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Adipocyte plasma membranes contain two G; subtypes but are
devoid of G,
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Antisera generated against synthetic peptides were used to identify G-protein a-subunits in plasma membranes from rat

adipocytes. Applying the immunoblot technique, we detected two G, a-subunits of 42 and 43 kDa, corresponding to the

two cholera toxin substrates, and two G; a-subunits of 40 and 41 kDa, corresponding to the two pertussis toxin substrates

present in these membranes. The 40 kDa protein was tentatively identified as the G;, a-subunit. A serum specific for the

G, a-subunit failed to detect any immunoreactive protein. Thus plasma membranes of adipocytes possess two forms of
G; but not G,

Signal transduction; G-protein; Synthetic peptide; Immunoblotting

1. INTRODUCTION

Guanine nucleotide-binding proteins (G-
proteins) are involved in signal transduction across
plasma membranes [1]. They are composed of
three different subunits referred to as a-, §- and -
subunits [2]. The a-subunits are substrates for
ADP-ribosylating bacterial toxins, i.e. for cholera
toxin, pertussis toxin or both, and differ by struc-
tural criteria including relative molecular masses
on SDS gels (39—54 kDa).

Multiple ¢cDNA clones encoding for G-protein
a-subunits with molecular masses between 39 and
4] kDa have been identified (e.g. [3]). Among
those are three G; a-subunits termed G;;, Gi» and
Gi3 with apparent molecular masses on SDS gels of
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41, 41 and 40 kDa, respectively [4]. The G, a-
subunit which is highly abundant in brain [5] and
in a pituitary cell line [6] migrates as a 39 kDa
protein.

In adipose tissue, G-proteins mediate hormonal
stimulation and inhibition of adenylate cyclase [7]
and glucose transport [8—10] and stimulation of
phosphoinositide hydrolysis [11]. G-proteins have
also been proposed to mediate effects of insulin
[12,13].

Membranes of adipocytes contain two substrates
for each cholera and pertussis toxin [14]. The
cholera toxin substrates may represent G; a-
subunits [15]. Based on the use of polyclonal an-
tisera raised against purified G-proteins [16], the
pertussis toxin substrates have been reported to
represent a-subunits of a Gi-type G-protein and
Go.

Here, antisera raised against peptides corre-
sponding to defined regions of G-protein a-
subunits were used to identify G-protein a-
subunits in plasma membranes of rat adipocytes.
In contrast to previously reported data obtained
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with antisera raised against purified G-proteins,
the present data indicate the absence of G, and the
presence of two Gi-type G-proteins, one of which

is likel 1y tO represent Giz.
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Highly insulin-responsive adipocytes were prepared from
epididymal fat pads of male rats (170-200 g, Wistar strain, fed
ad libitum) by collagenase treatment according to Rodbell [17]
with modifications [18]. Plasma membranes and low-density
microsomes were prepared by differential centrifugation as in
rnol
[19].

3T3-L1 cells obtained from the American Type Culture Col-
lection (Rockville, MD) were grown as described [20]. Undif-
ferentiated cells were homogenized in Tris-HCl, EDTA, sucrose
buffer (10, 1 and 250 mM, respectively; pH 7.4) with a Potter-
Elvehjem homogenizer, and membranes were prepared by dif-
ferential centrifugation [20].

G-proteins from human erythrocytes (Gs and G;) were

murifiad 3
purified by the method of Codina et al. {21}, G-proteins from

porcine brain (G; and G,) were isolated as described [22].
Peptides were obtained by Fmoc solid-phase peptide syn-
thesis under continuous flow conditions, using BOP (Castro’s
reagent) for activation [23]. All peptides contained a cysteine
residue at the amino terminus in order to facilitate cross-linking
to keyhole limpet hemocyanin. Coupling of peptides was per-
formed as described [24] with modifications [25]. New Zealand

white rabbits were immunized, and antisera were obtained ac-

cording to Mumby et al. [26].

SDS-PAGE was performed according to Laemmli [27] with
modifications. Proteins were acetone-precipitated, dissoived in
sample buffer and loaded onto a slab gel, composed of 8%
(w/v) acrylamide, 0.21% (w/v) bisacrylamide and 4 M urea.
Electrophoresis was performed at a constant current of 20 mA
for 3.5 h. The inclusion of urea in the SDS gel effectively im-

proved the resolution and caused a slight increase in the mobili-

ty of G-protein a-subunits. Immunoblotting (using 125]protein
A for the detection of filter-bound antibodies) and
autoradiography of filters were performed as described [22].
Pertussis toxin-catalyzed [*2P]ADP-ribosylation of mem-
brane proteins was performed as in [22] with two modifications.
The toxin was preactivated in the presence of ATP (1 mM), and

the assay was performed in the presence of Lubrol PX (0.1%,
w/v). Cholera M\v|n-r‘nt2|v7ﬁd I3ZPlAnD ribogvlation was per-

formed essentially as described [28]. The assay mixture contain-
ed 1 xM [?*PINAD (37-74 kBg/assay tube) and (in mM) 10
MgCly, 1 EDTA, 10 thymidine, 0.1 GTP, 1 ATP, 10 DTT, 20
isonicotinic acid hydrazide, 3 dimyristoyl-L-a-phosphatidyl-
choline, and 250 potassium phosphate (pH 7.5).

Urea (Bio-Rad, Miinchen) was deionized by passage over an
jon-exchange resin (AG 501-X8). '**I-protein A was synthesized
using Iodo-Gen as oxidizing agent [29). [o-?P]JATP was syn-
thesized according to Johnson and Walseth [30] and [**P]NAD
according to Cassel and Pfeuffer [31]. Protein was determined

aercarding ac
according to Lowry ¢t al. [32] with BSA as standard.
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3. RESULTS AND DISCUSSION

Four different peptides derived from published

SEquEnCes of cDNA anUUlng u-prOIem a-subunits
were used for antiserum production (table 1). The

@common peptide, identical to that employed by

Mumby et al. [26], occurs in all G-protein «-
subunits except that of G, and G,, from which it
differs in one and three amino acids, respectively
[33]. The a, peptide, also identical with that used
by Mumby et al. [26], corresponds to a region
specific for the G, a-subunit. Two different pep-
tides were designed for generation of antisera
against G; a-subunits. The @icommon peptide is
found in the a-subunits of Gy and Gi,. It differs
from the corresponding sequence in the a-subunit
of Gis in only one amino acid, and from the a-
subunits of G,, Gs and G, in five or more amino
acids. The aj2 peptide is specific for the Gj o-
subunit; it differs from the corresponding se-
quences of the a-subunits of Gi;, Gis, Go or G, in
4 or more amino acids.

Immunization of rabbits with the peptides listed
in table 1 yielded antisera that recognized G-
protein a-subunits. Specificity of the antisera was
tested with subunits of purified G-proteins, which
were separated by SDS-PAGE in the presence of

lalattad Aembn smitmnaal ~om Fileaee

uica a.uu viviicu vIiw lllLlULCllUlUDC 1HILCID \llg l)

The @common peptide antiserum, AS 9 reacted
with a-subunits of G-proteins

erythrocytes, i.e. the 42 kDa a-subunit of Gs and
the 40—41 kDa a-subunits of Gi-type G-proteins.
It also reacted with the a-subunit of G, (39 kDa)
purified from porcine brain (panel A). The
@icommon Peptide antiserum, AS 19, recognized the
40—41 kDa G;j a-subunits of erythrocytes (panel B)

Sequences of peptides used for generation of antisera

acommon Peptide (C)YGAGESGKSTIVKQMK antisera AS 8,
AS 9
@icommon Peptide (C)NLREDGEKAAREV  antiserum AS 19
@iz peptide (C)TGANKYDEAAS antiserum AS 64
o peptide (CONLKEDGISAAKDVK  antiserum AS 6

Amino acid sequences are given in the one-letter code. Each
peptide contained an additional cysteine residue (in
parentheses) at the amino terminus in order to facilitate cross-
linking to keyhole llmpet hemocyamne Code numbers of

d in th racant
G L resent otuuy arc snvuu
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Fig.1. Characterization of peptide antisera with purified G-
proteins. Autoradiographs of immunoblots performed with
purified G-proteins are shown. G, and G; were purified from
human erythrocyte, G, from porcine brain. The amount of
protein applied per lane of the SDS gel amounted to approx.
1 ug with respect to G-protein a-subunits. (A) @common PepPtide
antiserum (AS 9, 1:300). (B) @icommon peptide antiserum (AS
19, 1:300). (C) aiz peptide antiserum (AS 64, 1:300). (D) a.
peptide antiserum (AS 6, 1:300).

and 40—41 kDa proteins of brain preparations (see
below); the ai; peptide antiserum, AS 64, reacted
with an 40 kDa a-subunit of Gi-type G-proteins
purified from erythrocytes (panel C) and brain
preparations (see below). The ao-peptide an-
tiserum, AS 6, detected the 39 kDa «a-subunit of
G, purified from porcine brain (panel D). AS 19
did not cross-react with the G, @-subunit, and AS
6 did not detect a-subunits in the various G;
preparations. The reactions of antisera with pro-
teins of 39—43 kDa were blocked by preincubation

FEBS LETTERS

September 1988

with the respective synthetic peptide employed as
hapten (not shown); this suggests that 39—43 kDa
proteins were specifically recognized by antibodies
against the employed hapten.

To characterize further the antisera, a cholate
extract of brain membranes which contains Gs,
Gii1, Giz2 and G, [34] was used. As shown in fig.2,
AS 9 detected a narrow band at 43 kDa
(presumably representing a Gs a-subunit), and a
broad band in the 39-41 kDa region (fig.2A).
With the various peptide antisera, this broad im-
munoreactive band was attributed to three dif-
ferent protein species: two Gj a-subunits (40,
41 kDa; fig.2B), one of which appeared to be the
Giz» a-subunit (40 kDa; fig.2C), and to the G, a-
subunit (39 kDa; fig.2E). When AS 19 was added
to AS 64, the second G; a-subunit emerged as an
additional band (fig.2D). The interaction of a pro-
tein of molecular mass »41 kDa with AS 19
(fig.2B,D) was unspecific, since it was not sup-
pressed by preincubation of the serum with the
@icommon Peptide (not shown). The resolution of G;
and G, a-subunits (particularly that of the G;z and
Go a-subunits) crucially depended on the presence
of urea in the SDS gels. Only under these condi-
tions was a 40 kDa protein, detected by AS 6 in ad-
dition to the 39 kDa G, a-subunit, observed
(fig.2E). This immunoreactive protein was also
detectable in some but not all preparations of
purified Go.

In adipocyte plasma membranes, AS 9 detected
four proteins corresponding to [**P]ADP-
ribosylated G-protein a-subunits (fig.3). Cholera
toxin catalyzed the ADP-ribosylation of two pro-
teins (42, 43 kDa; panel B) which were im-
munoprecipitated with the serum (not shown).
These proteins representing the two forms of the
Gs a-subunit corresponded to two similarly
migrating immunoreactive proteins in the im-
munoblot (panel A). Pertussis toxin-catalyzed
ADP-ribosylation revealed two substrates in the
40—-41 kDa region (panel C); two corresponding
proteins were detected by immunoblotting (panel
A).

Fig.4 illustrates the further identification of the
40—41 kDa proteins with sera specific for G; and
G, a-subunits. Membranes from 3T3-Ll1
fibroblasts, which reportedly contain G, [35], or a
mixture of Gj and G,, purified from porcine brain,
were run as controls. Surprisingly, AS 6 failed to
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Fig.2. Detection of G-protein a-subunits with peptide antisera
in cholate extracts of porcine brain membranes.
Autoradiograph of an immunoblot is shown. Membranes from
porcine brain cortex were prepared and extracted with 1%
cholate as described [22). 390 xg extract were applied to an SDS
gel of 10 cm width. Following SDS-PAGE and transfer of
proteins, nitrocellulose filters were cut into 1.5 cm wide strips
and incubated with various antisera. (A) acommon peptide
antiserum (AS 9, 1:300). (B) @icommon peptide antiserum (AS
19, 1:400). (C) ai peptide antiserum (AS 64, 1:400). (D)
Gicommon Peptide antiserum (AS 19, 1:400) plus ai> peptide
antiserum (AS 64, 1:400). (E) a, peptide antiserum (AS 6,
1:1500).

detect any G, a-subunits in the adipocyte plasma
membranes (panel C). In contrast, the serum
recognized a 39 kDa protein in membranes from
3T3-L1 fibroblasts and the Gi/G, mixture. The
blots obtained with AS 19 (panel A) revealed that
the adipocyte plasma membranes contained two Gi
a-subunits which fully account for the doublet
detected with pertussis toxin-catalyzed [*?P]ADP-
ribosylation or with AS 9 (see fig.3). The smaller
species of the G; a-subunits (40 kDa) may repre-
sent the Giz a-subunit, since it was also detected
with AS 64 (panel B).

The present results indicate that adipocyte
plasma membranes contain two G; subtypes but
are devoid of detectable quantities of G,. The
latter conclusion is based on the failure of a
specific serum to detect a G, a-subunit, whereas
the serum clearly detected this protein in positive
controls. In addition, pertussis toxin-catalyzed
ADP-ribosylation revealed only two substrates in
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Fig.3. G-protein a-subunits in adipocyte plasma membranes as
detected with an acommon peptide antiserum and with [*?P]JADP-
ribosylation. Autoradiographs of an immunoblot and of SDS
gels are shown. Immunoblotting was performed with adipocyte
plasma membranes (100 g of protein) and the @common peptide
antiserum, AS 8 (1:300) (A). For [**P]ADP-ribosylations,
plasma membranes (50 xg protein) were incubated with *2P-
NAD and cholera toxin (B) or pertussis toxin (C).
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Fig.4. Identification of 40—41 kDa G-protein o-subunits in
adipocyte plasma membranes with peptide  antisera.
Autoradiographs of immunoblots are shown. SDS gels were
loaded with plasma membranes from fat cells (100 xg; FC) and,
as positive controls, with membranes from 3T3-L1 cells
(100 xg; 3T3) or a mixture of G;/G, purified from porcine brain
(3 #8; Giso). Nitrocellulose filters were incubated with the
@icommon Peptide antiserum (AS 19, 1:150; A), ai» peptide
antiserum (AS 64, 1:300; B) or a, peptide antiserum (AS 6,
1:300; C).
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the 40 kDa region both of which were identified as
G; a-subunits. Therefore, neither method of G-
protein detection provided any evidence for the
presence of an additional G, «-subunit in
adipocyte plasma membranes.

In contrast to our findings, previous reports
show the presence of G, «-subunits in rat
adipocyte plasma membranes [16,36]. The conclu-
sions drawn in these reports were based on the fin-
ding that an antiserum raised against a purified
39 kDa G-protein «-subunit, assumed to represent
the a-subunit of G,, recognized a protein of about
39 kDa in adipocyte plasma membranes. Although
the authors showed that their antiserum did not
recognize a 41 kDa G; a-subunit, the possibility
cannot be excluded that the preparations used for
immunization of rabbits were contaminated by the
40 kDa Gji; a-subunit which is not resolved from
the 39 kDa G, a-subunit by SDS-PAGE in the
absence of urea. For this reason and because of the
high degree of homology among G-protein a-
subunits, a cross-reaction of sera used in these
previous studies with the Gj; a-subunit appears
possible. This may also apply to an antiserum rais-
ed against a 39 kDa G-protein a-subunit from
bovine brain, which reacted with a 40 kDa protein
in membranes of human adipocytes.

The present data obtained with highly specific
antisera against synthetic peptides suggest that
adipocyte plasma membranes contain two Gi-type
G-proteins but no G,. Thus, all receptor-mediated,
pertussis toxin-sensitive responses of adipocytes
may occur via Gi-type G-proteins, i.e. inhibition of
adenylate cyclase [7], stimulation of glucose
transport by adenosine [8,10], and stimulation of
phosphoinositide hydrolysis [11].
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