, there is a net gain of 2 ATP 
molecules. The net gain for every glucose molecule converted to CO2 and H2O, through the 
CAC and the ETC, is 30 ATP.

24.48
36 ATP versus 2 ATP

24.49
Two of the ATP molecules produced during the complete oxidation of glucose come from the 
process of glycolysis (glucose ( pyruvate).

24.50
six

24.51
Glycogen is a storage form of glucose. Glycogenesis is the metabolic pathway by which 
glycogen is synthesized from glucose. Glycogenolysis is the metabolic pathway by which free 
glucose units are obtained from glycogen; it is not simply the reverse of glycogenesis.

24.52
muscle and liver tissue

24.53
The reactant in the first step of glycogenesis is glucose 6-phosphate.

24.54
glycogen and inorganic phosphate

24.55
The source of PPi in the second step of glycogenesis is the hydrolysis of UTP during the 
activation of glucose 1-phosphate; the other product of the reaction is UDP-glucose.

24.56
energy source through further hydrolysis

24.57
The UDP-glucose produced in the second step of glycogenesis is converted back to UTP when 
its glucose unit is attached to a glycogen chain. The conversion of UDP to UTP requires an 
ATP molecule: UDP + ATP ( UTP + ADP

24.58
two

24.59
Step 2 of glycogenolysis (the isomerization of glucose 1-phosphate to yield glucose 

6-phosphate, catalyzed by phosphoglucomutase) is the reverse of Step 1 of glycogenesis.

24.60
whether glucose 6-phophate undergoes hydrolysis to glucose

24.61
The first two steps of glycogenolysis are the same in liver cells and in muscle cells. However, 
muscle cells cannot form free glucose from glucose 6-phosphate because they lack the enzyme 
glucose 6-phosphatase; in liver cells, which have this enzyme, the product is glucose.

24.62
The enzyme that produces glucose from glucose 6-phosphate exists in the liver but not in brain 
or muscle cells.

24.63
Complete glycogenolysis takes place mainly in the liver; it produces glucose, which enters the 
glycolytic pathway. Glycogenolysis in muscle and brain cells produces glucose 6-phosphate, 
which can enter the glycolytic pathway as the first intermediate in that pathway. Since brain 
and muscle cells do not produce glucose, these cells can use glycogen for energy production 
only.

24.64
It enters already phosphorylated, and thus an ATP does not need to be expended to 
phosphorylate it.

24.65
About 90% of gluconeogenesis (the synthesis of glucose from noncarbohydrate materials such 
as lactate, glycerol and certain amino acids) takes place in the liver.

24.66
maintain normal glucose blood levels in times of inadequate dietary carbohydrate intake

24.67
The last step of glycolysis is the conversion of the high-energy compound 
phosphoenolpyruvate to pyruvate. To reverse this step in gluconeogenesis requires two steps 
and uses both an ATP molecule and a GTP molecule: pyruvate is converted to oxaloacetate 
(catalyzed by pyruvate carboxylase), which requires an ATP molecule, and oxaloacetate is 
converted to phosphoenol pyruvate (catalyzed by phophoenolpyruvate carboxykinase), which 
uses a GTP molecule.

24.68
Two steps are needed to convert pyruvate to phosphoenolpyruvate.

24.69
Oxaloacetate, an intermediate in the gluconeogenesis conversion of pyruvate to 
phosphoenolpyruvate, can also act as an intermediate in the first step of the citric acid cycle; 
oxaloacetate combines with acetyl CoA, which can go directly into the citric acid cycle.

24.70
GTP and ATP

24.71
Lactate formed by muscle activity diffuses into the blood and is carried to the liver where the 
enzyme lactate dehydrogenase converts lactate back to pyruvate.

24.72
to regenerate glucose from lactate (in the liver) and return the glucose to muscle cells

24.73
In the pentose phosphate pathway, glucose is used to produce NADPH, ribose 5-phosphate (a 
pentose), and other sugar phosphates. Glucose 6-phosphate is the starting material for this 
pathway.

24.74
synthesis of NADPH needed in lipid biosynthesis and of ribose 5-phosphate needed in nucleic acid and coenzyme synthesis

24.75
Structurally, NADPH is a phosphorylated version of NADH, but the two versions of the 
coenzyme have significantly different functions. NADPH is involved, mainly in its reduced 
form, in biosynthetic reactions of lipids and nucleic acids. NADH, mainly in its oxidized form 
(NAD+), is involved in the reactions of the common metabolic pathway.

24.76
NADPH has a 2-phosphoribose subunit and NADH has a ribose subunit.

24.77
There are two stages in the pentose phosphate pathway, an oxidative stage and a nonoxidative 
stage. The oxidative stage (involving three steps) occurs first; glucose 6-phosphate is 
converted to ribulose 5-phosphate and CO2. The overall reaction is:



glucose 6-phosphate + 2NADP+ + H2O ( ribulose 5-phosphate + CO2 + 2NADPH + 2H+
24.78
3 glucose 6-phosphate + 6NADP+ + 3H2O ( 







2 fructose 6-phosphate + 3CO2 + glyceraldehyde 3-phosphate + 6NADPH + 6H+
24.79
When glucose 6-phosphate is converted to ribulose 5-phosphate in the oxidative stage of the 
pentose phosphate pathway, the carbon lost from glucose is converted to CO2.

24.80
two

24.81
Insulin is a hormone that promotes the uptake and utilization of glucose by cells; its function 
is to lower blood glucose levels, which it does by increasing the rate of glycogen synthesis.

24.82
lowers blood glucose levels

24.83
Glucagon is a hormone released when blood-glucose levels are low; its function is to increase 
blood-glucose concentrations by speeding up the conversion of glycogen to glucose in the 
liver.

24.84
increases rate of glycogen degradation

24.85
Insulin is produced by the beta cells of the pancreas.

24.86
pancreas

24.87
Epinephrine binds to a receptor site on the outside of the cell membrane, stimulating the 
production of a second messenger, cyclic AMP from ATP; cAMP, released in the cell’s 
interior, activates glycogen phophorylase, the enzyme that initiates glycogenolysis.

24.88
Epinephrine stimulates the enzyme adenyl cyclase to begin producing cAMP.

24.89
The function of glucagon is to speed up the conversion of glycogen to glucose in liver cells. 
The function of epinephrine is similar to that of glucagon (stimulation of glycogenolysis), but 
its primary target is muscle cells.

24.90
Both increase blood glucose levels.

24.91
a.
Glucose 6-phosphate is encountered in all four processes: glycolysis, glycogenesis,


glycogenolysis, and gluconeogenesis.






b.
Glucose 1-phosphate is encountered in glycogenesis and glycogenolysis.


c.
Dihydroxyacetone phosphate is encountered in glycolysis and gluconeogenesis.


d.
Oxaloacetate is encountered in gluconeogenesis.

24.92
a.
glycolysis


b.
glycolysis


c.
glycolysis, gluconeogenesis, glycogenesis
d.
glycogenesis

24.93
a.
Glucose is converted to two pyruvates in the process of glycolysis.



b.
Glycogen is synthesized from glucose in the process of glycogenesis.



c.
Glycogen is broken down in the liver into free glucose units in the process of 



glucogenolysis.






d.
Glucose is synthesized from pyruvate in the process of gluconeogenesis.

24.94
a.
2 ATP
b.
30 ATP
c.
2 ATP
d.
2 ATP

24.95
a.
Pyruvate is changed to lactate in an anaerobic process.





b.
Pyruvate is changed to ethanol in an anaerobic process.




c.
Glucose 6-phosphate is changed to ribulose 5-phosphate in the oxidative stage of the 


pentose phosphate pathway.






d.
Ribulose 5-phosphate is changed to ribose 5-phosphate in the nonoxidative stage of the 


pentose phosphate pathway.

24.96
a.
when the body requires free glucose







b.
anaerobic conditions in muscle; red blood cells





c.
when the body requires energy







d.
anaerobic conditions in yeast

24.97
In the complete metabolism of one mole of sucrose (C12):





a.
12 moles of CO2 are produced.






b.
4 moles of pyruvate are produced.






c.
4 moles of acetyl CoA are produced.






d.
60 moles of ATP are produced.

24.98
a.
Glucose supply is adequate, body doesn’t need energy.





b.
Glucose supply is adequate, body needs energy.





c.
Ribose 5-phosphate or NADPH are needed.







d.
Free glucose supply is not adequate.

24.99
The correct answer is b. All the reactions of glycolysis take place in the cytosol of a cell.

24.100
b

24.101
The correct answer is b. Intermediates in the glycolysis pathway include two derivatives of 
fructose (fructose 6-phosphate and fructose 1,6-bisphosphate).

24.102
d

24.103
The correct answer is c. During the overall process of glycolysis, there is a net gain of two 
ATP molecules per glucose molecule processed.

24.104
a

24.105
The correct answer is b. Glycogenolysis is the process in which glycogen is converted to 
glucose.

24.106
c

24.107
The correct answer is d. As part of the Cori cycle, lactate is converted to pyruvate in the liver 
cells.

24.108
c
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