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1 In the present study, pharmacological properties of a bradykinin B2 receptor ampli®ed either
from guinea-pig ileum or lung and homologous to the previously reported sequence except two
amino-acid changes L124?P and N227?Y in the receptor protein were characterized.

2 Tritiated bradykinin ([3H]-BK) speci®cally bound to the cloned guinea-pig B2 bradykinin receptor
stably expressed in Chinese hamster ovary cells (CHO-K1) with a KD value of 0.29+0.07 nM. In
competition experiments, bradykinin (BK) a�nity constant value was 0.21+0.05 nM while the two
speci®c kinin B1 ligands, des-Arg9-bradykinin (DBK) and des-Arg9-Leu8-bradykinin (DLBK) were
unable to compete with [3H]-BK. As the speci®c peptide antagonist D-Arg-[Hyp3,Thi5,D-Tic7,Oic8]-
bradykinin (HOE140), (E)-3-(6-acetamido-3-pyridil)-N-[-N-[2,4-dichloro-3-[(2-methyl-8-quinoliny-
l)oxymethyl]phenyl]-N-methylaminocarbonylmethyl]acrylamide (FR173657) and 1-[[3-[2,4-dimethyl-
quinolin-8-yl)oxymethyl] - 2,4 - dichloro - phenyl]sulfonyl] - 2(S) - [[4-[4-(aminoiminomethyl)-phenylcar-
bonyl]piperazin-1-yl]carbonyl]pyrrolidine (LF16-0335C) exhibited a high a�nity for this receptor with
Ki values of 7.34+2.45 nM and 8.54+1.55 nM respectively.

3 BK and kallidin (KD) increased inositol phosphates (IPs) levels with EC50 values of
0.44+0.12 nM and 6.88+0.28 nM, respectively. Neither DLBK nor DBK (0.01 nM to 10 mM)
stimulated or inhibited IPs turnover and as expected HOE140 did not raise IPs production. HOE140
(0.1 mM) and LF 16-0335c (1 mM) right shifted the BK response curve with pKB values of 9.2+0.4
and 8.4+0.3, respectively.

4 The results indicate that this cloned guinea-pig receptor displayed typical pharmacological
properties of a bradykinin B2 receptor and support the existence of a single B2 receptor in this
species.
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third transmembrane domain

Introduction

The hydrolysis of high and low molecular weight kininogens

by tissue and plasma kallikreins releases endogenous kinins
including the decapeptide kallidin (KD) and the nonapeptide
bradykinin (BK) (Bhoola et al., 1992). Carboxypeptidases

further cleave kinins into active metabolites including des-
Arg9-BK (DBK) and des-Arg10-KD (DKD) (Regoli &
Barabe, 1980). Based on pharmacological and molecular

studies, kinin receptors have been classi®ed into two
subtypes, named B1 and B2. Kinin B2 receptors are
constitutively expressed in numerous tissues and display a

high binding a�nity for BK and KD but not for DBK and
DKD (Proud & Kaplan, 1988: Hess et al., 1992). In contrast,
the B1 kinin receptor (Menke et al., 1994) is de novo
expressed (Marceau, 1997), selectively activated by DBK

and DKD whilst it does not recognize BK (Deblois et al.,
1988: Austin et al., 1997). These two receptors are members
of the super family of G-protein coupled receptors (GPCRs)

bearing seven transmembrane domains. Among the di�erent

second messenger pathways coupled to kinin B2 or B1

receptors, a well characterized transduction signaling is the
activation of phospholipase C which results in inositol

phosphates (IPs) generation and a subsequent increase of
intracellular Ca2+ (Austin et al., 1997; Ransom et al., 1992;
Bastian et al., 1997).

Intensive research for B2 receptor antagonists led ®rst to the
discovery of peptide derivatives including D-Arg-[Hyp3,Thi5,D-
Tic7,Oic8]-bradykinin (HOE140) which was a potent and

selective B2 receptor antagonist displaying only a weak a�nity
for the B1 receptor (Regoli et al., 1990; Rhaleb et al., 1992;
Tri®lie� et al., 1992). Phosphonium,[[4-2[[2[[bis(cyclohexyla-
mino)-methylene]amino]-3-(2-naphtalenyl) 1-oxopropyl]ami-

no]-phenyl]-methyl]tributyl, chloride, monohydro-chloride
(WIN64338) which was the ®rst non-peptide B2 receptor
antagonist had a moderate a�nity for the human receptor

and also lacked selectivity (Stewart, 1995). More recently, (E)-
3 - (6 -acetamido-3-pyridil)-N-[-N-[2,4-dichloro-3-[(2-methyl-8-
quinolinyl)oxymethyl]phenyl] -N-methylaminocarbonylmethy-
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l]acrylamide (FR173657) was described as a potent and
selective B2 receptor antagonist (Aramori et al., 1997)
introducing a novel generation of non-peptide antagonist

which now includes 1-[[3-[2,4-dimethylquinolin-8-yl)oxy-
methyl]-2,4-dichloro-phenyl]sulfonyl]-2(S)-[[4-[4-(aminoimino-
methyl) - phenylcarbonyl]piperazin - 1 - yl]carbonyl]pyrrolidine
(LF16-0335C) (Pruneau et al., 1998; 1999).

Cloning of the cDNAs encoding for bradykinin receptor
subtypes and their functional expression in cultured cells
provide a useful system to study the pharmacological pro®le

of a given molecule (Hess et al., 1994). This is important
since the binding a�nity and functional antagonist property
of a drug for the B2 receptor may extensively vary from one

species to another (Paquet et al., 1999). Until now, the kinin
B2 receptor has been cloned from the rat, mouse, rabbit and
human (Hess et al., 1992; 1994; McEachern et al., 1991;

Bachvarov et al., 1995), and more recently, from the guinea-
pig (Farmer et al., 1998). In this latter study, the kinin B1

receptor agonist, DBK as well as the kinin B1 receptor
antagonist des-Arg9-[Leu8]-BK (DLBK) elicited a Ca2+ e�ux

in CHO cells transfected with the guinea-pig lung bradykinin
B2 receptor cDNA despite DBK did not bind to the receptor.
Furthermore, the kinin B2 receptor antagonist, HOE140

behaved as a fairly potent agonist on this cloned receptor as
revealed by a concentration-dependent increase of the Ca2+

e�ux. These atypical pharmacological properties led us to

further study this guinea-pig kinin receptor. In this respect,
we cloned the cDNA encoding for the kinin B2 receptor from
both ileum and lung parenchyma and we subsequently

characterized this receptor expressed in CHO-K1 cells using
binding and functional assays.

Methods

Cell culture

Chinese Hamster Ovary cells (CHO-K1, CCL-61) were
purchased from American Type Culture Collection (Rock-

ville, MD, U.S.A.). Cells were grown to 80% con¯uence in
nutrient mixture F-12 (HAM) supplemented with 10% Fetal
Bovine Serum and containing 2 mM non essential amino acid
(NEM), 1 mM sodium pyruvate, 2 mM Glutamax, 105 UI l71

penicillin, 100 mg l71 streptomycin.

PCR cloning of the bradykinin receptor from both lung
and ileum of the guinea-pig

Total RNA was extracted from lung parenchyma and ileum

fragments using RNeasyTM protocol (Qiagen, Courtaboeuf,
France). Subsequently, mRNA was reverse-transcribed using
Expand Reverse transcriptase (Boehringer, Mannheim,

Germany). Based on the published cDNA receptor sequence
(Farmer et al., 1998), a 49 mers 5' oligonucleotide was
designed to include an EcoRI restriction site and an
improved consensus translation initiation site sequence

adjacent to the initiation codon (Kozak, 1987). The 3'
oligonucleotide was 34 mers long and included a XhoI
restriction site ¯anking downstream the stop codon.

The expected 1.1 kb cDNA was ampli®ed by PCR using
Red Goldstar polymerase (Eurogentec, Serain, Belgium).
After digestion by the two aforementioned restriction

endonucleases, the PCR ampli®ed and puri®ed fragment
was ligated into the mammalian expression vector pcDNA3.0
(Invitrogen, Leek, The Netherlands) and in a bicistronic

vector derivative of pcDNA3.0 (pIRES) generated in our
laboratory. Brie¯y, in this latter vector, an Internal
Ribosomal Entry Site of the encephalomyocarditis virus
was added upstream of the Open Reading Frame of the

neomycin resistance selection coding region (Rees et al.,
1996). This construct allowed both the gene of interest and
the resistance gene to be transcribed from a single bicistronic

mRNA. The inserted fragment was subsequently sequenced
using a SequiThermTM Excell II Long-ReadTM DNA
Sequencing Kit (Tebu, Le Perray-en-Yvelines, France) and

a DNA sequencer LI-COR 4000 (Science Tec, Les Ulis,
France).

Stable expression of the guinea-pig receptor

Transfection of PvuI linearized pcDNA3.0 and pIRES
constructs was achieved in CHO-K1 using Superfect reagent

(Qiagen, Courtaboeuf, France) according to the manufac-
turer's protocol. Forty-eight hours after recovering in
complete medium, selection was initiated by the addition of

750 mg ml71 neomycin (G418). One hundred and forty-four
individual resistant clones were isolated by dilution plating
and screened for their ability to bind [3H]-bradykinin. After a

1 month selection period, G418 (750 mg ml71) was removed
and clones were assessed. Clone XA2, which exhibited a high
binding capacity was selected for further radioligand binding

and functional assays.

[3H]bradykinin binding experiments

Membranes of scrapped XA2 cells were prepared in TES
(25 mM) binding bu�er according the previously described
method (Paquet et al., 1999). Saturation isotherms and

competition binding experiments were performed as men-
tioned by Paquet et al. (1999) with increasing concentrations
of [3H]-BK from 0.05 to 2 nM. In order to determine

inhibitory binding constants values (Ki) of various ligands,
competition binding experiments were performed at room
temperature by a 90 min incubation of membranes with [3H]-
bradykinin concentrations close to the KD value and 11

increasing concentrations of competitor ligands.

Phosphoinositides hydrolysis assay

Cells were seeded at 2.56105 ml71 in 12 well-plates. Twenty-
four hours later, the medium was replaced by 0.5 ml of serum

free complete 199 medium containing 1 mCi l71 [3H]-myo-
inositol for a 24 h period. The labeled cell sheet was washed
twice with a phosphate bu�er solution and incubated for

15 min at 378C, 5% CO2 in 0.5 ml of a phosphate bu�er
(pH 7.4) composed as follows: (mM) NaCl 136, KCl 4.7,
MgSO4 1.2, CaCl2 2.5, KH2PO4 1.2, HEPES 5, glucose 11.
Ten mM LiCl was added for another 15 min period. Cells

were subsequently incubated with a range of concentrations
of bradykinin receptor ligands (BK, KD, DLBK, DBK,
HOE140, LF16-0335C, NPC567, WIN64338) for 20 min.

In another set of experiments, HOE140 (0.1 mM) or LF16-
0335C (1 mM) were added 20 min prior to incubation with
increasing concentrations of BK. The reaction was stopped
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by removal of the reaction medium and the addition of ice
cold 5% perchlorid acid (0.5 ml) containing 50 mg l71 phytic
acid. After 30 min on ice, the solution was entirely sampled

and the wells were rinsed with 0.5 ml of chilled 2.5%
perchlorid acid. The 1 ml combined mixture was neutralized
with 0.155 ml K2CO3 (2 M) and 0.025 ml HEPES (1 M),
pH 7.4. Total inositol phosphate components (IPs) were

assessed by applying 0.8 ml samples on anion exchange
columns (Dowex AG1-X8) as described elsewhere (Berridge
et al., 1982).

Drugs

BK, KD, D-Arg0-[Hyp3-D-Phe7]-bradykinin (NPC567), D-
Arg0-[Hyp3-D-Phe7-Leu8]-bradykinin, DBK and DLBK were
from Bachem AG (Bubendorf, Switzerland). HOE140 was

from Neosystem (Strasbourg, France). FR173657, WIN64338
and LF16-0335C were synthesized at Laboratoires Fournier.
[3H]-bradykinin (114.0 Ci mmol71) and [3H] myo-inositol
(22.2 Ci mmol71) were obtained from New England Nuclear

(Les Ulis, France).
All cell culture reagents were purchased from Life

Technologies (Cergy-Pontoise, France) except fetal bovine

serum which was provided by Hyclone Laboratories Inc.
(Logan, UT, U.S.A.).

Data analysis

Binding competition data and concentration-response curves

for phosphoinositide hydrolysis were analysed using Graph-
PADInPlot (GraphPAD Software, San Diego, CA, U.S.A.).
The maximal binding of [3H]-BK at the equilibrium (Bmax) and
the equilibrium dissociation constant (KD) were derived from

saturation curves ®tted with one site ligand binding model.
Values of inhibitory binding constants (Ki) were obtained

from the Cheng-Pruso�'s equation (Cheng & Pruso�, 1973):

Ki � �IC50�=�1� �L�=KD�

where L and KD are the concentration and equilibrium
dissociation constant of the radioligand, respectively, and
IC50 is the concentration of competing ligand reducing
speci®c binding by 50%.

Results

Cloning

Based on the published sequence of the guinea-pig bradykinin
receptor (Farmer et al., 1998), we ampli®ed a 1.1 kb fragment
containing the full open reading frame of the protein from

lung parenchyma and ileum. The nucleotides sequence
analysis of the guinea-pig parenchyma ampli®ed cDNA was
performed on three di�erent clones and revealed that the
1116 base pairs Open Reading Frame encoded for a 372

amino-acid protein which was homologous to the previously
reported sequence (Farmer et al., 1998) except for two bases,
cytosine in position 371 and thymine in position 679 that

were identi®ed instead of thymine and adenine, respectively
(Figure 1). The two corresponding codons led to a translation
of the nucleic acid sequence into P124 and Y227 instead of L

and N (Figure 1). The same modi®cations were found in the
nucleic sequence of the cDNA encoding for the B2 receptor

of the guinea-pig ileum.

Binding experiments

In order to determine the in¯uences of these two mutations,
preliminary studies were performed using Cos-7 cells (CRL-

1651, American Type Culture Collection, Rockville, MD,
U.S.A.) transiently transfected with the cDNA encoding for
the ileum B2 receptor. Saturation binding experiments

revealed that cell membranes bound speci®cally (80%) [3H]-
BK with a high a�nity (KD value of 0.29+0.07 nM, n=6)
and exhibited a single saturable site (Bmax value of
589+171 fmoles mg71). Moreover BK, WIN64338 and

HOE140 competed with [3H]-BK giving Ki values of
0.39+0.04 nM, 206.2+48.3 nM and 0.19+0.04 nM, respec-
tively whereas both DBK and DLBK did not (Ki

410,000 nM). Since nucleotide sequences of the cDNAs
originating from two di�erent tissues were the same,
subsequent experiments focused on the characterization of

the clone XA2 (pIRES construct) stably expressing the lung
B2 receptor in CHO-K1 cells.

XA2 cell membranes preparations exhibited a speci®c
(93%) high a�nity single and saturable binding site giving

a KD value of 0.09+0.02 nM (n=4) and a maximal binding
capacity of 1,492+174 fmoles mg71 protein. Competition
binding experiments by several kinin receptor ligands were

performed and the corresponding Ki are reported in Table 1.
BK bound to the cloned receptor leading to a Ki value of
0.21+0.05 nM while the two speci®c kinin B1 receptor

ligands, DBK and DLBK were unable to compete with
[3H]-BK (Ki410,000 nM). The B2 receptor peptide antago-
nist, HOE140, had a better a�nity than NPC567, a non-

selective B1 and B2 receptor ligand. Among the three non
peptide B2 antagonist compounds, WIN64338 exhibited the
lowest a�nity (211.20+70.70 nM) whilst FR173657 and
LF16-0335C, two novel selective non peptide B2 receptor

ligands, displayed a comparable a�nity (Table 1).

Functional characterization

Activation of phospholipase C occurs when BK binds to the
B2 receptor leading to the hydrolysis of phosphoinositides

Figure 1 Alignment of nucleotidic and corresponding protein
translations of GenBank deposited cDNA sequence (accession No.
AJ003243) and of the present ampli®ed cDNA sequence from the
guinea-pig B2 receptor third transmembrane domain (A) and third
intracellular loop (B). The mutations are indicated by underlined
bold characters.
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and generation of inositol triphosphates (IPs) which induces
the release of intracellular Ca2+ (Austin et al., 1997). BK

induced a marked concentration-dependent increase of IPs
accumulation in XA2 cells with an EC50 value of
0.44+0.12 nM as shown in Figure 2, demonstrating the

functional coupling of the stably transfected B2 guinea-pig
receptor. The maximum response was reached at the
concentration of 1 mM of BK so that data were normalized

and expressed as percentage of this maximal BK response.
Using this functional assay, the capacity of several B1 and B2

receptors ligands to stimulate the IPs turnover was assessed.
Similarly to BK, KD induced a concentration-dependent

increase of IPs with an EC50 value of 6.88+0.28 nM. Neither
DLBK nor DBK stimulated or inhibited IPs production in a
range of concentrations of 0.01 nM to 10 mM (Figure 2).

HOE140 (from 0.01 nM to 10 mM) did not stimulate IPs
production in XA2 cells. A modest 20% decrease of basal IPs
content occurred with WIN64338 or LF16-0335C (Figure 3).

NPC567 slightly decreased by 25% IPs formation from
0.1 nM to 1 nM whilst at higher concentrations it produced a
20% increase of IPs with an EC50 value of 9.2 nM. HOE140
(0.1 mM) shifted to the right the concentration-response curve

to BK (Figure 4) and depressed the maximal response by
40%. The pKB value was 9.2+0.4 according to Kenakin's
method of calculation (Kenakin, 1993). LF16-0335C (1 mM)

inhibited IPs production induced by BK with a pKB value of
8.4+0.3 (Figure 4).

Discussion

Based on the GenBank deposited sequence (accession No.
AJ003243), we have ampli®ed cDNAs encoding for the B2

bradykinin receptor from guinea-pig lung parenchyma and
ileum. The analysis of the two cDNA ampli®ed sequences

were identical suggesting that a single B2 receptor is expressed
in both tissues thus con®rming previous ®ndings based on
pharmacological responses (Pruneau et al., 1995). Addition-

ally, cDNAs encoding for the ileum and the lung B2 receptor
contained two mutations when compared to the original
published sequence (Farmer et al., 1998). These two nucleic

acid di�erences induced modi®cations of the corresponding
codons resulting in P124 and Y227 instead of L and N,
respectively.

Neither an alternative splicing, nor RNA editing events

were probably involved in these mutations. Alternative
splicing may occur depending on the cell type, the stage of
cell development, the chemical an physical environment

resulted in the synthesis of di�erent functional elongated or
truncated proteins (Lewin, 1994). On the other hand, RNA
editing in mammalian species modify C to U, U to C, A to I,

Table 1 A�nities of kinin ligands for the cloned guinea-pig
bradykinin B2 receptor stably expressed in CHO-K1 cells
(clone XA2)

Ligands Ki (nM)

Bradykinin 0.21+0.05
Kallidin 0.03+0.02
des-Arg9-bradykinin 410000
des-Arg9-[Leu8]bradykinin 410000
NPC 567 14.20+2.70
HOE140 0.22+0.18
D-Arg0-[Hyp3-D-Phe7-Leu8]-BK 13.10+2.70
WIN64338 211.20+70.80
FR173657 7.34+2.45
LF16-0335C 8.54+1.55

Reported Ki values are means+s.e.mean of four di�erent
[3H] BK binding competition experiments.

Figure 2 Concentration-response curves of total [3H]-inositol phos-
phate accumulation induced by kinins. Each point is the mean+
s.e.mean of at least three di�erent experiments. The maximal
response to 1 mM BK was 100% whilst 0% represented the basal
condition without any stimulation.

Figure 3 Concentration-response curves of total [3H]-inositol phos-
phate accumulation induced by kinin B2 receptor ligands. Each point
is the mean+s.e.mean of at least three di�erent experiments. The
maximal response to 1 mM BK was 100% whilst 0% represented the
basal condition without any stimulation.

Figure 4 E�ect of HOE140 (0.1 mM) and LF16-0335C (1 mM) on the
total [3H]-inositol phosphate production induced by increasing
concentrations of BK. Control curve was represented by the
concentration-response curve of BK on IPs production. Each point
is the mean+s.e.mean of at least three di�erent experiments. The
maximal response to 1 mM BK was 100% whilst 0% represented the
basal condition without any stimulation.
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G to A or U to A (Brennicke et al., 1999) and this biological
process cannot explain the two mutations. Finally, a
misincorporation of nucleotides was also unlikely as reverse

transcriptions that have been performed from ileum mRNA
and from lung mRNA puri®cations led to amplify two
identical cDNAs.
Whether these changes of amino-acid within the guinea-pig

bradykinin B2 receptor protein sequence may alter the
pharmacological properties was primarily investigated by
transfecting transiently the cDNA ampli®ed from the ileum in

Cos-7 cells. Subsequent binding studies revealed that the
protein encoded by this cDNA exhibited a high a�nity for
[3H]-bradykinin and competition experiments suggested that

the pharmacological pro®le was typical of a bradykinin B2

receptor. Then, the cDNAs ampli®ed from the lung was
stably transfected in CHO-K1 cells for further ligand binding

and functional characterization. One clone, named XA2,
expressing a moderate amount of receptors was used to
determine the a�nity of several well-known kinin ligands. In
accordance with a previous study (Regoli & Barabe, 1980),

BK and KD but not DBK and DLBK, had a high a�nity for
the guinea-pig bradykinin B2 receptor. Moreover, HOE140
potently bound to this receptor as previously described with

guinea-pig ileum membrane preparations (Regoli et al., 1990;
Rhaleb et al., 1992; Tri®lie� et al., 1992; Hock et al., 1991)
and the a�nity of other tested kinin receptor ligands for the

cloned receptor was within the same range than for the native
ileum receptor (Hock et al., 1991; Asano et al., 1997). These
results demonstrate that the protein encoded by the ampli®ed

cDNA from guinea-pig displayed the binding features
expected for a bradykinin B2 receptor. Although the two
amino-acid modi®cations did not a�ect the binding pro®le of
the cloned receptor we investigated their role in the

functional property of the receptor. Indeed, the sequence
published by Farmer et al. (1998) encoded for a receptor
exhibiting important functional di�erences in respect to the

native guinea-pig bradykinin B2 receptor such as a vigorous
stimulation of Ca2+ signal in response to HOE140 and DBK
(Farmer et al., 1998). In clone XA2 cells, BK stimulated IPs

formation in a concentration-dependent manner whilst the B2

receptor antagonists, HOE140, WIN64338 and LF16-0335C,
failed to activate IPs hydrolysis. NPC 567 showed a weak
agonist property in agreement with previous data (FeÂ leÂ tou et

al., 1994). Interestingly, we observed approximately a 20%
reduction of basal IPs production with LF16-0335C, NPC567
(from 0.1 to 1 nM) and to a lesser extent with WIN64338.

This may re¯ect an inverse agonist property of these
compounds as previously described for LF 16-0335C in the
cloned human B2 receptor (Marie et al., 1999). However, this

would clearly need further investigation.
Both HOE140 and LF16-0335C, a new potent and selective

non-peptide B2 receptor antagonist (Pruneau et al., 1998),

inhibited BK-stimulated IPs turnover with similar pKB values
than those previously reported using isolated guinea-pig
ileum (Rhaleb et al., 1992; Hock et al., 1991). As expected,
speci®c B1 receptor ligands, DBK and DLBK failed to

increase IPs production.
The cDNA sequence that encoded for the guinea-pig B2

receptor as previously described (Farmer et al., 1998) has

been constructed using site directed mutagenesis technique
and the CHO-K1 clone 2 ± 3 stably expressing this receptor
was subsequently assessed in our experimental conditions.

[3H]-BK bound speci®cally to the receptor (96.3+0.7%) with
a Bmax value of 1420+365.8 fmol mg71 protein and a single
KD value of 0.54+0.09 nM. In competition binding experi-

ments, the natural B2 receptor agonist ligand BK competes
with [3H]-BK giving a Ki value of 0.04+0.02 nM. The speci®c
peptide B2 receptor antagonist HOE140 and the speci®c non
peptide B2 receptor antagonist WIN64338 competitively

displaced [3H]-BK leading Ki values of 0.050+0.001 nM and
67.8+16.6 nM respectively, whilst the natural speci®c B1

receptor agonist DBK was unable to compete with [3H]-BK

(Ki410,000 nM). In clone 2 ± 3 functional assay, BK induced
a concentration-dependent increase of IPs production with an
EC50 value of 12.5+3.9 nM. DBK stimulated IPs production

with an EC50 of 643.8+323.3 nM despite the B1 agonist
ligand DBK failed to compete with [3H]-BK in binding
experiments. The B2 antagonist ligands HOE140 and

WIN64338 raised IPs production by 35% from 0.1 nM to
10 mM.

These aforementioned results which are consistent with
those from Farmer et al. (1998) showed that binding and

functional properties of this receptor were not similar to that
observed in clone XA2. They were also not typical of a
classical guinea-pig type 2 bradykinin receptor, since the B2

antagonists HOE140 and WIN64338 and the B1 agonist
DBK behaved as agonists of this receptor.

Therefore, we conclude that the receptor we have cloned

ful®ls the classical features of a bradykinin B2 receptor and
displays a pharmacological pro®le quite similar to the native
guinea-pig bradykinin B2 receptor.

The two amino-acid modi®cations between the published
sequence and the present sequence appear to a�ect markedly
the function of the receptor. The ®rst mismatch Leucine 124
in Proline is located 4 amino-acids upstream of the G-protein

coupled receptor consensus DRY sequence which is involved
in the signal transduction of the B2 receptor (Prado et al.,
1997; 1998). Amino acid residues at the boundary between

the third transmembrane domain (TM3) and the second
intracellular loop (ICL2) of GPCRs have been implicated in
preserving high a�nity agonist binding while reducing

activation of the alpha2A-adrenergic receptors (Wang et al.,
1991). The second di�erence consisting in an Asparagine
instead of a Tyrosine is located at position 227 of the third
intracellular loop (ICL3) of the receptor which is important

in coupling the b-Adrenergic receptor to G proteins (Wong et
al., 1990). The study of the beta 3-adrenergic receptor ICL3
highlighted the critical role of this region for coupling to G

proteins (Guan et al., 1995). In addition, Frandberg et al.
(1998) reported that a point mutation in the ICL3 of human
melanocortin 1 receptor reduced its functional response

although the ligand binding a�nity was not a�ected.
We conclude that the sequence of the guinea-pig B2

bradykinin receptor was identical between the lung and the

ileum further supporting the existence of a single bradykinin
B2 receptor subtype in this species (Pruneau et al., 1995). In
addition, it does not favor the presence of a B3 receptor
subtype as previously postulated (Farmer et al., 1998; Farmer

& Desiato, 1994). We also propose that the two amino-acid
residue di�erences found in TM3 and ICL3 as compared to
the ®rst reported cDNA sequence play a role in the receptor

activation. Further point-directed mutagenesis studies of
these two amino-acids would be needed to further elucidate
their importance in guinea-pig B2 receptor activation.
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