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Abstract

The a-subunits of the widely expressed G-proteins G, and G,, indistinguishably activate f-isoforms of phospholipase C. In this report we have
tested whether differences exist in the activation of both G-proteins via phospholipase C-linked receptors. We found that bombesin and vasopressin,
with very similar potencies and time dependencies, induce the activation of both G, and G,, in Swiss 3T3 cells, suggesting that these G-proteins,

at least in part, serve interchangable functions.
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1. Introduction

A wide variety of hormones, neurotransmitters and
growth factors acting on G-protein coupled receptors
lead to the activation of phospholipase C (PLC), result-
ing in the generation of inositol 1,4,5 trisphosphate and
diacylglycerol [1,2]. In the majority of cells, stimulation
of PLC via these receptors involves G-proteins of the G
family, the a-subunits of which, upon receptor activa-
tion, regulate the activity of f-isoforms of PLC [3].
Among the G-proteins of the G, family, G, and G, are
nearly ubiquitously expressed, and their a-subunits ex-
hibit 88% sequence identity [4-6]. Both a, and a,, share
indistinguishable properties with regard to stimulation
of various PLC-f isoforms [7-9]. In the present study we
tested whether differences exist between G, and G, with
regard to their activation by different receptors. As a
model system, we chose Swiss 3T3 cells which express
bombesin and vasopressin receptors linked to the activa-
tion of PLC [10-12].

2. Materials and methods

2.1. Materials
Bombesin and vasopressin were from Sigma (Deisenhofen, Ger-
many); sources of other substances have been described [13,14].

2.2. Cell culture and membrane preparation
Swiss 3T3 cells were grown in Dulbecco’s modified Eagle’s medium
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containing 10% (v/v) fetal calf serum, and membranes were prepared
by nitrogen cavitation.

2.3, Photolabeling of membrane proteins

[2-*P]GTP azidoanilide was synthesized and purified as described
[13]. Cell membranes (100-200 ug of protein per assay tube) were
incubated at 30°C in a buffer containing 0.1 mM EDTA, 5 mM MgCl,,
30 mM NaCl, 1 mM benzamidine and 50 mM HEPES-NaOH (pH 7.4).
After 3 min of preincubation in the absence and presence of receptor
agonist, samples were incubated for another 10 min with 10-20 nM
[2-**P)GTP azidoanilide (130 kBq per tube). The final assay volume was
60 1. After stopping the reaction by cooling the samples on ice, samples
were centrifuged at 4°C for 5 min at 12,000 x g, and pellets were resus-
pended in 60 ul of the above buffer supplemented with 2 mM glutathi-
one. Suspended membranes were then irradiated for 10 s at 4°C with
a 254 nm UV lamp (Vilber Lourmat, Torcy, France).

2.4. Immunoprecipitation

For immunoprecipitation, photolabeled membranes were pelleted
and solubilized in 40 ul of 2% (w/v) sodium dodecyl sulfate (SDS) at
room temperature. Thereafter, 120 ul of precipitation buffer (1% (w/v)
Nonidet P-40, 1% (w/v) desoxycholate, 0.5% (w/v) SDS, 150 mM NaCl,
1 mM dithiothreitol, 1 mM EDTA, 0.2 mM phenylmethylsulfonyl
fluoride, 10 mg/ml aprotinin and 10 mM Tris-HCI, pH 7.4) was added.
Solubilized membranes were centrifuged at 4°C for 10 min at 12,000 x g
to remove insoluble material, and 10 ml of antisera were added to the
supernatants. Following incubation of samples at 4°C for 2 h at con-
stant rotation, 60 ul of 10% (w/v) Protein A-Sepharose beads were
added, and samples were incubated overnight. Sepharose beads were
pelleted (12,000 x g, 3 min) and washed twice with 1 ml of washing
buffer A (600 mM NaCl, 50 mM Tris-HC), pH 7.4, 0.5% (w/v) SDS,
1% (w/v) Nonidet P-40) and twice with washing buffer B (300 mM
NaCl, 10 mM EDTA, 100 mM Tris-HCI, pH 7.4). Preparation of
samples for SDS-PAGE was performed as described [14].

2.5. SDS-polyacrylamide gel electrophoresis (SDS-PAGE),
immunoblotting and antisera

SDS-PAGE of photolabeled proteins was performed on 13% (w/v)
acrylamide gels as described by Blank et al. [15]. Photolabeled mem-
brane proteins were visualized by autoradiography of the dried gels
with Kodak X-OMAT AR-5 films. Blotting of membrane proteins
separated by SDS-PAGE, processing of immunoblots and detection of
immunoreactive proteins by a chemiluminescence procedure (Amer-
sham, Braunschweig, Germany) have been described [16]. Peptide anti-
sera against G-protein a-subunits were obtained after injection of syn-
thetic peptides corresponding to specific regions of a-subunits coupled
to keyhole limpet hemocyanine into rabbits. Table 1 shows the se-
quences of peptides against which the antisera specific for o, (AS 348),
aqn (AS 368), @, (AS 255) and the o ommon antiserum (AS 266) were
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raised. Specificity of antisera was controlled by testing their selectivity
for a-subunits expressed in E. coli (K. Spicher, unpublished data).

2.6. Miscellaneous and reproducibility

Protein was determined using the BCA protein assay system (Pierce,
Rockford, IL, USA). The experiments shown are representative for at
least two independently performed experiments using different mem-
brane preparations.

3. Results and discussion

We first identified the G-protein a-subunits expressed
in Swiss 3T3 cells (Fig. 1). Immunoblotting of Swiss 3T3
cell membranes with an antiserum raised against the C-
terminus of a, and a,, (Table 1) showed the expression
of two proteins of 43 and 41.5 kDa. The 43 kDa protein
was also recognized by an antiserum directed against a,,.
Thus, the 41.5 kDa protein represents the G, a-subunit
whereas the 43 kDa protein corresponds to the G,
a-subunit. Using the same SDS-gel system, Berstein et al.
[17] found identical migration properties for a; and «;.
In addition, an antibody specific for the a-subunits of the
G;-type G-proteins, the o; smmon antiserum, detected a
protein of about 40 kDa, and an antiserum raised against
a specific sequence common to all &, subtypes recognized
a protein of about 45 kDa.
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Fig. 1. G-protein a-subunits in membranes of Swiss 3T3 cells. Mem-
brane proteins were separated by SDS-PAGE and blotted onto nitro-
cellulose filters. The filters were cut into strips which were incubated
with different antibodies. a,/11, &, antiserum (AS 368); a,,, @,; anti-
serum (AS 255); ti, & common @Ntiserum (AS 266); a,, o, antiserum (AS
348). Bound antibodies were visualized by a chemiluminescence proce-
dure as described. Shown are autoluminograms of nitrocellulose strips.
Numbers on the left indicate molecular masses of marker proteins.
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Fig. 2. Stimulation of photolabeling of G-protein a-subunits in mem-
branes from Swiss 3T3 celis. Membranes (200 ug of protein per tube)
were incubated in the absence (control) or presence of the indicated
receptor agonists for 10 min and were photolabeled with [a-**PJGTP
azidoanilide. Membranes were solubilized and incubated with the a,;,
a; or a, antisera. Immunoprecipitation was performed as described.
Precipitated proteins were subjected to SDS-PAGE. Shown is an au-
toradiogram of an SDS gel with the molecular masses of marker pro-
teins on the left. To verify the specificity of the immunoprecipitating
antisera, antisera were in some cases (peptide +) preincubated with the
peptide (5 ug/ml) against which they were raised. &, &, antiserum
(AS 368); o, a; common antiserum (AS 266); a,, o, antiserum (AS 348).
Receptor agonists were applied in the following concentrations: bomb-
esin, 1 uM; vasopressin, 1 4M; thrombin, 1 U/ml; NECA (5’-N-eth-
ylcarboxamidoadenosine), 1 #M.

To test the interaction of known PLC-linked receptors
with G, and G, in Swiss 3T3 cells, membranes were
photolabeled with [a-**P]GTP azidoanilide in the ab-
sence and presence of bombesin or vasopressin. Thereaf-
ter, membranes were solubilized, a, and a,, were im-
munoprecipitated with the o, antiserum, and the im-
munoprecipitates were subjected to SDS-PAGE (Fig. 2).
Both agonists led to the incorporation of [a-*P]JGTP
azidoanilide into both the 41.5 kDa G, and the 43 kDa
G,; a-subunits. Immunoprecipitation could be blocked
by preincubation of the anti-peptide antiserum with the
corresponding peptide. The & . mmon and the a antisera
precipitated photolabeled 40 and 45 kDa proteins, re-
spectively. These 40 kDa G; and 45 kDa G, a-subunits
showed a slightly increased incorporation of [a-**P]GTP
azidoanilide in response to thrombin and the adenosine
A, receptor agonist 5’-N-ethylcarboxamidoadenosine,
respectively.
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Fig. 3. Concentration dependence of bombesin- and vasopressin-induced photolabeling of G, and G,; a-subunits in Swiss 3T3 cells. Membranes (150
HUg/tube) were incubated for 10 min with bombesin (panel A) or vasopressin (panel B) at increasing concentrations as indicated and photolabeled
with [a-*P]JGTP azidoanilide. Solubilized membranes were immunoprecipitated with the o, antiserum (AS 368) as described, and precipitated
proteins were subjected to SDS-PAGE. (Panel C) Membranes were incubated with 1 M of bombesin (B), 1 uM of vasopressin (V) or both agonists
at 1 uM together (B + V), and photolabeling was performed as in Panel A/B. ¢, control (without agonists). Shown are autoradiograms of SDS gels.
Arrows on the left indicate the position of marker proteins.
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Fig. 4. Time—course of vasopressin and bombesin-induced photolabeling of G, and G,, a subunits in Swiss 3T3 cells. Membranes (150 g/tube) in
the absence (—) or presence of vasopressin (1 M) and bombesin (1 uM) for the indicated time intervals with [a-?P)GTP azidoanilide. Photolabeled
membranes were solubilized, and membrane proteins were precipitated with the a,,;, antiserum. Precipitated proteins were subjected to SDS-PAGE.
Shown are autoradiograms of SDS gels with the molecular masses of marker proteins on the left.

Table 1
Peptide antisera used for immunoprecipitation of G-protein a-subunits
Antiserum Peptide sequence G-protein a-subunit

Recognized Amino acid
%y (AS 368) (OLOQLNLKEYNLV o 349-359*
a,;, (AS 255) (O)VTTFEHQYVNAIK a, 121-1332
a;. (AS 266) (ONLREDGEKAAREYV it 22-34°
a, (AS 348) (ORMHLRQYELL a, 385-394°

(C) indicates that an N-terminal cysteine was added to the original peptide sequence in order to facilitate coupling to keyhole limpet hemocyanine.
*[4}. P[18].
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To confirm the activation of G, and G, via the bomb-
esin and vasopressin receptors and to compare the po-
tency of bombesin and vasopressin to induce interaction
of their respective receptors with G, and G,;, we per-
formed photolabeling experiments in the presence of in-
creasing concentrations of both agonists (Fig. 3). Bomb-
esin and vasopressin concentration-dependently stimu-
lated photolabeling of the 43 kDa G,, and of the 41.5
kDa G, a-subunits immunoprecipitated by the a,,, an-
tiserum (Fig. 3). Activation of both G, and G,, via
bombesin and vasopressin receptors could be observed
at an agonist concentration of 10 nM and reached a
maximum at about 1 uM. No obvious difference in the
potency of bombesin or vasopressin to activate G, and
G,, could be observed. Fig. 3C shows that the amount
of radioactivity incorporated into precipitated a, and a,;
was very similar regardless of whether maximally effec-
tive concentrations of bombesin and vasopressin alone
and in combination were applied, suggesting that both
activated receptors ‘talked’ to the same pool of G, and
G

In a further series of experiments, we tested whether
differences exist with regard to the time-course of bomb-
esin and vasopressin induced activation of G, and Gy;,.
Therefore, membranes were incubated for increasing
time periods with [a-**P]JGTP azidoanilide in the absence
or presence of agonists (Fig. 4). Bombesin and vaso-
pressin induced photolabeling of a, and a;, could be
observed after 1 min and reached a maximum after about
10 min. Basal photolabeling remained low during the
whole time-course. No difference between the time-—
course of G, and Gy, activation by each of the studied
receptor agonists could be observed.

These data demonstrate that neither G, nor G,; is
preferentially activated via bombesin or vasopressin re-
ceptors in Swiss 3T3 cells. Activation of G, and G,
through each receptor, on the contrary, exhibited a re-
markable parallelism with regard to the agonist concen-
tration dependence and the time dependence. Earlier
studies have shown that activation of PLC by bombesin
and vasopressin in intact Swiss 3T3 cells is similarly
superimposable in terms of agonist concentration—re-
sponse behaviour and time—course. In view of the indis-
tinguishable properties of G, and G, regarding the acti-
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vation of f-isoforms of PLC [7-9], both G-proteins may
interchangably couple receptors to PLC. Thus, G, and
G,, obviously represent an example of at least partial
functional redundancy among some G-protein subtypes.
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