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Problem-Set Solutions
26.1
Protein denaturation occurs in the stomach with gastric juice as the denaturant; gastric juice 
contains hydrochloric acid at a pH of 1.5 to 2.0.

26.2
pepsin in the stomach

26.3
Pepsin, a proteolytic enzyme, is produced in an inactive form (zymogen) called pepsinogen,
which is activated at the site of action.

26.4
Trypsinogen is the inactive precursor of trypsin.

26.5
Gastric juice is acidic (1.5–2.0 pH), and pancreatic juice is basic (7–8 pH).

26.6
Gastric juice contains pepsin; pancreatic juice contains trypsin, chymotrypsin and 
carboxypeptidase.

26.7
Absorption of free amino acids through the intestinal wall requires active transport with the 
expenditure of energy; various shuttle molecules for the various types of amino acids facilitate 
the passage of amino acids through the intestinal wall.

26.8
Small polypeptides (antibodies) present in colostral milk from a nursing mother go through the 
intestinal wall and give the nursing infant immunologic protection.

26.9
The amino acid pool is the total supply of free amino acids available for use in the human 
body.

26.10
dietary protein, protein turnover, biosynthesis of amino acids in the liver

26.11
Protein turnover is the repetitive process in which proteins are degraded and resynthesized in 
the human body.

26.12
Enzymes and regulatory hormones have higher turnover rates than other proteins.

26.13
Nitrogen balance is the state that results when the amount of nitrogen taken into the body as 
protein equals the amount of nitrogen excreted from the body in waste material. In a positive 
nitrogen balance, nitrogen intake exceeds nitrogen output; this condition is present when large 
amounts of tissue are being synthesized, such as during growth, pregnancy, and 
convalescence. In a negative nitrogen balance, more tissue proteins are being catabolized than 
are being replaced; this condition accompanies a state of tissue wasting.

26.14
It becomes negative.

26.15
There is no specialized storage form for amino acids in the body; therefore, for normal 
metabolism, a constant source of amino acids in the required relative concentrations must be 
obtained from the diet. A lack of one of the essential amino acids leads to a negative nitrogen 
balance, so proteins in the body are degraded to obtain the needed amino acid. 

26.16
It becomes positive.

26.17
The amino acids from the body’s amino acid pool are used in four different ways: protein 
synthesis, synthesis of nonprotein nitrogen-containing compounds, nonessential amino 

acid synthesis, and energy production.

26.18
75%

26.19
Essential amino acids are those amino acids that cannot be synthesized by the body and so 
must be obtained in the diet. Table 26.1 lists the essential and nonessential amino acids.

a.
Lysine is an essential amino acid.






b.
Arginine is a nonessential amino acid.






c.
Serine is a nonessential amino acid.






d.
Tryptophan is an essential amino acid.

26.20
a.
nonessential
b.
nonessential
c.
nonessential
d.
nonessential

26.21
Since nonessential amino acids can be synthesized in the human body, compounds b and c in 
Problem 26.19 (arginine and serine) can be obtained by biosynthesis.

26.22
all of them

26.23
A transamination reaction involves the interchange of the amino group of an (-amino acid 
with the keto group of an (-keto acid.

26.24
an amino acid and an (-keto acid.

	26.25
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26.27
The three (-keto acids that are usually reactants in transamination reactions are pyruvate, 

(-ketoglutarate, and oxaloacetate.

26.28
The amino groups from alanine and aspartate are collected in glutamate to regenerate 
pyruvate and oxaloacetate for use in further transamination reactions.

26.29
Pyridoxal phosphate, a coenzyme produced from pyridoxine, is an integral part of the 
transamination process; the amino group of an amino acid is transferred first to the pyridoxal 
phosphate and then to an (-keto acid.

26.30
The B vitamin pyridoxine is the precursor of pyridoxal phosphate, the coenzyme needed for 
transamination reactions.

26.31
In oxidative deamination, an (-amino acid is converted into an (-keto acid with the release of 
an ammonium ion.

26.32
NAD+ or NADP+
26.33
The difference between oxidative deamination and transamination is that oxidative 
deamination produces an (-keto acid and an ammonium ion, and transamination produces an 
(-keto acid and an (-amino acid.

26.34
An amino acid is converted into an (-keto acid.

26.35
The products of the oxidative deamination of the given reactants are the (-keto compounds 
below. 
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	26.36
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26.37
The transamination of the given (-keto acid produces the amino acid leucine.
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26.38
Transamination of the (-keto acid produces the amino acid isoleucine.
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26.39
The missing products and reactants for the given transamination reactions are shown:

a.
oxaloacetate ( aspartate
b.
glutamate ( (-ketoglutarate


c.
alanine ( pyruvate
d.
(-ketoglutarate ( glutamate

26.40
a.
alanine
b.
aspartate
c.
oxaloacetate
d.
pyruvate

26.41
Urea is produced in the human body in the urea cycle; its production is the body’s way of 
detoxifying ammonium ion.
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26.42
very water soluble, colorless, odorless, salty taste, white crystalline solid

26.43
The urea cycle is the series of biochemical reactions in which urea is produced from 
ammonium ions and carbon dioxide. Carbamoyl phosphate, the “fuel” for the urea cycle, is 
formed from ammonium ion, CO2, water, and two ATP molecules.

26.44
NH4+, CO2, H2O, ATP

	26.45
A carbamoyl group is an amide group:
	[image: image20.wmf]


	26.46
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26.47
The structures of the three intermediates in the urea cycle differ in the substituent attached to 
the ( carbon; the three intermediates contain one, two, and three nitrogen atoms, as shown in 
the structural representations below:
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26.48
arginine (standard), citrulline (nonstandard), ornithine (nonstandard)

26.49
a.
The compound that enters the urea cycle by combining with ornithine is carbamoyl 


phosphate.






b.
The species that enters the urea cycle by combining with citrulline is aspartate.

26.50
a.
ornithine + carbamoyl phosphate ( citrulline






b.
citrulline + aspartate ( argininosuccinate

26.51
Carbamoyl phosphate is the “fuel” for the urea cycle; it contains a high-energy phosphate bond 
produced when ammonium ion reacts with CO2, water, and two ATP molecules.

26.52
citrulline cycle

26.53
Four nitrogen atoms participate in the urea cycle; two of them are removed as urea.

a.
Ornithine is an N2 compound.






b.
Citrulline is an N3 compound.






c.
Aspartate is an N1 species.






d.
Arginosuccinate is an N4 species.

26.54
a.
N1
b.
N1
c.
N4
d.
N2
26.55
a.
Citrulline (Step 1) is encountered before arginine (Step 3).




b.
Ornithine (Step 1) is encountered before aspartate (Step 2).




c.
Argininosuccinate (Step 2) is encountered before fumarate (Step 3).



d.
Carbamoyl phosphate, a reactant in Step 1, is encountered before citrulline, a product 


in Step 1.

26.56
a.
carbamoyl phosphate
b.
argininosuccinate



c.
ornithine
d.
citrulline

26.57
The equivalent of a total of four ATP molecules is expended in the production of one urea 
molecule; two ATP molecules are used to produce carbamoyl phosphate, and the equivalent of 
two ATP molecules are used in Step 2 of the cycle (ATP ( AMP + 2Pi).

26.58
The carbon atom and one nitrogen atom come from carbamoyl phosphate; the other nitrogen 
atom comes from aspartate.

26.59
The fumarate formed in the urea cycle enters the citric acid cycle, where it is converted to 
malate and then to oxaloacetate, which is then converted to aspartate through transamination.

26.60
The fumarate from the urea cycle is a citric acid cycle intermediate.

26.61
Each of the 20 amino acid carbon skeletons undergoes a different degradation sequence; there 
are only seven degradation products of these sequences. Four of the products are also 
intermediates in the citric acid cycle: (-ketoglutarate, succinyl CoA, fumarate, oxaloacetate. 

26.62
pyruvate, acetyl CoA, acetoacetyl CoA

26.63
Figure 26.8 shows the fates of the carbon skeletons of amino acids.



a.
Leucine is metabolized to acetoacetyl CoA and acetyl CoA.




b.
Isoleucine is metabolized to succinyl CoA and acetyl CoA.




c.
Aspartate is metabolized to fumarate and oxaloacetate.





d.
Arginine is metabolized to (-ketoglutarate.

26.64
a.
pyruvate
b.
fumarate and acetoacetyl CoA


c.
pyruvate and acetoacetyl CoA
d.
(-ketoglutarate

26.65
A glucogenic amino acid has a carbon-containing degradation product that can be used to

produce glucose via gluconeogenesis.

26.66
Degradation products can be used to make ketone bodies.

26.67
Transamination removes amino groups from various (-amino acids and collects them as a 
single species, glutamate. Glutamate then acts as the source of amino groups for continued 
nitrogen metabolism.

26.68
In catabolism, transamination collects all amino groups into glutamate; in anabolism, alanine, 
aspartate, and glutamate are biosynthesized by transamination.

26.69
Figure 26.9 gives a summary of the starting materials for the biosysnthesis of the 11 
nonessential amino acids. These five starting materials are pyruvate, (-ketoglutarate, 

3-phosphoglycerate, oxaloacetate, and phenylalanine.

26.70
Nonessential amino acids can be made in 1 – 3 steps; essential amino acids have biosynthetic 
pathways that require 7 – 10 steps.

26.71
Globin is the protein portion of the conjugated protein hemoglobin. During the breakdown of 
hemoglobin, the globin protein is hydrolyzed to amino acids, which become part of the amino 
acid pool.

26.72
stored for further use in the iron-storage protein ferritin

26.73
Heme (the nonprotein portion of hemoglobin) contains four pyrrole groups joined together in a 
ring, with an iron atom at the center. Degradation of heme begins with a ring-opening reaction 
in which one carbon atom is lost, and the iron atom is released; the product of this reaction is 
biliverdin. 

26.74
In bilirubin, the central methylene bridge has been reduced.

26.75
The order in which these four substances appear during the catabolism of heme is:

biliverdin, bilirubin, bilirubin diglucuronide, urobilin.

26.76
CO is formed in the first step; it complexes with hemoglobin and is slowly released in the 
lungs.

26.77
The characteristic yellow color of urine is due to the bile pigment urobilin.

26.78
stercobilin

26.79
Excess bilirubin in the blood causes the skin and the white of the eyes to acquire a yellowish 
tint known as jaundice. Jaundice occurs when the balance between degradation of heme to 
form bilirubin and removal of bilirubin from the blood by the liver is upset. 

26.80
liver diseases, spleen malfunction, gallbladder malfunction

26.81
The numerous metabolic pathways of carbohydrates, lipids, and proteins are linked by various 
compounds that participate in more than one pathway. During protein degradation, amino acid 
carbon skeletons are degraded to acetyl CoA or acetoacetyl CoA; these degradation products 
are converted by ketogenesis to ketone bodies.

26.82
Amino acid carbon skeletons are degraded to citric acid cycle intermediates; oxaloacetate of 
the citric acid cycle enters gluconeogenesis, which produces glucose.

26.83
When dietary proteins produce amino acids in amounts that exceed body needs, the excess

amino acids are degraded and converted to body fat stores.

26.84
They are degraded for energy.

26.85
a.
Citrulline is encountered in the urea cycle.






b.
Carbon monoxide is encountered in hemoglobin catabolism.




c.
Pyruvate is encountered in transamination reactions.





d.
Urobilin is encountered in hemoglobin catabolism.





e.
Arginine is encountered in both the urea cycle and trasamination reactions.


f.
Pyridoxal phosphate is encountered in transamination reactions.

26.86
a.
(1)
b.
(3)
c.
(3)
d.
(2)
e.
(1)
f.
(2)

26.87
The order in which the given events occur in the digestive process for proteins is:


1)
Peptide bonds are hydrolyzed with the help of pepsin.





3)
Large polypeptides pass from the stomach into the small intestine.



2)
Peptide bonds are hydrolyzed with the help of trypsin.





4)
Amino acids pass through the intestinal wall into the bloodstream.

26.88
a.
3
b.
2
c.
1
d.
3

26.89
a.
In transamination, both an amino acid and a keto acid are reactants.





b.
In deamination, an amino acid and water are reactants.





c.
In deamination, the ammonium ion is a product.





d.
In transamination, an amino acid is produced from a keto acid.

26.90
a.
1
b.
4
c.
2
d.
3

26.91
a.
True. Glutamate is the most abundant amino acid in the amino acid pool.


b.
False. Fumarate (not pyruvate) is a compound that participates in both the urea cycle and 

the citric acid cycle.






c.
True. Citrulline, a participant in the urea cycle, is a nonstandard amino acid.


d.
True. Glutamate is a reactant in oxidative deamination.

26.92
a.
2
b.
1
c.
2
d.
3

26.93
The correct answer is a. Amino acid metabolism differs from that of carbohydrates and 
triacylclycerols in that there is no storage form for amino acids in the body.

26.94
d

26.95
The correct answer is a. A keto acid is always a product in a transamination reaction.

26.96
b

26.97
The correct answer is c, since bile pigments, not urea, give urine its odor and color. 

26.98
b

26.99
The correct answer is c. Citrulline and ornithine are both nonstandard amino acids.

26.100
c

26.101
The correct answer is b. Carbon monoxide is a product in the first step of the degradation of 
heme.

26.102
a
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