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ABSTRACT: The calcitonin-like receptor (CLR) and the calcitonin receptor (CTR) interact with receptor
activity-modifying protein 1 (RAMP1) at the cell surface to form heterodimeric receptor complexes. CLR
and CTR are members of the class Il (family B) G-protein-coupled receptors (GPCR) and bind calcitonin
gene-related peptide (CGRP) with similar affinities when coexpressed with RAMP1. The observation
that various nonpeptide CGRP receptor antagonists display a higher affinity for the CLR/RAMP1 complex
than for CTR/RAMP1 provided an opportunity to investigate the molecular determinants of the differential
receptor affinities of these antagonists. A chimeric receptor approach was utilized to identify key domains
within CLR responsible for conferring high-affinity antagonist binding. Initial chimera experiments
implicated distinct regions within CLR as responsible for the affinities of structurally diverse CGRP receptor
antagonists. Dissection of these key regions implicated amino acigé3located in the amino terminus

of CLR as responsible for the high-affinity interaction of one structural class, while transmembrane domain
(TM) 7 was responsible for the interaction of a second class of antagonist. A unique binding interaction
in the amino terminus of CLR is consistent with the observation that these compounds also interact with
the extracellular region of RAMP1 and could suggest the formation of a binding pocket between the two
proteins. Conversely, a compound which interacted with TM7 did not display a similar RAMP1 dependence,
suggesting an allosteric mechanism of antagonism. Collectively, these data provide insight into two
alternative mechanisms of antagonism for this unique heterodimeric receptor complex.

CGRP is a 37 amino acid neuropeptide produced by corticotropin-releasing factor, and the parathyroid hormone
tissue-specific alternative mRNA splicing of the calcitonin in addition to the calcitonin family of peptides. CLR and
gene (). CGRP and its receptors are widely expressed amongCTR share approximately 57% identity on the amino acid
peripheral tissues and the central and peripheral nervousevel and are Gcoupled receptors.

systems %). Research in the CGRP receptor field has been  The pursuit of small molecule antagonists of the CGRP
challenging due to the heterodimeric nature of the receptor. receptor, CLR-RAMP1, has intensified in recent years due
CGRP activity is mediated by the coexpression of a G- to the mounting evidence that CGRP is involved in the
protein-coupled receptor (GPCR), calcitonin-like receptor pathophysiology of migraine headact®. (The first highly
(CLR), a single transmembrane-spanning protein designatedspecific and potent CGRP receptor antagonist described was
receptor activity-modifying protein 1 (RAMP1B), and an  BIBN4096BS @). Efficacy of BIBN4096BS in the acute
intracellular protein, receptor component protein (RCP), treatment of migraine was reported recenfly BIBN4096BS
required for G-protein signal transductio). (RAMP1 has  exhibits high affinity for the human CGRP receptor but
the ability to modulate the receptor phenotype of other >100-fold lower affinity for the rat CGRP receptor. Site-
GPCRs §), in particular, the calcitonin receptor (CTRY)(  directed mutagenesis of RAMP1 identified amino acid 74
When coexpressed with RAMP1, the CTR displays high as responsible for the high-affinity binding of BIBN4096BS
affinity for both amylin and CGRP. CLR and CTR are both  and its truncated analogue$0f to the human receptor.
members of the class Il family of GPCRs which include Although RAMP1 has been implicated in the high-affinity
receptors for secretin, glucagon, vasoactive intestinal peptide pinding of this structural class, domains within CLR could
not be ruled out as participating in antagonist binding to the
*To whom correspondence should be addressed. Tel: 215-652-6772.heterodimeric receptor complex.
Fax 215993-1401 E-mall: christopher. salvatore@merck.com. To further define the binding sites of CGRP receptor
§ Mét‘altrj]icir?gslegrr?emiset?;jl ane?Sgr{meenrt(,: Me?glfaFggseaarcﬁrele;)t)r:)ethories. antagonists, we capitalized on the qbservatio_n that although
' Biomedical Research Department, Merck Research Laboratories. both the CLR and the related CTR interact with RAMP1 to
! Abbreviations: CLR, calcitonin-like receptor; CGRP, calcitonin - form complexes that bind CGRP with similar high affinities,
gl pepde CIx, caclont eeeplo GFCE, © et vrious nonpeptce CGR receptor atagoristsdpiay igher
modifying protein; RCP, receptor component protein; TM, transmem- affinities for CLR/RAMP1 than for the CTR/RAMP1
brane domain. complex. Chimeric receptors therefore were generated by
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exchanging regions of CLR with the corresponding regions medium, and this mixture was replaced with fresh medium
of CTR followed by coexpression with RAMP1 and deter- 24 h later. The cells were harvested for membranes 48 h
mination of antagonist affinities. By using this approach, the post-transfection.

binding domains of structurally diverse CGRP receptor  For stable transfections, 24 h prior to transfection cells
antagonists within CLR have been delineated. The resultsywere seeded at 3« 10°8/T75 flask. Transfections were
of this study may provide insight into the development of performed by combining Bg of hCLR and 5ug of hRAMP2
selective and high-affinity nonpeptide antagonists of this with 30 ug of Lipofectamine 2000 (Invitrogen). The trans-

unique heterodimeric receptor. fection cocktail was added directly to the medium, 24 h later
the cells were passaged into fresh medium, and growth
EXPERIMENTAL PROCEDURES medium plus 300ug/mL hygromycin and 1.0ug/mL

puromycin was added the following day. Clonal cell popula-

Human Calcitonin Receptor cDNA Cloninghe insert- tions wer nerated via sinal Il sortina and maintained
negative human calcitonin receptor was isolated from human 'ONs Were generated via singie cetl sorting a aintaine

substantia nigra using RT-PCR. PCR primers were based!" 9roWth medium containing 150g/mL hygromycin and
upon accession number X69920. The forward primer (5 0.5ug/mL puromycin. o s .
GGCTAGCACCATGAGGTTCACATTTAC) contained a Membrane Preparation and Radioligand Binding Studies.
Nhd restriction site followed by a Kozak sequence, and the Transiently transfected 293 EBNA or stably transfected
CAAGCAGATGACTCTTGC). The 1.4 kb product was in harvest buffer containing 50 mM HEPES, 1 mM EDTA,
sequenced bidirectionally with 100% coverage in each and Complete protease inhibitors (Roche). The cell suspen-

direction and confirmed to be identical to accession number Sion was disrupted with a laboratory homogenizer and
X69920 (polymorphic variant Leu 447). centrifuged at 480apto isolate membranes. The pellets were

Expression Constructs and Chimeratuman cDNA for resuspended in harvest kguffer pI_us 250 mM sucrose. Mem-
branes were stored at70 °C as aliquots. Membranes from

CLR was provided by Dr. Douglas MacNeil (Merck Re- rat brains were prepared similarl
search Laboratories, Rahway, NJ) and subcloned as a =~ | | prep Y. . .
5'Nhd—3'Not fragment into pcDNA3.1/Zeef). Human Binding assays were assemb_k_ad py gombmlng antagonist
CLR was also subcloned as Afid —3Pmd fragment into  ©F 500 "M hCGRP for nonspecific binding and 10 k-

the pIREShyg2 which had been digested withd and hCGRP (GE Healthcare), followed by 6:35 «g of mem-
EcoRV. Human RAMP1 and RAMP2 cDNAs were provided branes from transiently transfected cells (dependent upon
by Dr. Bruce Daugherty (Merck Research Laboratories, receptor expression levels) or 100 of rat brain membranes,
Rahway, NJ) and subcloned as'&idIll —3'Not fragment and incubated fio3 h atroom temperature in binding buffer
into pCDNA31/HygI’O€—) for RAMP1 and as a 'Slhd — (10 mM HEPES, 5 mM MngOZ% BSA) in a total volume
3Not fragment into pIRESpuro2 for RAMP2. Human CTR of 1 mL. Adrenomedullin binding assays were set up as
was subcloned as a'Mhd—3BanmHI fragment into above except with 7.ag of CLR/RAMP2 membranes, 10
pcDNA3.1/Hygrot-). Chimeric receptors Ni1—63), NH- pM 1%9-rat adrenomedullin (GE Healthcare) as the radioli-
(1—145), ECE-COH, EC2-CO,H, EC3-COH ,EC3- gand, and 50 nM adrenomedullin for nonspecific binding.
(357—36,3) EC3(35?’371) TM7—C'02H and CQi—| were Incubations were terminated by filtration through GF/B 96-
generated by overlap extension PCR. Chimeric receptorswe" filter plates that had been blocked with 0.5% polyeth-
NH.(24—35), NHy(37—63), and NH(24—63) were generated ylenimine. Saturation binding experiments were carried out
by annealing overlapping oligonucleotides and filled-in using ©" W'ld'tYF_’e C'—_R and the receptor spanning chimeras after
DNA polymerase | large fragment (Klenow) followed by COeXpression with RAMPl and the qhssomaﬂon_consﬂég)t(
overlap extension PCR. Chimeric receptors were subcloned®"d the receptor densiti{.,) determined from either a one-
as BNhe —3'Notl fragments into pcDNA3.1/Hygref). The site or two-site blndmg modeKy and Bmax vglues for each _
TMpred program was used to predict membrane-spanningmembrane preparation are summarized in the Supporting
regions (1). Chimeras NH{(24—35), NHy(37—63), and NH- Information. Dose response curves were plotted ang IC
(24—63) were constructed so as to retain the CLR signal values determined from a four-parameter fit as defined by

peptide which has a putative cleavage site between amino’€ equationy = (@ — d)/[1 + (/)] + d, wherey =

acids 22 and 2310). responsex = _dose,g = mr_;lximum responsel = minimum

Cell Culture and DNA Transfectior293 EBNA and Lespong,ecdzf|anechnhpor:nt,f?n.d) E.Sijc.)pe'Ki vatl)ues yvereh
HEK293 cells were cultured in DMEM with 4.5 g/L glucose, etermine from the Igl' -affinity binding site by using the
1 mM sodium pyruvate, and 2 mM glutamine supplemented equationk; = ICsd1 + (fligand]/Ka). .
with 10% fetal bovine serum (FBS), 100 units/mL penicillin, _ €0mpounds., 3, and4 were synthesized in the Medicinal
and 100ug/mL streptomycin and maintained at 3¢, 5% Chemistry Department at Merck Research Laboratories.
CGO,, and 95% humidity. Cells were subcultured by treatment
with 0.25% trypsin with 0.1% EDTA in HBSS.

For transient transfections, 24 h prior to transfection the  Rationale and Construction of CLR/CTR Chimeric Recep-
cells were seeded at 2.2 107/dish in 500 cri dishes. tors. To identify critical regions within CLR responsible for
Transfections were performed by combiningi&fidish DNA high-affinity binding of antagonists, we chose to replace CLR
with 180ug/dish Lipofectamine 2000 (Invitrogen). Expres- domains with the corresponding domains from the related
sion vector constructs for the appropriate wild-type or CTR. The relative locations of the seven transmembrane
chimeric receptor and RAMP1 were cotransfected in equal domains were identified using the TMpred prograii)(
amounts. The transfection cocktail was added directly to the and extracellular or intracellular termini and loops were

RESULTS
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Table 1: Identification of General Antagonist Binding Domains via Competitive Binding Experiments Using Membranes from Transiently
Transfected Celfs

K,
NH,(1-63) NH,(1-145) ECI-COH EC2-COH EC3-COH CTR
nM nM nM

Compound 1 33+£3.08 450+ 14 190 +£3.0 52+x14 28+4.2 43 +5.1 490 £ 33

Compound 3 0.019 £ 0.0015 0.27 £ 0.0085 0.56 £0.039 0.016 = 0.0025 0.010 £ 0.00057 0.018 +£0.0022 1.2 +0.26
Compound 4 3,500 +510 5100760 2900 +430  >100,000 >100,000 >100,000 >100,000

2293 EBNA cells were transiently transfected with CLR, CLR/CTR chimera, or CTR with RAMP1. Membranes were prepared 48 h after
transfection, and; values were determined by competition of 10 P¥-hCGRP by each antagonist. Data represent the me8&M from at least
three independent experiments. GPCRs are represented by simplified structures where black regions are derived from CLR and gray regions are
derived from CTR.
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Ficure 1: Structures of CGRP receptor antagonists compdyrampound3, and compoundk.

assigned accordingly. Five receptor spanning chimeras (Tablewith RAMP1 and aK; of 1.4 nM on rat brain membranes.
1) were generated initially to localize general binding Compoundd and3 also exhibited a great deal of selectivity
domains within CLR responsible for antagonist binding. Two against the related adrenomedullin receptor (CLR/RAMP2)
amino-terminal chimeras were constructed, one replacing thewith K; values of>100000 and 9200 nM, respectively. A
first 63 amino acids [chimera NfIL—63)] of CLR with the structurally unrelated compound, compouhdid not exhibit
corresponding 70 residues of CTR and the second exchanga marked species selectivity wika values of 3500 and 6800
ing the entire amino terminus of CLR [chimera MiH—145)] nM on the human and rat CGRP receptors, respectively.
with the corresponding region of CTR. Three chimeras Additionally, compound4 displayed a similar affinity for
spanning the remainder of the receptor were generated bythe adrenomedullin receptor (CLR/RAMP2) withKka of
exchanging the first (chimera EECO,H), second (chimera 7500 nM.

EC2-CQO,H), or third (chimera EC3CO,H) extracellular Identification of General Binding Domains Responsible
loop through the carboxy terminus. TKgof the radioligand, for Two Structural Classes of Antagoni§tompound3 and
129-hCGRP, for the chimeric receptors {28 pM) was its truncated analogue compourddboth displayed high
similar to the wild-type CGRP receptor (10 pM). All CLR/  affinity for CLR when coexpressed with RAMP1 as mea-
CTR chimeras, including CTR itself, when coexpressed with sured by their ability to compete witft-hCGRP binding
RAMP1 displayed a high- and low-affinity binding site with  with K values of 0.019 and 33 nM, respectively. As expected,
the exception of chimeras containing the third extracellular compoundd. and3 displayed reduced affinity for CTR when
loop of CTR (EC}+CO,H, EC2-CO,H, EC3—CO,H, EC3- coexpressed with RAMP1 witK; values of 490 and 1.2 nM,

(357-363), EC3(35%371). No specific binding oft?3- respectively. Substitution of the first, second, or third
hCGRP was observed in nontransfected 293 EBNA cell extracellular loop through the carboxy terminus of CLR with
membranes as previously shown in Mallee et &0)(The the corresponding region of CTR had essentially no effect

antagonists employed in this study include the previously on the affinity of compound4 and3 when compared to the
reported compound, compound3, which is an analogue affinities for the wild-type receptor (Table 1). However,
of BIBN4096BS, and the novel antagonist compouhd  coexpression of either amino-terminal chimera, H63)
(Figure 1). or NH,(1—145), with RAMP1 caused a decrease in binding
Pharmacological Profile and Seleetly of Antagonists. affinity for compoundl of 6—14-fold (K; = 450 and 190
We have previously shown that the high-affinity binding and nM, respectively) and of 1429-fold for compound (K; =
marked species selectivity of BIBN4096BS and its truncated 0.27 and 0.56 nM, respectively), implicating the first 63
analogue compound. are governed by RAMP11(). amino acids as important for binding of this class of
Compound3, a closely related analogue to BIBN4096BS, antagonist (Table 1).
also displayed marked species selectivity for the CGRP Compound4 displayed moderate affinity for CLR when
receptor withK; values of 0.019 nM on CLR coexpressed coexpressed with RAMP1 as measured by its ability to
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Table 2: Identification of Amino-Terminal Binding Domains via Competitive Binding Experiments Using Membranes from Transiently
Transfected Celfs

K.
CLR NH,(24-35) NH,(24-63) NH,(37-63) CTR
nM nM nM nM nM
Compound 1 33+3.1 29+£22 480 + 32 220+ 16 490 + 33

Compound 3 0.019 +0.0015 0.019£0.0029 0.28=0.052  0.13 = 0.0040 23+0.50

2293 EBNA cells were transiently transfected with CLR, CLR/CTR chimera, or CTR with RAMP1. Membranes were prepared 48 h after
transfection, an&; values were determined by competition of 10 p¥M-hCGRP by each antagonist. Data represent the me8&M from at least
three independent experiments. GPCRs are represented by simplified structures where black regions are derived from CLR and gray regions are
derived from CTR.

compete with**4-hCGRP binding with arK; value of 3500
nM. Compound4 was inactive (0% inhibition at 100M)

on the CTR/RAMP1 complex. Substitution of the amino
terminus of CLR with the comparable region of CTR had
no effect on its affinity when compared to the wild-type
receptor (Table 1). Substitution of the first, second, or third
extracellular loop through the carboxy terminus resulted in
the complete loss of affinity (0% inhibition at 1Q0M) for
compound4 (Table 1), implicating the region of CLR
between extracellular loop 3 and the carboxy terminus as
critical for binding of this antagonist.

Identification of the Amino-Terminal Binding Domain for
Compoundsl and 3. Three chimeras (Table 2) were
constructed to identify the region in the amino terminus
responsible for the high-affinity binding of compouridand
3. The putative signal peptide sequence was retained from
CLR and either amino acids 2485 [chimera NH(24—35)],
amino acids 3763 [chimera NH(37—63)], or amino acids
24—63 [chimera NH(24—63)] of CLR were replaced with
the corresponding region of CTR. Substitution of amino acids . . . '
24—35 had no effect on the affinity of either compouhd . -
(Ki = 29 nM) or compound3 (K; = 0.019 nM), but the log [Compound 3], nM
substitution of amino acids 2463 decreased the affinity of
both compounds approximately 15-fold; = 480 and 0.28
nM, respectively; Table 2). Additionally, the substitution of
amino acids 3763 also decreased the affinity of compounds
1 and 3 approximately 7-fold ; = 220 and 0.13 nM,
respectively; Table 2), thus identifying amino acids-%3
as critical for receptor recognition by this class of CGRP
antagonist (Figure 2A,B).

Identification of the CLR Binding Domain for Compound 4 1) H ;1 4 6
4. Initial cf_umera data |qlent|f|ed a fa_lrly Iarg_e region of CLR log [Compound 4], nM
as potentially res_ponSIbIe for the interaction of compound Ficure 2: Competition binding analysis of CLR/CTR chimeric
4.1n tOt,al' four Ch'mer‘?s (Table :,3) were generated to explore receptoré coexpressed with hRAMPL1. Affinities of compound
the region encompassing the third extracellular loop through (a), compound3 (B), and compound: (C). Symbols: M) CLR,
the carboxy terminus. Two chimeric receptors explored the (a) NHx(24—35), (v) NHx(24—63), () NH(37—63), () EC3-
role of the third extracellular loop in binding of this (357-363), (v) EC3(357-371), €*) TM7—CQOH, (O) COH, and
antagonist. One of these chimeras substituted the entire third™@ CTR-
extracellular loop of CLR including the putative first amino between CLR and CTR. Coexpression of either third
acid in transmembrane domain 7 [amino acids -3371; extracellular loop chimera with RAMP1 had little effect on
chimera EC3(35%371)] with the corresponding region of the affinity of compound4 (Table 3). Exploration of TM7
CTR. The other third extracellular loop chimera substituted and the carboxy terminus was accomplished by generating
a region, amino acids 357363 [chimera EC3(357363)], two additional chimeras. One chimera substituted TM7
based on the observation that it exhibited limited homology through the carboxy terminus (chimera TMZO,H) and
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Table 3: Identification of the Transmembrane 7 Binding Domain via Competitive Binding Experiments Using Membranes from Transiently

Transfected Celfs

K,
CLR EC3(357-363) EC3(357-371) TM7-COH COH CTR
nM nM nM nM nM nM
Compound 4 3,500+ 510 6,900 + 1,500 6,000 = 680 =100,000 2800 =410 =>100,000

2293 EBNA cells were transiently transfected with CLR, CLR/CTR chimera, or CTR with RAMP1. Membranes were prepared 48 h after
transfection, and; values were determined by competition of 10 P¥-hCGRP by each antagonist. Data represent the me8&M from at least

three independent experiments. GPCRs are represented by simplified structures where black regions are derived from CLR and gray regions are

derived from CTR.

the other just the carboxy terminus (chimeraZ&pof CLR
with the corresponding region of CTR. Substitution of the
carboxy terminus alone had little effect on the affinity of
compound 4K; = 2800 nM), whereas substitution of TM7
along with the carboxy terminus significantly reduced the
affinity of compound4 (0% inhibition at 100uM), thus
implicating TM7 as critical for binding of this antagonist
(Table 3; Figure 2C).

DISCUSSION

The CGRP receptor requires dimerization of CLR, a

was the observation that chimeric receptors containing the
third extracellular loop of CTR, but not CTR itself, displayed
single-site high-affinity binding whereas the remainder of
the chimeras (and CLR) all exhibited both a high- and low-
affinity site. This could suggest that the N-terminus of CLR
and third extracellular loop of CTR form a unique high-
affinity CGRP binding site which is unable to isomerize to
the low-affinity site.

We have previously demonstrated that tryptophan 74 in
the amino terminus of RAMPL1 is responsible for the high-
affinity binding of the BIBN4096BS class of antagonioy.

classical seven transmembrane receptor, with a single transAlthough RAMP1 could be solely responsible for the high-
membrane accessory protein RAMP1. RAMP1 is a type | affinity binding of certain classes of antagonist by a direct
transmembrane protein that modulates the receptor phenotypénteraction, the involvement of other binding domains could

of multiple receptors, in particular CLR and CTR. Co-
expression of RAMP1 with CLR results in a receptor that
binds CGRP with high affinityd) whereas coexpression with
CTR results in amylin receptor pharmacolo@y.(CLR and
CTR are members of the class Il family of GPCRs which

not be ruled out. It could be envisioned that tryptophan 74
of RAMPL1 is involved in the formation of a binding pocket
with additional amino acids located within the CERAMP1
heterodimer. Compoun8 and its truncated analogue com-
poundl are closely related to BIBN4096B8)( demonstrate

recognize various regulatory peptides. It is well documented Profound species-selective pharmacology, and share the
that the large amino terminus of the class Il GPCRs plays arequirement of a tryptophan at position 74 of RAMP1 for

critical role in agonist binding; similarly, the amino terminus
of CLR has been shown to participate in binding of CGRP

high-affinity binding. Furthermore, the RAMP1 dependency
of binding for this class of antagonist is illustrated by the

(13. In the case of the CGRP receptor, RAMP1 also contains fact that BIBN4096BS exhibits no significant affinity for
a large extracellular domain which has been implicated in the related adrenomedullin recept8y,(comprised of CLR

the formation or modulation of the agonist binding pocket
(14).

and RAMP2. In contrast, the structurally unrelated compound
4 exhibits similar affinity for human and rat CGRP receptors,

The heterodimeric nature of the CGRP receptor posesas Well as similar binding to CLR/IRAMP2, suggesting that
additional challenges in the discovery and development of 'eéceptor recognition by this antagonist is RAMP-independent.
small molecule antagonists. The observation that CGRP The observation that some structural classes of antagonist

could be cross-linked to both CLR and RAMPIEB) suggests
that RAMPL1 is in close proximity to the CGRP binding site
or that the peptide interacts directly with both CLR and
RAMP1. This close proximity of CLR and RAMP1 might

demonstrate a RAMP1-dependent phenotype (compolinds
and3) while others exhibit a RAMP-independent phenotype
(compound4) led us to explore the role of CLR in the
binding of nonpeptide CGRP antagonists.

suggest that both proteins are involved in antagonist binding Compoundsl and 3 interact with the amino terminus of

through the formation of a binding pocket. It has recently
been shown that amino acids-280 of CLR are required
and sulfficient for the transport of RAMP1 to the cell surface

CLR, specifically between amino acids -383. While it
cannot be completely ruled out that steric alterations in the
chimeric receptor are at least partially responsible for the

(16), supporting the hypothesis that the amino terminus of decrease in antagonist affinity, there are a number of

CLR and RAMP1 are in close proximity. Interestingly,
chimeras NH(24—63), NH,(37—63), and NH(1-63) had

the lowest receptor density (data in Supporting Information),

as determined bBnax from saturation binding experiments,
potentially a result of diminished RAMP1 and CLR/CTR

observations that indicate a direct binding interaction. The
extracellular amino-terminal interaction with CLR is con-
sistent with the critical requirement of tryptophan 74 in the
extracellular domain of RAMP1 for the affinity of these
compounds. The close proximity of residues-88 of CLR

chimera cotransport to the plasma membrane. Also of interestto one of the putative CGRP binding domaidg)(could at
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least partially explain the ability of these compounds to act regions were identified within CLR, the heterodimeric nature
as antagonists. One could envision the amino termini of CLR of this receptor presents us with other potential interaction
and RAMP1 positioned in such a way that residue 74 of sites, perhaps transmembrane domains 1 or 2, within this
RAMP1 is in close proximity to residues 363 of CLR. receptor complex. Although defining the exact nature of the
The aromatic side chain of tryptophan 74 in RAMP1 could antagonist binding site will require elucidating a three-
directly interact with compoundsand3, thereby positioning ~ dimensional structure of the CLRRAMP1 heterodimer, the
these compounds to interact with important residues in CLR. present study has provided insight into the mode of interac-
The amino-terminal extracellular domain has been shown tion of small molecule antagonists with the CGRP receptor.
to be the site of contact between the receptor and peptide

ligand for numerous class Il GPCRs. Photoaffinity labeling syppORTING INFORMATION AVAILABLE

studies with the vasoactive intestinal peptide (VIP) receptor

(17) and the calcitonin receptoi§) have both indicated a One table listing<q and Bmax values for each membrane
close physical proximity of the amino-terminal extracellular Preparation. This material is available free of charge via the
domain of the receptor and ligand. Additionally, the N- Internet at http://pubs.acs.org.

terminal extracellular domain of the mouse corticotropin-

releasing factor (CRF) has been shown to be the major ligandREFERENCES
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