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Lipid Metabolism
Chapter 25

	


Problem-Set Solutions
25.1
Triacylclycerols (fats and oils) make up 98% of total dietary lipids.

25.2
insoluble in water and other polar solvents

25.3
Salivary enzymes have no effect on triacylglycerols; salivary enzymes are water-based, and 
TAGS, like other lipids, are insoluble in water.

25.4
Chyme formation occurs (physical change) and gastric lipase hydrolyzes about 10% of TAGs.

25.5
Lipids remain in the stomach longer than low-fat food because it takes times for the churning 
action of the stomach to break up the triacylglycerols into small droplets; this longer residence 
time in the stomach causes a person to feel “full” for a longer time.

25.6
a.
stomach and small intestine







b.
stomach (10%), small intestine (90%)







c.
stomach (gastric lipases), small intestine (pancreatic lipases)

25.7
When the triacylglycerols (in the form of chyme) reach the small intestine, the hormone 
cholecystokinin causes the release of bile stored in the gall bladder. Bile acts as an emulsifier, 
forming colloid particles from the triacylglycerol globules.

25.8
free fatty acids and monoacylglycerols

25.9
Complete hydrolysis of triacylglycerols does not usually occur in the small intestine; instead, 
two of the three fatty acid units are released, producing a monoacylglycerol and two free fatty 
acids. Occasionally, enzymes remove all three fatty acid units, leaving a glycerol molecule.

25.10
a small spherical droplet containing about 20 fatty acids and/or monoacylglycerols and some 
bile

25.11
After the products of triacyglycerol digestion (in small globules called micelles) pass through 
the membranes of the intestinal cells, they are reassembled (in the intestinal cells) into 
triacylglycerols and then combined with other substances to produce a kind of lipoprotein, 
called a chylomicron, and transported through the lymphatic system to the bloodstream.

25.12
a lipoprotein that transports triacylglycerols from intestinal cells to the bloodstream

25.13
Adipocytes have a large storage capacity for triacylglycerols; they are among the largest cells 
in the body and differ from other cells in that most cytoplasm has been replaced with a large 
triacylglycerol droplet.

25.14
storage of triacylglycerols

25.15
Triacylglycerol mobilization is the hydrolysis of triacylglycerols stored in adipose tissue, 
followed by release of the hydrolysis products (fatty acids and glycerol) into the bloodstream.

25.16
need for energy production

25.17
Several hormones, including epinephrine and glucagon, interact with adipose cell membranes 
to stimulate the production of cAMP; cAMP activates hormone-sensitive lipase, the enzyme 
needed for triacylglycerol hydrolysis.

25.18
They are broken down into free fatty acids and glycerol before they enter the bloodstream.

25.19
Glycerol travels to the liver or kidneys, where a two-step process converts it first (by 
phosphorylation of a primary hydroxyl group) to glycerol 3-phosphate and then (by oxidation 
of a secondary alcohol group) to dihydroxyacetone phosphate.

25.20
two

25.21
One ATP molecule is expended in the conversion of glycerol to a glycolysis intermediate; the 
conversion of glycerol to glycerol 3-phosphate uses one ATP molecule in the phosphorylation.

25.22
converted to pyruvate  (glycolysis) or glucose (gluconeogenesis)

25.23
The site of fatty acid activation is the outer mitochondrial membrane.

25.24
acyl CoA molecule

25.25
In fatty acid activation, the ATP molecule is converted to AMP (rather than ADP), losing two 
inorganic phosphates; this expenditure of two high-energy phosphate bonds is counted as two 
ATP molecules for accounting purposes.

25.26
An acyl CoA can have a carbon chain of any length; acetyl CoA has a 2-carbon chain.

25.27
Acyl CoA (an activated fatty acid molecule) is too large to pass through the inner 
mitochondrial membrane to the mitochondrial matrix, where the enzymes needed for fatty acid 
oxidation are located; the acyl group is transferred to a carnitine molecule, shuttled across the 
inner mitochondrial membrane, and then transferred back to a CoA molecule in the matrix.

25.28
activation – outer mitochondrial membrane; oxidation – mitochondrial matrix

25.29
a.
In Step 1 of the fatty acid spiral, an alkane is dehydrogenated to form an alkene (trans 


double bond); FAD is the oxidizing agent.






b.
In Step 2 of the fatty acid spiral, the alkene double bond is hydrated to form a 2o alcohol.
c.
In Step 3 of the fatty acid spiral, the 2o alcohol ((-hydroxy group) is oxidized to a ketone; 

NAD+ is the oxidizing agent.

25.30
alkane, alkene, 2o alcohol, ketone

25.31
The unsaturated enoyl CoA formed by dehydrogenation in Step 1 of the fatty acid spiral is a 
trans isomer.

25.32
L-isomer


25.33
a.
The compound is a reactant in Step 3 of turn 1 of the fatty acid spiral (it still has six carbon 

atoms).






b.
The compound is a reactant in Step 2 of turn 2 (it has lost two carbon atoms in the first 

     turn).






c.
The compound is a reactant in Step 4 of turn 2 (it lost two carbons in the first turn).

d.
The compound is a reactant in Step 1 of turn 1 (it still has six carbon atoms).

25.34
a.
step 4, turn 1
b.
step 1, turn 2
c.
step 2, turn 1
d.
step 3, turn 2

25.35
Compound a in Problem 25.33 undergoes a dehydrogenation reaction during Step 3 of the 
fatty acid spiral; compound d undergoes a dehydrogenation reaction in Step 1 of the fatty acid 
spiral.

25.36
compound a

25.37
Each turn of the fatty acid spiral produces one acetyl CoA molecule (one C2 unit); the number 
of acetyl CoA molecules (C2 units) is equal to half the number of carbon atoms in the fatty 
acid, but the number of turns of the fatty acid spiral is always one less than the number of C2 
units because in the last turn a C4 unit splits into two C2 units.




a.
A C16 fatty acid requires: 16/2 – 1 = 7 turns






b.
A C12 fatty acid requires: 12/2 – 1 = 5 turns

25.38
a.
9 turns
b.
4 turns

25.39
The oxidation of unsaturated fatty acids (cis-3-hexenoic acid) in the fatty acid spiral requires 
two addition enzymes besides those needed for oxidation of saturated fatty acids (hexanoic 
acid); an epimerase changes a D configuration to an L configuration, and a cis-trans isomerase 
converts a cis-(3,4) double bond to a trans-(2,3) double bond.

25.40
An epimerase converts a D-(-hydroxyacyl CoA to a L-(-hydroxyacyl CoA.

25.41
a.
In an active state, the major fuel for skeletal muscle is glucose (from glycogen).

b.
In a resting state, the major fuel for skeletal muscle is fatty acids.

25.42
Fatty acids cannot cross the blood-brain barrier

25.43
a.
A C10 acid requires: 10/2 – 1 = 4 turns of the fatty acid spiral.





b.
A C10 fatty acid yields 5 acetyl CoA molecules (C2 units).





c.
A C10 fatty acid, in 4 turns of the fatty acid spiral, yields 4 NADH molecules.



d.
A C10 fatty acid, in 4 turns of the fatty acid spiral, yields 4 FADH2 molecules.



e.
A C10 fatty acid, when it is activated before entering the fatty acid spiral, consumes 2 high-

energy bonds.

25.44
a.
6 turns
b.
7 acetyl CoA
c.
6 NADH


d.
6 FADH2
e.
2 high-energy bonds

25.45
The net ATP production for the complete oxidation of the C10 fatty acid in Problem 25.43:
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	Net ATP production = 64 ATP


25.46
92 ATP

25.47
Saturated and unsaturated fatty acids yield the same amount of FADH2; the additional 
enzymes needed to process unsaturated fatty acids do not require additional FADH2.

25.48
They yield the same amount of NADH; the additional enzymes needed to process unsaturated 
fatty acids do not require NAD+.

25.49
One gram of carbohydrate yields 4 kcal of energy; one gram of fat yields 9 kcal of energy.

25.50
32 ATP for glucose and 36 ATP for hexanoic acid

25.51
Under certain conditions an excess of acetyl CoA is converted to ketone bodies; these 
conditions are: (1) dietary intakes high in fat and low in carbohydrates, (2) diabetic conditions 
where the body cannot adequately process glucose even though it is present, and (3) prolonged 
fasting.

25.52
Lack of glucose results in inadequate oxaloacetate concentration; oxaloacetate is needed to 
process acetyl CoA through the citric acid cycle.

25.53
When oxaloacetate supplies are too low for all acetyl CoA present to be processed through the 
citric acid cycle, ketone bodies are formed from the excess acetyl CoA.

25.54
Oxaloacetate is formed from pyruvate; low pyruvate means low oxaloacetate and excess 
acetyl CoA; excess acetyl CoA is converted to ketone bodies.

25.55
The structures of the three ketone bodies (acetoacetate, (-hydroxybutyrate, and acetone) are:
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	25.56
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25.57
Ketogenesis (the metabolic pathway by which ketone bodies are synthesized from acetyl CoA) 
takes place in liver mitochondria.

25.58
2 acetyl CoA ( acetoacetyl CoA + CoA–SH 

25.59
Before acetoacetate can be used as a fuel, it must be activated by transfer of a CoA group 
(from succinyl CoA, a citric acid cycle intermediate) to form acetoacetyl CoA.

25.60
acetoacetyl CoA, 3-hydroxy-3-methylglutaryl CoA

25.61
Certain abnormal metabolic conditions (diabetic conditions, fasting, or a diet high in fat and 
low in carbohydrates) lead to accumulation of ketone bodies in blood and urine, a condition 
called ketosis. 

25.62
Two of the three ketone bodies are acidic and their presence in blood increases blood pH.

25.63
Fatty acid synthesis (lipogenesis) takes place in the cell cytosol; degradation of fatty acids 
occurs in the mitochondrial matrix.

25.64
Enzymes for synthesis are in a multi-enzyme complex, whereas the enzymes for degradation 
exist separately.

25.65
In fatty acid degradation, the carrier for fatty acid spiral intermediates is CoA–SH. Fatty acid 
biosynthesis intermediates are bonded to ACP–SH (acyl carrier protein). The structure of 
ACP–SH contains CoA–SH components attached to a polypeptide chain containing 77 amino 
acid units (the polypeptide chain replaces phosphorylated ADP).

25.66
acyl carrier protein

25.67
Lipogenesis occurs mainly in the liver, adipose tissue, and mammary glands; the mammary 
glands show increased synthetic activity during periods of lactation.

25.68
acetyl CoA

25.69
Acetyl CoA is the starting material for fatty acid biosynthesis. Acetyl CoA is generated in the 
mitochondria and is transported to the cytosol (where fatty acid synthesis occurs) through a 
citrate shuttle system.






a.
Acetyl CoA reacts with oxaloacetate to produce citrate, which is transported through the 

mitochondrial membrane: acetyl CoA + oxaloacetate + H2O ( citrate + coenzyme A.

b.
The citrate crosses the mitochondrial membranes, functioning as an acetyl group carrier; 

once in the cytosol, the citrate undergoes the reverse reaction, regenerating acetyl CoA and 

a NADH molecule.

25.70
a.
pyruvate
b.
citrate

25.71
In fatty acid biosynthesis, fatty acids are built up two carbons at a time. The role of malonyl 
ACP is as a source of the two carbon units.

25.72
acetyl ACP + HCO3– + ATP ( malonyl ACP + H+ + ADP + Pi
25.73
Four reactions occur in a cyclic pattern during the chain elongation process of fatty acid 
synthesis: 






1)
condensation (acetyl ACP and malonyl ACP condense together to form acetoacetyl ACP) 
2)
hydrogenation (the keto group of the acetoacetyl complex is reduced to the corresponding 

alcohol by NADPH)






3)
dehydration (the alcohol produced in Step 2 is dehydrated to introduce a double bond)

4)
hydrogenation (the double bond produced in Step 3 is converted to a single bond with 


NADPH as the reducing agent)

25.74
They are built from the two carbon acetyl groups.

25.75
a.
This C4 compound is a product of the condensation reaction between acetyl ACP and 


malonyl ACP in Step 1 of the first turn of the cycle. 





b.
This C6 compound is a product of hydrogenation of a keto group in Step 2 of the second 

turn of the cycle.






c.
This C6 compound is a product of dehydration of an alcohol in Step 3 of the second turn of 

cycle.






d.
This C4 compound is a product of hydrogenation of a double bond in Step 4 of the first turn 

of the cycle.

25.76
a.
step 4, cycle 2
b.
step 3, cycle 1
c.
step 2, cycle 1
d.
step 1, cycle 2

25.77
Compound b is produced by hydrogenation of a keto group (Step 2, turn 2), and compound d 
is produced by hydrogenation of a double bond (Step 4, turn 1).

25.78
compound b

25.79
Elongation of the acyl group chain (through the fatty acid synthase complex) stops with the 
formation of the C16 fatty acid, palmitic acid; different enzyme systems and cellular locations 
are required for longer chains and chains containing double bonds.

25.80
It is the longest chain fatty acid obtainable using the fatty acid synthase complex.

25.81
Production of unsaturated fatty acids uses an oxidation step in which hydrogen is removed 
from a fatty acid and combined with O2 to form water.

25.82
double bond in the C-9, C-12, and C-15 positions

25.83
The biosynthesis of a C14 saturated fatty acid requires:





a.
6 turns of the biosynthesis cycle (each turn adds C2, but the first turn produces a C4 


compound)






b.
6 malonyl ACP molecules (malonyl ACP is the source of the C2 group added in each 


turn)






c.
6 ATP bonds (each malonyl CoA molecule requires an ATP for formation)


d.
12 NADPH (two hydrogenation steps in the elongation process, Step 2 and Step 4, require 

one NADPH molecule each)

25.84
a.
7 rounds
b.
7 malonyl ACP
c.
7 ATP bonds 
d.
14 NADPH

25.85
Average daily dietary intake of cholesterol is 0.3 gram; cholesterol from synthesis in the body 
is 1.5 – 2.0 grams per day.






a.
Cholesterol from the diet (0.3 g) ( total cholesterol (1.8 – 2.3 g) x 100 = 13%–17%

b.
Cholesterol from biosynthesis (1.5 – 2.0 g) ( total cholesterol (1.8 – 2.3 g)



x 100 = 83%–87%

25.86
acetyl CoA

25.87
The biosynthetic pathway for cholesterol synthesis is shown in Figure 25.13. 


a.
Mevalonate is encountered before squalene.






b.
Isopentenyl pyrophosphate is encountered before lanosterol.




c.
Squalene is encountered before lanosterol.

25.88
a.
mevalonate
b.
isopentenyl pyrophosphate
c.
mevalonate

25.89
In the biosynthesis of cholesterol, cholesterol molecules are synthesized from simpler 
molecules in a series of steps (see Figure 25.13).






a.
Mevalonate (C6) contains fewer carbon atoms than squalene (C30) does.



b.
Isopentenyl pyrophosphate (C5) contains fewer carbon atoms than lanosterol (C30) does.

c.
Squalene (C30) contains the same number of carbon atoms as lanosterol (C30) does.

25.90
a.
fewer than
b.
fewer than
c.
more than

25.91
a.
Acyl CoA is the activated CoA molecule that enters the fatty acid spiral.


b.
Enoyl CoA is produced from dehydrogenation of acyl CoA in the fatty acid spiral.

c.
Malonyl ACP is the source of C2 units in lipogenesis.





d.
Dihydroxyacetone phosphate is a product of glycerol catabolism.



e.
(-Hydroxybutyrate is one of the ketone bodies produced in ketogenesis.


f.
Acetoacetyl CoA is produced in a condensation reaction in the first step of ketogenesis.

25.92
a.
fatty acid catabolism
b.
lipogenesis




c.
lipogenesis
d.
ketogenesis




e.
consumption of molecular O2
f.
consumption of molecular O2
25.93
a.
Malonyl CoA is a reactant in Step 1 of lipogenesis.





b.
CO2 is a product in Step 1 of lipogenesis.






c.
A dehydration reaction occurs in Step 3 of lipogenesis.





d.
A carbon–carbon double bond is converted to a carbon–carbon single bond in Step 4 of 

lipogenesis.

25.94
(1), (3), (4), and  (2)

25.95
a.
True. Chylomicrons are lipoproteins.






b.
False. Glycerol 3-phosphate (not acetoacetate) is an intermediate in the conversion of 


glycerol to dihyroxyacetone phosphate.






c.
False. The molecule coenzyme A is involved in fatty acid activation; carnitine is part of 

the shuttle mechanism transporting acyl groups across the inner mitochondrial membrane.
d.
False. One turn of the fatty acid spiral produces 14 molecules of ATP: 10 ATP from acetyl 

CoA, 1.5 ATP from FADH2, and 2.5 ATP from NADH.

25.96
a.
incorrect
b.
correct
c.
incorrect
d.
correct

25.97
The paired terms for reactions in the chain elongation phase of lipogenesis are all correct.

a.
In Step 4, hydrogenation of an alkene functional group produces a single bond.


b.
In Step 3, a secondary alcohol is dehydrated to form a trans double bond.


c.
In Step 2, a keto group is reduced to form a secondary alcohol.




d.
In Step 2, a keto group undergoes hydrogenation to form a secondary alcohol.

25.98
glucose, C8 fatty acid, sucrose, C14 fatty acid

25.99
The correct answer is b. Digestion of dietary triacylglycerols occurs to a small extent (10%) in 
the stomach.

25.100
a

25.101
The correct answer is c. The intermediate in the two-step conversion of glycerol to 
dihydroxyacetone phosphate is glycerol 3-phosphate.

25.102
c

25.103
The correct answer is a. The first functional group change that occurs in the fatty acid spiral 
is from alkane to alkene.

25.104
b

25.105
The correct answer is a. Seven turns of the fatty acid spiral are needed to “process” a C16 fatty 
acid molecule.

25.106
c

25.107
The correct answer is c. The starting material for both processes, ketogenesis and 
lipogenesis, is acetyl CoA.

25.108
b
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