Volume 32, numter 1

FEBS LETTERS

May 1373 -

LEVELS OF ACETYL COENZYME A CARBOXY LASE AND ITS EFFECTORS
IN RAT LIVER AFTER SHORT-TERM FAT-FREE REFPEEDING '

Koji NISBIKORI, Nobuko IRITANI end Shosaks NUMA

Deportment of Medical Chemistry,

Kyoto {niversicy, Foculiny of Medicine,

Yorhide, Sekyo-ku, Kyors 608, Japor

Raceived 19 March 1973

1. Introduction

Acetyl coenzyme A carboxylase {acetyl-CoA:C(0,
ligase (ADP), EC 6.4.1.2) plays & critical 1ole in the
regulation of fatty acid synthesis {see [1]). It wes
shown that in an sarlier stage of starvation {2] or in
acuie decompensated alloxan-diabetes {31, the falty
acid-syn:hesizing capscity of rat liver slices is more de-
pressed than can be accounied for by the level of the
enzyme. Moreover, the conient of asety}-CoA carbox-
ylzse in rat liver can not change rapidly {see [4]),
since the halflife for depradation of this #ogyms was
found o be 1--3 days in various meiablic siates {1,
5,6} These findings supgestcd that changes in the cal-
alytic efficiency of the enzyme, rzther than changes
in the enzyme quantity, may piay sn important role
when the rate of faity acid synthesis muzt be adjusted
prompily. In fagt, the catalytie activity of acetyl-CoA
carboxylase of animal origin 15 known 10 he actdvated
by tri- and dicarboxylic acids, most notably by cifrate,
and imhibited by long-chain 3::y$£-€30A thicestars {see
B

In the present study, an attempt has been made to
evaluate the relative impostance of the control of the
asetyl-CoA carboxylase content and that of i1s catalyt
i efficiency for the short-term regulation of fatty
acid synthesis. For this purpose, we have studied the

time tourse of changes in the levels of hepatic acetyl-
CoA carboxylase, citrate and long-chain acyl-CoA
thioesters as well as in the rate of fatfy scid synthesis
in liver slices, using rats which were fasted and subse:
quently refed a fat-free diet for varying periods of
“time. The results of this investigation suppaort the

~view thai the rapid rise in hepatic fatly acid symhefsis ‘
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obseryed after shori-tern refesding is due principally
to the modulation of the catalyiic »fficiency of ace-

tw-CoA carboxylase by changes in ~he activator and

inhibiior concenirations.

2. Malenials and - thods

Mzle Wistar rats (155200 g) were used in all ex-
perimenis. Animals, which had been fasted for 4¢ hr,
ware refed a fat-free high-carbohydraie diet {Clea,
Tokyo, Japan). At the imdicated iimes, rats were anas-
thetized with ether and sacrificed by decapitztion.
After quick removal of the liver, a portion of il was
frozen immediately with alumininm block cogled in
dry 1ce—aseione for determinations of the ¢itrate and
long-chain acv]-CoA conients. The remainder of the
Nver was utilized withont frenzing for measurements
of acety)-CoA carboxylase activity in the soluble su-
pernztant fraction and of fatty acid synthesis in Hsaz
slices. Citrate was exiracted by homogenizine the fro-
zen liver with 2 vol of 6% {v/v) HCID,, and determineg
by the fuorometric method with the use of ciirate
Tvase and malaie dehydrogenase {Bochringer,
Mannheim, Germany) aceording to Williomson and
Corkey [7]. Long-chain acyl-CoA thicesters were sep-
arated by acid precipitation and hydrolyzed io liber-
ate fres Cod as described by Saggmsfs:m and
Greenbaum [8]; the CoA was then dstermined with
the use of phosphoitansacetylase (Boshringer,
Manxheim, Germany) according to Abiko st 2l [91.
Acetyl-CoA carboxylase activity was awayed at 37°

by the HMCO3 -fixation method a5 t’:eﬂt;ri'beﬂ previ-

ous]y [6] 'One fnzvrme unit s defmed as thai amoury
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* which catalyzer the carboxylation of 1 pmole of ace-
tyl-CoA per min. For the determination of fatty acid
synihesis, 0.5 g of liver slices was ingubated with shak-
- ing for 120 min in 2.5 mi of Krebs—Ringer phosphate
buffer pH 7.4 containing 5 pmoles of sodium

© [3-14C]acetate (0.2 Cifmole). Total ipids were ex-
‘tracted as described by Folch et al, [10]. After sapon-
ification with 10% ethanolic KOH at 607 for 1 hr, the
nonsaponifiable lipid fraction was extracted three
times with light petroleum (b.p., 40—457). The aque-
ous phuse was acidified with 6 N H,80,, and the fai-
1y acids were extracted three times mth lighi petrole-
nm. These extracts weore combined, washed twice
wiih water and evaporated for counting in the sciniil-
lator solution of Patterson and Greene [11].

- 3. Resnlts

In fig. 1 are shown the changes in the fatty-acid

synthesizing capacity of liver slices and in the Jevels

of hepatic acetyl-CoA carboxylase, ciirate and long-
chain acyl-CoA tnioesters observed upon fat-free re-
feeding of fasted rats. The rate of fatly 2cid synthesis
- f3om acetate began to increase within 2 hr of realimen-
tation and kept rising during the whale period of 48
hr refeeding. The long-chain acyl-CoA content fell
sharply within 4 hr and changed little thereafter. The
clirate content increased during the first 8 hr, de-
creased thereafter to some exient and increased again
after 24 1. On the other hand, the level of acetyl-CoA
carboxylase remained unchanged during the initial 8
hr. Only after this time, it began to increase and kept
nising during the whole expzrimenial period.

4, Discnssion

Immunochemical studies carried ous previously by _

‘our group |6, 12] and by Majerus and Kilburn [5]
‘showed that the variations in the level of measured
acetyl-CoA carboxylase activity in liver extracts de- -
-rived from rats under different dietary and hormonal.
conditions, including fat-free refeeding, are actually

-determined by changes in the qiantity of the enzyme
- protein. Hence the results of the presenl study indi- -

cate that the Initizl rise in the rate of fatty acid syn-
- thesis'observed within B,hr‘of realimentation is not
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Fig. 1. Effects of fat-free refeeding on fatiy acid synthesis in
rat Bver slives (o—o—o) and vn the levels of hepatic acetyl-
CoA carboxylase (m--- w---a), cilrate (c——o——o) and long-
chain acyl-{ocA thicesters {#——8——m»). Remlis are given as

means = S.D, per gram of wez 1issne. For cach point, 6—38 rats
wWere nsed.

due 1o an increased quantity of acetyl-CoA carboxyl-
ase but may rather be attributable to changes in the
concentrations of allosteric effectors such as citrate
and long-chain acyl-CoA thicesters. After the lapse of
8 hr, the content of acetyl-~UoA carboxylase begins o
increase, thus contributing also to the eleveizd rate of
fatty acid synthesis. Previous studies showed that the
contents of citrate and long-chain acyl-CoA thicesters
in rat liver undergo diet-dependent changes [13-18],
bul no parallel determinations of the Ievels of hepatic
acetyl-CoA carboxylase anc iis effectors were made
for a period shortly after alteration of distary condi-
lions. Altheugh the sitnation in vivo is hard o assess
because of cell compartmentation and interaction be-
tween various cellular constituents, the present fins-
ings support-the view that the modulaticn of the cat-

alytic effictency of acetyl- -CoA carboxylase plays a

principal role especially in the shori-term Iegula‘imn
of fatiy acid symhemsa : :
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