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1. Introduction

The number of enzymes for which a phosphoryla-
ted or a nonphosphorylated form has been shown to
exist, grows each year. Already including phosphory-
lase and glycogen synthetase [1,2], pyruvate dehydro-
genase [3—7], it has been added to by acetyl CoA car-
boxylase which has been found to exist in both a phos-
phorylated inactive form and a non-phosphorylated
active one [8,9]. All of these findings have been made
in the same general way, i.e. by having ATP acton a
cellular fraction with a kinase protein present. It seem-
ed to us of interest, before attempting more specific
experiments on tissue preparations, to evaluate the
comparative importance of the phosphorylation of
synthetase and acetyl CoA carboxylase in the living
animal. We therefore administered 2P0, HNa, to li-
ving rats; then isolated, purified and measured the
radioactivity of the synthetase and carboxylase of
liver. Thus we are able to confirm that carboxylase
can be phosphorylated under physiological condi-
tions since, as has also been seen in in vitro experiments,
the 2P content increases in the course of purifica-
tion. On the other hand, in the case of fatty acid syn-
thetase, maximum enzymatic activity coincided with
an almost total disappearance of the *?P.

2. Methods

Rats which had been fed ad libitum were injected
intraperitoneally with 32P0O,Na, H (1 uCi per 10
rats [200 mCi/mM]), the evening before the experi-
ment. They were killed the following day at 8 a.m., i.e.,
14 hr after the radioactive injection. The livers
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were homogenized in 1.5 vol of phosphate—bicarbona-
te buffer [10]. The 105 000 g supernatant obtained
after 1 hr of centrifugation of this homogenate was
used to purify the carboxylase and the fatty acid
synthetase. The acetyl CoA carboxylase was isolated
according to the method of Nakanishi and Numa [11],
but with the following two modifications: the proteins
used for the various purification procedures were
those which precipitated between 0 to 25% ammo-
nium sulfate saturation instead of between 0 to 30%;
the purification process was stopped after dialysis.
The fatty acid synthetase was purified according to
the method described by Burton et al. [12]. A part

of the proteins of each fraction was precipitated with
CCl; COOH (final concentration 5%). This precipi-
tate was first washed two times with 5% CCl;COOH,
then washed once with chloroform—methanol 2:1,
once with alcohol—ether 1:1, and finally, with pure
ether. After evaporation of the ether, the various
precipitates were weighed, humidified with 0.1 ml of
H, O, and then dissolved in 1 ml of soluene. Their
radioactivity was then measured in a liquid scintilla-
tion spectrometer. The different polar solvents for
each precipitate were then combined and evaporated,
and their radioactivity determined. The activity of
acetyl CoA carboxylase was measured by the incor-
poration of '*CO3H" in acetyl CoA [13]; that of
fatty acid synthetase was measured spectrophotome-
trically by studying the disappearance of NADPH [14].

3. Results

All of the results are shown on the table. It can be
seen that the radioactivity of the fraction containing

. 55


https://core.ac.uk/display/82610919?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

August 1974

FEBS LETTERS

Volume 44, number 1

surjoud yo Swr/unu/yor) 41908 uo paxy Q) , HEN

Jo sepowr! Jo Jequunu :3sB]AX0QIRd YO)) jA190€ — suiejold jo Jw /umll/paziptxo HJA VN JO SO[OUIN JO JaqUINU :9SEJOYIUAS — :SIHUN JUIAZUS JO UOHIUL(]
‘paInseaws sem saInpaoold uonesyund snolrea ay; Sutinp paurelqo surdjoid ay; Jo AJAROROIPEI ay) pue paijund slam ISAT]

JO 9sBIOYIUAS PIOE A1JBJ PUE 9SB[AX0QIRD YO ) [£1938 I "I918] 1Y ] POIM SIam pue (siel (] I10J IDW [) “ENH *Od ;¢ W1 Afresuociuaderiur pajosfur s1om sjey

(S0000°0) 9% - 0¥t oty ($°'8) 611 £'SE ISOIN[RI-H VA 191je m%ﬂ
(1'8) 0S1 ¥L - 0SS0 €SLS8I (S'S¥)  L'€9 6T 198°(*0d) *eD
Em:a_oHa
(96) 0LS 88 - 0S¥0 6959 (86) TLET  8'8LY %EE€—0 JABJ[NS WNUOWWY  «——
jurreuradns
(101) 00¥T6 - ~- 0909v¢ (€TID) €°LST 00T¢T %E€€ -0 drINS Wniuowury
juryeuraddns
000 619 - TST°0 TOI 91y (8'TOD) 144! 688¢C %ST—0 JIns "wwy <
- (3! - pEE8 r10) 86¢C 8T SISATRIp 101Je XDV
- 8'SPl — 0058 (o) +8¢ (113 SISATRIP 210J3q XDV
6'€) €TLSE - = 0T LI (€01)  Tvb1 8811 Ioynq oreydsoyd Ww ¢ HI_
i Julyses) 198 (*04) 8D A|_
(€71) svret - - OLLY (8€€) SELy  SL001 1uereutadns (08 *(*0d) fe)  «——
gendwaid
(S'1€) 99v 88T 15°¢ - S8LSY (Ten) TLT SL°L9T %ST—0 ‘JIns "wuwry <
(00T) 00T vi6 £9°1 €90°0 008 €9 0oD) 1141 0zTe juereuradns 8 000 SOT
% %
suro}
XOv Svq4 -oid jo Swjwdo g, Su
dgg————————— -joeoper  -3oxd Jo ‘joeoIpel 101d
spidi] Jo "10BOIPEI []O, (SIIUN) *JOB ‘WAZUF eioL oty100dg 0L

*BNH "Od ;¢ JO OAlA
ur UoIeIISTUTWIPE I3} (XDV) 9SBIAX0QIEd YO)) 41908 PUE (SV.]) 95B10YIUAS PIOR A11B] JO AIANOBOIPRY
T 319eL

56



Volume 44, number 1

acetyl CoA carboxylase increases continuously in the
course of the purification process. The specific radio-
activity of the protein in the 105 000 g supernatant
fraction, is, in fact, 140 cpm/mg. However, in the

0 to 25% ammonium sulfate precipitate, it rises to
171 cpm/mg, and continues to rise after adsorption
of the acetyl CoA carboxylase by the calcium phos-
phate gel and elution by the phosphate buffer, at
which time it reaches 284 cpm/mg. Finally, after
dialysis, the radioactivity is 298 cpm/mg,.

In the course of the purification process, the en-
zymatic activity of acetyl CoA carboxylase increases
steadily from 1.63 U for the 105 000 g supernatant,
to 3.51 for the 0 to 25% ammonium sulfate precipi-
tate and finally to 145.8 and 155.2 for the last two
steps. The order of magnitude of the purification is
therefore about 95.

In the case of fatty synthetase, on the other hand,
a diametrically opposite phenomenon can be observ-
ed. The specific radioactivity of the supernatant of
the O to 25% ammonium sulfate precipitate which
was used for the purification of the fatty acid syn-
thetase, was 144 cpm/mg, or practically the same as
that of the 105 000 g supernatant. The radioactivity
of the proteins that precipitate at 25 to 33% ammoni-
um sulfate saturation is 137.3 cpm/mg. The elimina-
tion of some of the contaminating proteins by the
calcium phosphate gel caused the radioactivity to drop
to 63.7. Finally, after DEAE cellulose purification,
the radioactivity of the fatty acid synthetase frac-
tions is only 11.9. By contrast, the enzymatic activity
of synthetase increases in the course of purification
from 0.063 U/mg in the supernatant to 2.4 U for
entirely purified enzyme.

Measurements were also made of the radioactivi-
ty of the lipids accompanying the proteins of each
fraction. The greatest radioactivity was found in the
lipids accompanying the proteins of the ammonium
sulfate precipitate (0—25%) which are richer in phos-
pholipids than those of other fractions. The lipids
accompany the proteins throughout the purification
process except for the final DEAE cellulose stage du-
ring which they practically disappear.

4, Discussion

Fatty acid synthesis is regulated not only by the

FEBS LETTERS

August 1974

activity of the enzymes [11,15—19], but also by the
concentration of substrates and cofactors, CO;H"
[20] and ATP in particular [21,22] . The reaction cata-
lyzed by acetyl CoA carboxylase is considered the li-
miting step of this synthesis in the liver of rats [23—
25]. It has been demonstrated in vitro that this enzy-
me can exist in both an inactive phosphorylated form
and an active non-phosphorylated one {8,9]. ATP
could, therefore, have two opposite effects on fatty
acid synthesis: stimulatory when it is acting as cofac-
tor, inhibitory when it phosphorylates the acetyl CoA
carboxylase. The fact that ATP is capable of these op-
posing actions could explain why, in vitro, it can sti-
mulate or inhibit fatty acid synthesis depending on
whether the liver preparations studied come from fas-
ting or from fed animals [22]. It therefore seemed of
interest to determine whether acetyl CoA carboxylase
could be phosphorylated under physiological condi-
tions. Since the non-phosphorylated form of this en-
zyme is the active one, optimal conditions for fatty
acid synthesis were not required. Accordingly, the
animals were allowed free access to food so that the
enzymes whose activity is regulated by the phosphory-
lation—dephosphorylation process, would be present
in measurable quantity in both forms. These same
experiments were performed with fatty acid syn-
thetase, which had not yet, to our knowledge, been
studied to determine whether it existed in aphosphory-
lated form.

The intention of the present study was not, it
should be noted, to find a correlation between phos-
phorylation and enzyme activity in vivo, which would
have been much too complicated a problem. To do
it would have required the use of animals in different
physiological conditions, which would then have
made the changes observed extremely difficult to
interpret. The fact is, there might be a relationship,
for example, between the amounts of PO, ~ bound
by the enzyme and a change in the concentration of
the enzyme, in the capacity of **PO, HNa, to convert
to ATP, or in the size of the ATP pool. The object of
this present study, however, was only to determine
whether, under the same physiological conditions,
acetyl CoA carboxylase and fatty acid synthetase are
both regulated by the phosphorylation—dephosphory-
lation process. The results show that this is the case
only for acetyl CoA carboxylase, whose radioactivity
was found to increase in the course of purification,
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and not for synthetase, for which a reverse phenome-
non was observed.

Acknowledgement

This work was supported by a grant (No 3.140.73)
from the Swiss National Scientific Research Fund,
Bern, Switzerland.

References

[1] Krebs, E. G., de Lange, R. J., Kemp, R. G. and Riley,
W. D. (1966) Pharmacol. Reviews 18, 163.

{2] Larner, J. (1966) Translation of the New York Acade-
my of Sciences 29, 192.

{3] Linn, T. C, Pettit, F. C., Hucho, F. and Reed, R. J.
(1969) Proc. Natl. Acad. Sci. U.S. 64, 227.

[4] Linn, T. C., Pettit, F. C. and Reed, R. J. (1969) Proc.
Natl. Acad. Sci. U.S. 62, 234.

[5] Coore, H. G., Denton, R. M., Martin, B. R. and Randle,
P. J. (1971) Biochem. J. 125, 115.

[6] Jungas, R. L. (1971) Metabolism 20, 43.

[7] Weiss, L., Loffler, G., Schirmann, A. and Wieland, O.
(1971) FEBS Letters 15, 229.

[8] Carlson, C. A. and Kim, K. H. (1973) J. Biol. Chem.
248, 378.

58

FEBS LETTERS

August 1974

[9] Lee, K. H., Thrall, T. and Kim, K. H. (1973) Biochem.

Biophys. Res. Comm. 54, 1133.

[10] Hsu, R. Y., Wasson, G. and Porter, J. W. (1965) J.
Biol. Chem. 240, 3736.

[11] Nakanishi, S. and Numa, S. (1970) Europ. J. Biochem.
16, 161.

[12] Burton, D. N., Haavik, A. G. and Porter, J. W. (1968)
Arch. Biochem. Biophys. 126, 141.

[13] Greenspan, M. D. and Lovenstein, J. M. (1968) J. Biol.
Chem. 243, 6273.

[14] Smith, S., Easter, J. and Dils, R. (1966) Biochim. Biophys.
Acta 125, 445.

[15] Volpe, J. 1., Lyles, T. O., Roncari, D. A. and Vagelos,
P. R. (1973) 1. Biol. Chem. 248, 2502.

[16] Burton, D. N, Collins, J. M., Kennan, A. L. and Porter,
J. W. (1969) 1. Biol. Chem. 244, 4510.

[17] Gibson, D. M. and Hubbard, D. D. (1960) Biochem.
Biophys. Res. Comm. 3, 531.

[18] Smith, S., Abraham, S. (1970) Arch. Biochem. Biophys.
136,112.

[19] Tweto, J. and Larrabee, A. R. (1972) J. Biol. Chem.
247, 4900.

[20] Rous, S. and Favarger, P. (1965) Exp. Ann. Bioch. Méd.
(Masson, Paris) 26, p. 31.

[21} Masoro, E. 1. and Felts, J. M. (1959) J. Biol. Chem.
234, 198.

[22] Rous, S., Luthi, L. and Favarger, P. (1967) Lipids 2,
60.

[23] Bortz, W., Abraham, S. and Chaikoff, I..L. (1963) J.
Biol. Chem. 238, 1266.

{24] Ganguly, J. (1968) Biochim. Biophys. Acta 40, 110.

[25] Numa, S., Matsuhashi, M. and Lynen, F. (1961) Biochem.
Z. 334, 203.



