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SUMMARY

The incorporation into neutral glycerides of "r-2*C]palmitic acid by mitochondrial
and by microsomal enzyme systems of rat liver exceeded markedly that of stearic
and linoleic acids.

When the enzyme systems were supplied with mixtures of palmitic and oleic or
with palmitic and linoleic acid, the incorporation of palmitic acid was depressed much
beyond the dilution factor and the unsaturated fatty acids were preferred for tri-
glyceride synthesis.

The lower incorporation of linoleic acid into neutral glycerides, when supplied
as the only acid, was due to the accumulation of its incorporatior products in the
“phospholipid fraction”, eluted by methanol from silicic acid columns.

In the presence of linoleic acid carrier more {1-1*CJpalmitic acid was found in
the "phospholipid fraction’” than with palmitate as sole acid.

The identity of the substances in the *phospholipid fraction” is discussed.

INTRODUCTION

The enzymic syntheses of triglycerides and phospholipids from fatty acids have
several steps in common, proceeding via the coenzyme-A-activated acid to phos-
© phatidic acid and diglycerides!-2. They differ only in the last step, leading from di-
glycerides to triglycerides or to phospholipids. It is of considerable interest to de-
termine the factors which push the reaction chain in one or the other direction. The
. type of the fatty acids involved in the synthesis might be one of these factors, since
¢ it has been shown that liver phcspholipids have a characteristic composition as
. regards their component fatty acids®. Thus only unsaturated fatty acids were found
- in the a-position and only saturated ones on the g ester position of liver lecithin.
~ Feeding [1-¥'Cstearic acid caused a higher relative incorporation into phospholipids
i than did labelled palmitic and myristic acids, which were incorporated predominantly
 into the triglyceride fraction!. With the unsaturated fatty acids only small amounts
" appeared in the phospholipid fraction?.

In the present paper, the effects of various fatty acids on the formation of esters
" 4m vitro were tested in the two enzyme systems from rat liver, which catalyze the
incorporation of fatty acids into triglycerides?. The interaction of several fatty acids
.~ on the enzyme system, when supplicd concurrently, was also examined.
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MATERIALS AND METHODS

Rat-liver homogenates, mitcchondria and supernatant were prepared as described
previously?. Microsomes were obtained by centrifuging the supernatant which
remained after sedimentation of the mitochondria, at o° for 30 min at roo,ooo g in
a Spinco centrifuge.

Enzvme system A refers to the “mitochendrial system™?. It was composed of
0.5 ml mitochondrial suspension, 1.5 ml boiled supernatant, o.x mi native supernatant,
10 pmoles of K-ATP, 20 pmoles K-phosphate bufier pH 7.5, 10 pmoles MgCl, with
the indicated fatty acids and made up to 3 ml with KC-Tris-buffer®.

Enzvme systemm B rciers to the “'microsomal system’s, It contained o.25 ml of
the supernatant, 1o pmoles sodium-a-glycercphosphate, 0.1 mg coenzyme A (Nu-
tritional Biochemicals Corp.) and ATP, MgCl, and fatty acids as in system A,

Enzyme systese CC was similar to system B, but instead of the supernatant, lyo-
phylized microsomes in the indicated amounts were used.

Incubation was carried out at 37° for 15 min.

Extraction and separation of triglycerides, phospholipids and fatty acids were
carried cut as before?, unless otherwise described.

Radioactive fatty acids were obtained from the Radiochemical Centre, Amersham,
England.

Carrier fatty acids were of commercial source, except for the linoleic acid, which
was prepared according to PARKER ¢t al.?.

RESULTS

In the first set of experiments, it was examined how various carrier fatty acids will
affect the incorporation of [1-"Clpalmitic acid into neutral glycerides. It is evident
from Table I that the addition of palmitic acid carrier decreased the percentage
incorporation of [1-14Clpalmitic acid proportionally to the increase in total concen-
tration. Thus the total amount of palmitic acid incorporated was not changed signifi-
cantly by changing its concentration in the reaction medium. This, however, was
not the case when the palmitic acid carrier was replaced by oleic or lincleic acid.

TABLE 1

INHIBITION OF PALMITIC ACID INCORTORATION INT(G NEUTRAL GLYCERIDES
BY OLEIC AND LINOLEIC ACIDS

For compaosition of reaction mixtres and conditions of incubation, sce METHODS.

} o i . ) o . " ,
Enzymie M fally acid Carrier acid ncorperation of (MCLucid
sysfem adicd .y pmelc added a.6 pmole

v of cawnls 103 pmoles

A palmitic — 30 120
A palmitic palmitic 14 140
A palmitic olcic 5 20
A palmitic linoleic 5 20
3 palmitic -— 30 0
B palmitic palmitic 12 20
B paldmitic oleic 3 20
13 palmitic linoleic 3.5 &1
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In spite of the fact that the total fatty acid concentration remained the same, a much
lower percentage of [MC]palmitic acid was in€orporated into neutral glycerides and
the total amount incorporated droppzd accordingly. This was true for both enzyme
systems tested, the mitochondrial {A)} as w el as the microsomal one (13).

An attempt was then madc to ascertain whether this inhibition of palmitic acid
esterification by the unsaturated fatty acids was the result of an overall inhibition of
esterification, or whether it was confined to a decrease in the amount of palmitic acid
esterified, the unsaturated acid displacing palmitic acid from the esterified compounds.
In order to be able to measure the incorporation of palmitic acid and linoleic acid
when present at the same time, experiments were set up in which {£-1C]palmitic acid
was incubated with linoleic acid carrier, while [1-11C]iinoleic acid was incubated with
palmitic acid carrier, as demonstrated in Table I (Mixtures ¢ and d).

TABLE II

INCORPDRATION INTO NEUTRAL GLYCERIDES USING MIXTURES OF PALMITIC AND LINCLEIC ACID

-

For conditions amd composition of reaction mixtures, see METHODS.

Expt. Ensyvine MO fatty acid Cearrier aeki i Jf"i"ﬂ‘)’""'J" f | ”f ji'i":i a"ucug;rf:::ﬁnn
No. Systent aedidect v pmele achded s f ale v aof counts w_, pmoles 1= pemodes
1 A (a) palmitic palmitic 14.3 116 116
A (D} linoleic [ialalisblv S.0 G4 64
A (€) palmitic linoleic 5.2 20.8 | y
3 (d} linoleic palmitic 1.2 76.8 | 97-0
2 6mgC (a} palmitic palmitic 23.0 184 184
6 mg C (b} linoleic Iinoleic 12,0 96 46
omg C (c) palmitic linoleic S.0 32 1 s
& mg C {d} linoleic palmitic 5.0 100 | 3:
3 rzmg O (a) palmitic palmitic 35.0 280 250
12 mg C (b} hnaleic linoleic 20,0 160 100
12 mg O {c) palmitic linaleic 20.C it 310
12 mg C {d) linoleic palmitic 26,0 o4 "

Since both mixtures were chemically identical, the sum of the [MC]palmitic acid
incorporatior, found in mixture ¢, and that of "*Cllinoleic acid incorporation, ob-
tained from mixture d, presents the overall formation of neutral glycerides in the
mixture of these two acids. As is evident from Table 11, in all cases this total incorpo-
ration was intermediary betwcen that with palmitic acid alone (mixtures a) and
linoleic acid alone (mixturcs b), when present at the same total concentration. There
was therefore no overall inhibition of the esterification process. However, it is also
evident that out of the mixture of the two acids, linoleic acid is preferred and makes
up the bulk of the acids esterified, while the incorporation of palmitic acid into tri-
glycerides was largely depressed, as has already been shown in Table I. This displace-
ment of palmitic acid by linoleic acid was found with both the mitochondrial and
the microsomal system (Expts. 1 and z) but became less and less evident as the
enzyine concentration was increased (Expt. 3).

The preference of the enzyme systems for linolcic acid seemed at first difficult
to reconcile with the additional finding that the incorporation of linoleic acid into
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triglycerides was generally lower than that of palmitic acid when both were the sole
acids present (mixtures a and b). In spite of the fact that the affinity of linoleic
acid for some component of the enzyme system exceeded that of palmitic acid it
formed less of the final product. This discrepancy could be explained by assuming
that linoleic acid, after going through the initial steps of the reaction chain leading
to triglycexides, either accumulates as one of the intermediates of this chain or is
diverted into alternative routes, for instance into phospholipids.

When the reaction products present in the ethanol-ether extracts of the varous
reaction mixtures were subjected to Iractionation on a silicic acid column, according
to BorgsTrROEMS, it was found (Table III), that the petroleum ether eluate, which
contained the cholesterol esters, was almost inactive in all the mixtures tested. After
elution of the triglycerides and unreacted fatty acids by chloroform, the rest of the
activity could be eluted with methanol. This methanol extract, which contained the
phospholipids, was markedly higher in activity in the mixtures containing linoleic
acid than in those containing palmitic acid. The conversion of [1-**C]palmitic acid
into substances belonging to the ‘‘phospholipid fraction” was also enhanced by the
presence of linoleic acid, -

' TABLE I11
CHROMATOGRAPHIC FRACTIONATION OF THE REACTION PRODUCTS

The alcohol-ether extracts from expts. similar to those presented in Table I were evaporated
and the lipids were dissolved in petrelenm ether and chromatographed on a silicie acid column,
according to BoragsTrRoEMS, The petroleum ether cluate contained the cholesterol esters, the
chloroform eluate the neutral fat and fatty acids, and the methanol eluate is referred to as the
“phosphalipid fraction’. The neutral glyvcerides were separated from unesterified fatty acicd by
passing their acetone solution thraugh a magnesioum oxide-celite column, as described in previous

publications®.
. a5 facorporation af [MClacid into
Expt. Ensune sysfon [V eatfy aeéd Carrier acid —
Na. e By added 0.4 pimole added 0.4 pmole chalesteral newlral ‘' phosplolipid
vslers glveerides fraction”
1 6 mg C palmitic palmitic negligible 30 2z
o mg C palmitic linoleic negligible 20 30
2 rzmg C palmitic palmitic negligible 33 33
rz mg C palmitic linoleic negligible 28 2
1z mg ¢ linoleic linoleic negligible 12 62

TABLE 1V
COMPARISON OF INCORPORATION INTO GLYCERINES OF PALMITIC AND STEARIC ACIDS

Far conditions and composition of reaction mixtures, see METHODS,

Enzvme MCYatty acid tacorporation of [UCacid
system added o prmole

@ of cownts  70~Y pamoie

A palmitic 26 104
A slearic ] 48
B palmitic 50 200
B stearic 30 120
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In an additional set of experiments it was also found that stearic acid is much
less effectively incorporated into triglycerides than palmitic acid (Table IV). This
again was true for the mitochondrial and for the microsomal system.

IMSCUSSION

The results obtained suggest that linoleic and oleic acid have a higher afﬁni?:y than
palmitic acid for some en«yme invelved in the reaction chain leading to triglycerides.
In mixtures of the saturaicd and unsaturated acids, the latter are preferentialiy
incorporated into triglycerides. At the same time the amount of palmitic acid dis-
placed from glyceride formation was found in the “‘phospholipid fraction”. With
. linoleic acid alone incorporation was directed predominantly towards the ‘“‘phospho-
lipid fraction”. The nature of the main substance in this fraction is still uncertain.
Previous experience with similar reaction mixtures by KORXBERG AND PrICER? and
by ourselves® has shown that the main component accumulating in the “phospholipid
fraction™ was phosphatidic acid. it seems likely that a similar substance is the one
which is enriched in the linoleic acid experiments. This couid not be proved conclu-
sively by chromatography on silicic-acid-impregnated paper?, since the substance
behaved somewhat differently from reference phosphatidic acid, prepared from egg
Jlecithin accordiag to Kates!', However, it is quite likely that phosphatidic acids
containing different acid components will show differences in chromatographic
behaviour.
If phosphatidic acid is the main product of linoleic acid incurporation,' the
results could be explained by assuming that with the unsaturated fatty acids the
initial reactions leading to phosphatidic acid are accelerated. However, the phos-
" phatase which splits phosphatidic acid into diglyceride and inorganic phosphate

seems to be inhibited by the unsaturated fatty acids in the substrate and, therefore,
- phosphatidic acid accumulates. This assumption could not yet be tested owing to the
- lack of saturated and unsaturaterd phosphatidic acids as substrates.
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