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Phospholipase D (PLD) activity is elevated in re-
ponse to the oncogenic stimulus of several signaling
ncogenes. PLD activity is also elevated in response to
eptide growth factors, indicating that PLD likely
lays an important role in mitogenic signaling. Many
roteins that mediate mitogenic signaling are local-

zed in caveolin-enriched membrane microdomains
CEMMs). We report here that the elevated PLD activ-
ty in NIH 3T3 cells transformed by activated onco-
enic forms of Src, Ras, and Raf is largely restricted to
he CEMMs. Likewise, the PLD activity stimulated by
pidermal growth factor is also restricted to the
EMMs. Although both PLD1 and PLD2 were found in
EMMs, neither was particularly enriched in the
EMMs of the transformed relative to the parental
ells, indicating that it is the specific activity of PLD
hat is increased in the CEMMs. An apparent PLD
ubstrate specificity in transformed cells for phos-
hatidylcholine lacking arachidonate acyl groups is
lso explained by the localization of activity in the
EMMs where [3H]arachidonate-labeled PC was ex-
luded. These data indicate that mitogenic signals
hrough PLD are initiated in CEMMs where many sig-
aling molecules colocalize. © 2000 Academic Press

Key Words: caveolae; EGF; oncogene; PLD; trans-
ormation.

Phospholipase D (PLD) activity is elevated in re-
ponse to many extracellular signals (1) indicating that
LD plays an important role in the transduction of

ntracellular signals. PLD activity is also elevated in
esponse to the oncoproteins v-Src (2), v-Ras (3–5),
-Fps, (6) and v-Raf (7). PLD is also critical for the
ransformed phenotype induced by Src and Ras (8, 9)

Abbreviations used: CEMM, caveolin-enriched membrane mi-
rodomain; EGF, epidermal growth factor; PC, phosphatidylcholine;
LD, phospholipase D; TLC, thin-layer chromatography.

1 To whom correspondence should be addressed. Fax: (212) 772-
227. E-mail: foster@genectr.hunter.cuny.edu.
77
reviously that the PLD activity induced by v-Src could
ot be detected in cells that were radiolabeled with the
olyunsaturated fatty acid arachidonic acid (2, 11).
his exclusion occurred in spite of arachidonic acid
eing incorporated efficiently into phosphatidylcholine
PC) (11), the substrate for PLD. PLD activity in v-Src-
ransformed cells was only detected when radiolabeled
aturated fatty acids like palmitate or myristate were
sed to label membrane phospholipids. This suggested
hat either: 1) the PLD activated by v-Src had a sub-
trate preference for PC containing saturated fatty
cids or 2) that PC with saturated fatty acids was
ocalized to where the PLD activated by v-Src. v-Src
ocalizes to the plasma membrane by virtue of being
oubly acylated with two saturated fatty acids in the
mino terminus (12). v-Src has been reported to local-
ze to caveolae or caveolin-enriched membrane mi-
rodomains (CEMMs) (13). Caveolae are plasma mem-
rane invaginations that form in the presence of
aveolin (14). Caveolae are rich in glycosphingolipids,
holesterol, and phospholipids enriched with saturated
atty acids, and it has been proposed that the stronger
an der Waals interactions between the closely packed
aturated fatty acids and cholesterol create membrane
icrodomains that float in the plasma membrane
uch like a “raft” (15, 16). These lipid rafts contain
any of the proteins that facilitate the transduction of

ntracellular signals and have been proposed to serve
s recruitment and assembly sites for intracellular sig-
aling complexes (17). Since v-Src localizes to these
EMMs, the observed preference of the v-Src-induced
LD for PC with saturated fatty acids could be due to

ocalization of these PC species to these membrane
icrodomains that are rich in phospholipids with

igher percentages of saturated fatty acids. In this
eport, we have investigated whether the PLD activity
levated in response to the oncogenic signals of v-Src,
-Ras, and v-Raf is restricted to the CEMMs, where
here is an enrichment for phospholipids with satu-
0006-291X/00 $35.00
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y the v-Src-induced PLD.

ATERIALS AND METHODS

Cells and cell culture conditions. Parental and v-Src-, v-Ras-, and
-Raf-transformed NIH 3T3 cells were described previously (3, 4, 7).
Y1 rat fibroblasts and 3Y1 rat fibroblasts overexpressing the epi-
ermal growth factor (EGF) receptor were described by Hornia et al.
18). All cells were maintained in Dulbecco’s modified Eagle medium
upplemented with 10% bovine serum (HyClone). Cell cultures were
ade quiescent to reduce background PLD activity by growing to

onfluence and then replacing with fresh media containing 0.5%
ovine serum for one day.

Materials. Dipalmitoyl-PC, phosphoatidylethanolamine, and
hosphatidylinostol-4,5-bisphosphate were purchased from Sigma;

3H]-myristate, [3H]-arachidonate, [3H]-stearate and {choline-
ethyl-[3H]-dipalmitoyl}-PC were obtained from New England Nu-

lear. Precoated silica 60A thin layer chromatography plates were
rom Scientific Products; protease inhibitor cocktail (Set I) was from
albiochem.

Isolation of membranes. The strategy for separation of light and
eavy membrane fractions was based on one developed by Lisanti
nd colleagues (19) with modifications that excluded the use of
odium carbonate and high pH. Quiescent confluent cells grown in
50 mm dishes were washed twice with ice-cold phosphate-buffered
aline, scraped into 2 ml of buffer M (25 mM Mes, pH 6.5; 250 mM
ucrose; 1 mM EDTA) with protease inhibitors. Homogenization was
arried out by using a Wheaton Dounce homogenizer (20;25 strokes)
nd then by sonication (three 20-s bursts; VC 300, Sonics & Materi-
ls Inc., Danbury, CT). Protein concentration was determined as
escribed previously (18). 5 mg of homogenate protein was diluted to
ml in Buffer M, adjusted to 45% sucrose (w/v) by adding 2 ml of 90%

ucrose (w/v) prepared in 25 mM Mes, pH 6.5. This solution was then
verlaid with 35% and 5% sucrose (w/v) in 25 mM Mes, pH 6.5 to
orm a discontinuous gradient in an ultracentrifuge tube. The gra-
ient was centrifuged at 39,000 rpm for 16–18 h in an SW41 rotor
Beckman). 1-ml fractions were collected from top to bottom and
nalyzed for PLD activity and proteins as described in the text. The
ellets were sonicated in 1 ml of buffer M and analyzed along with
he collected fractions.

Antibodies. Antibodies raised against Caveolin 1, the endoplas-
ic reticulum binding protein BiP, Na1,K1-ATPase bII, the trans-
olgi protein TGN38 and Raf were from Transduction Laboratories.
he anti-Ras antibody was obtained from Santa Cruz Biotechnology.
ntibodies against PLD1 and PLD2 were purchased from Quality
ontrol Biochemicals (QCB). The v-Src antibody was from Calbio-
hem. A monoclonal antibody to the EGF receptor (LA22) was ob-
ained from Upstate Biotechnology.

Western analysis. Proteins were heated for 3 min at 100°C prior
o separation by SDS-polyacrylamide gel electrophoresis using an
–12% acrylamide separating gel. After transferring to polyvinyli-
ene difluoride (for caveolin) or nitrocellulose membrane (for other
roteins), the membrane filters were blocked with 5% non-fat dry
ilk in phosphate-buffered saline and incubated with the appropri-

te antibody. Depending upon the origin of the primary antibodies,
ither anti-mouse or anti-rabbit IgG conjugated with horseradish
eroxidase was used, and the bands were visualized using the en-
anced chemilluminescent detection system (Pierce).

Assay of PLD activity. A liposome-based in vitro PLD assay based
argely on strategies used by Brown et al. (20) was used to assay PLD
ctivity in cell homogenate or the fractions. PLD activity was deter-
ined by examining the ability to convert [3H]-PC in prepared lipo-

omes to phosphatidylethanol in the presence of exogenously pro-
ided ethanol. Liposomes were prepared by mixing chloroform
olutions of phospholipids containing 1 mCi/reaction of [3H]-PC (42
78
ion with sonication for 10 min at room temperature in lysis buffer
25 mM HEPES, pH 7.2; 100 mM KCl; 10 mM NaCl; 0.5 mM EGTA;
.5 mM EDTA; 1 mM DTT). The liposomes consist of phos-
hatidylethanolamine/phosphatidylinositol-4,5-bisphosphate/PC in
molar ratio of 16/1.4/1 with PC suspended to a final concentration

f 8.6 mM. The reaction buffer consisted of lysis buffer plus 5 mM
gCl2, 0.16 mM CaCl2 and 1% ethanol in a total volume of 0.1 ml.
he reaction mixtures were incubated for 45 min at 37°C. The
eaction was stopped by adding 400 ml of 10% trichloroacetic acid and
00 ml of 10 mg/ml bovine serum albumin. Precipitated lipids and
roteins were removed by centrifugation at 3000 3 g for 10 min at
°C. An aliquot of the supernatant containing the released choline
as removed and analyzed by liquid scintillation spectroscopy.
In vivo PLD activity was determined by the transphosphatidyla-

ion reaction in the presence of 0.8% butanol as described previously
11). Cells in 100-mm culture dishes were prelabeled with [3H]-

yristate for 4–6 h in Dulbecco’s modified Eagle medium containing
.5% bovine serum. Lipids were extracted and characterized by thin
ayer chromatography as described below. Relative levels of PLD
ctivity were then determined by measuring the intensity of the
orresponding phosphatidylbutanol band in the autoradiograph us-
ng a Molecular Dynamics scanning densitometer and Image-Quant
oftware.

Characterization of phospholipid metabolites by thin layer chroma-
ography (TLC). Phospholipid metabolites were characterized by
LC (silica gel 60A plates) using procedures described previously (2,
1). Lipid standards were visualized by treating TLC plates with
odine vapor. The following solvent systems were used: For PC,
HCl3:methanol:glacial acetic acid:H2O (50:25:8:4;v/v); for phos-
hatidylbutanol, the upper phase of ethylacetate:trimethylpentane:
cetic acid:H2O (90:50:20:100;v/v).

ESULTS

Elevated levels of PLD activity in transformed cells is
estricted to the CEMMs. PLD activity is elevated in
ells transformed by several signal transducing onco-
enes including v-Src (2), v-Ras (3–5), and v-Raf (7).
he level of induction of PLD activity in these cells was
enerally rather small (2- to 3-fold) relative to the level
f other responses induced by mitogenic signals. Since
LD activity has been implicated in other cellular

unctions such as protein trafficking (21), it is possible
hat the low level of PLD activity induced in response
o mitogenic signals is due to a high background PLD
ctivity involved in other cellular activities. Many pro-
eins implicated in mitogenic signaling including Src,
as and Raf have been reported to localize to CEMMs

14, 17). We therefore wanted to examine PLD activity
n different membrane fractions from both normal and
ransformed cells. NIH 3T3 cells and NIH 3T3 cells
ransformed by v-Src, v-Ras and v-Raf were harvested
nd membranes isolated, broken up by sonication and
entrifuged over a discontinuous sucrose gradient to
eparate the light membrane CEMM fraction from
ther membranes. The distribution of proteins known
o localize to caveolae (caveolin 1), the plasma mem-
rane (Na1,K1-ATPase bII), the trans-Golgi network
TGN38) and the endoplasmic reticulum (BiP) was ex-
mined in NIH 3T3 cells. As shown in Fig. 1A, caveolin
was present predominantly in fractions 4 and 5,
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hich contains about 5–6% of the total proteins (not
hown) and represents the light membrane fraction
ontaining the CEMMs. BiP, Na1,K1-ATPase, and
GN38, as expected, were found in heavier membrane

ractions (Fig. 1A), indicating that the fractionation
rocedure was able to separate the CEMMs from the
eavier membrane fractions. Similar data were ob-
ained with the transformed cells except that, as de-
cribed previously (13), caveolin 1 levels were substan-
ially reduced (data not shown). We also investigated
he distribution of v-Src, v-Ras and v-Raf in the gradi-
nt and as shown in Fig. 1B, all three oncoproteins
ould be found in the light membrane fraction. v-Src
nd H-Ras were found almost exclusively in the light
embrane fraction, whereas Raf was detected all frac-

ions throughout the gradient.
To examine the PLD activity in isolated membranes,
e needed to use an in vitro PLD assay. We showed
reviously (22), that the elevated PLD activity ob-
erved in cells transformed by v-Src and v-Ras was still
bserved in broken cell lysates. To confirm this obser-
ation and to establish that this was also the case in
-Raf-transformed cells, both in vivo and in vitro PLD
ssays were compared in the transformed and parental
IH 3T3 cells. As shown in Fig. 2A, similar increases

FIG. 1. Distribution of proteins in light and heavy membrane
ractions. A. NIH 3T3 cells were disrupted by Dounce and Polytron
omogenization and then sonicated as described under Materials
nd Methods. The membrane fragments were then run over a dis-
ontinuous gradient of 5%, 35% and 45% sucrose. 12 fractions and a
ellet were recovered and subjected Western blot analysis using
ntibodies to caveolin 1, the endoplasmic reticulum protein BiP, the
lasma membrane protein Na1, K1-ATPase b2, and the trans-Golgi
etwork protein TGN38. The amount of material loaded onto the gels
as normalized by volume from each of the fractions. The figure

hown is a representative of three independent experiments. B. NIH
T3 cells transformed by v-Src, v-Ras, or v-Raf were subjected to the
ame fractionation procedure as in A, and then subjected to Western
lot analysis using antibodies raised against Src, Ras, and Raf as
hown.
79
ransphosphatidylation reaction or the in vitro choline
elease assay. These data indicate that the elevated
LD activity seen in the transformed cells is main-
ained in this broken cell system.

We next examined the PLD activity in the parental
nd transformed NIH 3T3 cells in fractions obtained
rom the sucrose gradient. Although elevated PLD ac-
ivity relative to the NIH 3T3 cells could be detected in
he intermediate density fractions (fractions 6–8), the
ost significant increase in PLD activity was seen in

he light membrane fractions 4 and 5 (Fig. 2B). As
uch as an 8-fold increase in PLD activity in the cells

FIG. 2. Elevated levels of PLD activity in transformed cells are
estricted to the CEMMs. A. PLD activity in NIH 3T3 cells and NIH
T3 cells transformed by v-Src, v-Ras, or v-Raf was determined by
ransphosphatidylation (in vivo) or choline release (in vitro) as de-
cribed under Materials and Methods. Error bars represent standard
eviations for duplicate experiments repeated three times (in vivo) or
our times (in vitro). B. NIH 3T3 cells and NIH 3T3 cells transformed
y v-Src, v-Ras or v-Raf were subjected to the fractionation procedure
escribed in Fig. 1A. Fractions were recovered and the PLD activity
n the different fractions was determined by adding liposomes con-
aining [3H]-choline-labeled PC and measuring choline release as
escribed under Materials and Methods. PLD activity in each frac-
ion was normalized for total protein in each fraction. Error bars
epresent the range for duplicate results from a representative of two
ndependent experiments.



t
o
f
v
r

o
l
r
w
P
t
t
r
f
C
3
c
p
t

membrane fraction. There did not appear to be any
d
P
N
a
T
t
o
P

C
2
p
c
e
r
A
t
a
m
e
t
s
a

A
f
r
a
t
t
2
p
r

e
t
t
o
s
1
y
T
o

Vol. 273, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
ransformed by v-Raf was seen in fraction 4 whereas
nly 2- to 3-fold increase was seen in the intermediate
ractions. Similar differences were observed for the
-Src- and v-Ras-transformed cells relative to the pa-
ental NIH 3T3 cells.

Increased PLD activity is not due to increased levels
f either PLD1 or PLD2. We next investigated the
evels of PLD1 and PLD2 in the transformed and pa-
ental NIH 3T3 cells. In Fig. 3A, it is shown that there
as no significant difference in the levels of either
LD1 or PLD2 in the parental or transformed cells
hat could account for elevated PLD activity in the
ransformed cells. Both PLD1 and PLD2 have been
eported to be present in CEMMs (23–25). We there-
ore examined the levels of PLD1 and PLD2 in the
EMM fractions of the NIH 3T3 and transformed NIH
T3 cells. Both PLD1 (Fig. 3B) and PLD2 (Fig. 3C)
ould be detected in the CEMM fraction. PLD1 was
resent in both the heavy and light membrane frac-
ions whereas PLD2 was largely restricted to the light

FIG. 3. Increased PLD activity is not due to increased levels of
ither PLD1 or PLD2. Lysates from NIH 3T3 cells and NIH 3T3 cells
ransformed by v-Src (Src), v-Ras (Ras), or v-Raf (Raf) were subjected
o Western blot analysis using antibodies raised against either PLD1
r PLD2 (A). The parental and transformed NIH 3T3 cells were then
ubjected to fractionation procedures described in the legend to Fig.
A and the recovered fractions were subjected to Western blot anal-
sis using antibodies raised against either PLD1 (B) or PLD2 (C).
he data shown are representative experiments of three (for PLD1)
r two (for PLD2) independent experiments.
80
ramatic changes in the distribution of either PLD1 or
LD2 in the transformed cells relative to the parental
IH 3T3 cells that could account for the increased PLD
ctivity observed in the light membrane fractions.
hese data suggest that the increased PLD activity in
he transformed cells is due to a change in the activity
f PLD rather than to an increase in either PLD1 or
LD2 protein.

EGF-induced PLD activity is predominantly in
EMMs. EGF causes an increase in PLD activity (18,
6, 27). The EGF receptor has also been reported to be
resent in CEMMs and upon EGF treatment, the re-
eptor leaves the CEMMs and internalized (28). We
xamined the distribution of the EGF receptor in 3Y1
at fibroblasts that overexpress the EGF receptor (18).
s shown in Fig. 4A, the EGF receptor was present in

he light membrane fraction 5. However, there was
lso a substantial amount of the receptor in the inter-
ediate density fractions 8 and 9 (Fig. 4A). We next

xamined the PLD activity in the different fractions of
he 3Y1 cells overexpressing the EGF receptor, and as
hown in Fig. 4B, the most significant increase in PLD
ctivity was observed in the light membrane fraction 5.

FIG. 4. EGF-induced PLD activity is predominantly in CEMMs.
. 3Y1 cells overexpressing the EGF receptor were subjected to the

ractionation procedures used in Fig. 1A and the presence of the EGF
eceptor in the different fractions was determined by Western blot
nalysis. B. The 3Y1 cells overexpressing the EGF receptor were
reated with EGF (100 ng/ml, 4 min), subjected to fractionation and
he PLD activity in the different fractions was determined as in Fig.
B. The PLD activity in each fraction was normalized for total
rotein in each fraction. Error bars represent the range for duplicate
esults from a representative of two independent experiments.
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nterestingly, there was very little increase seen in the
ntermediate fractions 8 and 9 where there was also
ubstantial EGF receptor. This population of EGF re-
eptor likely represents internalized EGF receptor.
hese data indicate that the PLD activity elevated in
esponse to EGF occurs in the CEMMs where EGF
eceptor is present prior to internalization.

Substrate specificity for PC lacking arachidonate is
xplained by exclusion from CEMMs. We previously
eported that the PLD activity elevated in transformed
ells, as measured by transphosphatidylation, could
ot be detected when PC was prelabeled with the poly-
nsaturated fatty acid arachidonic acid (2, 11). In con-
rast, PLD activity elevated in response to TPA could
eadily be detected when substrate PC was prelabeled
3H]-arachidonic acid. This result could have been due
o exclusion of PC containing the polyunsaturated ar-
chidonic acid from the light membrane fraction, which
s enriched with membrane lipids containing saturated
atty acids (15, 16). We therefore investigated the dis-
ribution of PC prelabeled with either the polyunsatu-
ated arachidonate, or the saturated fatty acids myris-

FIG. 5. PC prelabeled with [3H]-arachidonic acid is excluded from
Y1-EGFR cells were prelabeled with [3H]-myristic acid (MA), [3H]-
etermined in whole cells (A) or in the CEMM fraction (fractions
hosphatidylbutanol by TLC as described under Materials and M
cid-labeled cells was normalized to the PLD activity in the [3H]-myr
ine. Relative PC levels in whole cells (C) and in the CEMM fraction (
C had been resolved. The PC from the [3H]-arachidonic acid- and [3H
cid-labeled cells, which was assigned a value of 100% for each cell lin
tandard deviation.
81
ate and stearate. We first examined the PLD activity
n either whole cells or in isolated CEMMs (fractions 4
nd 5). As shown in Fig. 5A, the PLD activity in whole
ells, prelabeled with [3H]-arachidonic acid, ranged
rom 20% to 30% of that observed in cells labeled with
3H]-myristic acid. In contrast, there was virtually no
LD activity detected in the CEMM fraction when cells
ere labeled with [3H]-arachidonic acid (Fig. 5B). We
ext examined the level of [3H]-arachidonate-, [3H]-
yristate-, and [3H]-stearate-labeled PC in whole cells

nd the CEMM fraction. As shown in Fig. 5C, the
C detected in whole cells prelabeled with [3H]-
rachidonic acid was approximately 30% of that ob-
erved in cells labeled with either [3H]-myristic or [3H]-
tearic acid. In contrast, virtually no PC could be
etected in the CEMM fraction when cells were labeled
ith [3H]-arachidonic acid (Fig. 5D). These data sug-
est that the apparent substrate specificity of mito-
enic PLD activity for PC lacking arachidonic acid (11)
as due to exclusion of arachidonate-containing PC

rom the membrane microdomain where the mitogenic
LD is activated.

EMMs. NIH 3T3 (NIH), Ras-transformed NIH 3T3 (NIH-Ras), and
chidonic acid (AA), or [3H]-stearic acid (SA). PLD activity was then
nd 5) of isolated membranes (B) by measuring the production of
ods. The PLD activity in [3H]-arachidonic acid- and [3H]-stearic

c acid-labeled cells, which was assigned a value of 100% for each cell
as determined scanning of autoradiographs from TLC plates where

earic acid-labeled cells was normalized to the PC in the [3H]-myristic
The data represent the average of three independent experiments 6
C
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To demonstrate that there was no inherent substrate
pecificity of the PLD activated by mitogenically acti-
ated PLD, we examined PLD activity in membranes
rom parental and v-Src-transformed NIH 3T3 cells
sing substrate PC in generated liposomes. Substrate
C was generated by labeling v-Src-transformed NIH
T3 cells with either [3H]-myristate or [3H]-arachi-
onate and then recovering TLC-resolved PC. Mem-
ranes from either parental or v-Src-transformed NIH
T3 cells were then mixed with liposomes containing
he recovered [3H]-myristate- or [3H]-arachidonate-
abeled PC. As shown in Fig. 6, the increased PLD
ctivity in the membranes from the v-Src-transformed
ells was observed using either [3H]-myristate- or [3H]-
rachidonate-labeled PC. These data indicate the PLD
ctivated in response to v-Src does not have any intrin-
ic substrate specificity that would exclude PC contain-
ng the polyunsaturated arachidonic acid. The data
urther support the hypothesis that the PLD elevated
n response to mitogenic signals takes place in
EMMs, which are enriched with phospholipids con-

aining saturated fatty acids.

ISCUSSION

In this report we have shown that the elevated PLD
ctivity in transformed cells is largely restricted to
EMMs where many signaling molecules aggregate to

orm signaling complexes (17). As reported previously
23, 24), both PLD1 and PLD2 could be detected in the
EMM fraction, however there was no dramatic in-

rease in either PLD1 or PLD2 in these fractions that
ould account for the increased activity. The apparent

ubstrate specificity of mitogenically-stimulated PLD

FIG. 6. V-Src-induced increase in PLD activity has no substrate
pecificity in vitro. [3H]-PC was isolated from cells labeled with
ither [3H]-arachidonic acid or [3H]-myristic acid as described under
aterials and Methods. The [3H]-arachidonic acid- and [3H]-myristic

cid-labeled PC was then used to prepare [3H]-PC-labeled liposomes
[3H]-Myr PC or [3H]-Ara PC as shown). Membranes from either
arental or v-Src-transformed NIH 3T3 cells were added and PLD
ctivity, as determined by transphosphatidylation in the presence of
% butanol, was determined as described previously (4, 30). The data
epresent the range of two independent experiments.
82
lained by exclusion of arachidonate-containing PC
rom the CEMMs. These data provide evidence that the
LD activity elevated in response to mitogenic signals
akes place in CEMMs, where many of the proteins
nvolved in the initiation of mitogenic signals are
ocalized.

The restriction of elevated PLD activity in the trans-
ormed cells to the light membrane CEMM fraction
xplains our previous observation that elevated PLD
ctivity in transformed cells was not observed when
ells were radiolabeled with the polyunsaturated fatty
cid arachidonic acid (2, 11). Data presented here dem-
nstrates that arachidonate-labeled PC was absent in
he light membrane fraction. Moreover, the elevated
LD activity in v-Src-transformed cells had no sub-
trate preference in an in vitro PLD assay. Thus, the
pparent substrate specificity for PC lacking arachi-
onic acid observed previously for mitogenically stim-
late PLD activity is likely due to the localization of
his PLD activity to the CEMMs that are enriched with
hospholipids containing saturated fatty acids.
The PLD activity elevated in response to Src, Ras,
af, and EGF is dependent upon the small GTPase
alA (4, 7, 10, 18, 29). We previously demonstrated

hat PLD1, but not PLD2, could be precipitated by
mmobilized GST-RalA fusion protein (4, 30). We also
emonstrated that the PLD associated with RalA was
esponsive to Arf (30), which is also a characteristic of
LD1 (31, 32). These data indicated that the PLD
ctivity mediated by RalA was the Arf-responsive
LD1. The data presented here show that while PLD1

s present in the CEMMs, only a small percentage of
he total PLD1 is present in this fraction. In contrast,
lmost all of the PLD2 is in light membrane fractions.
hus, while we believe that the Arf-responsive, RalA-
ssociated PLD1 is likely involved in mitogenically
timulated PLD activity, an additional role for PLD2,
hich is apparently localized almost exclusively to the
EMM fraction can not be ruled out. It is possible that
LD1 and PLD2 work together in response to the mi-
ogenic signals initiated in the CEMMs.
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