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Abstract

Bradykinin stimulates diverse functions in endothelial cells in-
cluding the release of endothelium-derived relaxing factor
(EDRF). Little is known, however, regarding the identity of
the G protein(s) involved. Here we demonstrate that G pro-
teins of the Ga1 and Gaq family are coupled to the bradykinin
receptor (BKR) in bovine aortic endothelial cells by using spe-
cific antisera directed against the COOH-terminal region of
Gai2 (P4), GaL (EC), and Gaq (QL). These antisera are spe-
cific since their effects are blocked by the decapeptides from
which they were derived. The degree of receptor-G protein cou-
pling was assessed by the formation of high affinity agonist
binding sites (HABS) and GTPhydrolysis. In a concentration-
dependent manner, the QL antisera reduced HABS and
GTPase activity by 65 and 60%, respectively, and effectively
abolished them in membranes from pertussis toxin-treated
cells. The combination of P4 and ECantisera produced a loss of
HABS(41%) and GTPase activity (40%) comparable to the
effects of pertussis toxin. These findings indicate that Gai and
Gaq proteins mediate the cellular responses to bradykinin in
bovine aortic endothelial cells and support the observation that
bradykinin-stimulated EDRFrelease is relatively insensitive to
pertussis toxin. (J. Clin. Invest. 1993. 92:2168-2172.) Key
words: pertussis toxin - carboxy-terminus antisera * high affin-
ity agonist binding sites * GTPase activity - Western Blotting

Introduction

Bradykinin plays an important role in vascular proliferation,
permeability, and relaxation ( 1-3). Its various actions are me-
diated by membrane receptors coupled to heterotrimeric G
proteins in endothelial and vascular smooth muscle cells (4,
5). Weand others have previously shown that stimulation of
bradykinin receptors in bovine aortic endothelial cells causes
the release of endothelium-derived relaxing factor (EDRF)'
(6, 7). The signaling pathway(s) is relatively insensitive to per-
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1. Abbreviations used in this paper: BKR, bradykinin receptor; EDRA,
endothelium-derived relaxing factor; HABS, high affinity agonist bind-
ing sites; PIP2, phosphatidylinositol 4,5-bisphosphate.

tussis toxin, and involves hydrolysis of phosphatidylinositol
4,5-bisphosphate (PIP2) and mobilization of intracellular cal-
cium (8, 9). The Gi proteins can couple the bradykinin recep-
tor to EDRFrelease, but the identity of the actual Gi protein
isoforms (i.e., Gail,2,3) mediating this response have not been
clearly established. Furthermore, since most of the EDRFre-
lease is resistant to the effects of pertussis toxin, the primary
mediator of phospholipase C activation and EDRFrelease via
the bradykinin receptor is not the Gi family of proteins, but a
more vaguely defined class of Gproteins previously referred to
as Gp. (10).

Recently, a family of 42-kD G proteins, called Gq, have
been shown to couple the vasopressin, angiotensin, and throm-
boxane A2 receptor to the activation of phospholipase C ( 11-
13). This is intriguing since these Gq proteins lack the COOH-
terminal cysteine residue required for covalent modification by
pertussis toxin and their tissue distribution and ability to acti-
vate phospholipase C appear to be similar to that described for
Gp ( 14, 15). In fact, the stimulation of PIP2 hydrolysis by bra-
dykinin has been shown to be pertussis toxin-insensitive and
inhibited by COOH-terminal aq antisera in NG108-15 cells
( 12). However, the existence and function of Gq proteins in
endothelial cells have not been demonstrated. Wehypothe-
sized that in addition to Gi proteins, Gproteins of the Gq family
are involved in coupling the bradykinin receptor to EDRFre-
lease. This potentially may be important since unlike Gi pro-
teins, bradykinin-stimulated EDRFrelease mediated by per-
tussis toxin-insensitive Gproteins appears to be relatively unaf-
fected by endothelial trauma, hypercholesterolemia, and early
atherosclerosis ( 16-18).

The COOH-terminal region of G proteins is the putative
site of receptor interaction ( 19). Blocking this recognition site
by pertussis toxin-catalyzed ADP-ribosylation or by COOH-
terminal directed G protein antisera leads to receptor-G pro-
tein uncoupling as assessed by a loss of high affinity agonist
receptor sites and a decrease in hormone-stimulated GTPhy-
drolysis (6, 20, 21 ). The COOH-terminal directed G protein
antisera have become a very useful tool for determining speci-
ficity in receptor-G protein interactions. In this study, we used
a similar approach to define and characterize the pertussis
toxin-sensitive and -insensitive G proteins, which couple the
bradykinin receptor to EDRFrelease.

Methods

Materials. All tissue culture reagents, unless otherwise stated, were
obtained from JRH Bioscience. Bradykinin, [Thi5'8,D-Phe7]-brady-
kinin (BKR antagonist), pertussis toxin, guanosine 5'-(3,By-imidotri-
phosphate) (GppNHp), phenylmethylsulfonyl fluoride (PMSF),
creatinine phosphate, phosphocreatine kinase, ATP, GTP, bacitracin,
leupeptin, aprotinin, 1, 10-phenanthroline, triethanolamine HCl, poly-
ethyleneimine, DTT, and BSAwere purchased from Sigma Chemical
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Co., (St. Louis, MO). [3H] Bradykinin ( 121.6 Ci/mmol), and [-_32p]_
GTP(10 Ci/mmol) were supplied by NewEngland Nuclear (Boston,
MA). The polyclonal rabbit COOH-terminal antisera P4 (Gai2) and
CH5 (GaJ) were raised in our laboratory. The EC (GaB3), QL (Gaq),
and SW(common (3 subunits) antisera were purchased from Dupont
Co. (Wilmington, DE). Purified decapeptides corresponding to the
COOH-terminal region of Gai2 (P4 peptide, KENLKDCGLF), Gai3
(EC peptide, KENLKECGLY), Gaq (QL peptide, QLNLKEYNLV)
were synthesized by Research Genetics, Inc. (Huntsville, AL). Protein
molecular weight markers were purchased from Bethesda Research
Laboratories, Inc. (Bethesda, MD). The Western Blotting kit (ECL)
using horseradish peroxidase and luminol was obtained from Amer-
sham Corp. (Arlington Heights, IL). Westran was purchased from
Schleicher and Schuell (W. Germany).

Cell culture. Bovine aortic endothelial cells were harvested and cul-
tured at 370C in a growth medium containing DME, 5 mML-gluta-
mine (Gibco Laboratories, Grand Island, NY) 10%FCS(Hyclone Lab-
oratories, Logan, UT) and penicillin ( 100 U/ml)/streptomycin ( 100
mg/ml)/Fungizone (250 ng/ml). They were characterized by No-
marski optical microscopy (Zeiss ICM 405, 40X objective) and immu-
nofluorescence staining with anti-Factor VIII antibodies. All cell pas-
sages were performed with a disposable cell scraper (Costar, Cam-
bridge, MA) and not with trypsin, and only endothelial cells of less
than 3 passages were used. Partially purified membranes from control
and pertussis toxin-treated cells (100 ng/ml, 16 h) were prepared as
previously described (6).

Western blotting of Gi and Gqproteins. Membrane proteins (50 Ag)
were separated by SDS/polyacrylamide gel electrophoresis ( 10% run-
ning, 4%stacking gel) according to the method of Laemmli (22). The
proteins were electrophorectically transferred onto Western and incu-
bated separately overnight at 4°C with P4 (1:200), EC ( 1:1,000), and
QLantisera ( 1: 1,000) in the presence and absence of excess (10 ,ug/ ml)
COOH-terminal decapeptides. The Westran was washed twice with
blocking solution ( 100 mMNaCl, 10 mMTris-HCl, 1 mMEDTA, 1%
NP-40, 2.5% BSA-fraction V, 5%nonfat dry milk, pH 8.0) and exposed
to donkey anti-rabbit horseradish peroxidase antibody ( 1:2,000), be-
fore autoradiography at 23°C for 1 min. Specificity of the protein band
was determined by its size and the ability of specific COOH-terminal
peptides to block its corresponding antisera recognition.

Radioligand binding studies. Membranes ( 100 ug) were incubated
with serial dilutions of QLantisera ( 1:10 to 1:2,000), P4 antisera ( 1:50
to 1:1,000), ECantisera ( 1:50 to 1:1,000), and CH5antisera ( 1:50) in
the presence and absence of competing QL, P4, and EC decapeptides
(0.1 to 10 ,g/ml) for 60 min at room temperature (22°C). The mix-
ture was then added to the binding buffer containing Tris-HCl (100
mM), MgCI2 (5 mM), EDTA (0.6 mM), bacitracin (140 Mg/ml),
captopril ( 1 AM; Squibb & Sons, Inc., Princeton, NJ), DTT (1 mM),
leupeptin (100 Mg/ml), aprotinin (50 ,g/ml), 1,10-phenanthroline (1
mM), and BSA (0.1%), pH 7.4 in a total volume of 0.1 ml. The assay
was initiated by the addition of 60 pMof [3H ] bradykinin to the reac-
tion mixture. Wehave previously determined that the K, of the high-af-
finity bradykinin receptor site in endothelial membrane is 36 pMwith
a low-affinity site K, of 1.4 nM (6).

The assay was shaken vigorously for 90 min at 4°C and then termi-
nated by vacuum-filtration through GF/C filters (Whatman Inc., Clif-
ton, NJ). Each filter containing receptor-ligand complex was counted
for 2 min in a liquid scintillation counter (model LS 1800; Beckman
Instruments, Inc., Fullerton, CA). All reaction tubes and filters were
pretreated overnight with 0.1% BSAand polyethyleneimine. Nonspe-
cific binding ( 100- 150 CPM)was determined in the presence of 1 OM
[Thi5'8,D-Phe7]bradykinin. Low affinity binding was determined in
the presence of 10 MMGppNHpand represented 20-25% of total spe-
cific binding. BKR HABSwas calculated as the difference between
total and low affinity binding. Assays were performed four times in
triplicate.

GTPase assay. The protocol used to measure agonist-stimulated
GTPase activity was derived from the method used by Shenker et al.
with some modifications ( 13). Assay conditions consisted of [Y_32p]_
GTP (0.5 AM), MgCl2 (5 mM), EGTA(0.1 mM), NaCl (50 mM),

creatine phosphate (4 mM), phosphocreatine kinase (5 units), ATP
(0.1 mM), DTT ( 1 mM), bacitracin ( 140 Mg/ml), captopril (1 MuM; E.
R. Squibb & Sons, Inc.), PMSF(0.1 mM), leupeptin (100 ,g/ml),
aprotinin (50 ,ug/ml), 1,10-phenanthroline ( 1 mM), BSA(0.2%), and
triethanolamine HCl (50 mM), pH 7.4, in a total volume of 0.1 ml
with various concentrations of bradykinin (I to 100 nM). Membranes
(30 Mig) were initially incubated at 220C for 60 min in the presence and
absence of indicated antisera and oligopeptides. The assay was initiated
by adding the membranes to the reaction mixture and incubating for
an additional 15 min at 220C. The reaction was terminated with 500 Ml
of ice-cold 5%activated charcoal in phosphoric acid (50 mM)and the
mixture was centrifuged for 10 min at 12,000 g at 4°C. The liberated
32p; was determined by counting the supernatant for 1 min in a liquid
scintillation counter. Nonspecific activity was determined in the pres-
ence of 0.1 mMof unlabeled GTP. Spontaneous release of 32Pi and low
affinity GTPase activity (non-agonist-stimulated) accounted for only
0.4 and 29%of total specific activity, respectively. High affinity (brady-
kinin-stimulated) GTPase activity was calculated as the difference be-
tween total and low affinity GTPase activity. Assays were performed
four times in triplicate.

Data analysis. All values are expressed as mean±SEMcompared to
controls and among separate experiments. Paired and unpaired Stu-
dent's t tests were employed to determine the significance of changes in
HABSand GTPase activity. A significant difference was taken for P
values less than 0.05.

Results

Demonstration of Gai and Gaq subunits in endothelial cells. Of
the possible pertussis toxin-sensitive G proteins available for
receptor coupling, we have previously shown by Western blot-
ting that bovine aortic endothelial cell membranes contain pre-
dominantly G,,2 and Ga3, with little if any Gail or G,,o (6).
Recognition of Gi2 and GM3by P4 and ECantisera was com-
pletely blocked only by their corresponding decapeptides, re-
spectively (Fig. 1). Similarly, the QLantisera recognized a 42-
kD protein band in endothelial membranes. This recognition
was specific, since in the presence of increasing concentrations
of QLpeptide (QLNLKEYNLV), but not P4 (KENLKDCGLF)
and EC(KENLKECGLY) peptide, the QL antisera no longer
recognized this 42-kD band. In addition, membranes from per-
tussis toxin-treated cells did not show significantly different
amount of aj, aq as and common,3 subunit compared to con-
trol membranes (data not shown).

The effects of COOH-terminal Gprotein antisera on BKR
HABSand GTPase activity. Stimulation by bradykinin re-
sulted in the formation of 34.5±2.3 fmol/mg of BKRHABS
and 15.2±1.2 pmol/min per mgof GTPhydrolysis. The low
affinity BKRsites and GTPase activity as defined in the pres-
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Figure 1. Western blots of endothelial cell membranes (50 MAg) treated
with the P4 (Gai2), EC(Ga13), and QL (Gaq) antisera in the presence
or absence of the indicated oligopeptides. Lanes 1,4, and 7 are con-

trols. Lane 2 shows P4 peptide (10 Mg/ml). Lane 3 shows a combi-
nation of EC and QL peptides ( 10 Mg/ml each). Lane 5 shows EC
peptide (10 Mg/ml). Lane 6 shows a combination of P4 and QL
peptide (10 Mg/ml each). Lane 8 shows QL peptide (1 Mug/ml). Lane
9 shows QL peptide (10 ,g/ml). Lane 10 shows a combination of
P4 and EC peptide (10 Mg/ml each).
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Figure 2. (A) The effects of increasing concentrations (decreas
lutions) of QL antisera on bradykinin-stimulated BKRHABS
mation and GTPase activity as percent of control (no antisera
Baseline bradykinin-stimulated BKRHABSand GTPase actiN
were 34.5 fmol/mg and 15.2 pmol/min/mg, respectively.
Agonist-stimulated HABSformation and GTPase activity were
culated as the difference between total and low affinity values,
spectively. (B) The effects of increasing concentrations of QL p
(Gaq, QLNLKEYNLV)on high affinity agonist binding sites (I
HABS) and GTPhydrolysis (GTPase activity) in membranes 1
with the QLantisera ( 1:50 dilution). The control membrane de
absence of oligopeptides.

ence of GppNHpwere 8.3±3.4 fmol/mg and 5.7±0.5 I
min per mg, respectively. The QLantisera caused a conch
tion-dependent parallel decrease in BKRHABSand high
ity GTPase activity (Fig. 2 A). At a 1:50 dilution, it reduc
number of BKRHABSby 65% (11.4±1.8 fmol/mg) ar
level of GTPase activity by 60% (5.5±0.9 pmol/min per
The lack of complete abolition of BKRHABSand G
activity by the QLantisera suggests that Gproteins other
Gaq can couple the bradykinin receptor. The inhibiti
BKRHABSand GTPase activity by the QLantisera was s1
cally reversed by preincubation with increasing amounts
(QLNLKEYNLV) peptide (Fig. 2 B). The P4 (KENLKDC
or EC (KENLKECGLY) peptide did not block the effe
the QL antisera on HABSformation (10.2±1.3 and 11.
fmol/mg) and GTPase activity (5.5±0.7 and 4.9±0.8 j

min per mg), respectively. A similar concentration-dependent
reduction of BKRHABSand GTPase activity was observed
with the P4 and ECantisera. Both of these antisera produced a
comparable decrease in BKR HABS ( 19.3%±5.4% vs.
26.5%±2.3%, P = NS) and GTPase activity (25.3%±7.3% vs.
24.7%±6.0%, P = NS), and in combination, lowered the BKR
HABSand GTPase activity by 40.6±3.3 and 40.0±4.0% (P
= NS) (Fig. 3). The effects of the antisera were specific since,
in the presence of excess peptides from which they were de-
rived, their inhibitory effects were essentially blocked. The com-
bination of the QL, P4, and EC antisera produced a complete
loss of BKRHABS(1.2±8.9 fmol/mg) and nearly abolished

m all of the bradykinin-stimulated GTPase activity (3.1±0.6
5 pmol/min per mg).

------- Membranes from pertussis toxin-treated endothelial cells
1:10 show a 43% loss of BKRHABS(19.7±2.3 fmol/mg) and a

47% decrease in high affinity GTPase activity (7.1±0.9 pmol/
min per mg). These results are comparable to the combined
effects of the P4 and EC antisera in control membranes, al-
though pertussis toxin appears to be slightly more effective in
decreasing high affinity GTPase activity (Fig. 4). Neither the
P4, EC, nor a combination of these two antisera caused a fur-
ther loss of BKRHABSor decrease in high affinity GTPase
activity. The QLantisera, however, was quite effective in abol-
ishing all of the BKRHABS(0±5.3 fmol/mg) and high-affin-
ity GTPase activity (1.2±0.6 pmol/min per mg) in mem-
branes from pertussis toxin-treated cells.

Discussion

In this study, we have identified a pertussis toxin-insensitive G
protein family, Gq, in bovine aortic endothelial cell mem-
branes, and demonstrated that it can effectively couple to the
bradykinin receptor. The bradykinin receptors in bovine aortic
endothelial cells have been previously shown to be of only one

iing di- pharmacologic subtype, B2 (6). Uncoupling of Gq by COOH-
for- terminal QL antisera produces a functional loss of 60-65% of
a).y BKRHABSand bradykinin-stimulated GTPhydrolysis. This
iity effect is specific since the inhibitory effect of the QLantisera is
*e cal- concentration-dependent and reversed only by the presence of
re-
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Figure 3. Membranes treated with the indicated antisera ( 1:50 dilu-
tion) and oligopeptides (10 gg/ml) were stimulated with bradykinin.
Receptor-G protein coupling was assessed by high affinity agonist
binding sites (BKR HABS) and GTPhydrolysis (GTPase activity),
and expressed as percent of control (absence of both antisera or oli-
gopeptide).
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Figure 4. Membranes from pertussis toxin-treated cells (100 ng/ml)
incubated with the indicated antisera and oligopeptide before brady-
kinin stimulation.

excess decapeptide to which the antisera is directed. These re-
sults are in stoichiometric agreement with our previous finding
that nearly 60% of the bradykinin-stimulated EDRFrelease
occurs via a pertussis toxin-insensitive pathway(s), and estab-
lished Gq as the most likely, if not the only candidate, for me-
diating this response.

The Gq family consists of Gaq/11, GaI4, and Gal5/16 (23-
25). No distinction is made between Gaq, Gall, and Ga14 in
this study since the COOH-terminal decapeptide sequence of
Gaq and Ga,11 are identical and differs from Ga14 by only two
amino acids. The COOH-terminal decapeptide sequence of
Ga15/16, however, is considerably different, and in previous
studies is not recognized by the COOH-terminal antisera to

Gaq/11 (25). Thus, we cannot exclude the possibility that the
inhibitory effects of the QL antisera were not directed against
several members of the Gq family. Other pertussis toxin-insen-
sitive G proteins, which are known to activate phospholipase
C, such as Ga, or Gah, could be involved in bradykinin-stimu-
lated EDRFrelease (26, 27). However, their roles appear to be
minimal or none, given that the QL antisera alone was able to
abolish all BKR HABSand GTPase activity in membranes
from pertussis toxin-treated endothelial cells.

The pertussis toxin-sensitive component of the bradykinin-
stimulated EDRFrelease pathway is mediated by Gai2 and
Ga13. These isoforms are the only detectable pertussis toxin-
sensitive G protein substrate found in endothelial cells, and
their effects on HABSformation and GTPhydrolysis can be
specifically blocked by the P4 and EC antisera (6, 28). The
degree of receptor-G protein uncoupling as assessed by high
affinity agonist binding sites caused by the combination of
these two antisera was similar to that caused by pertussis toxin.
Pertussis toxin, however, appears to be slightly more effective
in decreasing GTPase activity. This is probably due to a small
difference in the degree of receptor-Gi protein uncoupling ob-
served with covalent modification by pertussis toxin in the in-
tact cell compared to competitive COOH-terminal recognition
by the P4 and EC antisera in partially-purified membranes.
Functionally however, Gai2 and Gai3 account for most of the
pertussis toxin-sensitive coupling and each appears to be equiv-
alent in its ability to couple the bradykinin receptor despite an
almost threefold excess of Gai2 compared to GaB3 in bovine
aortic endothelial cells (28). This suggests that GaB3may have a

higher affinity for, or tend to co-localize with, the bradykinin
receptor in the cellular membrane.

The COOH-terminus of the Gprotein a subunit is the pu-
tative site of interaction with receptors ( 19). Blocking this site
with a specific COOH-terminal antibody has been shown to
cause receptor-G protein uncoupling and inhibition of recep-
tor-mediated responses (29). The COOH-terminal Gai2-spe-
cific antisera has been used to block a2-adrenergic and b-opioid
receptor-mediated inhibition of adenylyl cyclase in platelets
and NG108-15 cells (30, 31). Antibodies that recognize the
COOH-terminus of aq subunits cause attenuation of phospha-
tidylinositide 4,5-bisphosphate hydrolysis when stimulated
with bradykinin, angiotensin, histamine, and thyroid-releasing
hormone in NG108-15 cells, rat liver, 132 1NI cells, and GH3
rat pituitary cells ( 12, 25). Although this approach to affecting
receptor-G protein uncoupling is limited to in vitro membrane
preparations, it has greater specificity and applicability than
pertussis toxin because both pertussis-toxin-sensitive and -in-
sensitive a subunits can be targeted. A further consequence of
receptor-G protein uncoupling is the diminution of subsequent
guanine nucleotide exchange and hydrolysis on the a subunit
(21). Such reduction in agonist-stimulated GTPase activity
was observed in platelet membranes treated with aq-specific
COOH-terminal antisera before the stimulation of thrombox-
ane A2 receptors ( 13 ). Similarly, we were able to demonstrate
different degrees of receptor-G protein uncoupling via the loss
of high affinity agonist binding sites and decrease in agonist-
stimulated GTPase activity using the COOH-terminal antisera
to Gai2, Gai3, and Gaq, II. This approach for determining re-
ceptor-G protein specificity, therefore, is applicable in many
systems.

Although functional receptor coupling was blocked by the
effects of pertussis toxin and a subunit-specific COOH-termi-
nal antisera, we cannot exlude the possible indirect effects that
pertussis toxin and these antisera could have on the function of
associated Oy subunits. This may be important since specific
O3y subunits have been shown to activate potassium channels
and stimulate phospholipase C activity (32-34). Thus, one
possible explanation for our findings is that by uncoupling the
bradykinin receptor from its Gproteins, more f3e subunits are
shifted into the inactive heterotrimeric configuration with the
a subunit and less are available for stimulating effector activity.
This heterotrimeric association is also required for efficient
ADP-ribosylation of the a subunit by pertussis toxin (35). In-
deed, we have found that Gai2 is more sensitive to ADP-ribosy-
lation by pertussis toxin than Gai3 in endothelial cell mem-
branes (28). This increased sensitivity to pertussis toxin may
be due to specific (y subunit isoforms present in bovine aortic
endothelial cells, which have a higher affinity for ai2 compared
to ai3. Thus, factors such as fy subunit composition, availabil-
ity, and affinity for a subunits and effectors may all play a role
in determining how signals are transduced across cellular
membranes.

Of potential clinical importance is the observation that the
release of EDRFvia the pertussis toxin-sensitive pathway is
altered by lipoproteins, early atherosclerosis, and trauma,
while its release via the pertussis toxin-insensitive pathway is
relatively unaffected ( 16-18). In porcine coronary artery and
rabbit aorta, endothelial dysfunction (i.e., decrease in EDRF
release) caused by oxidized LDL, lysophosphotidylcholine, or
balloon injury, was initially observed with the serotonin,
thrombin, and a2-adrenergic receptor (36-38). These recep-
tors are predominantly coupled to Gai proteins. The minor
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portion of these receptor signaling pathways that is pertussis
toxin-insensitive shows no impairment in mediating EDRFre-
lease. Similarly, the stimulation of phospholipase Cand EDRF
release via the bradykinin receptor is relatively insensitive to
treatment with both pertussis toxin and lipoproteins (6, 12,
16). In this study, we have shown that G proteins of the Gaq
family are the primary mediator of bradykinin-stimulated
EDRFrelease via the pertussis toxin-insensitive pathway(s). It
is not known why the signaling pathway mediated by Gaq, and
not Gal, is spared in hypercholesterolemic states, and whether
over-expression of Gaq in endothelial cells can prevent the pro-
gression of endothelial dysfunction.

In summary, we have identified and characterized the G
protein components of both the pertussis toxin-sensitive and
-insensitive bradykinin signaling pathways for EDRFrelease.
The bradykinin receptor is predominantly coupled to pertussis
toxin-insensitive Gaq although pertussis toxin-sensitive GaU2
and Gai3 can also contribute to this signaling pathway.
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