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by cell fractions of rat liver
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ABSTRACT The esterification of sr-glycerol 3-(dihydrogen
phosphate) with long-chain fatty acids by rat liver microsomal
preparations has been studied. A newly modified spectro-
photometric assay for glycerolphosphate acyltransferase (GP-
acyltransferase) compared favorably with other assay methods,
including measurement of the incorporation of sn-glycerol-
MC 3-(dihydrogen phosphate) into glycerolipids. Cofactor
requirements, preliminary kinetic constants, and optimum pH
were determined. The product of the reaction was identified
as monoacylglycerophosphate by thin-layer chromatography.
Albumin activated GP-acyltransferase at low concentrations
of acyl CoA but was inhibitory at higher concentrations. Serum
B-lipoprotein also caused activation of GP-acyltransferase.
The effect of albumin could not be attributed to binding of
substrate or fatty acids or the provision of metal ions.
Diacylglycerophosphate, cytidine triphosphate, sulfhydryl
binding agents, and sodium palmitate were identified as in-
hibitors of microsomal GP-acyltransferase. The physiological
significance of these inhibitors remains to be established.
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'EE ESTERIFICATION of sn-glycerol 3-(dihydrogen
phosphate) by long-chain fatty acids has been proposed
as a possible regulatory step in hepatic lipogenesis (1-4).
This reaction is mediated by the microsomal enzyme
glycerolphosphate acyltransferase (EC 2.3.1.15) (GP-
acyltransferase) (5). Recent studies have shown that
diets of high carbohydrate content may increase the
rate of esterification by rat liver homogenates (1). An

Abbreviations:  GP-acyltransferase, glycerophosphate acyl-
transferase; DTN, 5,5’-dithio-bis-(2-nitrobenzoic acid); ACP,
acyl carrier protein; TLC, thin-layer chromatography.
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increase in hepatic GP-acyltransferase induced by the
high carbohydrate diets may participate in this effect
(1).

Previous studies of this enzyme in rat liver (6-8) have
not established the product of the reaction nor the re-
liability of the assay method. Furthermore, there is little
information on the effects of cofactors, substrates, and
possible activators or inhibitors on reaction rate.

The measurement of GP-acyltransferase by a simple
spectrophotometric assay (6) has therefore been modified
to provide a reliable and rapid measure of this activity in
rat liver microsomes. The product of the reaction has
been identified, chromatographically, as monoacyl-
glycerophosphate. The effects of several potentially im-
portant activators and inhibitors on reaction rates were
measured.

METHODS AND MATERIALS

All lipid standards were obtained from The Hormel
Institute, Austin, Minn., or Applied Science Labora-
tories Inc., State College, Pa. 1,2-diacyl-sn-glycerol
3-phosphate was a gift of W. E. M. Lands, and 1-acyl-
sn-glycerol-1#C 3-phosphate a gift of J. M. Johnston.
Silica Gel G and H were products of Brinkmann Instru-
ments, Inc. Palmitoyl CoA, oleoyl CoA, and linoleoyl
CoA were prepared by the method of Seubert (9) and
identified by ultraviolet absorption spectrum (10) and
hydroxamate formation (1, 11). Coenzyme A was ob-
tained from Sigma Chemical Company and Boehringer
Mannheim, Inc. Fatty acid-poor albumin was obtained
from Pentex, Inc., Kankakee, Ill., and other human
serum protein fractions from Mann Research Lab. Inc,
New York. sn-Glycerol-'*C. 3-phosphate was obtained
from Nuclear Research Chemicals Inc., Orlando, Fla.,
and its purity determined by paper chromatography
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(12). All other materials were obtained from well-
known commercial sources.

Preparation of Microsomes

Microsomes were prepared from the liver of adult
male rats (150-250 g) that had been fed laboratory
chow. The liver was homogenized briefly in 4 volumes of
iced 0.25 M sucrose containing 0.01 M Tris—-HCI buffer
pH 6.5 and 1 mg/liter of p,L-a-tocopherol, hereafter
called sucrose-Tris buffer. Cell debris was removed by
centrifugation at 400 g for 10 min. Mitochondria were re-
moved by sedimentation twice at 16,000 g for 15 min. The
microsomal fraction was prepared by centrifugation at
105,000 g for 30 min in a Spinco model L ultracentrifuge.
The microsomes were washed and resuspended in the same
buffer. This preparation was homogenized and resedi-
mented at 105,000 g for 30 min. Microsomes were re-
suspended in '/; the original volume of sucrose-Tris
buffer and cautiously homogenized by hand. The iden-
tity of the microsomal preparation was verified by elec-
tron microscopy. Storage at 4°C for 3-4 days resulted
in a gradual decrease in GP-acyltransferase activity.

Lipid Delerminations

The purity of all lipid standards and reagents was
determined by thin-layer chromatography (TLC) in
several systems. Glycerides were separated on Silica Gel
G plates in n-hexane—ether—-glacial acetic acid 73:25:2 or
by the system of Pieringer and Kunnes (13). Phospholip-
ids were separated and identified on Silica Gel H plates
by the methods of Artom (14), Skipski, Peterson, and
Barclay (15), and Johnston, Rao, Lowe, and Schwartz
(16). Diacylglycerophosphate and monoacylglycero-
phosphate were separated with each of these solvent
systems and the system of Lands and Hart (17). Samples
and standards were identified by exposure to iodine vapor.
Radioactive samples were identified by comparison with
known standards and then scraped from the thin-layer
plates directly into liquid scintillation counting bottles.
Elution of the lipids from the silica gel prior to radio-
activity determination or addition of a thixotropic gel
to the counting mixture containing silica gel did not
alter the radioactivity determinations.

The radioactive lipid product was hydrolyzed with 0.2
M KOH (18) and the water-soluble derivatives were
separated by paper chromatography (19). The product
was also exposed to hydrolysis with phospholipase C
(phosphatidylcholine cholinephosphohydrolase, EC 3.1.
4.3) (20) and phospholipase D (phosphatidylcholine
phosphatidehydrolase, EC 3.1.4.4) (21).

Assay Procedures

GP-acyltransferase was measured by a modification of
previous methods (6, 8). The glycerophosphate-de-

pendent release of free CoA from palmitoyl CoA was a
measure of enzyme activity. The standard assay was
performed in two 10 X 70 mm test tubes which both con-
tained 0.08 m Tris-HCI1 pH 6.5, 0.015 m dithiothreitol,
2.5 mg of fatty acid-poor albumin, and 150 mumoles of
palmitoyl CoA in a volume of 0.22 ml. 0.02 mi of 1 M
rac-glycerol 3-phosphate in 0.5 M Tris-HC] pH 6.5 was
added to the control. The mixture was preincubated at
35°C for 5 min, and the reaction was started by adding
0.1 ml of microsomal preparation (0.2-1.0 mg of protein
per ml) to both assays. The reaction was stopped at 15
min by the addition of 1 ml of 3.59, (w/v) perchloric
acid. The mixture was allowed to stand in ice for 30 min,
and then centrifuged at 400 g for 10 min. Palmitoyl CoA
was precipitated by this procedure, but free CoA re-
mained in solution (6). The ultraviolet spectrum of the
perchlorate supernate was identical to that of authentic
CoA in 3.59, perchlorate. The difference in optical
density at 260 myu between the assays performed in the
presence and absence of glycerophosphate was a measure
of GP-acyltransferase activity. A molar extinction coefhi-
cient of 16,000 at 260 mu was used for CoA in 3.5%,
perchloric acid (22). Units are defined as umoles X 10-2
of CoA released per 15 min. All determinations were
performed in duplicate.

The release of free CoA in this reaction was also de-
termined by reaction of the product with 5,5 -dithio-bis-
(2-nitrobenzoic acid) (DTN) as described by Ellman
(23). 1 ml of water was added to the reaction mixture
after incubation for 15 min at 37°C and the reaction was
immediately stopped by boiling for 5 min. The precipi-
tate was removed by centrifugation, and an aliquot of the
supernatant fraction was added to 2.5 X 10~ m DTN.
The optical density at 412 myu was recorded. A molar ex-
tinction coeflicient of 13,600 at 412 mu was used for the
DTN derivative (7).

GP-acyltransferase activity was also measured by the
rate of incorporation of sn-glycerol-*¥C 3-phosphate into
lipids. The assay conditions were identical with those of
the standard assay except that 0.4 uc of sn-glycerol-*C
3-phosphate (10 mc/mmole) and 0.02 ml of 1 M rac-
glycerol 3-phosphate were added to the reaction mixture.
The reaction was started by the addition of microsomes
and stopped with 20 volumes of chloroform—methanol
2:1. Lipids were extracted and washed by the method of
Folch, Lees, and Sloane Stanley (24). Radioactivity of
the total extract and of particular glycerolipids was
determined by liquid scintillation spectrometry. The
glycerolipids were separated and identified by the TLC
techniques described above.

The protein concentration of cell fractions was de-
termined by the method of Lowry, Rosebrough, Farr,
and Randall (25). Microsomal preparations were hy-
drolyzed with 1 N NaOH prior to protein determination.
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RESULTS

Measurement of GP-acyliransferase Activity
and Identification of Product

The rate of GP-acyltransferase as measured by the
standard assay was shown to be linear for at least 15 min
(Fig. 1). Acyl-CoA hydrolase activity can be determined
simultaneously by measurement of the release of CoA
from palmitoyl CoA in the absence of sn-glycerol 3-
phosphate. Hydrolase activity was approximately 50%
of the corresponding GP-acyltransferase activity.

The reaction rate was directly proportional to micro-
somal concentration over a limited range (Fig. 2).
The apparent inhibition of GP-acyltransferase activity
at high microsomal concentration was observed in all
preparations, regardless of rat diet or method of assay.
Microsomal concentration was chosen in all subsequent
studies so as to lie within the linear range.
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Fig. 1. GP-acyltransferase activity (transacylase) in rat liver
microsomes as measured by the standard assay. The activity was
linear for 20 min. The palmitoyl-CoA deacylase activity (hy-
drolase) was measured simultaneously as the release of CoA in the
absence of sn-glycerol 3-phosphate. Reaction rate is recorded as
the glycerophosphate-produced optical density (OD) at 260 mu
for the GP-acyltransferase and as the total OD at 260 mpu in the
absence of glycerophosphate for the palmitoyl CoA deacylase.
Values are means of duplicate determinations at each time period.
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F1c. 2. GP-acyltransferase activity as measured by the standard
assay. The microsomal (MCSM) concentrations refer to the final
concentration of protein in the standard assay volume of 0.34 ml.
Reaction rate is recorded as optical density (OD) at 260 mgp.

The optimum pH for GP-acyltransferase activity in
the standard assay was 6.5 (Fig. 3). A similar pH opti-
mum of 6.5 was noted when oleoyl or linoleoyl CoA re-
placed palmitoyl CoA as the substrate.

The effect of omitting various components of the
standard assay is shown in Table 1. Dithiothreitol was
not required for the reaction, but resulted in an increased
reaction rate.

Oleoyl CoA and linoleoyl CoA were active substrates;
thus the reaction is not specific for palmitoyl CoA.
Maximum activity in the standard assay was obtained
with a concentration of 0.45 mum for palmitoyl CoA and
0.68 mu for oleoyl or linoleoyl GoA. The acyl CoA de-
rivatives were inhibitory at higher concentrations.

The release of CoA was measured in the standard assay
by the increase in optical density at 260 mu. This method
was compared with measurement of the CoA released by
reaction with DTN at completion of the assay. Both
methods gave directly proportional results when the
concentration of microsomes was varied over the optimal

TABLE 1 ErrecT oF OMITTING REAGENTS FROM THE STAN-
DARD AssaY ON REACTION RATE

Relative

Omissions Activity
None 1.00
Palmitoyl CoA 0.00
Palmitoyl CoA (hydrolysis) 0.01
Microsomes 0.03
Dithiothreitol 0.80
rac-Glycerol 3-phosphate 0.00

Palmitoyl CoA was omitted or hydrolyzed with 1 N NaOH
(hydrolysis) prior to incubation. The final volume of all assays
was the same.
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Fic. 3. Plot of reaction velocity against pH for GP-acyltransferase
measured by the standard assay.

range. The release of CoA during the assay could be
measured by continuously recording optical density at
412 mp in the presence of 10~¢ M DTN. Unfortunately,
this was an inadequate routine assay because of the in-
hibitory effect of DTN and the reactivity of dithiothreitol
with DTN.

CoA was incubated with microsomes in the absence of
palmitoyl CoA under the usual assay conditions. The
reaction mixture contained 2.5 umoles of CoA in the
presence or absence of 6.0 X 1075 M sodium palmitate.
No decrease in optical density at 260 mg or in material
reacting with DTN was observed over the 20 min time
period.

The assay of GP-acyltransferase by measurement of
CoA release was correlated with the rate of glycero-
phosphate-"C  incorporation into glycerolipids. This
assay was performed in the same way as the standard
assay except that the reaction contained sn-glycerol-4C
3-phosphate and was stopped by the addition of chloro-
form-methanol. Lipids were extracted and separated by
TLC. Incorporation of isotope into total lipids was
linear with respect to time and microsomal concentra-
tion. The latter relationship is shown in Fig. 4. No in-
corporation occurred in the absence of palmitoyl CoA.

A comparison of GP-acyltransferase activity mea-
sured by CoA release and by isotope incorporation into
glycerolipids is shown for one experiment in Table 2.
The mean ratio of umoles of CoA released to umoles of
sn-glycerol-"C. 3-phosphate incorporated into lipids in
several experiments was 0.98 = 0.05. The molar ratio of
almost unity suggested that monoacylglycerophosphate
was the probable product of the reaction measured.

The product was identified by TLC of the radioactive
glycerolipids at the end of the reaction. Four different
solvent systems for identification of phospholipids were
used (14-17) with diacylglycerophosphate-4C.  and
monoacylglycerophosphate-14C as standards. The major
radioactive product was chromatographically identical

with monoacylglycerophosphate, as shown in Fig. 5.
Results with the two solvent systems that allow the
widest separation of monoacylglycerophosphate and
diacylglycerophosphate are shown. No significant radio-
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Fic. 4. Incorporation of sn-glycerol-“C 3-phosphate into lipids

under the conditions of the standard assay. The concentration
of microsomes (MCSM) is recorded in mg of protein per assay.
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Fic. 5. The radioactive spots when sn-glycerol-“C 3-phosphate
was used as a substrate and the reaction product chromato-
graphed on Silica Gel H. The solvent systems in A (17) and B
(15) were found to give the clearest separation of monoacyl- and
diacylglycerophosphate. The radioactive monoacylglycerophos-
phate standard is indicated by the dashed line, and the radioactive
reaction product by the solid line. Spot number 0 is the origin,
and 70 is the solvent front. Three times as much radioactive
product was chromatographed on the A solvent plate. Diacyl
glycerophosphate was identified in spot 9 in both solvents.
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TABLE 2 ReiLeEase oF Free CoA MEASURED BY THE
STANDARD AssaY COMPARED TO THE INGCORPORATION OF
sn-GLYCEROL-¥C 3-PHOSPHATE (L-a-GP-4C)
iNTO ToraL Lipips

Microsome L-a-GP-14C CoA Ratio
Protein to Lipids Released CoA/L-a-GP
mg/ml pmoles/ 10 min
0.09 0.0152 0.0126 0.829
0.12 0.0198 0.0215 1.085
0.18 0.0210 0.0222 1.054
0.30 0.0422 0.0398 0.944
0.45 0.0522 0.0510 0.978

The concentration of sn-glycerol 3-phosphate (L-a-GP-#C) was
0.03 M in each assay. CoA was measured spectrophotometrically
with a molar extinction coefficient, ezq, of 16,000. Microsomal
concentration in the first column refers to the final protein concen-
tration in the standard assay volume of 0.34 ml.

activity could be detected in diacylglycerophosphate or in
other glycerolipid fractions.

The radioactive product was hydrolyzed with 0.2 M
KOH as described by Maruo and Benson (18). Both
the total lipid extract and the radioactive phospholipid
scraped from thin-layer chromatograms were hydrolyzed.
All of the radioactivity in the water-soluble hydrolysate
was identified as sm-glycerol 3-phosphate by paper
chromatography (19). Incubation of the lipid extracts
containing the radioactive product with phospholipase
D or phospholipase C did not change the mobility of the
product in the several TLC solvents. These results are
compatible with the proposed identification of the prod-
uct as monoacylglycerophosphate.

The effects of changes in substrate concentration on
reaction rate are shown in Fig. 6. Tentative Michaelis
constants calculated from these data are K,, = 6.7 X
10-3 M for sn-glycerol 3-phosphate and K,, = 1.1 X 104
M for palmitoyl CoA. When oleoyl CoA was substituted
for palmitoyl CoA, a K, of 2.6 X 10~* M was obtained.
The substrate concentrations which gave half maximum
rates are approximately equal to the reported physio-
logical concentrations of sn-giycerol 3-phosphate and of
long-chain acyl CoA derivatives in liver (5, 26, 27).

The comparative specific activity of GP-acyltrans-
ferase in mitochondria, microsomes, and particle-free
supernate was measured by the spectrophotometric assay.
The highest specific activity was noted in the microsomal
fraction (13.6 units/mg of protein). Mitochondria (4.6
units/mg of protein) and the supernatant fraction (5.8
units/mg of protein) were nearly equal in specific activity.

Effects of Activators and Inhibitors

The effect of albumin on GP-acyltransferase activity
is shown in Fig. 7. Maximum activation was achieved at
albumin concentrations of 7.3 mg/ml; higher levels were
inhibitory. A similar activating effect of albumin was
obtained when sn-glycerol-¥C 3-phosphate was used to
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TABILE 3 ErrecT oF AppEp PROTEIN ON REAcCTION RaTe
OF GP-ACYLTRANSFERASE

Protein
Concen- Relative
Protein Addition tration Activity
None 0 1.0
Albumin 7.3 5.1
Albumin (dialyzed vs. EDTA) 7.3 5.0
B-Lipoprotein 14.6 3.6
v-Globulin 7.3 3.6
B-Globulin 7.3 2.3
Fibrinogen 3.7 0.7

Proteins were added at a concentration which gave maximal
stimulation. The protein concentration is recorded in mg of protein
per ml of the final reaction mixture. In one assay, albumin was
dialyzed against 100 volumes of 10~2 M EDTA for 18 hr with two
changes of buffer and then redialyzed against 0.375 M Tris—-HCI
buffer, pH 6.5.

measure the reaction. The activation by albumin was not
changed by dialysis of the albumin for 18 hr against 100
volumes of 0.1 M Na, EDTA, as shown in Table 3.
Removal of trace amounts of fatty acids from albumin by
charcoal did not alter the activating effect.

The effect of increasing palmitoyl CoA concentration
on reaction rate is also shown in Fig. 7. The concentra-
tion of palmitoyl CoA that gave maximum GP-acyl-
transferase activity and the concentration causing inhi-
bition of activity were both reduced by albumin.

The effects of various other serum proteins on GP-
acyltransferase activity are shown in Table 3. Serum
B-lipoprotein, gB-globulin, and +v-globulin increased
activity, but fibrinogen was inhibitory.

Binding of palmitoyl CoA by these various proteins
was evaluated by incubation of the protein with pal-
mitoyl CoA in the absence of microsomes. Protein was
added in the concentration that gave maximum GP-
acyltransferase stimulation. Protein was precipitated by
boiling and the ultraviolet absorption spectrum of the
supernate was determined. Appropriate controls con-
taining protein but no palmitoyl CoA were studied si-
multaneously. The optical densities at 260 myu of these
control samples were subtracted from the values ob-
tained in the presence of palmitoyl CoA. Palmitoyl CoA
was removed from micellar solution by precipitation of all
proteins except fibrinogen. There was no apparent
quantitative association between an activating effect of
serum proteins and their ability to bind the substrate,
palmitoyl CoA.

The addition of inactivated microsomes at concen-
trations used in the standard assay removed approxi-
mately half of the palmitoyl CoA from the dilute solu-
tion.

The effect of scluble cellular proteins on GP-acyl-
transferase activity was compared with the activating
effect of albumin. A marked inhibition of activity was
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F16. 6. Double reciprocal plots of reaction velocity against substrate concentration. sn-Glycerol 3-phosphate (L-a-GP) was the substrate
varied in A, and palmitoyl CoA (Palm. CoA) in B. Assays were performed under optimum conditions except for the appropriate sub-

strate.
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Fic. 7. Effect of albumin on reaction velocity at various concen-
trations of palmitoyl CoA (Palm. CoA). The standard assay was
used. Both the concentration of palmitoyl CoA causing maximum
GP-acyltransferase activity and the concentration causing inhibi-
tion of activity were reduced in the presence of albumin. Broken
line, with albumin; solid line, no albumin.

noted when the particle-free supernate replaced albumin
in the standard assay (Table 4). However, a 209 in-
crease in acyl hydrolase activity occurred in the presence
of the supernatant fraction. Several protein fractions were
separated from the particle-free supernate by ammo-
nium sulfate precipitation. All were inhibitory to GP-
acyltransferase. The soluble protein remaining after 859,
saturation with ammonium sulfate was least inhibitory
to GP-acyltransferase but caused the greatest increase in
acyl hydrolase activity.

The effects of the addition of metal ions on GP-
acyltransferase were studied. As shown in Table 5,
MgCl; and MnCl, inhibited activity. Although EDTA
caused some inhibition of activity, extensive dialysis of
microsomes or albumin against buffers containing EDTA

did not alter activity in the standard assay. Thus, a re-
quirement for metal jion addition has not been estab-
lished.

The effects of various potential inhibitors of GP-acyl-
transferase were evaluated. Table 6 shows the effect of
several lipid additions on reaction rate. The addition of
diacylglycerophosphate and sodium palmitate resulted in
a significant inhibition of acyltransferase activity. The
concentrations of lipids other than palmitate must be
considered approximate because of their low solubility
in the medium. Homogeneous dispersion was achieved
by the method described in Table 6.

Cytidine triphosphate, 103 M, caused 509, inhibition
of GP-acyltransferase when measured by the standard
assay or by sn-glycerol-*C 3-phosphate incorporation
into lipid. Adenosine triphosphate had no effect on GP-
acyltransferase activity by either assay.

Two sulfhydryl inhibiting agents reduced GP-acyl-
transferase activity in the presence of dithiothreitol

TABLE 4 CoMpARISON OF SOLUBLE FRACTIONS IN THE
AcCTIVATION OF GP-ACYLTRANSFERASE

Protein Addition GP-Acyltransferase

untls

None 6.15
Cell supernate (dialyzed) 0.64
Ammonium sulfate (0-65) 1.81
Ammonium sulfate (65-85) 2.81
Ammonium sulfate (>85) 4.60

The microsomes were identical in all assays. The 105,000 g
supernatant fraction was dialyzed for 18 hr against 100 volumes of
0.1 m Tris-HCI, pH 6.5. Ammonium sulfate was added to this
fraction and the material precipitating between 0 and 659,
saturation (0-65) and between 65 and 859, saturation (65-85)
was dissolved in 0.1 M Tris—=HCI, pH 6.5. These fractions and the
859, saturation supernate (>85) were dialyzed against 100 volumes
of the same buffer for 18 hr. The volume was adjusted to give a
final protein concentration equal to that of albumin in the standard
assay.
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TABLE 5 ErrecT oF METAL IONS ON
GP-ACYLTRANSFERASE ACTIVITY

Relative
Addition Activity

None

MgCls (1.2 X 1072 )
MgCl: (2.4 X 1072 u)
MgCl: (3.6 X 1072 M)
MgCl, (4.8 X 1072 m)
MgCl; (6.0 X 1072 M)

KCl (1.2 X 1072 m)

CaCl; (1.2 X 1072 m)
MnCl; (1.2 X 1072 M)
EDTA (1.2 X 1072 m)

[ el en B N o
—_ NWAECO

OO = =
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The standard assay was conducted in the presence of albumin;
various amounts of MgCl,, CaCls, MnCl,, KCl, and EDTA were
added (final concentration shown).

TABLE 6 ErrecT OF Various Lipips

Relative

Additions Molarity Activity
None 1.0
Lysolecithin 1072 1.0
Lecithin 5.5 X 107 0.9
Diacylglycerophosphate 6.2 X 10 0.6
Dipalmitin 8.8 X 107* 0.9
Tripalmitin 6.2 X 10~ 0.9
Sodium palmitate 1.5 X 10! 0.7
Sodium palmitate 4.0 X 1071 0.4

The lipids were added to reaction tubes in benzene, the solvent
was evaporated under Nj, and the reaction mixture was added.
Tubes were shaken until a homogeneous dispersion of lipid ma-
terial was obtained. Mixtures containing sodium palmitate were
clear.

TABLE 7 EFfFEcTt OF SULFHYDRYL INHIBITING AGENTS

Additions Relative Activity
None 1.0
Todoacetamide 1.0
N-Ethylmaleimide 0.5
Dithionitrobenzene 0.6

The inhibitors were added to give a final concentration of 2
pmoles/ml in the standard assay.

(Table 7). These agents did not inhibit palmitoyl-CoA
hydrolase activity at the concentrations studied. The
omission of dithiothreitol from the standard assay mix-
ture resulted in a 209, decrease in GP-acvltransferase
reaction rate.

DISCUSSION

The acylation of sn-glycerol 3-phosphate is the first
specific reaction in hepatic glycerolipid synthesis.
Changes in the rate of this reaction may participate in
the regulation of fatty acid synthesis by removing in-
hibitory long-chain acyl CoA derivatives (3, 4, 28).
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Recent studies have suggested that alterations in diet may
result in changes in the activity of this reaction in rat
liver (2). Therefore, present evidence suggests a possible
role for this reaction in the regulation of hepatic fatty
acid and glycerolipid synthesis under various physio-
logical conditions.

Initial studies of GP-acyltransferase activity by pre-
vious methods (6, 8) gave inconsistent results. Various
changes, including elimination of the phosphate buffer
system, careful adjustment of pH, preincubation of pal-
mitoyl CoA and albumin in the presence of sn-glycerol 3-
phosphate, and the use of microsomes to start the re-
action improve the reliability of the assay. These and
other changes resulted in an apparently reproducible and
specific spectrophotometric assay.

Determination of CoA release by measurement of
optical density at 260 myu was directly proportional to the
simultaneous measurement of CoA with DTN. Thus,
changes in optical density at 260 mg accurately reflect
the rate at which CoA or some direct derivative is re-
leased from palmitoyl CoA. CoA was not reutilized or
bound to protein under the conditions of the standard
assay.

The reliability of the assay as a measure of sn-glycerol
3-phosphate esterification was verified further by mea-
surement of sn-glycerol-“C 3-phosphate incorporation
into lipids under standard assay conditions. The glycero-
phosphate-dependent release of CoA correlated directly
with incorporation of “C into the total lipid extract.
The ratio of CoA to MC incorporation was approxi-
mately 1 at various concentrations of microsomes. The
product of the reaction was identified as monoacyl-
glycerophosphate by TLC in several solvent systems.
Prior studies in mammals (7) and yeast (29) have sug-
gested a similar product for sn-glycerol 3-phosphate
esterification. However, other studies using homogenate
or particulate preparations of liver have described phos-
phatidic acid and neutral glycerides as products of this
esterification (30). It is likely that differences in mi-
crosomal preparation, the presence of albumin, or vari-
ability in the content of certain fatty acids in the incu-
bation mixture (31) accounts for the variable products
identified.

The role of serum proteins in activating GP-acyl-
transferase is not clear. Previous studies have also dem-
onstrated this effect (32, 33). The activating effect is
demonstrable regardless of assay technique, and is
probably not caused by addition of metal ions or sulf-
hydryl groups.

Conversion of the long-chain acyl CoA to a more suit-
able substrate form by binding to protein, or binding of
inhibitory substances, are possible explanations for the
activation by proteins. The proteins studied had different
binding capacities for palmitoyl CoA. However, this
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binding was not correlated with the degree of GP-acyl-
transferase activation by these proteins. Thus, simple
binding of palmitoyl CoA by protein is apparently in-
sufficient for the activation of GP-acyltransferase.

Palmitoyl CoA hydrolysis releases palmitate, a prod-
uct which inhibits GP-acyltransferase at high concen-
tration. Albumin is known to bind palmitate, but the
calculated amount of palmitate formed during the re-
action is insufficient to cause inhibition of GP-acyltrans-
ferase even in the absence of albumin.

Although the mechanism and physiological impor-
tance of the activating effect of serum proteins on GP-
transacylase must remain uncertain, the binding and
removal of an inhibitory product of the reaction is a
major possible explanation as yet unexcluded. The par-
tial inhibition of GP-transacylase by diacylglycerophos-
phate suggests a possible role of glycerophosphatides in
controlling the rate of GP-acyltransferase and offers a
potential explanation of the albumin effect.

The activating effect of the serum protein fractions is of
doubtful physiological significance since no such activator
material was found in the particle-free cell supernate.
This latter fraction and various protein preparations
derived from it regularly inhibited GP-acyltransferase
activity in vitro.

The effect of various potential inhibitors on GP-acyl-
transferase have been described. The inhibition by
N-ethylmaleimide and DTN and the lack of inhibition by
iodoacetamide substantiate the observations of Lands
and Hart (7). These authors, using entirely different
techniques, observed inhibition of hepatic acyltrans-
ferase activity by some sulfhydryl binding agents when
sn-glycerol 3-phosphate was the substrate. No inhibition
of the acylation of monoacylglycerophosphate occurred
under the same conditions. This previous observation
suggested the presence of separate enzymes mediating the
acylation of these compounds. The data presented in this
report strongly support this interpretation.

The physiological significance and specificity of the
substances found to inhibit GP-acyltransferase in vitro,
including diacylglycerophosphate, sodium palmitate,
cytidine triphosphate, and metal ions, remains to be
established.

Recent studies in bacteria have demonstrated that
palmitoyl-ACP is an active substrate for sn-glycerol 3-
phosphate acylation (34-37). The major product of this
reaction is monoacylglycerophosphate (36). In some
bacteria, palmitoyl CoA can be a substrate for trans-
acylation (36), but in other strains palmitoyl CoA is not
a direct substrate (37). The present study demonstrates
that palmitoyl CoA is a likely substrate for GP-acyl-
transferase in mammalian liver and that no soluble pro-
tein fraction is required for this reaction. However,
microsome-bound ACP or some similar protein may be

required for sn-glycerol 3-phosphate acylation in mam-
mals. The presence of a mammalian ACP has been sug-
gested previously as part of the fativ acid synthetase
complex (38). The present studies cannot exclude the
participation of such a bound intermediate in the rat liver
GP-acyltransferase reaction.
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