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Abstract

Kinin receptors are classified as B, and B, based upon agonist and antagonist potencies and cloning and expression studies. Using
sequences from human and rat bradykinin B, receptors, polymerase chain reaction (PCR) was utilized to isolate cDNA from guinea pig
lung. The receptor obtained is predicted to have 372 amino acids and shares > 80% sequence homology with human, rat, rabbit and
mouse B, receptors. In competition binding experiments in Chinese hamster ovary (CHO-K1) cells in which the guinea pig cDNA was
expressed, [*H]bradykinin was displaced by kinin receptor ligands with an order of potency consistent with a B, subtype. In CHO cells
expressing the guinea pig receptor, bradykinin caused a concentration “Bcat efflux. A B, receptor agonist, desArg®-bradykinin, also
caused *°Ca?* efflux but with a potency several orders of magnitude lower than bradykinin. Curiously, several B, and B, receptor
antagonists induced *°Ca2* efflux, indicating that this receptor may be coupled differently in CHO cells than in native tissues. © 1998

Elsevier Science B.V.
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1. Introduction

Receptors for bradykinin and related kinins are divided
into B, and B, subtypes based on agonist and antagonist
potency ratios in various tissues (Farmer and Burch, 1992;
Hall and Morton, 1997). Cloning and sequencing studies
have confirmed the existence of bradykinin B, receptorsin
rats (McEachern et al., 1991), humans (Eggerickx et al.,
1992; Hess et al., 1992; Powell et al., 1993), mice (Mcln-
tyre et al., 1993; Hess et al., 1994; Borkowski et al., 1995)
and rabbits (Bachvarov et a., 1995). Bradykinin B, recep-
tors from the mouse (Mclintyre et a., 1993; Hess et a.,
1996; Pesquero et al., 1996), rabbit (MacNeil et al., 1995),
and human (Menke et al., 1994; Webb et al., 1994;
Bachvarov et a., 1996; Chai et a., 1996) have also been
cloned, and their distinct sequence and pharmacology from
B, receptors confirmed. The deduced amino acid se-
quences from the four species B, receptors show exten-
sive similarity (> 80%) and they all belong to the G
protein-coupled, seven transmembrane domained receptor
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superfamily. Recently, an avian kinin receptor was cloned.
It shows 31% and 49% sequence identity, respectively, to
human B, and B, receptors and is a G protein-coupled
receptor (Schroeder et al., 1997).

The genomic organization of the bradykinin B, receptor
has been studied for the human, rat and mouse genes. The
5 untrandated regions are interrupted by introns (Ma et
a., 1994; Pesquero et a., 1994) and the intron/exon
boundaries are highly conserved. There is also evidence
for aternative splicing of the 5 untranslated region of the
rat B, receptor gene (Pesquero et al., 1994). Numerous
pharmacological studies in guinea pigs indicate that B,
receptors are expressed ubiquitously in tissues from this
species (Farmer and Burch, 1992; Hall and Morton, 1997).
Although there is no evidence for guinea pig B, receptors,
pharmacological studies in airway tissues from this species
have suggested another subtype of bradykinin receptor,
termed ‘B, (Farmer et a., 1989b, 1991; Pyne and Pyne,
1993; Farmer and DeSiato, 1994). The existence of the B,
receptor, however, is controversial (Trifilieff et al., 1991,
Field et a., 1992; Da Silva et a., 1995; Scherrer et al.,
1995). Evidence for bradykinin B, receptors, as well as the
‘unusual’ nature of guinea pig B, receptors compared with
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those from other species, was reviewed extensively by Hall
and Morton (1997). To date, there are no reports on the
cloning or sequencing of any guinea pig kinin receptors. In
the present paper, we report the isolation, sequencing and
functional expression of a guinea pig lung bradykinin
receptor.

2. Materials and methods

2.1. Isolation and characterization of a guinea pig lung
bradykinin receptor

RNA was isolated from whole lung tissue using guani-
dinium isothiocyanate as described elsewhere (Chirgwin et
a., 1979). RACE-PCR (rapid amplification of cDNA
ends-polymerase chain reaction) (Frohman et al., 1988;
Frohman and Martin, 1990) was utilized to isolate both 5
and 3 ends of the guinea pig lung bradykinin receptor
cDNA. To isolate the 3 end of the cDNA, synthesis was
carried out with superscript reverse transcriptase (Gibco
BRL, Paisley, Scotland) using 5 ug total RNA, and the
RACE 58-nuclectide primer, 5d(AAGGATCCGTCGA-
CATCGATAATACGACTCACTATAAGGGA(T),;). Di-
lutions of the cDNA were used as templates in primary
PCR reactions with an amplimer derived from the third
transmembrane segment of human B, receptor cDNA
(Powell et al., 1993), 5d(TGTTTCCTGATGCTGGT-
GAGCATC), and an amplimer derived from the 5 end of
the RACE primer above, 5d(AAGGATCCGTCGA-
CATCGATAAT). Following denaturation at 100°C for 5
min, PCR (Saiki et al., 1988) was performed in a Techne
PHC-1 thermal cycler for 33 cycles (93°C for 2 min, 60°C
for 2 min and 72°C for 3 min) using Amplitag (Perkin-
Elmer, Norwalk, CT). One percent of the products were
used for secondary PCR with an amplimer derived from
transmembrane segment-IV of the rat B, receptor,
5 d(CTGGTGATCTGGAGCTGTACGCTGCT), and a
nested RACE amplimer, 5d(GATAATACGACTCAC-
TATAAGGGA) using conditions as described above. A
product of 760 base pairs hybridized to full-length rat and
human B, bradykinin receptor cONA probes. This product
was isolated from two independent PCR reactions, purified
and directly sequenced. Each of the sequences were identi-
cal.

To isolate the 5" end of the cDNA, 5 g of total guinea
pig lung RNA was reverse transcribed using a primer,
5'd(CACATACACCAGCGGGTTGAGGCAGC), de-
signed from the 760 base pair 3" product at transmembrane
segment-VII. The cDNA was tailed at its 3 end with
dATP and terminal transferase (Gibco BRL), purified on a
Microcon 100 dialysis unit (Amicon, Beverly, MA), and
second strand cDNA was synthesized with Amplitag by
priming with the RACE 58-residue primer. Primary PCR
was performed for 35 cycles, as described above, using the
RACE outer amplimer and an amplimer derived from
transmembrane segment-V, 5d(ATGCTGAGGGGGAG-

CAGGAAGCCCACQ). A total of 0.1% of the PCR prod-
ucts were subjected to secondary PCR using the nested
RACE amplimer and an amplimer spanning the junction of
the second extracellular loop and transmembrane segment-
V, Yd(GGACATTGGTGAACACCTGCCAG), under
identical conditions to the primary reaction. A product of
700 base pairs was isolated from two independent PCR
reactions, purified and directly sequenced, and each of the
sequences were identical.

Full length cDNA was obtained from 5 ng of guinea
pig lung total RNA by reverse transcription using oligo
d(T)15. Primary PCR was performed for 33 cycles with
amplimers from the 5 and 3 untransated regions,
5'd(AAGCACCTGCACCCACCGAAGCCTCC) and
5 d(CCTGCTGGACCCATGCTGAAGAGO), respectively.
Secondary PCR was carried out under the same conditions
using 0.1% of the primary reaction products and site-tagged
amplimers. The 5 amplimer, 5d(GCGCGAATTC
GCCGCCACCATGTTCAACATCACCTCGCA AGT-
GTCA), contained a Kozak consensus sequence (Kozak,
1989) (underlined) immediately upstream of the initiator
ATG. The 3 amplimer, 5d(GCGCGGCCGCTGCTCC-
CTGCTGGACCCATGCTGAAG), is positioned 58 base
pairs downstream from the stop codon. These contained
EcoRI and Notl restriction sites at their 5 ends, respec-
tively. This product was cloned unidirectionally into
pcDNAS3 (Invitrogen, San Diego, CA). Eight clones were
sequenced and found to be an identical match to the
sequences from the RACE-PCR products.

2.2. Expression of the guinea pig bradykinin receptor in
Chinese hamster ovary (CHO) cells

CHO-K1 cells were grown in Dulbecco’'s modified
Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum, 50 U ml~* penicillin, 50 mg ml~* strepto-
mycin, 2 mM L-glutamine and essential amino acids (0.1
mM). The cells were plated at a density of 1.9 X 10° per
175 cm? flask 12 h before transfecting with 50 mg of
Poul-linearized guinea pig lung bradykinin receptor/
pcDNA plasmid using a CaPO, transfection kit (5 Prime >
3 Prime, Boulder, CO) according to the manufacturer's
protocol. Following 15% glycerol shock for 90 s, the cells
were grown in nonselective media for 48 h, trypsinized,
diluted 1 to 15, and G418 (Gibco BRL) added to a final
concentration of 1 mg ml~. Twenty individual clones
were isolated 10 to 14 days later and whole cell
[®H]bradykinin ligand-binding assays were performed to
determine the highest specific binding. Transfectants with
the highest specific binding were expanded and used for
further studies.

2.3. Pharmacology of guinea pig bradykinin receptors in
CHO célls

In preliminary experiments in whole cells, two trans-
fected CHO cell clones (Nos. 16 and 20) exhibited the
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highest specific binding (88 and 91% of total binding,
respectively) for [*H]oradykinin. Clone 20 was used for all
subsequent pharmacological analyses. Membranes were
prepared from CHO cells transfected with guinea pig lung
bradykinin receptor cDNA and competition binding experi-
ments were performed as described elsewhere (Farmer et
al., 1989a, Farmer et al., 1989b). Ligand was 1 nM
[*H]oradykinin (New England Nuclear, Boston, MA), and
nonspecific binding was determined in the presence of 1
mM unlabeled bradykinin. Competing ligands were
bradykinin and desArg®-bradykinin (Bachem, Torrance,
CA), DpArg-[Hyp®pPhe’ Joradykinin (NPC 567) and
pArg-[Hyp® Thi®pTic’, Tic®]bradykinin  (NPC 16731)
(SciosNova, Baltimore, MD), and DbDATrg-
[Hyp®,Thi®pTic’,Oictloradykinin (Hoe 140, synthesized
in-house). The nonpeptide B, receptor antagonist, Win
64338 (phosphonium, [[4-[[2-[[bis(cyclohexylamino) meth-
ylene]amino]-3-(2-naphthalenyl) 1-oxopropyl]amino]-
phenyl]-methyl]-tributyl, chloride HCI), was a gift from
Sterling-Winthrop Pharmaceuticals, (Collegeville, PA).

2.4. *°Ca?* efflux experiments

Bradykinin-induced efflux of “Ca?* was performed,
utilizing procedures described in detail elsewhere (Farmer
et al., 1989b, 1991), in CHO cells from clone 20 trans-
fected with guinea pig lung bradykinin receptor cDNA and
also in nontransfected CHO cells. Assay medium was
DMEM supplemented with 20 mM HEPES, 10 mM capto-
pril, 0.1% bovine serum albumin, and 100 mg ml ~* baci-
tracin. Briefly, cells were incubated with 2.5 mCi *Ca2*
in 1 ml assay media for 4 h in 12-well plates. After this
time, the medium was aspirated and wells washed five
times with 2 ml of assay medium. Basal efflux of radioac-
tivity was measured for 3 min and efflux of “Ca?*, in
response to bradykinin receptor ligands (10" 3-10"% M,
depending upon ligand), was measured over the following
6 min. At the end of the efflux period, cells were solubi-
lized with 1 ml Triton X-100, and radioactivity remaining
in the cells, as well as the efflux, was determined by liquid
scintillation counting. Fractional “Ca?* efflux at each

GCTCCAGACCAGACACACAGGATGAAAAGCCTCAACCACACCCCACTCCAAGTCCAGATGCCTTCAAGCTGGAAGAAGCTAATGCTCCTG  -49
1
TCTCTGTATGAAGAACCTGCACCCACCGAAGCCTCCCTCAGCTCTGCAATGTTCAACATCACCTCGCAAGTGTCAGCTCTGAACGCAACC 42
M F N T T S Q@ V S A L N A T

CTTGCCCAGGGCAACAGCTGCCTTGACGCTGAGTGGTGGAGCTGGCTCAACACCATCCAGGCACCGTTCTTGTGGGTCCTGTTTGTGCTG 132

L AQGNSCLDAEWWSWLNT I QAPTF LWV L F VL

1

GCAGTGCTGGAGAACATCTTCGTCCTCAGTGTCTTCTTCCTGCACAAGAGCAGCTGCACAGTGGCAGAGATCTACCTGGGGAACCTGGCG 222

ANV L ENT F VL SV FFLHKSSCTV AET Y L GNIL A

1I

GTGGCCGACCTCATCTTGGCCTTCGGGCTGCCCTTCTGGGCCATCACCATCGCCAACAACTTTGACTGGCTCTTCGGGGAGGTCCTGTGC 312

vV ADL I L AF GLPF WATTTITANNTFIDWLFGE VL C

III

CGCATGGTGAACACCATGATCCAAATGAACATGTACAGCAGCATCTGCTTCCTGATGCTGGTGAGCATTGACCGCTACCTGGCCCTCGTG 402

RMVNTMIT QOMNMY s ST CF LMLV S T DR Y L ALV

v

AAGACCATGTCCATGGGCCGGATGCGCGGGGTGCGCTGGGCCAAACTCTACAGCCTGGTGATCTGGGGCTGCGCACTGCTCCTGAGCTCA 492

K T M s MGRMURG GV R WAIKLY S L VI WG C AL L
CCCATGCTGGTGTTCCGGACCATGAAGGACTACAGAGATGAGGGCCACAATGTCACCGCGTGCCTCATCATCTACCCGTCGCTCACCTGG 582

P ML VFRTMI KDY RDESGHNV T ATCL T I Y P S L T W

\Y

CAGGTGTTCACCAATGTCCTCCTGAACCTGGTGGGCTTCCTGCTCCCCCTCAGCATCATCACCTTTTGCACAGTGCAGATCATGCAGGTG 672

Qv F TNV LLNLVGFLLZPLSsS T 1 TFCTV QT MOQQUWV

VI

CTTCGCAACAACGAGATGCAGAAGTTCAAGGAGATCCAGACGGAACGGAGGGCCACCGTGCTGGTTCTGGCTGTGCTGCTGCTGTTTGTT 762

L R NNEMOQKFKET QTERRATV LV LAV L L L FV
GTGTGCTGGCTGCCCTTCCAGATCGGCACCTTCCTGGACACACTGAGGCTCCTCGGCTTCCTCCCCGGCTGCTGGGAGCATGTCATCGAC 852

v ¢w.4LPFOQTGTFLDTLRLLGFLPGTCWEWHV I D

VII

CTCATCACGCAGATCAGCTCCTACCTGGCCTACAGCAACAGCTGCCTCAACCCGCTGGTGTATGTGATCGTGGGCAAGCGCTTCCGGAAG 942

L 1 1T a1 s sy L AY SNSCULN®PL VYV I VGKRF R K
AAGTCCCGCGAGGTGTACCACGGGCTGTGCAGGAGCGGGGGCTGTGTGTCCGAACCTGCCCAGTCAGAGAACTCCATGGGAACGCTGCGC 1032

K § R E VY HGL CR S GGCV S EPAQSENSMGT L R
ACGTCCATCTCGGTGGACCGGCAGATCCACAAACTGCAGGACTGGGCGAGGAGTAGCAGCGAGGGGACGCCACCAGGGCTGCTGTGAATG 1122

T s 1 s Vv DROQTI HK L QDWARSS S EGTP P G L L
TGTCCGAGGACAGGCACACACAGTTGCTCTTCAGCATGGGTCCAGCAGGGAGCAGAGGACATCTCACGTGACCGTA 1198

Fig. 1. Nucleotide sequence of the guinea pig B, receptor cONA. The DNA sequence is shown together with the deduced amino acid sequence. The
nucleotide residues are numbered beginning with the A of the initiator methionine numbered as 1. Nucleotides 5' of nucleotide 1 are indicated by negative
numbers. The positions of upstream in-frame ATG's are shown underlined. Positions of the putative transmembrane domains are indicated by Roman
numerals above the DNA sequence. The sequences have been deposited in GenBank (accession No. AJ003243).
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interval was determined by division of radioactivity lost
during a given 3-min period by the amount of radioactivity
remaining associated with the cells. Efflux of *Ca?* in
response to various agents was expressed as a percent of
the maximum efflux induced by 10 wM bradykinin. Con-
centration—response curves to kinin anal og-induced ®Ccat
efflux were obtained, the curves were fitted and ECg,
vaues determined using Prism (GraphPad Software, San
Diego). All data are expressed as the mean + S.E. mean,
and numbers in parentheses denote the number of experi-
ments.

3. Reaults

3.1. Isolation and characterization of a guinea pig lung
bradykinin receptor

The 5 and 3 fragments of cloned guinea pig lung
bradykinin receptor were isolated by RACE-PCR. Direct

seguence analysis revealed that the 5 product was from
(—)137 to 601, and the 3 product was from position 457
to 1198 (Fig. 1), with an overlap of 144 base pairs. A
cDNA containing the whole coding sequence, correspond-
ing to positions 1 to 1176 and containing the whole coding
sequence, was isolated by reverse transcription (RT)-PCR.
Sequences obtained from several independent full-length
clones agreed with that of the directly sequenced RACE-
PCR products. Guinea pig lung bradykinin receptor cDNA
was detectable by PCR in both lung and bladder tissues
(data not shown).

The protein sequence of the guinea pig lung bradykinin
receptor is 372 amino acids in length and has a predicted
molecular mass of 42200 Da, in the absence of any added
carbohydrate. This protein shares high sequence homology
with the human (81.5%), rat (82.6%), mouse (81.5%) and
rabbit (80.7%) B, receptors (Fig. 2). The B, receptors
from these species possess three potential N-glycosylation
sites with two in the N-terminal domain and one in the

1

* *
guinea pig [MENT T SQV- - SALNATLAQGNSC L DAEWWSWLNT[TQAPFLWVL FVLAV[CE 48
human MNT - - GPT|LNGTF AQSK- CPQVIEWLGWLNT|I QBPF LWVL FV LAT|LE| 47
rabbit MLNI T SQVL]AP[ALNGSV[SQSIS NT EWSGWLNV|I QAPFLWVL FVLAT|LE 50
rat FNI T[T LGSAIHNGTFS\EV- PDTEWWSWLNA |QAPFLWVL FLILAALE| 49
mouse MENVITTIQVL GSALNGTL SKDN- CPDT EWWSWLNA IQAPFLWVL FIL|[LAA LE| 49
11
guinea pig NI FVLSVFFLHKSSCTVAEIYLGNLAVADLT LAFGLPFWAITT ANNFDWL] 98
human NI FVLSVFCLHKSSCTVAEIYLGNLAAADLI LACGLPFWAITISNNFDWL| 97
rabbit NLJFVLSVFCLHKSSCTVAEVYLGNLAAADLI LACGLPFWAVTI ANHFDWL| 100
rat NI FVLSVFCLHKTNCTVAEI YLGNLAGADLI LACGLPFWAITI ANNFDWL] 99
mouse INCIFVLSVFFILHKNSCTVAEI YLGNLAAADLI LACGLPFWAITIANNFDWA 99
111
guinea pig FGEVLCRMVNT MI|QMNMYSSTCFLMLVSI DRYLALVKTMSMGRMRGVR WA 148
human FGELCRVVNI SMNLYSSICFLMLVSIDRYLALVKTMSMGRMRGVRWA| 147
rabbit FGE|A/LCRVVNTMI YMNLYSSICFLMLVSIDRYLALVKTMS[JGRMRRVRWA| 150
rat FGEVLCRVVNTMI YMNLYSSICFLMLVSIDRYLALVKTMSMGRMRGVRWA| 149
mouse PIGEVLCRVVNTMI[LLINLYSSICFLMLVSIDRYLALVKTMSMGRMRGVRWA| 149
0\
. —_—
guinea pig KLYSLVIWGCALLLSSPMLVFRTMKDYRDEGHNVTACIL[T]I [YPS|LTWQVFT| 198
human KLYSLVIWGCTLLLSSPMLVFRTMKEYSDEGHNVTACVI[S|YPSIL | WE;VFT 197
rabbit KLYSLVIWGCTLLLSSPMLVFy. TMKDYRDEGYINV TAC[I]I|D[YPSRSWEVFT| 200
rat KLYSLVIWS]CTLLLSSPMLVFRTMKD&lﬂﬂEGHNVTACVI VYPSRSWEVFT 199
mouse KLYSLVIWGCTLLLSSPMLVFRTMREMSEEGHNVTACVMYV YPSRSWEVFT| 199
v
guinea pig NVLLNLVGFLLPLS|I[[TFCTVQIMQVLRNNEMQKFKE | QTERRATVLVLA] 248
human NMLLNVVGFLLPLSVITFCTMQI MQVLRNNEMQKFKE | QTERRATVLVL[V 247
rabbit NV LLNLVGFLLPLSVITFCTVQILQVLRNNEMQKFKE | QTERRATVLVLA] 250
rat NLLNLVGFLLPLSDITFCTVRIMQVLHNNEMF‘KFKEV TE[KKIATVLVLA| 249
mouse NV LLNLAIGFLLPLSVITFCTVRI/LQVLRNNEMKKFKE/VQTERKIATVLV[S|A| 249
VI VII
guinea pig VLLLFVVCWLPFQIGTFLDTL|RLLG|F[[PGCW- LI TQISSYILAYSN 297
human VLLLFTTJCWLPFQISTFLDTL|HRLG|I |LSS|CQDER!|IDVI TQ I ASFMAYSN| 297
rabbit VLLLFVVCWLPFQVSTFLDTLLKILGVLS|SICWDEHV|IDVITQ FMGYSN 300
rat VLIGLLF VLICWFIPFQISTFLDTL LRLG VLSGCWNERAVPIVITQTSSYVAYSN| 299
mouse VLGLLF VLICWVIPFQISTFLDTL LIALGVLSGCWDEHAVDVI TQISSYVAYSN 299
guinea pig SCLNPLVYVIVGKRFRKKS REVYHGLCRSGGCVISEPAQSENSMGTVRTST| 347
human SCLNPLVYVIVGKRFRKKSWEVYQGVICQKGGCRS|EP|| QMENSMGTLRTSI| 347
rabbit SCLNPLVYVIVGKRFRKKSREVY: XA KGCVLEPVQ@E@SMGTLRTSI 350
rat SCLNPLVYVIVGKRFRKKSREVYUWA | CRKGGCMGESYMENSMGTLRTSI| 349
mouse ISGLNPLVYVIVGKRFRKKSREVYRVLCCQKGGCMGEPVQMENSMGTLRTSI| 349
guinea pig SVDRQTHKLQDWARSSISEGTP PGLIL 372
human SVERQIHKLQDWAGSR 364
rabbit SVERQIHKLPEWWTRESS 367
rat SVDRQ | HKLQD WA GNK 366
mouse SVERQ|HKLQDWA GKK 366

Fig. 2. Alignment of amino acid sequences of guinea pig, human, rabbit, rat and mouse B, receptors. Identical residues aligned in more than one species
are shown boxed. Positions of the putative transmembrane domains are indicated above the amino acid sequence. Potential glycosylation sites are denoted
by asterisks. Note the extra eight amino acid residues at the C-terminus of the guinea pig receptor sequence.
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second extracellular loop. The guinea pig B, receptor is
predicted to have an extra eight amino acids at the C-
terminus which are not present in human, rat, mouse or
rabbit sequences (Fig. 2).

3.2. Expression and pharmacology of guinea pig lung
bradykinin receptors in CHO cells

As noted in Section 2, CHO cells were transfected with
guinea pig lung bradykinin receptor cDNA and cell cul-
tures exhibiting the highest levels of expression (Clone
20), as determined from whole cell binding of
[*Hloradykinin, were utilized for further studies. Control,
nontransfected CHO cells exhibited no significant binding
of [*H]bradykinin.

In transfected cells, binding of [*H]bradykinin exhibited
a high degree of specificity (> 90%), and was saturable
(B, 1689 fmol /mg tissue). In competition binding ex-
periments, bradykinin was displaced in a concentration-de-
pendent manner by several agonists and antagonists of the
B, receptor, whereas desArg®-bradykinin, a B, receptor
ligand, was without effect (Table 1).

Bradykinin caused concentration-dependent efflux of
®Ca2* from CHO cells transfected with guinea pig lung
bradykinin receptor cDNA, yielding a pD, value of 10.32
+0.12 (Fig. 3). The B, receptor agonists, desArg®-
bradykinin (which was inactive in binding; Table 1),
elicited “Ca?* efflux, albeit with a potency several orders
of magnitude lower than bradykinin (Fig. 3). B, receptor
antagonists, Hoe 140 and NPC 16731, induced Ca®" ef-
flux with pD, vaues, respectively, of 8.95+ 0.69 and
9.02 + 0.51. A weak peptide B, receptor antagonist, NPC
567, a B, receptor antagonist, desArg®-[Leu®]oradykinin,
as well as a nonpeptide antagonist, Win 64338, also were
impotent and inefficacious agonists in transfected CHO
cells.

In order to ascertain the specificity of these responses,
we examined the effects of several of the kinin receptor
ligands in CHO cells that had not been transfected with
guinea pig lung bradykinin receptor cDNA. Bradykinin
and a unrelated peptide, neurokinin A (each at 10 uM), as

Table 1

Competition binding —log K; values for displacement of [3H]bradykinin
binding by kinin receptor ligands in CHO cells transfected with cDNA
for bradykinin receptors cloned from guinea pig lungs

Ligand —log K; * (nM)
Bradykinin 9.25+0.04
Hoe 140 9.21+0.09
NPC 16731 8.96+0.09
Win 64338 7.57+0.10
NPC 567 7.54+0.07

desArg®-bradykinin > 30000

Specific binding was 90%. K, for bradykinin was 3.77 nM, and B,
was 1689 fmol mg~? tissue. Values are reported as mean+ SE.M. of
four experiments.

Agonists

1001 o BK(8)

754
—8—desArg’-[Leu’]-BK (4)

50+

-0 desArg®-BK (4)
254

"2 10 8 6 4

"Antagonists”
1004 O BK(8)

Percent maximum efflux

751 X ® NPC16731 (6)

m Hoe 140 (4)
504
-1 Win 64338 (4)

251 —- NPC567 (4)

-log [Ligand] (M)

Fig. 3. Bradykinin receptor agonist- and antagonist-induced fractional
efflux of **Ca?* from CHO-K1 cells transfected with cloned guinea pig
lung bradykinin receptor cDNA. See Section 2 for experimental details.
Data are presented as mean+ S.E.M., and the numbers of observations
are shown in parentheses.

well as NPC 567 (10 uM) and Hoe 140 (10 nM) did not
glicit efflux of Ca2* in these cells.

4, Discussion

We report for the first time the cloning, sequencing and
functional expression of a guinea pig lung bradykinin
receptor. This receptor shares > 80% sequence homology
with kinin B, receptors from human, rat, mouse and
rabbit. Furthermore, in binding the rank order of potency
of competing ligands in the cloned guinea pig receptor is
consistent with it being a B, subtype (Farmer and Burch,
1992; Hall and Morton, 1997). As noted earlier, there are
many reports that guinea pig bradykinin B, receptors
exhibit pharmacological properties, e.g., lower apparent
affinities for severa ligands, suggesting that there are
species differences with this receptor subtype (see review
by Hall and Morton, 1997). To date, however, there is no
published evidence for more than one B, receptor gene
within a single species. As with bradykinin B, receptors
from other species (Hess, 1997), the guinea pig receptor is
a seven transmembrane-spanning protein that possesses
three potential N-glycosylation sites: two in the N-terminus
and one in the second extracellular loop. Similarly, this
receptor contains sites for potential phosphorylation by
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protein kinases C (Thr'* and Thr?®¢) and A (Ser®®). The
guinea pig receptor, unlike that from all other species
examined to date, has an extra eight amino acids at the
C-terminus. Furthermore, the C-terminal sequence in
guinea pig lung bradykinin receptor contains three serines
and one threonine which may also be potential sites for
phosphorylation.

A recent publication (AbdAlla et al., 1996a) demon-
strated that, for human and rat B, receptors, there is an
in-frame ATG codon which are upstream of the previously
reported trandlation start site, and that the first AUG is
used as a trandlation start site. It was also postulated that,
in the mouse B, receptor, the first in-frame AUG is used
as a start site for trandation. These proposed start sites
would extend the human, mouse and rat B, receptors by
27, 26 and 30 amino acids, respectively, and the extra
sequence was annotated as ED1A (with ED1B being the
origina predicted extracellular domain) (AbdAlla et 4.,
1996h). It has been shown that the long and short versions
of the human B, bradykinin receptor have almost identical
ligand binding and that both are coupled efficiently to
signaling pathways (AbdAlla et al., 1996b). The heterolo-
gous expression work described herein was performed
using the guinea pig equivalent of the ED1B form of the
receptor. However, the guinea pig B, sequence (Fig. 1)
contains two upstream ATG codons shown underlined at
positions (—)81 and (—)57. The ATG at position (—)81
is analogous to the newly assigned translation start site for
the human, rat and mouse receptors (AbdAllaet al., 1996a),
and there is amino acid sequence homology in this region
(ED1A) with the human and rat B, receptors. The methio-
nine at position 168 (McEachern et al., 1991) conformed
best to a consensus trandation start sequence (Kozak,
1989) and was presumed to be the first amino acid of the
primary translation product, although a construct which
started upstream of the methionine at position 78 was
actually used for expression in Xenopus oocytes. All other
studies of recombinant B, receptors from human (Egg-
erickx et a., 1992; Hess et al., 1992; Mclntyre et al., 1993;
Powell et al., 1993), rat (Mclntyre et al., 1993), mouse
(Mcintyre et a., 1993; Hess et a., 1994) and rabbit
(Bachvarov et a., 1995) have used the initiation methion-
ine shown in Fig. 2. In addition, RT-PCR of rat B,
receptor (Pesquero et al., 1994) detected two different B,
MRNASs containing or lacking exon 3 in all rat tissues
tested, and of which the shorter RNA represents the abun-
dant species which would aso correspond to the rat B,
receptor shown in Fig. 2. Further investigation of the
aternative upstream initiation methionine residues and
possible effects on the pharmacological properties of these
receptors will be interesting. In addition, many of the
respective properties of various subtypes of kinin receptors
may reflect species differences and/or the characteristics
of G protein coupling in different cell types.

In functional studies, the cloned guinea pig lung
bradykinin receptor exhibited unusua behavior in that all

bradykinin receptor ligands tested—even agents that are
potent B, receptor antagonists at normally constitutive
mammalian B, receptors—stimulated “Ca?* efflux. Ef-
flux of “Ca?* was mediated specifically via the cloned
guinea pig receptor as al agents tested had no effect in
nontransfected CHO cells. Also, an unrelated receptor
agonist, neurokinin A, was inactive at the cloned bradykinin
receptor. Thus, athough competition binding experiments
indicate that the guinea pig cloned receptor is of the B,
subtype, this was not confirmed in a functional assay.
Thus, even though bradykinin was a potent stimulant of
®Catt efflux (ECg, < 1071° M), and was several orders
of magnitude more potent than a B, receptor agonist, the
B, and B, receptor antagonists tested each behaved as
agonists (see Fig. 3). Leeb-Lundberg et al. (1994) found
that, in rat uterus smooth muscle, Hoe 140 behaves as an
inverse agonist but this is unlikely to explain the stimula
tory actions of this agent or the other antagonists in the
present study. There are previous reports that some ‘first
generation’ bradykinin receptor antagonists such as NPC
567 can act as partial agonists in fresh tissues (Farmer and
Burch, 1992; Hall and Morton, 1997) and in cloned
bradykinin receptors (Sawutz et al., 1992; Mclntyre et al.,
1993). In addition, it has been noted that Hoe 140, one of
the most potent known peptidic B, receptor antagonists,
exerts spasmogenic activity in guinea pig isolated trachea
(Trifilieff et al., 1992). Interestingly, Hoe 140 is a full
agonist at the ornithokinin (avian) receptor in stimulating
phosphatidylinositol hydrolysis and intracellular free Ca2*
in chicken embryo fibroblasts and in CHO cells transfected
with the ornithokinin receptor (Schroeder et al., 1997).
Bradykinin is inactive in these systems. To our knowledge,
Win 64338, a nonpeptide antagonist, has not been reported
previously to behave as an agonist, albeit such an action
was very weak in the present study. We have found that
NPC 16731 is a full agonist (pD, 8.45) for inducing
phosphatidylinositol metabolism, but has no effect on
®Ca?* efflux in CHO cells transfected with cDNA encod-
ing the human B, receptor (Farmer, S.G. and Prosser, J,,
unpublished observations). The agonist response to this
‘antagonist’ was blocked potently (p A, 9.32) by Hoe 140.
In contrast to the cloned guinea pig receptor, however,
neither Win 64338 nor Hoe 140 exhibited agonist-like
effects in CHO cells expressing the human B, receptor
(Farmer, S.G. and Prosser, J., unpublished). It would ap-
pear then, that guinea pig and human bradykinin receptors
expressed in CHO cells respond to some ligands, normally
considered to be antagonists, with agonist-like activity,
perhaps due to an aberrant coupling mechanism. The rea-
sons underlying this phenomenon are unknown, but de-
serve further study.

The guinea pig B, receptor was isolated from total lung
RNA by RACE-PCR using primers derived from both the
human and rat B, receptor sequences. Many pharmaco-
logical studies have confirmed the presence of guinea pig
B, receptors in gut, blood vessels, nerves, and most other
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tissues including the lungs (Farmer and Burch, 1992; Hall
and Morton, 1997). It is not surprising, therefore, that we
have cloned a B, receptor from this species. Future studies
utilizing low stringency screening of guinea pig cDNA
libraries may determine whether the putative ‘B, receptor’
can be detected at the molecular level.

Acknowledgements

We thank Dave Holland for oligonucleotide synthesis.

References

AbdAlla, S., Godovac-Zimmermann, J.,, Braun, A., Roscher, AA.,
Muller-Esterl, W., Quitterer, U., 1996a. Structure of the bradykinin
B, receptors’ amino terminus. Biochemistry 35, 7514—7519.

AbdAlla, S., Quitterer, U., Schroder, C., Blaukat, A., Horstmeyer, A.,
Dedio, J., Reilander, H., Muller-Esterl, W., 1996b. On the structure of
the amino-terminal domain ED1 of the B, receptor. Immunopharma-
cology 33, 42—-45.

Bachvarov, D.R., Saint-Jacques, E., Larrivee, J.F., Levesque, L., Rioux,
F., Drapeau, G., Marceau, F., 1995. Cloning and pharmacological
characterization of the rabbit bradykinin B, receptor. J. Pharmacol.
Exp. Ther. 275, 1623-1630.

Bachvarov, D.R., Hess, JF., Menke, J.G., Larrivée, JF., Marceau, F.,
1996. Structure and genomic organization of the human B, receptor
gene for kinins (BDKRB1). Genomics 33, 374-381.

Borkowski, JA., Ransom, R.W., Seabrook, G.R., Trumbauer, M., Chen,
H., Hill, R.G., Strader, C.D., Hess, J.F., 1995. Targeted disruption of
a B, bradykinin receptor gene in mice eliminates bradykinin action in
smooth muscle and neurons. J. Biol. Chem. 270, 13706—13710.

Chai, K.X., Ni, A., Wang, D.Z., Ward, D.C., Chao, J,, Chao, L., 1996.
Genomic DNA sequence, expression, and chromosomal localization
of the human B1 bradykinin receptor gene BDKRB1. Genomics 31,
51-57.

Chirgwin, JM., Przbyla, A.E., Macdonald, R.J., Rutter, W.J.,, 1979.
Isolation of biologically active ribonucleic acid from sources enriched
in ribonuclease. Biochemistry 18, 5294—-5299.

DaSilva, A., Amrani, Y., Trifilieff, A., Landry, Y., 1995. Involvement of
B, receptors in the bradykinin-induced relaxation of guinea-pig iso-
lated trachea. Br. J. Pharmacol. 114, 103-108.

Eggerickx, D., Raspe, E., Bertrand, D., Vassart, G., Parmentier, M.,
1992. Molecular cloning, functional expression and pharmacological
characterization of a human bradykinin B, receptor gene. Biochem.
Biophys. Res. Commun. 187, 1306—1313.

Farmer, S.G., Burch, R.M., 1992. Biochemical and molecular pharmacol-
ogy of kinin receptors. Annu. Rev. Pharmacol. Toxicol. 32, 511-536.

Farmer, S.G., DeSiato, M.A., 1994. Effects of a novel nonpeptide
bradykinin B, receptor antagonist, on intestinal and airway smooth
muscle. Further evidence for the tracheal B; receptor. Br. J. Pharma-
col. 112, 461-464.

Farmer, S.G., Burch, R.M., Dehaas, C.J,, Togo, J., Steranka, L.R., 1989%.
[Argt-pPhe’ ]-substituted analogs of bradykinin inhibit vasopressin-
and bradykinin-induced contractions of uterine smooth muscle. J.
Pharmacol. Exp. Ther. 248, 677-681.

Farmer, S.G., Burch, RM., Meeker, S.N., Wilkins, D.E., 1989b. Evi-
dence for a pulmonary bradykinin B receptor. Mol. Pharmacol. 36,
1-8.

Farmer, S.G., Ensor, JE., Burch, R.M., 1991. Evidence that cultured
airway smooth muscle cells contain bradykinin B, and B receptors.
Am. J. Respir. Cell Mol. Bial. 4, 273-277.

Field, J.L., Hall, JM., Morton, 1.K.M., 1992. Putative novel bradykinin

B receptors in the smooth muscle of the guinea-pig Taenia caeci and
trachea. Agents Actions 38, 540-545, Suppl. 1.

Frohman, M.A., Martin, G.R., 1990. Rapid amplification of cDNA ends
using nested primers. Technique 1, 165-170.

Frohman, M.A., Dush, M.K., Martin, G.R., 1988. Rapid production of
full-length cDNAs from rare transcripts: amplification using a single
gene-specific oligonucleotide primer. Proc. Natl. Acad. Sci. USA 85,
8998-9002.

Hall, JM., Morton, 1.K.M., 1997. The pharmacology and immunophar-
macology of kinin receptors. In: Farmer, S.G. (Ed.), The Kinin
System. Academic Press, London, pp. 9-43.

Hess, J.F., 1997. Molecular pharmacology of kinin receptors. In: Farmer,
S.G. (Ed.), The Kinin System. Academic Press, London, pp. 45-55.

Hess, JF., Borkowski, JA., Young, G.S., Strader, C.D., Ransom, R.W.,
1992. Cloning and pharmacological characterization of a human
bradykinin (BK-2) receptor. Biochem. Biophys. Res. Commun. 184,
260-268.

Hess, J.F., Borkowski, JA., MacNeil, T., Stonesifer, G.Y., Fraher, J,
Strader, C.D., Ransom, R.W., 1994. Differential pharmacology of
cloned human and mouse B, bradykinin receptors. Mol. Pharmacol.
45, 1-8.

Hess, JF., Derrick, AW., MacNeil, T., Borkowski, JA., 1996. The
agonist selectivity of a mouse B, bradykinin receptor differs from
human and rabbit B, receptors. Immunopharmacology 33, 1-8.

Kozak, M., 1989. The scanning model for translation—an update. J. Cell
Biol. 108, 229-241.

Leeb-Lundberg, L.M.F., Mathis, SA., Herzig, M.C.S,, 1994. Antagonists
of bradykinin that stabilize a G-protein-uncoupled state of the B2
receptor act as inverse agonists in rat myometrial cells. J. Biol. Chem.
269, 25970-25973.

Ma, J., Wang, D., Ward, D.C., Chen, L., Dessai, T., Chao, J.,, Chao, L.,
1994. Structure and chromosomal localization of the gene (BDKRB2)
encoding human bradykinin B, receptor. Genomics 23, 362—369.

MacNeil, T., Bierilo, K.K., Menke, J.G., Hess, JF., 1995. Cloning and
pharmacological characterization of a rabbit bradykinin B, receptor.
Biochim. Biophys. Acta 1264, 223-228.

McEachern, A.E., Shelton, E.R., Bhakta, S., Obernolte, R., Bach, C.,
Zuppan, P., Fujisaki, J., Aldrich, R., Jarnagin, K., 1991. Expression
cloning of arat B, receptor. Proc. Natl. Acad. Sci. USA 88, 7724—
7728.

Mclntyre, P., Phillips, E., Skidmore, E., Brown, M., Webb, M., 1993.
Cloned murine bradykinin receptor exhibits a mixed B, and B,
pharmacological selectivity. Mol. Pharmacol. 44, 346—355.

Menke, J.G., Borkowski, JA., Bierilo, K.K., MacNeil, T., Derrick, A.W.,
Schneck, K.A., Ransom, R.W., Strader, C.D., Linemeyer, D.L., Hess,
JF., 1994. Expression cloning of a human B, bradykinin receptor. J.
Biol. Chem. 269, 21583-21586.

Pesquero, J.B., Lindsey, C.J.,, Zeh, K., Paiva, A.C.M., Ganten, D., Bader,
M., 1994. Molecular structure and expression of rat bradykinin B2
receptor gene. Evidence for alternative splicing. J. Biol. Chem. 269,
26920-26925.

Pesquero, J.B., Pesquero, JL., Oliveira, SM., Roscher, A.A., Metzger,
R., Ganten, D., Bader, M., 1996. Molecular cloning and functional
characterization of a mouse bradykinin B1 receptor gene. Biochem.
Biophys. Res. Commun. 220, 219-225.

Powell, S.J., Slynn, G., Thomas, C., Hopkins, B., Briggs, |., Graham, A.,
1993. Human bradykinin B, receptor: nucleotide sequence analysis
and assignment to chromosome 14. Genomics 15, 435-438.

Pyne, S., Pyne, N.J., 1993. Differential effects of B, receptor antagonists
upon bradykinin-stimulated phospholipase C and D in guinea-pig
cultured tracheal smooth muscle. Br. J. Pharmacol. 110, 477—-481.

Saiki, RK., Gelfand, D.H., Stoffel, S., Scharf, S.J., Higuchi, R., Horn,
G.T., Mullis, K.B., Erlich, H.A., 1988. Primer directed enzymatic
amplification of DNA with a thermostable DNA polymerase. Science
239, 487-494.

Sawutz, D.G., Faunce, D.M., Houck, W.T., Haycock, D., 1992. Charac-
terization of bradykinin B, receptors on human IMR-90 lung fibrob-



298 SG. Farmer et al. / European Journal of Pharmacology 346 (1998) 291-298

lasts: stimulation of **Ca2* efflux by p-Phe’ substituted bradykinin
analogues. Eur. J. Pharmacol. Mol. Pharmacol. 227, 309-315.

Scherrer, D., Daeffler, L., Trifilieff, A., Gies, J-P., 1995. Effects of WIN
64338, a nonpeptide bradykinin B, receptor antagonist, on guinea-pig
trachea. Br. J. Pharmacol. 115, 1127-1128.

Schroeder, C., Beug, H., Muller-Esterl, W., 1997. Cloning and functional
characterization of the ornithokinin receptor—recognition of the ma-
jor kinin receptor antagonist, HOE140, as a full agonist. J. Biol.
Chem. 272, 12475-12481.

Trifilieff, A., Haddad, E.-B., Landry, Y., Gies, J.-P., 1991. Evidence for
two high affinity bradykinin binding sites in the guinea-pig lung. Eur.
J. Pharmacol. 207, 129-134.

Trifilieff, A., Da Silva, A., Landry, Y., Gies, J.-P., 1992. Effect of Hoe
140, a new B, noncompetitive antagonist, on guinea pig tracheal
bradykinin receptors. J. Pharmacol. Exp. Ther. 263, 1377-1382.

Webb, M., Mcintyre, P., Phillips, E., 1994. B; and B, bradykinin
receptors encoded by distinct mMRNAs. J. Neurochem. 62, 1247-1253.



