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ABSTRACT. The peptide hormone bradykinin exerts important biological functions by binding to and
activating bradykinin Breceptors. Breceptors belong to the seven transmembrane domain (7TM) receptor
family. Cloning of the cDNA sequences for the rat, human, and mouse bradykini&cBptor revealed
several in-frame AUG triplets as potential initiation sites for translation. Due to “Kozak-like” consensus
nucleotides, the AUG codon closest to transmembrane domain 1 was assumed the preferred initiation site
for translation, but the real amino terminus of therBceptor protein was unknown. The amino terminus

of several 7TM receptors has been shown to be essentially involved in receptor activation and/or ligand
binding. Therefore we determined the amino terminus of the human and of the rat&ptor using
domain-specific antipeptide antibodies, amino acid sequence analysis,aind transcription/translation.

We report that the human and rag Bceptor protein start with the methionine which is translated from
the first in-frame AUG. This start site extends the known amino terminus of the human andeaeptors

by 27 or 30 amino acid residues, respectively. Antibodies raised against a peptide of the initial 27 amino
acids of the human Breceptor stained Breceptors on intact cells. This finding excludes the existence

of a signal sequence for this receptor.

Receptors for the peptide hormone family of kinins 1993; Yokota et al., 1992). We analyzed the amino-terminal

(Mdiller-Esterl et al., 1986) are classified intq &d B type. structure of denatured and nativei8ceptors using domain-
The receptors belong to the 7TM receptor family which have specific antibodies, amino acid sequence analysis,iand
seven hydrophobic domains assumed to fomhelical vitro transcription/translation. In agreement with the scan-

structures (Schertler et al., 1993). They transmit their signal ning model developed by Kozak (1989), we found that the
by activation of a G protein-mediated signal transduction first in-frame AUG is used as start site of translation localized
cascade (Bascands et al., 1993; Jones et al.,, 199%). Bon exon 2 of the human and on exon 3 of the ratdeptor
receptors bind carboxy-terminally-truncated derivatives of gene without any evidence for context-dependent leaky
bradykinin, e.g., des-Afgbradykinin, desAr¢f-kallidin (Re- scanning or the existence of a signal peptide.

goli & Barabe 1988), whereas the agonists of Bceptors

are kinins with intact carboxy terminus (Bhoola et al., 1992). EXPERIMENTAL PROCEDURES

The cDNA sequences of the rat (McEachern et al., 1991),  paterials. The chemiluminescence detection kit afRS]-
human (Hess et al., 1992), and mouse (Yokoyama et al., ethionine were from Amersham:; [2,3-prolyl-34}orady-
1994) B recept_ors display several mTframe ATG triplets. kinin (specific activity 98 Ci/mmol) was from NEN Dupont;
Due to “Kozak-like” consensus nucleotides, the AUG closest 1,5-difluoro-2,4-dinitrobenzene (DFDNB) was from Pierce:
to the beginning of transmembrane domain 1 was assumedyheat germ agglutinin (WGA froniTriticum wulgaris),

to be the preferred initiation site for translation. According N-acetylglucosamine, and fluorescein isothiocyanate (FITC)-
to this prediction the coding region of the rat (Pesquero et conjugated goat anti-rabbit immunoglobulin were from
al., 1994), human (Ma et al., 1994a), and mouse (Ma et al., 5igma; PVDF sheets were from Millipore; Affi-Gel 10 and
1994b) B receptor protein was localized entirely on the last ,gnfat dry milk were from Bio-Rad; HOE140 was from
exon, i.e., exon 3 for the human and mouse@&eptor and  pgechst; the TNT reticulolysate kit was from Promega; the
exon 4 for the rat Breceptor. The amino terminus of various  frst strand cDNA synthesis kit was from Pharmacia; Vent-
G protein-coupled receptors has been found important for (exo+)DNA polymerase was from New England Biolabs:
ligand binding and/or signal transduction (Oppermann et al., centricon 30 filters were from Amicon. Al other chemicals

t University at Mainz.- were of analytical grade.
§ |Institute Zf Molecular Biotechnology. Cell Culture. Human foreskin fibroblasts, HF-15 (Roscher
"University of Munich. et al., 1983), were grown to confluency in Dulbecco’s
#University of Wurzburg. modified Eagle’s medium containing 10% (v/v) fetal calf
T This work was supported in part by the Deutsche Forschungsge-
meinschaft Grant Mu 598/3-2.
* Address correspondence to this author at Institute of Pharmacology  * Abbreviations: PVDF, polyvinylidenedifluoride; SDSAGE,
and Toxicology, the University at Weburg, Versbacherstrasse 9, 97078 sodium dodecyl sulfatepolyacrylamide gel electrophoresis; EG#[N-
Wirzburg, Germany. Phone: 0049-931-201-3982. Fax: 0049-931-201- (L-3-transcarboxirane-2-carbonyhleucyllagmatine; HEPES, 4-(2-
3539.- hydroxyethyl)-1-piperazineethanesulfonic acid; PMSF, phenylmethane-
® Abstract published irAdvance ACS Abstractdfay 15, 1996. sulfonyl fluoride.
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serum for 2-3 weeks and used at passagedB. Chinese
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by affinity chromatography with the respective antigen was

hamster ovary cells (CHO) and CHO cells transfected with performed as previously described (AbdAlla et al., 1996).

the rat B receptor cDNA, rB2CHO12/3 (AbdAlla et al.,
1996), were grown in Ham’s F12 medium containing 10%
fetal calf serum. Cells were kept in a humidified 5% £0O
95% air atmosphere at 3.

Reverse Transcriptase PCRDifferent human Breceptor

Western Blotting and ImmunoprintingProteins were
resolved by SDSPAGE (Laemmli, 1970) and transferred
to polyvinylidenedifluoride (PVDF) sheets using semidry
blotting (Kyhse-Anderson, 1984). The sheets were treated
with 50 mM Tris and 0.2 M NaCl, pH 7.4 (buffer A),

cDNA fragments were obtained by reverse transcriptase PCRcontaining 5% (w/v) nonfat dry milk and 1% (w/v) Tween

(RT-PCR). RNA was prepared from a human fibroblast cell
line with the RNAzol B method (Wak Chemie, Germany).
The following primers were used for cDNA synthesis: 5
nucleotide position [according to Hess et al. (1992)] and
primer direction are in parentheses: BKR1exCCBAAT-
GTTCTCTCCCTGGAAG-3 (139, forward); BKR-18, 5
ATGCTCAATGTCACCTTG-3 (223, forward); BKR-16, 5
AAGCAACTGTCCCTCAATC-3 (1372, reverse). Primer
BKR1exC directs DNA synthesis to start with the first in-
frame ATG whereas BKR-18 will amplify Breceptor DNA
beginning with the last, i.e., the third in-frame ATG. The

20 for 1 h. Antisera were diluted 1:1000 in buffer A
containing 2% (w/v) bovine serum albumin (BSA). After a
30 min incubation at 37C, the PVDF sheets were washed
5x for 15 min each with buffer A and incubated for 30 min
with peroxidase-labeled F(§bfragments of goat anti-rabbit
antibody (Sigma, 1:5000). After extensive washing, bound
antibody was visualized using the ECL chemiluminescence
detection kit (Amersham).

Lectin Affinity Chromatography of BReceptor. Enrich-
ment of B receptor from human foreskin fibroblasts by
wheat germ agglutinin chromatography was done exactly as

reverse transcriptase-PCR products were cloned into thedescribed (AbdAlla et al., 1996).

EcaRV site of the eucaryotic expression vector pcDNA3
(Invitrogen). ldentity of the fragments created by PCR with
the published human Breceptor cDNA sequence was
confirmed by DNA sequencing.

In Vitro Transcription and Translation. Initro transcrip-
tion and translation of the various human bradykinin B

receptor expression clones was performed with the TNT

reticulolysate kit (Promega) including T7 polymerase ac-

cording to the manufacturer’s instructions. One reaction was

performed using approximately 400 ng of purified DNA. The
polypeptides were labeled by$§]methionine.

Membrane PreparationHF-15 cells and CHO cells were

washed twice with ice-cold phosphate buffered saline (PBS).
Cells were harvested and homogenized in PBS containing

protease inhibitors, 1 mM phenylmethanesulfonylfluoride
(PMSF), 1ug/mL N-[N-(L-3-transcarboxirane-2-carbonyl)-
L-leucyllagmatine (E64), and 2M leupeptin. After cen-
trifugation (300@, 15 min), membranes were recovered from

(1500Q@, 30 min), and washed twice with PBS. Crude

membranes (protein concentration 1 mg/mL) were stored at

—80°C until use. The binding activities of the membranes
for [®*H]bradykinin were 0.5-1 pmol/mg of protein for HF-
15 cells and 1.53 pmol/mg of protein for rB2CHO12/3
cells.

Immunoaffinity Chromatography and Amino Acid Se-
guence Analysis of the ;BReceptor. Affinity-purified
domain-specific antibodies were covalently coupled to Affi-
Gel 10 according to the manufacturer’s instructions (15 mg/
mL gel). Membranes of rB2CHO12/3 (100 pmol of B
receptor/40 mg of total protein) were solubilized with 1%
(w/v) sodium deoxycholate in PBS including 1 mM PMSF,
1 ug/mL E64, and 2«M leupeptin. The deoxycholate was
diluted to 0.1% (w/v) by the addition of 20 mM HEPES,
pH 7.4, containing 150 mM NaCl and 1 mM EDTA (buffer
B). Human B receptors of HF-15 cells (100 pmol of,B
receptor/80 mg of total protein) were partially enriched by
WGA-affinity chromatography. Eluates from the lectin
affinity column were diluted by buffer B with protease
inhibitors. Then 10% glycerol and 0.1% (w/v) Triton X100
were added to the solubilized rat or human ®@ceptor
preparation, and the solution was applied to the immunoaf-
finity matrix for an overnight incubation. The affinity matrix
was extensively washed with buffer B, and bound proteins

Rwvere eluted with 0.2 M glycine, pH 2.5, supplemented with

10% (v/v) 1,4-dioxane. The eluted protein fraction was
neutralized with 1 M Tris, pH 8.0, and concentrated and
desalted by Centricon filtration (exclusion limit 30 000 Da).
The purity and identity of the enriched,Beceptor was
assessed by SDIAGE followed by silver staining and
immunoprinting. For amino-terminal sequencing, proteins

Synthesis of Peptides and Production of Antipeptide from three experiments were pooled, applied to a ProSpin

Antibodies. Peptides derived from the rat or human B

sample preparation cartridge, and sequenced on a 477 A

receptor sequence were synthesized by solid phase peptid@rotein Sequencer equipped with an on-line 120A PTH

synthesis using the fluorenylmethyloxycarbonyl (Fmoc) or
the tert-butyloxycarbonyl (tBoc) chemistry as described
previously (AbdAlla et al., 1996). Peptides purified by high-
performance liquid chromatography (HPLC) were routinely

Analyzer (Applied Biosystems).

Affinity Cross-Linking of the BReceptor. B, agonist
bradykinin or antagonist HOE140 were cross-linked to the
B, receptor by 1,5-difluoro-2,4-dinitrobenzene as previously

analyzed by Edman degradation and electrospray massjescribed (AbdAlla et al., 1993).

spectrometry. Peptides derived from extracellular domains

ED1, and ED% (Figure 1) were used for immunization in

Fluorescence-Actated Cell Sorting (FACS) Analysis.
Confluent HF-15 cells (1 pmol of Breceptor per mg of

rabbit without prior coupling to a carrier protein. Antisera protein) were detached with PBS and 0.5 mM EDTA, pH
were tested for antigen specificity and cross-reactivity with 7 4 and washed twice with ice-cold RPMI 1640 medium
human or rat peptides by the indirect enzyme-linked immu- containing 0.1% (w/v) bovine serum albumin and 20 mM
nosorbent assay (ELISA) using microtiter plates (MaxiSorb, Na-HEPES, pH 7.4 (incubation medium). Cells %110°)
Nunc) coated with 2:9/mL of the peptide. were suspended in the incubation medium containing the
Purification of Antipeptide Antibodies by Affinity Chro- affinity-purified antibodies (1@g/mL) and incubated for 1
matography. Purification of antibodies to the Breceptor h at 4°C. After washing three times, fluorescein isothio-
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Ficure 1: Topology of the human Breceptor. A model of the B
receptor topology based on hydrophobicity plots and a transmem-
branea-helix hypothesis is presented. Positions of the peptides from
extracellular domain &, 1, and 3 (ED}, ED1s, ED3) or from
intracellular domain 3 (ID3) used to raise antisera are marked in

AbdAlla et al.
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FIGURE 2: Immunoblotting of human Breceptors with domain-
specific antisera to the amino terminus. Western blots of partially
enriched B receptors from HF-15 cell membranes were probed
by antisera to EDA (lane 1) and to EDd (lane 3). As a control,

the antiserum to EDlwas preabsorbed on the cognate antigen
(lane 2). For comparison, bradykinin was cross-linked to the B
receptor in the presence (lane 5) or absence (lane 4) of a 1000-fold
excess of HOE140 and detected by anti-bradykinin (anti-Bk)
antiserum. Antiserum dilution was 1:1000, and bound antibodies
were visualized using the chemiluminescence detection method.

fold excess of the antagonist HOE140 suppressed the cross-

linking of bradykinin to the B receptor (Figure 2, lane 5).
Amino Acid Sequence Analysis of the HumaRBceptor.

What is the amino-terminal sequence of the identified

black. The amino acid sequence of these peptides is given in theprotein? We used a mixture of several domain-specific

lower panel. The single-letter code for amino acids is used.

cyanate (FITC)-conjugated goat anti-rabbit immunoglobulin
(Sigma), diluted 1:80 (v/v), was added to the cells. The cells
were incubated for 1 h at4C, washed, fixed with 2% (v/v)
formaldehyde, and analyzed on a FACScan (Becton Dick-
inson) using the Lysis program.

RESULTS AND DISCUSSION

Staining of Denatured Human,BReceptors by Anti-ED1
and Anti-EDZ% Antibodies in ImmunoprintingTo determine
the structure of the Breceptor’'s amino terminus, we raised

antibodies against a peptide corresponding to extracellular

domain % (ED1g) which is the predicted amino terminus of

antibodies (AbdAlla et al., 1996) to isolatg Eceptor protein
from human foreskin fibroblasts by affinity chromatography.
The purity of the isolated protein was assessed by silver
staining after SDSPAGE (Figure 3A, lane 1), and B
receptor identity was proven in immunoprinting (Figure 3A,
lane 2). The isolated Breceptor protein was submitted to
amino acid sequence analysis. The amino-terminal sequence
obtained in two independent experiments is shown in Figure
3B. The isolated protein is the,Beceptor. The amino-
terminal sequence is derived from exon 2 of tha®&eptor
gene indicating that the first in-frame ATG located on exon
2 of the human Breceptor gene is used (after transcription)
as initiation site (Figure 3B,lI). This ATG precedes the
predicted initiation site, i.e., the third in-frame ATG on exon
3. The B receptor sequence of run Il amino-terminally lacks

the Bz_receptor and to_a p_eptide corresponding to extracellular 1 5 4 mino acids. This is probably due to partial proteolytic
domain % (ED1a) which is a B receptor sequence located  yegradation of the protein during the purification as was
on exon 2 of the humanzABeceptor gene (Ma et al., 1994a) - gimjjarly observed with the purification of, e.g., the endot-

(Figure 1). We first asked whether denatured human B nejin receptor protein (Hick et al., 1995), though we cannot
receptors of human foreskin fibroblasts (HF-15) are recog- completely rule out the possibility that the sequence of run
nized by the antibodies to ERIor to EDl. Human B | resulted from initiation of translation at the second in-

receptors partially enriched by wheat germ agglutinin affinity frgme AUG.

chromatography were separated by SBRAGE and trans- Fluorescence-Actiated Cell Sorting Analysis of Human
ferred to PVDF membranes, and the Western blot was probeds, Receptor's Amino TerminusDo native B receptors on

by antibodies to EDd and to ED}. Both antisera recog-  the surface of intact cells also start with the first potential
nized a major protein band of 69 kDa (Figure 2, lanes 1 and methionine or is the amino terminus identified in protein
3), which is in good agreement with the apparent molecular sequencing proteolytically cleaved as a signal peptide? A

weight of B, receptors from HF-15 cells (AbdAlla et al.,
1993). Preabsorption of the antisera on their cognate
peptides abolished the staining, confirming the specific
interaction of the anti-EDdand anti-EDE antisera with the
denatured Breceptors (exemplified for anti-ER1antise-
rum: Figure 2, lane 2). As an additional contrgli@ceptor
was detected by anti-bradykinin antibodies after cross-linking
of the agonist to Breceptors (Figure 2, lane 4). A 1000-

signal peptide has been hypothesized for a variety of G
protein-coupled receptors, e.g., the endothelin (Sakurai et al.,
1990) or the C& sensing (Brown et al., 1993) receptor. We
stained B receptors of intact HF-15 cells by antibodies to
ED1, and to ED% and did fluorescence-activated cell sorting
(FACS) analysis. Anti-ED4 antibodies bound to humanB
receptors on intact HF-15 cells (Figure 4A). Internalization
and/or sequestration of,Beceptors by a 40 min preincu-
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Ficure 3: Amino acid sequence analysis of the humandeptor. Human Breceptors of HF-15 cells were isolated by immunoaffinity
chromatography. (A) Isolated proteins were separated by-SI$SE and visualized in silver staining (lane 1); enriched B2 receptors
(10—20 fmol) were transferred to PVDF membranes and immunoblot was probed by antigBbBderum (lane 2). (B) Amino acid sequence
analysis of two different Breceptor preparations (I, 1) and alignment of the sequences to the protein sequence translated from the B
receptor gene. The single-letter code for amino acids is used; X stands for unidentified residue.
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Ficure 4: Fluorescence-activated cell sorting analysis of theeBeptor's amino terminus. Intact HF-15 cells containing about 1 pmol of

B, receptor per mg of protein were labeled with affinity-purified antibodies to £@J and to ED% (D). To internalize B receptors, cells

were pretreated with AM bradykinin at 37°C for 40 min, cooled to 4C, and stained by anti-ERQ1antibodies (C). As controls antiserum

to ED14 preabsorbed on the cognate peptide (B) or antiserum to intracellular domain 3, ID3 (F) were used. Staining of HF-15 cells by
antibodies to extracellular domain 3 (ED3) is presented (E) to compare fluorescence intensities between different domain-specific antibodies.
The ordinate specifies the relative cell number and the abscissa gives the log of fluorescence intensity.

bation at 37°C with 1 uM bradykinin suppressed the staining domain of 27 amino acids located on the extracellular side
of HF-15 cells by anti-ED4 antibodies (Figure 4C) confirm-  of the cell.

ing that anti-ED} antibodies specifically interact with native | vitro Transcription/Translation. The third AUG triplet

B2 receptors on the surface of intact cells. Preabsorption of yas assumed a preferred start site due to “Kozak-like”
the antibodies on their cognate peptide abolished the stainingconsensus nucleotides which would enable context-dependent
of HF-15 cells (Figure 4B). Antibodies to ERand to ED3 |eaky scanning (Kozak, 1995). We therefore asked whether
(AbdAlla et al., 1996) also bound to,Beceptors of intact  the third methionine located on EPtlosest to transmem-
HF-15 cells (Figure 4D,E). The specific staining ot B brane domain 1 can act as start codon. To this end, we
receptors with anti-EDJ, anti-EDZ, or anti-ED3 antibodies  truncated the Breceptor cDNA thus that only the AUG
was similar (cf. Figure 4A,D,E) indicating that equal amounts closest to TM1 was available for translation initiation. We
of B, receptors are recognized by each antibody. Domain- did in witro transcription/translation and compared the
specific antibodies to intracellular domain 3 (ID3) served as product obtained with the truncated cDNA with a product
a negative control (Figure 4F). This experiment clearly of the full-length B receptor cDNA. The3S-labeled
demonstrates that extracellular domain(ED1,) is acces- proteins were separated by SBBAGE: The truncated
sible to antibodies on intact cells indicating that this receptor cDNA was translated into aBeceptor of 35 kDa (Figure
region is not a signal peptide but an additional receptor 5, lane 2); the full-length clone resulted in a single protein
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Table 1: Sequence Comparidaf B2 Receptors’ Amino-Terminal Domains Derived from Different Species

- ED1, > < ED1g -

human MFSPWKISMFLSVREDSVPTTASFSADMLNVTLQ. .GPTLNGTFAQSKCPQVEWLGWL?2
rat SSLCPKTQAVVAVFWGPGCHLSTCIEMFNITTQALGSAHNGTFSEVNCPDTEWWSWL 2
mouse AASFGIEMFNVTTQVLGSALNGTLSKDNCPDTEWWSWL 2
consensus3 .. ... s...k...... V....pt.aSf.ieMfNvTtQ.1lGsalNGTfs..nCPAtEWwsSWL

1 The single letter code is usetiBeginning of TM-1.2 Identical residues between human, rat, and mouse (Yokoyama et al., 1994) sequences are
indicated by uppercase letters, and identities between two of three species are given by lowercase letters.

38 kDa) points to the fact that the,Beceptor protein on the
1 ’ 2 ‘ 3 surface of eucaryotic cells, similarly to other G protein-

coupled receptors, is heavily glycosylated (AbdAlla et al.,
1993). We conclude that the third methionine acts as the
start site if the cDNA is truncated. With the full-length
cDNA, translation starts with the first in-frame AUG (Figure
5, lane 1). Under the experimental conditions applied, there
is no evidence for context-dependent leaky scanning, as
suggested. The vector pcDNA3 without insert served as a
negative control. It did not lead to a labeled polypeptide
chain (Figure 5, lane 3).

The Amino Terminus of the Rat, BRReceptor. We
demonstrated that the amino terminus of the human B
receptor is derived from the first in-frame AUG triplet. We
21 — asked whether, in analogy to the humasn rBceptor, it is
also the first in-frame AUG which is the start site of the rat
B, receptor. Two cDNA sequences for a rat ®ceptor

!.,.aﬁg.v : {@. have been published differing in the absence (Mclintyre et
— al., 1993) or presence (McEachern et al., 1991) of the
FIGURE 5: In sitro transcription/translation. Thie witro transcrip- nucleotides derived from exon-3 of the rat gene. These

tion/translation products of two differentBeceptor cDNAs, which two cDNAs are probably derived from two different splice
start _tr;]reehbasr:e_ Sail&sTgpstre?m of thle ﬁrStZATG in frlartr:el (ljang 1) variants of rat B receptor mRNAs (Pesquero et al., 1994).
%gs\]/vrlr:ethtioiirfelrand sepa;gteaa&eség&%E.)T\kI\Vee futoarlagiggra-y We stably expressed fuII-Iength rag Bceptor CDNA which
phy of a 15% SDS polyacrylamide gel is presented. As a control contains the sequence derived from exon 3 (McEachern et
the pcDNA3 vector without insert (lane 3) was used. al., 1991) in CHO cells. Recombinant rat, Beceptor
expressed in these cells is functionally active and displays
band of 38 kDa (Figure 5, lane 1). For comparison, the characteristics similar to those of & Beceptor in primary
calculated molecular mass of the additional 27 amino acids cells (Quitterer et al., 1995). Antibodies to EDAf the rat
is 3.5 kDa. The major differences in the electrophoretic B, receptor sequence (AbdAlla et al., 1996) recognized a
mobility of B, receptors expressed in HF-15 cells and f B protein of 69 kDa in immunoblots (Figure 6A, lane 1). This
receptors expressed with the reticulocyte lysate (69 versusprotein was absent on mock-transfected cells indicating

A

sequence derived from
rat B2 receptor gene

1 > < exond | >
kDa | NH, MDTRSSLCPKTQAWAVFWGPQCHLSTCIEMFNITTQALGSAHNG — COOH
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80 —l ‘ X
1
a9 - I. m
31 — LXPKTQAWAXF

‘ potential initiation sites

FIGURE 6: Rat B receptor’'s amino terminus. (A) Immunoblot of rB2CHO12/3 cell membranes probed with ang-&iliserum (lanel).

As a control, mock-transfected cells were applied (lane 2). For comparison, HOE140 was cross-linked to flieagptBr and detected

by anti-HOE140 antiserum (lane 3). Silver staining of ratrBceptors isolated by immunoaffinity chromatography (lane 4). (B) Amino
acid sequence analysis of two different iBceptor preparations (I, II) and alignment of the sequences to the protein sequence translated
from the rat B gene. The single-letter code for amino acids is used; X stands for unidentified residue.
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specific staining of Breceptors (Figure 6A, lane 2). As an AbdAlla, S., Quitterer, U., Grigoriev, S., Maidhof, A., Haasemann,
additional control, we cross-linked the Bntagonist HOE140 M., Jarnagin, K., & Miller-Esterl, W. (1996)1. Biol. Chem. 271

to rat B, receptors and detected the cross-linked receptor by 1748-1755.

anti-HOE140 antibodies. In the cross-linking experiment a 22s¢ands, J. L., Pecher, C., Rouaud, S., Emond, C., Tack, J. L.,

. . . . o . Bastie, M. J., Burch, R., Regoli, D., & Girolami, J. P. (1993)
protein of similar molecular weight was identified (Figure  am. J. Physiol. 264F548-556.

6A, lane 3). To determine the rat.Beceptor's amino  Bhoola, K. D., Figueroa, C. D., & Worthy, K. (199Bharmacol.
terminus, we isolated Breceptors by affinity chromatogra- Rev. 44, 1-79.
phy using a mixture of domain-specific antibodies. A major Brown, E. M., Gamba, G., Riccardi, D., Lombardi, M., Butters,
protein of 69 kDa was isolated (Figure 6A, lane 4), and R., Kifor, O., Sun, A., Hediger, M. A, Lytton, J., & Hebert, S.
additional protein bands may represent differentially glyco- _ C: (1993)Nature 366 575-580.
sylated and/or aggregated, Beceptors as was similarly B”Er;?h’ R. M., Kyle, D. J., & Storman, T. M. (1993) Molecular

: iology and Pharmacology of Bradykinin, BReceptorspp 19—
observed for humanBeceptors [cf. Figure 3A and AbdAlla 32. CRC Press, Boca Raton, FL.
et al. (1993)]. The amino-terminal sequence starts with a rggtou, M., Germain, M., Thurieau, C., FauebeJ.-L., & Canet,
methionine corresponding to the first in-frame AUG (Figure  E. (1994)Br. J. Pharmacol. 112683-689.
6B, I). In a second experiment a truncated f&ceptor Go, M. (1981)Nature 291 90—92.
lacking six amino acids was isolated (Figure 6B, Il). Both Hess, J. F., Borkowski, J. A., Young, G. S., Strader, C. D., &
experiments indicate that rat Beceptors expressed in CHO Ransom, R. W. (1992Biochem. Biophys. Res. Commun. 184
cells start with the first in-frame AUG. Thus additional 30 260-268.

; ; Hick, S., Heidemann, |., Soskic, V., Mer-Esterl, W., & Godovac-
amino acids are added to the cloned sequence of the;rat B Zimmermann (1995fur. J. Biochem. 234251257,
receptor protein (McEachern et al., 1991).

Jones, S., Brown, D. A., Milligan, G., Willer, E., Buckley, N. J.,
In analogy to the rat and human Beceptor, we postulate & Caulfield, M. P. (1995)Neuron 14 399-405.

that for the mouse Breceptor it is also the first in-frame  kyhse-Anderson, J. (1984) Biochem. Biophys. Methods, ZD3—
AUG that is used as start site for translation. We conclude  209.
that, in contrast to previous reports, the coding sequence ofKozak, M. (1989)J. Cell. Biol. 108 229-241.
B, receptors from man, rat, and mouse is interrupted by an Kozak, M. (1995)Proc. Natl. Acad. Sci. U.S.A. 92662-2666.
intron. Protein sequences encoded by different exons oftenLaemmli, U. K. (1970)Nature 227 680-685.
constitute structural and functional entities (Go, 1981). Ma, J.-X., Wang, D.-Z., Ward, D. C., Chen, L., Dessai, T., Chao,
Corresponding to the exerintron boundaries of the B J., & Chao, L. (1994 ajsenomics 23362-369.
receptor gene, we nominated the additional Bceptor M%g‘]g:éégvang' D. Z. Chao, L., & Chao, J. (1994Bpne 149
?eormie;:gl IIEEIB?IZ ar?d S;g:ubegg;a?r??g?rtﬁgnra?f htS;aim;?]g_ McEachern, A. E., Shelton, E. R., Bhakta, S., Obernolte, R., Bach,
h ; g ! C., Zuppan, P., Fujisaki, J., Aldrich, R. W., & Jarnagin, K. (1991)

mouse B receptor is given in Table 1. Compared to an  proc. Natl. Acad. Sci. U.S.A. 88724-7728.
overall sequence identity of more than 80% of the entire Mcintyre, P., Phillips, E., Skidmore, E., Brown, M., & Webb, M.
receptor sequences, the amino-terminal E@bmains of (1993)Mol. Pharmacol. 44 346-355.
these three receptors share less than 20% sequence identitjuller-Esterl, W., lwanaga, S., & Nakanishi, S. (198b)ends
It will be interesting to learn whether these major differences _ Biochem. Sci. 1,1336-339. . .
on the protein level of the Breceptors’ amino termini are ~ OPPermann, M., Raedt, U., Hebell, T., Schmidt, B., Zimmermann,
important for the observed differences in receptor function B., & Gotze, O. (1993). Immunol. 1513785-3794.

L, . - Pesquero, J. B, Lindsey, C. J., Zeh, K., Paiva, A. C., Ganten, D.,
(Féétou et al., 1994) and/or ligand binding (Burch et al., & Bader, M. (1994)]. Biol. Chem. 2692692026925,

1993) of B receptors derived from different species. Regoli, D., & BarabeJ. (1988)Methods Enzymol. 16210-230.
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