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Acetyl CoA Carboxylase and Fatty Acid Synthetase Activities
in Liver and Adipose Tissue of Meal-fed Rats* (34038)
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The cytoplasmic malonyl-CoA pathway,
catalyzed by acetyl CoA carboxylase and fat-
ty acid synthetase multienzyme complex, is
recognized as the major pathway of fatty
acid biosynthesis (1, 2). The activity of fatty
acid synthetase has been reported to be
many times in excess of acetyl CoA car-
boxylase activity thereby suggesting that the
carboxylation of acetyl CoA to malonyl CoA
is the rate-limiting step in fatty acid biosyn-
thesis (3, 4). More recently, however, Chang
et al. (5) have reported the activity of both
enzymes to be similar in liver of mice, chick-
ens, and rats.

Meal-feeding, the limitation of access to
food to a single, daily 2-hr meal, markedly
stimulates lipogenesis in adipose tissue of the
rat (6-8). This increased lipogenic capacity
is accompanied by an enhanced activity of
several enzymes related to fatty acid synthe-
sis, including acetyl CoA carboxylase (9).

* This study was supported in part by U. S.
Public Health Service Grant AM-10774 from the
Institute of Arthritis and Metabolic Diseases.

However, the influence of meal-feeding on
the activity of fatty acid synthetase has not
been investigated. Consequently, the present
experiment was conducted in which the activ-
ities of acetyl CoA carboxylase and fatty acid
synthetase were assayed in liver and adipose
tissue of meal-fed and nibbling (ad libi-
tum-fed) rats.

The results presented show that the spe-
cific activities of these two enzymes are simi-
lar in adipose tissue and liver of the ad
libitum-fed rat. Also, the activity of both
enzymes is significantly higher in adipose tis-
sue, but not liver, of meal-fed as compared to
nibbling animals.

Experimental. Male rats of the Sprague-
Dawley strain weighing 294 = 10/(AU =
SEM) were used. The “meal-fed” animals
had access to food from 8 Am to 10 aM only
whereas the “nibblers” were fed ad libitum.
Water was available at all times. The com-
position of the diet has been previously de-
scribed (10). The rats were maintained on
their respective feeding schedules for at least
3 weeks, a period adequate to induce the
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TABLE 1. Activities of Acetyl CoA Carboxylase and Fatty Acid Synthetase in Liver and
Adipose Tissue of Meal-Fed Nibbling Rats.

Dietary treatment

Meal-fed Nibbling p°
Body weight, g 292 =+ 16° 349 49 <.01
Acetyl CoA carboxylase® Adipose tissue 157 = 1.9 69 +1.2 <.01
Liver 41 =+ 1.0 44 -+ 1.3 ns
Fatty acid synthetase?® Adipose tissue 76 + 0.9 3.0 =04 <.01
Liver 34 + 02 3.7 +04 ns
Ratio: Fatty acid synthetase Adipose tissue 0.50 + 0.05 0.48 + 0.06 ns
/Acetyl CoA carboxylase Liver 0.98 + 0.15 1.26 =+ 0.36 ns

¢ Probability of the difference between values for meal-fed and nibbling rats being signifi-

cant; ns — not significant.
* Mean + SEM for 6 rats.

° Values are mymoles of H*CO,~ incorporated/min/mg protein.
9 Values are mymoles of malonyl CoA incorporated/min/mg protein,

lipogenic and enzymatic responses to meal-
feeding (11).

Meal-fed rats were killed at the end of the
daily 2-hr meal and the nibbling animals had
access to food until the time of killing. The
animals were decapitated, exsanguinated, and
the liver and epididymal adipose tissue were
rapidly removed; separate pieces of tissue
were homogenized for enzyme assay. The tis-
sues were homogenized in a buffer (pH 7.2)
containing 0.05 M tris, 0.001 M EDTA, and
0.15 M KCI for the assay of acetyl CoA
carboxylase activity and in a 0.25 M sucrose
solution containing 0.001 M EDTA and 0.01
M dithioerythrytol (pH 7.0) for fatty acid
synthetase assay. The homogenates were cen-
trifuged at 100,000¢ for 1 hr at 5° and the
resulting supernatant fraction was used.

Acetyl CoA carboxylase was assayed by
the method of Chang et al. (5). MnCl;
(0.008 M) was added to the reaction mixture
for the assay of the adipose tissue enzyme
since Mn2*+ was found to stimulate acetyl
CoA carboxylase activity in homogenates of
adipose tissue but not liver. Fatty acid syn-
thetase activity was determined by a modifi-
cation of the spectrophotometric method of
Martin et al. (12). The assay mixture con-
tained (in pmoles): malonyl CoA, 0.2; acetyl
CoA, 0.1; NADPH, 0.5; phosphate buffer
(pH 6.8), 20, and enzyme in a total volume
of 1.0 ml. The rate of decrease of absorbancy

at 340 mp was determined. For each assay a
blank cell was included from which malonyl
CoA was omitted. The malonyl CoA convert-
ed to fatty acids was calculated assuming 2
moles of NADPH to be oxidized per mole of
malonyl CoA incorporated.

Malonyl CoA was prepared by the method
of Trams and Brady (13) and acetyl CoA by
a modification of the method of Stadtman
(14) as previously described (9). The pro-
tein content of the homogenates was deter-
mined by the method of Lowry et al. (15).

Results. The results of this investigation
are summarized in Table I. The final body
weight of the meal-fed rats was less than that
of the nibbling animals, a finding in accord
with previous investigations (8).

The activities of acetyl CoA carboxylase
and fatty acid synthetase were significantly
higher in adipose tissue of meal-fed as com-
pared to nibbling animals. However, the ac-
tivity of these enzymes in liver was not sig-
nificantly altered by meal-feeding. The ratios
of fatty acid synthetase to acetyl CoA car-
boxylase (Table I) in adipose tissue and liv-
er were virtually identical for meal-fed and
nibbling animals although the ratio for liver
was greater than that for adipose tissue.

Discussion. The activity of acetyl CoA car-
boxylase was previously reported to be
greater in adipose tissue but not liver of
meal-fed as compared to nibbling rats (9).
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The present results corroborate those findings
and extend them by showing that the activi-
ty of fatty acid synthetase in these two tis-
sues responds to meal-feeding in the same
way as acetyl CoA carboxylase activity.
Higher values for acetyl CoA carboxylase ac-
tivity of adipose tissue were observed in the
present investigation as compared to those
reported earlier, particularly in tissue of the
nibbling animals (9). The reason(s) for this
difference is not obvious. However, older ani-
mals were used in the previous study and this
may account for the observed difference.
The lipogenic capacity of rat adipose tissue is
known to decrease with age (16) and we
have noted that adipose tissue acetyl CoA
carboxylase activity also decreases with age
(unpublished observation).

Adipose tissue is recognized as the major
site of fatty acid biosynthesis in the rat (17,
18) and mouse (19). It is logical, therefore,
that this tissue should be considered as the
major site of the lipogenic adaptive changes
induced by meal-feeding in the rat. The
finding that the activity of the lipogenic en-
zymes studied is increased in adipose tissue
but not liver of the meal-fed as compared to
the nibbling rat, supports this concept. The
greater adaptability to meal-feeding of other
enzymes related to lipogenesis in rat adipose
tissue as compared to liver (9) also supports
the role of adipose tissue as the major lipo-
genic organ.

The approximately equal activity of fatty
acid synthetase and acetyl CoA carboxylase
in rat liver observed in this study is in accord
with the recent report of Chang et al. (5)
but is in contrast to earlier publications in
which the fatty acid synthetase activity was
found to be many times greater than that of
acetyl CoA carboxylase (3, 4). The lower
activity of acetyl CoA carboxylase observed
in these early studies can undoubtedly be
attributed to suboptimal assay conditions as
Chang et al. (5) have suggested. The results
of the present study extend the observations
of Chang et al. (5) by demonstrating that in
adipose tissue, as in liver, the activity of both
enzymes is of the same order of magnitude
and in fact, the carboxylase activity may be
slightly greater than that of the synthetase.
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Our results and those of Chang et al. (5)
do not necessarily detract from the generally
accepted concept that the carboxylation of
acetyl CoA is the rate-limiting step of fatty
acid biosynthesis. The numerous properties
of acetyl CoA carboxylase which are general-
ly considered characteristic of regulatory en-
zymes strongly support the control function
assigned to this enzyme. Thus, it has been
shown that acetyl CoA carboxylase is ac-
tivated by di- and tricarboxylic acids, partic-
ularly citrate (20-23) and that this activa-
tion involves an equilibrium between an ac-
tive polymeric form and an inactive protom-
eric form of the enzyme (23-26). Evidence
has also been presented suggesting that ace-
tyl CoA carboxylase is under feedback con-
trol, being inhibited by acyl CoA derivatives
of long chain fatty acids (27, 28). The disso-
ciation of the active polymeric form of acetyl
CoA carboxylase is favored by malonyl CoA
(23) which thereby inhibits the enzyme.
The similarity in acetyl CoA carboxylase and
fatty acid synthetase activity implies that
malonyl CoA may play a significant role in
regulating acetyl CoA carboxylase and hence
the flow of acetyl CoA to fatty acids as
suggested by Chang et al. (5). This proposed
regulatory role of malonyl CoA appears even
more important when viewed in the light of
recent implications that the inhibitory effect
of fatty acyl CoA derivatives on various en-
zyme systems if due to their detergent action
and therefore is not of physiological signifi-
cance (29-31).

Summary. The activities of acetyl CoA
carboxylase and fatty acid synthetase in liver
and adipose tissue of meal-eating (limited to
a single, daily, 2-hr meal) and nibbling (ed
libitum-fed) rats were determined. The activ-
ities of both enzymes were significantly high-
er in adipose tissue but not liver of meal-
eating as compared to nibbling animals. This
observation is in accord with the concept that
adipose tissue is the primary site of fatty
acid biosynthesis and the major site of the
lipogenic adaptive changes induced by meal-
feeding.

The activities of both enzymes were found
to be of the same order of magnitude in liver
and adipose tissue. In adipose tissue the ac-
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tivity of acetyl CoA carboxylase was actually
greater than that of fatty acid synthetase.
The significance of this observation with re-
gard to the regulatory role of acetyl CoA
carboxylase in fatty acid biosynthesis is dis-
cussed.

The authors thank Mr. L. Nash for care of the
animals.
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