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Citrate cleavage enzyme and citrate synthase activities have been widely
assumed to be regulatory in fatty acid synthesis (Kornacker and Lowenstein,
1964; Kornacker and Lowenstein, 1965; Kornacker and Ball, 1965) and ketogenesis
(Wieland, et al, 1964), The observation by Srere (1959) that citrate cleavage
enzyme is located in the soluble fraction of the cell, together with the demon-
stration that citrate is an effective substrate for fatty acid synthesis (Srere
and Bhaduri, 1962; Spencer and lLowenstein, 1962; Formica, 1962) led to the post-
ulate that this enzyme played an important role in the generation of acetyl CoA
in the cytoplasm of the cell (Srere and Bhaduri, 1962; Spencer and Lowenstein,
1962; Srere, 1965), Since hepatic cleavage enzyme activity was reduced after
a 48 hour fast and increased on re-feeding, Kornacker and lowenstein (1965)
concluded that changes in fatty acid synthesis and citrate cleavage enzyme ac-
tivity occur in parallel and implied that the two were causally related; e.g.,
that decreases in citrate cleavage enzyme activity occur in starvation and di-
abetes and result in the failure of cytoplasmic generation of acetyl CoA with
consequent impairment of fatty acid synthesis. Studies of citrate cleavage ac-
tivity under varying conditions of nutrition and hormone imbalance (Brown and
MclLean, 1965; Brown et al., 1966; Howanitz and Levy, 1965) were interpreted as

supporting this conciusion despite previously noted objections (Srere, 1965),
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Citrate synthase, which catalyzes the condensation of acetyl CoA with oxal~
acetate, has been postulated to play a regulatory role in ketosis (Wieland, et

al., 1964), 1ts involvement is based on the observations that hepatic fatty

acyl CoA concentrations are increased in fasting (Bortz and Lynen, 1963; Tubbs
and Garland, 1964) and that citrate synthase is inhibited by palmityl CoA
(Tubbs, 1963; Wieland and Weiss, 1963), The inhibition of citrate synthase is
believed to contribute to an increased hepatic acetyl CoA concentration which
has been assumed to cause an accelerated ketone body synthesis,

In this communication we wish to report non-parallel behaviour of citrate
cleavage enzyme activity and fatty acid synthesis in liver from fasted rats, a
situation where parallel behaviour has been claimed, In addition, we have mea-
sured citrate synthase activity during the onset of fasting ketosis and found

no decrease in its total activity.

Experimental Procedure

Two-hundred gram rats maintained on a high carbohydrate, low fat diet were
tube fed 7.5 G of the diet in suspension at the start of the experiment. Groups
of six rats were killed at 0, 6, 12, and 24 hours after the final tube feeding.
Blood was collected for determination of acetoacetate concentration by the meth-
od of Walker (1954), Fatty acid synthesis was measured in slices and 100,000
X G supernatant fractions as described by Siperstein and Fagan (1958) utilizing
aceTaTe-2-|4C as substrate., Citrate cleavage enzyme and citrate synthase were
measured in the supernatant fraction and alcohol-KCl extracts of aliquots of
the same liver as described previously (Srere, 1959; Srere, et al., 1963; Srere,

in press).

Results and Discussjon

The sequential changes occurring in fatty acid synthesis and citrate cleav-
age enzyme activity with the conset of fasting are shown in Fig. |. Fatty acid
synthesis is given for liver slices though qualitatively similar changes were

observed in the high speed supernatant fractions, Data for the citrate cleav~
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Fig. ! Citrate Cleavage Enzyme and Fatty Acid Synthesis in Starvation

age enzyme are shown for alcohol-KCl extracts. Previocus experiments have shown

that identical results are obtained whether this activity is measured in 100,000

X G supernatant fractions or KCl-alcohol extracts of the same whole liver., Six
hours after the last food intake fatty acid synthesis remained at control levels
while cleavage enzyme activity was slightly increased, At twelve hours a sharp
dissociation occurred, Fatty acid synthesis decreased 67% from 15,1 to 5.0
mumoles per minute while citrate cleavage activity increased from 3.4 to 4.4
umoies per minute. By twenty~four hours fatty acid synthesis fell to near

zero while citrate cleavage activity was still equal to that found in the zero
time controls. [t is known that prolonged fasting does result in decreased he-
patic citrate cleavage activity, The kinetics of this change measured here con-
comitantly with fatty acid biosynthesis, however, indicate that changing citrate
cleavage enzyme levels cannot be the cause of the altered fatty acid metabolism

of starvatijon,
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The citrate synthase contents of the same |ivers and simultaneous blood
acetoacetate levels are shown in Table I. After a twenty-four hour fast there
was no decrease in cifrate synthase levels at a time when ketosis had clearly
supervened, |t appears that there is a slight increase in enzyme activity of
about 25% during this period. That citrate synthase activity is not impaired
in starvation is supported by the observation that acetate oxidation to CO, re-
mains normal in liver slices from rats during a forty-eight hour fast (Foster,
unpubl ished observations).

We have examined citrate cleavage and synthase activities in many other
tissues (brain, lung, heart, kidney, intestine and testes) in rats starved for
up to six days., Significant decreases were observed only in intestine and in
that tissue only after a four day fast.

These results do not imply that citrate cleavage enzyme is uninvolved in
cytoplasmic acetyl CoA production and fatty acid synthesis nor that citrate
synthase does not play a role in acetyl CoA metabolism. They do suggest that
the decreases in enzyme activity previously reported in starvation and diabetes

are secondary rather than primary events. Similar conclusions have been drawn

Table |

Citrate Synthase Activity and Ketosis in Starvation

Duration of Fast Citrate synthase Acetoacetate
(hours) (umoles/min/G) (mg? )*
0 7.3% 0,307 9 o9
+ +
6 7.9 = 0.24 1.5 - 0,07
12 8.7 ¥ 0.78 2.6 ¥ 0.17
24 9.3 % 0.40 8.3% 1,7
* As Sodium acetoacetate T Mean t S.E.M.

559



Vol. 26, No. 5, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

by Masoro (1962) and Kipnis and Kalkhoff (1965) in studies of the regulatory
role of acetyl CoA carboxlyase activity on fatty acid synthesis in starvation
and diabetes., 1In general, it is likely that alterations in metabolism are ini-
tiated by changes in concenfrations of enzyme modifiers rather than changes in

enzyme concentrations,

Summary

Sequence studies of citrate cleavage enzyme activity and fatty acid syn-
thesis in rat liver during starvation demonstrated sharp dissociation in the
two parameters and indicate that depressed lipogenesis in starvation is not
due to decreased levels of citrate cleavage enzyme. Citrate synthase activity
was not impaired by a twenty-four hour fast at a time when significant ketosis

was observed,
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