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Lysophosphatidic acid (LPA) receptor has been at-
tracting many neuroscientists’ concerns, since it was
reported to have a potential role in the neurogenesis,
which occurs in the ventricular zone of the developing
and adult brain. In the present experiments using bac-
ulovirus expression system, the LPA receptor encoded
by ventricular zone gene 1 (Edg-2/Vzg-1) was found to
be functionally coupled to G;;, G,., and G,;, but not to
Gs. The coexpression of LPA receptor markedly de-
creased the expression of G protein a;; or a,, subunit,
while the basal [®*S]GTPyS binding significantly in-
creased in the G;-preparation. The Scatchard Plot
analysis indicates that the expression of LPA-receptor
(Edg-2/Vzg-1) showed stimulation of G;; without ago-
nist. These results suggest the Edg-2/Vzg-1 has an in-
trinsic acctivity on G;;.  © 1999 Academic Press

Lysophosphatidic acid (1-acyl-sn-glycero-3-phosphate,
LPA), a water-soluble phospholipid, can elicit diverse bi-
ological responses (1). These actions were found to be
mediated through activation of a variety of second mes-
senger pathways, including stimulation of phospholipase
C and D (2—4), inhibition of adenylyl cyclase (5), elevation
of intracellular Ca®" (6), activation of ras and mitogen-
activated protein kinases (7, 8) and activation of rho (9,
10). These observations also suggest that LPA exerts
such actions through various kinds of G proteins and/or G
protein-coupled receptors. Indeed some effects of LPA are
pertussis toxin (PTX)-sensitive (8).

On the other hand, there are accumulating reports
that LPA has a potential role in neurogenesis, based on
the knowledge of biological activities of LPA and bio-
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logical events during neurogenesis (9, 11-15). Chun
and his colleagues (16) have succeeded in cloning an
LPA receptor as a G protein-coupled receptor (Edg-2/
Vzg-1) which is 96% identical to an sheep sequence
termed edg-2. The Edg-2/Vzg-1 is preferentially ex-
pressed in the subventricular zone of the brain, where
neurogenesis is actively occurring in the embryonic,
neonatal and adult stage (17, 18). At the same time of
this work, another type of metabotropic LPA receptor
(PSP24) was isolated from a Xenopus oocytes library
(19). However, little is known of details of their signal-
ing mechanisms.

The best way to study the signaling mechanisms of
cloned metabotropic receptors is to perform a reconsti-
tution experiments. For this purpose, baculovirus/
insect cell expression system has been recently uti-
lized. This expression system has advantages that a
large amounts of recombinant proteins are expressed,
followed by posttranslational modifications such as iso-
prenylation and glycosylation (20). In the present
study we demonstrate the functional coupling of Edg-
2/\VVzg-1 with some G protein species in this expression
system. During the characterization of such couplings,
we found the intrinsic activity of the receptor to acti-
vate a specific G protein.

MATERIALS AND METHODS

Materials. The anti-G protein antibodies were kindly donated by
Dr. T. Haga at the University of Tokyo, Faculty of Medicine at Tokyo
Japan. The anti-Edg-2/Vzg-1 antibody was kindly donated by Dr.
J. Chun at University of California, San Diego, CA.

Cloning of mouse LPA receptor cONA. A male ddY mouse was
decapitated and the brain was removed. A pair of amygdala was then
dissected and immediately homogenized with a Teflon-glass homog-
enizer in TRIzol (Gibco BRL, Grand Island, NY). cDNAs were gen-
erated by reverse transcriptase, SuperScript Il (Gibco BRL) with
random hexamer oligonucleotide. A coding region of mouse Edg-2/
Vzg-1 homologue was amplified by Taq polymerase using primers,
5'-CCAAACTACAGCACTGTCATG-3' and 5'-CCGGCTGGCTTCCT-
TCTAAA-3'. The PCR product was cloned into pPGEM-T vector (pT-

VZG1).
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Generation of recombinant baculovirus for expression of Edg-2/
Vzg-1 LPA receptor and human D1 dopamine receptor. The bacu-
lovirus transfer vector containing sequence for Edg-2/Vzg-1 was con-
structed as follows. The Ncol-Sall fragment containing the coding
region was excised from pT-VZG1, where the Ncol site was filled in
with T4 DNA. The fragment was inserted between BamHI and Sall
sites of pFAsTBAcl (pF-VZG1), where the BamHI site was filled in
with T4 DNA polymerase. The pF-VZG1l was transformed into
DH10BAc for transposition of the donor plasmid containing Edg-2/
Vzg-1 to a bacmid. The recombinant bacmid DNA was transfected by
using CELLFECTIN Reagent (Gibco BRL) into Spodoptera frugi-
perda (Sf21).

The baculovirus transfer vector containing sequence for human D1
dopamine receptor was constructed, as follows. A coding region of
human D1 dopamine receptor was amplified from the cDNA, kindly
given by Dr. M. Caron at Duke University Medical Center, NC,
by Taq polymerase using primers, 5-AAGGATCCAAGATGAGG-
ACTCTGAACAC-3' and 5'-TTGAATTCTCAGGTTGGGTGCTG-
ACC-3'with 5’ flanking region containing BamHI and EcoRI site
respectively. The PCR product was cloned into pGEM-T vector
(pThD1R). The BamHI-EcoRI fragment containing the human D1
dopamine receptor coding region was excised from pThD1R. The
fragment was inserted between BamHI and EcoRI sites of pFaAsT-
Bacl (pFhD1R). The pFhD1R was transformed into DH10BAc for
transposition of the donor plasmid containing hD1R to a bacmid. The
recombinant bacmid DNA was transfected by using CELLFECTIN
Reagent into Sf21. The generated recombinant virus was ampli-
fied by infection and the amplified virus (1 X 10° pfu/ml) was stored
at 4°C.

Coexpression of recombinant G proteins and LPA receptor in Sf21
cells. Sf21cells (1.0 x 107 cells) were infected with the recombinant
viruses at a multiplicity of infection (m.o.i.) of 1 for mouse LPA
receptor, while at m.o.i. of 10 for GB,/y, and various kinds of Ga-
subunits. Baculoviruses for these G protein subunits have been
prepared, as previously reported (21). However, GB; and Gy, sub-
units were placed downstream of two polyhedrin promoters arranged
back-to-back in the recombinant virus coding both subunits. Cells
were harvested 2 ~ 3 days after infection at 27°C.

Membrane preparation from Sf21 cells and [*S]GTPvS binding
assay. The Sf21 cells were washed once and homogenized using a
glass-Teflon homogenizer in 1 ml of TES (0.32 M sucrose, 0.1 mM
EDTA, 25 mM Tris-HCI, pH 7.5) and centrifuged at 17,600 X g for 40
min at 4°C. The pellet was resuspended with buffer A (50 mM
HEPES-KOH, 1 mM EGTA, 1 mM DTT, 100 mM NaCl and 5 mM
MgCl,, pH 7.4) and centrifuged at 400 X g for 5 min. The superna-
tant was stored on ice until use.

[®S]GTPyS binding assay was performed as described (22) with
some modifications. The membrane preparations (20 ul) were incu-
bated in buffer A with 10 uM GDP, [*S]GTPyS (2-5 X 10° cpm/
assay NEM, Boston, MA) and drugs in a total volume of 100 nl for 60
min at 30°C. Bound and free [®*S]GTP~S were separated by a rapid
filtration through a nitrocellulose filter (0.45 um, ADVANTEC Toyo,
Tokyo, Japan) which was set into 96-well manifold kit. Bound radio-
activity was determined using Biolmaging Analyzer (FUJIX BAS
1000, Fuji Film, Tokyo, Japan). Non-specific activity was determined
by the difference between the [®*S]GTP~vS binding in the presence of
1 uM unlabeled GTP«S. In this concentration of GTPyS, the LPA (10
wM)-dependent activation of [®*S]GTPyS binding to the membrane
expressing G;; and Edg-2/Vzg-1 was 0.95 + 0.42% (n = 3) of that in
the absence of unlabeled GTPyS. The data were analyzed using
Student’s t-test.

SDS-PAGE and immunoblotting. SDS-PAGE by using 12% poly-
acrylamide gel and immunoblotting were performed as described
(23) with some modifications. Visualization of immunoreactive bands
was performed by using an enhanced chemiluminescent substrate
for detection of horse radish peroxidase, SuperSignal Substrate

79

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

(PIERCE, Rockford, IL). The intensities of immunoreactive bands
were analyzed by NIH imaging after scanning exposed films.

RESULTS

LPA-Induced Stimulation of G;;, G,,, and G,
through Edg-2/Vzg-1 LPA Receptor

In previous studies, a pertussis toxin (PTX)-
sensitive G protein has been postulated to be in part
involved in various biological actions of lysophospha-
tidic acid (LPA). To examine whether a cloned mouse
LPA receptor, Edg-2/Vzg-1 couples PTX-sensitive G
proteins, G;; or G,,, the « subunit of either G protein
was expressed simultaneously with the B; and v,
subunit of G protein with Edg-2/Vzg-1 in Sf21
cells by recombinant baculovirus infection, and
[*S]GTP+S binding assay was performed. The spe-
cific [**S]GTP+S binding to the membranes express-
ing G;; or G,, and Edg-2/Vzg-1 significantly increased
with LPA concentrations in the range from 0.1 to 10
uM (Figs. 1A and 1B). The addition of 1 uM LPA
increased the specific [**S]GTPyS binding to the G-
expressed membrane by 58% of control, and to the
G..-0ne by 86% of control. The absolute value of
LPA-induced increase in [®*S]GTP4S binding in the
preparations expressing G;; or G,, and Edg-2/Vzg-1
was 670.7 fmole/mg protein or 886.3 fmole/mg pro-
tein respectively. No LPA-dependent activation was
found in the membranes with Edg-2/Vzg-1 alone nor
with either G protein alone (data not shown). These
results indicate that the Edg-2/Vzg-1 couples G;; or
G, in the present coexpression experiments.

In a preparation expressing Gy;, LPA stimulated the
[®SIGTPyS binding through Edg-2/Vzg-1 in a
concentration-dependent manner in the range from 0.1
uM to 10 uM (Fig. 1C). The addition of 10 uM LPA
showed a significant increase by 30% of control. On the
other hand, 10 uM LPA showed a weak, but non-
significant increase (16.6%) in the preparation express-
ing G, (Fig. 1D). In order to confirm that G, was prop-
erly expressed, we performed the coexpression of G,
and D1 dopamine receptor. As shown in Fig. 1E, SKF-
82958, a dopamine D1 agonist, markedly stimulated
the [®*S]GTP+S binding in a concentration-dependent
manner.

LPA-Induced Kinetic Changes in the [*S]GTPvS
Binding to G;; or G,,

To further characterize the functional coupling be-
tween Edg-2/Vzg-1 and either G protein, LPA-
stimulated [*S]GTP+S binding was determined un-
der the condition of various concentrations of
[*S]GTP»S in the reaction mixture. The Scatchard
Plot analysis showed the single component of
[*S]GTP%S binding in either preparation expressing
Gi: or G,,, and in both cases in the absence or pres-
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Effect of LPA or SKF-82958 concentrations on the [*S]GTP4S binding to membrane. [®*S]JGTPyS binding activity in the

membrane containing G protein (A, G;;; B, G,,; C, Gy;; and D and E, G;) was assayed. (A-D) The membrane contained G protein with (@) or
without (O) Edg-2/Vzg-1. (E) The membrane contained G, with (®) or without (O) D1 dopamine receptor. Each sample was incubated for 1
hr at 30°C. * < 0.05, ** < 0.01, compared with value of the membrane without Edg-2/Vzg-1. Data are expressed as a percentage of control
(no LPA nor SKF-82958) and represent the mean = S.E.M. of three independent experiments.

ence of 1 uM LPA (Figs. 2A and 2B). The K, value of
[**S]GTP%S binding in the absence of LPA in the
preparation expressing Edg-2/Vzg-1 and G;; was
337.5 nM as shown in Fig. 2C. When 1 uM LPA was
added, the K, was decreased to one third of control
(85.7 nM). Similar decrease in the K, value was
found in the membrane expressing Edg-2/Vzg-1 and
G... The K, in the absence and presence of 1 uM LPA
was 191.0 and 46.1 nM, respectively (Fig. 2C). These
results indicate that LPA activates G;; and G,
through the Edg-2/Vzg-1.

Expression of G Proteins in Baculovirus Expression
System

Although the recombinant G, was found to be func-
tional from the coexpression experiment using D1 re-
ceptor and G, the possibility cannot be excluded that
the loss of coupling between Edg-2/Vzg-1 and G might
be attributed to the poor expression of Edg-2/Vzg-1 or
the selective inhibition of G,-expression by coexpres-
sion of Edg-2/Vzg-1. The relative amounts of Vzg-1
calculated from their immunoreactivities in the G,
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FIG. 2. Scatchard analysis of binding of [®*S]GTPyS to Sf21 membranes G-proteins. [*S]GTP4S binding activity in the membrane
containing the G protein (A, G;;; B, G,,) with Edg-2/Vzg-1 was assayed in the various concentration of GTPyS in the absence (O) or presence
(®) of 1 uM of LPA. (C) LPA-dependent change of K4 values of [**S]GTP%S binding to G, or G,, with Edg-2/Vzg-1. * < 0.05, compared with
the value of the membrane without LPA. Data represent the mean = S.E.M. of four independent experiments.

80



Vol. 259, No. 1, 1999

A.
Gojp  Goga Gos  Gapg
. . ] -+ V7G-1
B.
Gaj;  Goyy Gog  Gopy
-+ -+ - + - +VIG-
Wy e -
G
2500 -
0O -VZG-1
B +VZG-1

:

[35S]GTPyS Bound (pmol/mg)

Goa Gs Gn

FIG. 3. Immunoblot analysis of expression of LPA receptor and
G protein « subunits, and basal activity of [*®*S]GTP+S binding. (A
and B) Immunoblot analysis of expressed Edg-2/VVzg-1 (A) or G pro-
tein «a subunits (B) in the infected Sf21 cells. Membrane proteins (1.3
rg) of the Sf21 cells expressing the indicated G protein with (+) or
without (=) Edg-2/Vzg-1 were analyzed by immunoblotting using the
specific antibody against the Edg-2/Vzg-1 or the corresponding type
of « subunit respectively. (C) Basal activity of [*S]GTPvS binding in
the absence of LPA. [*S]GTP+S binding activity in the membrane
containing indicated G protein was assayed in the absence of LPA.
Each sample was incubated for 1 hr at 30°C. * < 0.05, ** < 0.01,
compared with the value of the membrane without Edg-2/Vzg-1.
Data represent the mean = S.E.M. of three independent experi-
ments.

G,., G, and G,, are 1, 0.41, 0.38, and 0.84, respectively
(Fig. 3A). The linearity of dilution-immunoreactivity
relationship was observed in the range from the immu-
noreactivity in G, preparation to that in G;; one. It
demonstrated that the amount of the Edg-2/Vzg-1 in
the G,-expressed membrane was similar to that in the
G.-expressed membrane in which the significant in-
crease in [**S]GTP+S binding was detected. Figure 3B
shows that all G protein «-subunits including Ga, were
expressed in the reconstituted membranes with or
without Edg-2/VVzg-1 by immunoblot analysis. Each an-
tibody stained only one band corresponding to the ex-
pected molecular weight of recombinant « subunit. No
significant immunoreactivity for G protein a subunits
was observed by use of these antibodies in the insect
cells which were uninfected or infected with wild type
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baculovirus (data not shown). Interestingly, the immu-
noreactivity of Ga;; and Ga,, was markedly decreased
by co-infection with Edg-2/Vzg-1.

Intrinsic Activity of Edg-2/Vzg-1 to Stimulate G;;

Figure 3C shows the basal [**S]GTP+vS binding in the
preparation expressing each G protein with or without
Edg-2/Vzg-1. As expected from the results with immu-
noblot analysis (Fig. 3B), the basal binding activity in
the G,,-preparation was markedly decreased in the
presence of Edg-2/Vzg-1. There was no significant
change in the basal binding in the G- or Gy;-
preparation between the preparations with or without
Edg-2/Vzg-1 (Fig. 3C), being consistent with the results
from the immunoblot analyses.

However, the basal binding in the G;-preparation
was rather increased in the Edg-2/Vzg-1-coexpressed
membrane (Fig. 3C), being inconsistent with the result
of immunoblot analysis. In order to further character-
ize the increase in the basal [*S]GTPyS binding in the
Gi,-preparation, the LPA-dependent [*S]GTP+S bind-
ing was normalized by dividing with the maximal
[®*S]GTP+S binding which was obtained from the Scat-
chard Plot analysis by use of various concentrations of
[*S]GTPyS. As shown in Fig. 4A, there was no change
in [®*S]GTPyS binding by various concentrations of
LPA in the preparation expressing G;;, alone, and the
LPA-induced changes in [*S]GTPyS binding were
found in the preparation expressing G;; plus Edg-2/
Vzg-1 as described above. Of interest is the finding that
the normalized basal [*S]GTP+S binding in the ab-
sence of LPA was significantly higher in the prepara-
tion expressing G;; plus Edg-2/Vzg-1 than that express-
ing G;; alone. On the other hand, there was no
significant change in the basal binding between the
preparations expressing G,, and G,, plus Edg-2/Vzg-1
(Fig. 4B).

We further characterized the Kinetic changes in
basal G protein activities by co-expression with Edg-2/
Vzg-1 in the absence of LPA. In the Scatchard Plot
analyses, the affinity for [**S]GTPyS was increased by
Edg-2/Vzg-1 coexpression in G;;-preparation but not in
G..-preparation (Figs. 5A and 5B). Average (= S.E.M.)
of Ky value of [*S]GTPyS binding in the Gj-
preparation was decreased from 695 *= 227 to 377 *=
119 nM by Edg-2/Vzg-1 expression (Fig. 5C).

DISCUSSION

The present study revealed two major findings, 1)
LPA receptor, Edg-2/Vzg-1, selectively couples some
species of G proteins including G, in coexpression ex-
periments, 2) Edg-2/Vzg-1 has an intrinsic activity to
stimulate G;;. Here we found that LPA strongly stim-
ulates G;; and G,,, and weakly stimulates G,; through
Edg-2/Vzg-1. The LPA-induced activation of G;; is con-
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contained G protein with (@) or without (O) Edg-2/Vzg-1. * < 0.05, ** < 0.01, compared with the value of the membrane without Edg-2/Vzg-1.

Data represent the mean = S.E.M. of three independent experiments.

sistent with some previous reports which showed that
the LPA stimulation inhibited an adenylate cyclase in
the Edg-2/Vzg-1-expressed neuroblast cell line (16),
and activated an endogenous G;; in the membrane
from the Edg-2/Vzg-1l-expressed hepatoma cell line
(24). However, the activation of G, which is an abun-
dant membrane bound protein in the brain (25)
through Edg-2/Vzg-1 has not been reported. In this
study, we demonstrate that G, is also activated
through the Edg-2/Vzg-1 in the similar range of con-
centration of LPA to activate G;;. Some parts of LPA-
induced cellular events in the brain may be mediated
through an activation of G,.

We observed that LPA weakly but significantly acti-
vated G,; through Edg-2/Vzg-1 in the coexpression ex-
periments. As the stoichiometry of receptor coupling to
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Ggqu1 is generally very low, compared to G;, G, or G-
coupled receptors (26), we should not neglect the phys-
iological significance of functional coupling between
Edg-2/Vzg-1 and G,;. LPA was reported to activate
phospholipase C through a PTX-insensitive G protein
(8, 27). The present result suggests that Edg-2/Vzg-1-
mediated activation of G,;; may lead to activate phos-
pholipase C and to mobilize an increase in the concen-
tration of intracellular calcium ion.

G, could not be coupled to Edg-2/Vzg-1 in the expres-
sion system. It is possible that lower expression of
functional receptors caused the apparent uncoupling.
Because the LPA has the lipophilic detergent property,
it was difficult to analyze ligand-receptor interactions
(16, 28, 29). Therefore, we determined that the amount
of LPA receptor in the G,-expressed membrane was
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FIG. 5. Scatchard analysis of binding of [**S]GTP+S in the absence of LPA. [®*S]GTP~S binding activity in the membrane containing the
G protein (A, Gy; B, G,,) with (@) or without (O) Edg-2/Vzg-1 was assayed in the various concentration of [**S]GTP4S in the absence of LPA.
(C) Edg-2/Vzg-1-induced change of K, values of [®*S]GTPvS binding to G;; or G,,. * < 0.05, compared with the value of the membrane without
LPA. Data represent the mean = S.E.M. of four independent experiments.
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similar to that in the G,,-expressed membrane by im-
munoblot analysis. The reason that Edg-2/Vzg-1 could
not coupled to G, might be not that the receptor ex-
pression was low.

Interestingly, the amount of G;; or G,, in the prepa-
ration coexpressing Edg-2/Vzg-1 was decreased com-
pared with that of G;; or G,, in the preparation in the
absence of Edg-2/Vzg-1. Some reports showed that the
amount of G protein was decreased by the stimulation
of its downstream effector (30, 31). Therefore, the de-
crease in both protein expressions found in this study
may reflect down regulation caused by the downstream
mechanisms in the infected cells.

We found that the addition of LPA increased the
affinity (or decreased the K,) of [**S]GTPvS binding
to either G;; or G,. However, during the detailed
analysis we noticed that the basal activity of
[*S]GTP»S binding to G;; without LPA was higher in
the Edg-2/Vzg-1 expressed cells than in unexpressed
ones, despite the immunoreactive G;; expression was
markedly decreased by Edg-2/Vzg-1 expression. Fur-
ther analysis revealed that the affinity of [**S]GTP~vS
binding to G;; in the absence of LPA was increased by
this receptor expression, indicating that the Edg-2/
Vzg-1 has an intrinsic activity to stimulate G;;. Al-
though we washed the membranes with serum-free
buffer, the contamination of residual LPA or related
compounds derived from serum used in the infection
of Sf21 cells with baculoviruses can not excluded.
However, as there was no significant increase in the
affinity of [**S]GTPvS binding to the reconstituted
G,., it is unlikely that such a contamination exerts
significant effects. These results indicate that the G;;
is selectively activated by Edg-2/Vzg-1 in the absence
of any ligand. It is possible that no intrinsic activity
observed in G,,-expressed membranes resulted from
lower expression of Edg-2/Vzg-1 indicated by immu-
noblot analysis. However, because of higher activity
of LPA-induced [**S]GTP+S binding in G,,-expressed
membranes than in G;-expressed membranes, the
amount of the functional receptor may be enough to
intrinsically activate G, if it was possible. Therefore
the intrinsic activity of the receptor to G,, may be
relatively weak. Several reports suggested that some
receptors were found to show an intrinsic activity in
the absence of their ligands (32, 33). These receptors
affected the basal level of second messengers, such
as CAMP (34), but the kinetic change in a specific G
protein through the intrinsic activity of receptors
has not been reported.

It is interesting to discuss the physiological roles of
intrinsic activity of the Edg-2/Vzg-1. cAMP is one of
major second messenger to regulate neuronal differ-
entiation such as neurite extension and gene expres-
sion (35, 36). As it is expected that the Edg-2/Vzg-1
itself activates G; and inhibited cAMP production,
the developmental change of Edg-2/Vzg-1 during
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neurogenesis (37) may have an influence on the
cAMP signaling pathway and the neuronal differen-
tiation. On the other hand, there are reports that
some compounds possess the inverse agonist activity
which represents the inhibition of G protein activity
or second messenger production through metabo-
tropic receptors (38—41). The observation of the in-
trinsic activity of Edg-2/Vzg-1 may lead to a discov-
ery of an unknown inverse agonist to Edg-2/Vzg-1
LPA receptor.

In conclusion, we demonstrated here that a single
type of LPA receptor, Edg-2/Vzg-1 is functionally cou-
pled with some G proteins, G;;, G,, and G,;, and the
receptor has an intrinsic activity to stimulate G;;.
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