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ABSTRACT. The functional properties of the amino terminus (NT) of the corticotropin releasing factor
(CRF) receptor type 1 (R1) were studied by use of murine (m) CRFR1 and rat (r) parathyroid hormone
(PTH)/parathyroid hormone-related peptide receptor (PTH1R) chimeras. The chimeric receptor CXP, in
which the NT of mMCRFR1 was annealed to the TMs of PTH1R, and the reciprocal hybrid, PXC, bound
radiolabeled analogues of sauvagine and PH34), respectively. Neither hybrid bound radiolabeled
CRF or PTH(+34). CRF and PTH(#34) weakly stimulated intracellular cAMP accumulation in COS-7
cells transfected with PXC and CXP, respectively. Thus the NT is required for ligand binding and the
TMs are required for agonist-stimulated cAMP accumulation. Replacing individual intercysteine segments
of PXC with their mMCRFR1 counterparts did not rescue CRF or sauvagine radioligand binding or stimulation
of cAMP accumulation. Replacement of residues31 of mMCRFR1 with their PTH1R counterparts resulted

in a chimeric receptor, PEC, which had normal CRFR1 functional properties. In addition, a series of
chimeras (FLIPEEF6PEC) were generated by replacement of the NT intercysteine residues of PEC with
their PTH1R counterparts. Only F1PEC, F2PEC, and F3PEC showed detectable CRF and sauvagine
radioligand binding. All of the PEC chimeras except FSPEC increased cAMP accumulation. These data
indicate that the C¥8-GIlu'® domain is important for binding and that the E§<ys'%2 region plays an
important role in CRFR1 activation.

The neuropeptide corticotropin releasing factor (CRF) (1—7). Three alternatively spliced variants of CRFR2, all
binds to specific CRF receptors in the brain and anterior within the NT region, have been identifie8)( Activation
pituitary and consequently regulates behavioral and endocrineof the CRF receptors results in stimulation of adenylate
responses to stress. CRF exerts its action through specific Ccyclase 8—14) and phospholipase ).

protein-coupled receptors that consist of an extracellular The CRF receptors interact with multiple CRF-related
amino terminus (NT), seven transmembrane domains (TM), peptides. Three CRF-related peptides have been described
three extracellular loops (EC), three intracellular loops (IC), in different species. Sauvagine is a 40 amino acid peptide
and an intracellular carboxy terminus (CT). The CRF jsolated from the skin of the froBhylomedosa sagei (16);
receptors share structural similarity with the PTH family of yrotensin | is a 41 amino acid peptide isolated from the
receptors. The NT of these receptors contains six cysteinecaudal neuorosecretory organ of teleost fistv)( and
residues and is intermediate in length when compared to theyrocortin, a mammalian homologue of urotensin |, was
extensive NT of glycoprotein hormone receptors or to the jsolated from rat and human braibd). Mammalian CRFR1
short NT of the adrenergic receptors. Two CRF receptor shows equal binding affinities for ovine, rat/human (r/h), and
genes, CRFR1 and CRFR2, which share 70% sequenceyovine CRF, as well as urotensin |, sauvagine, and urocortin
identity, have been identified. CRFR1 was cloned from (9-13). Although urotensin I, urocortin, and sauvagine bind
human, mouse, sheep, chickeéxenopus rat, and shrew  with high affinity to CRFR1, they have a much higher

*C di hor: Telephone (617) 726-6723; fax (617) 726 affinity for CRFR2 ©, 13, 18, 19).
1703;Oerﬁsgfgaw]?a{gth;&mZﬁﬁ]a?Cng.edh. i +fax (617) 726- CRF and CRF-related ligands and their receptors mediate

L Abbreviations: NT, amino terminus; CRF, corticotropin releasing complex endocrine and behavioral functions. Neuroendocrine
factor; R1, receptor type 1; m, murine; r, rat; PTH, parathyroid hormone; gbnormalities involving the CRF system have been impli-

PTHrP, parathyroid hormone-related peptide; PTH1R, parathyroid ; ; ; ; ; ;
hormone/parathyroid hormone-related peptide receptor chimeras; CRF cated in a number of disorders, mC|Ud|ng anxiety, dEpreSSIOH’

corticotropin-releasing factor; TM, transmembrane domains; EC, ex- 'eating_disorders, Alzheimer's disease, and str@@ 21).
tracellular loops; IC, intracellular loops; CT, carboxy terminus; r/h, Targeting these diseases with specific pharmacologic agents,

rat/human; ECR, eayctagged murine corticotropin releasing factor \yhich interact with CRF receptors. is underwa22)
receptor type 1; DMEM, Dulbecco’s modified Eagle’s medium; FBS, b ’ agay

fetal bovine serum; ATTC, American Type Tissue Culture; YQLS, NOWever, our understanding of the receptor's structural
[GIn°, Tyr!,Leu]-substituted sauvagine; PTH{34), [NIe?~1 Tyr- properties that determine ligand binding specificity and
substituted parathyroid hormone, residues38, ending in NH; PTH- receptor activation is incomplete. Receptor chimeras have

(1-34), [NIe-18 Tyr*4-substituted parathyroid hormone residues3, i ; ; ; i ;
ending in NH; TFA, trifluoroacetic acid; ACN, acetonitrile; IBMX, been informative for mapping ligand recognition domains

3-isobutyl-1-methylxanthine. See Figure 1 for nomeclature of receptor fOr séveral members of this receptor famiBg(-26). These
chimeras. chimeric receptor studies have provided evidence for the role
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of the NT domains in ligand binding and of the TM domains Table 1: Cell Surface Expression of the PEC and PXC Chimeric

in receptor activation. Receptors in Transiently Transfected COS-7 Cells
_ Sever_al _studies h_ave _re_cently characterized important expression expression
ligand-binding domains within the CRF receptors. The EC3 PXC series (% of control) PEC seriés (% of control)
loop of CRFR1 was implicated in CRF and urocortin binding ~pxc 76+ 8.4 PEC 133k 1.4
(27, 28). Additionally, the NT of CRFR1 is important for F1PXC 150+ 5.4 F1PEC 116:1.4
the binding of urocortin and astressin to a chimeric tCRFR1/ F2PXC 65+7.2 F2PEC 145:-4.0
rat growth hormone releasing factor receptor chimeg. ( F3PXC 69+ 1.1 F3PEC 13 3.5
Studies with chimeric CRFR1/CRFR2 have determined that Fapxc 327 FAPEC 1oa-7.5

: e ¢ \ F5PXC 51+ 1.5 FSPEC 116k 2.7
residues within the EC1 and EC2 domains are important for Fepxc 81+ 8.4 F6PEC 128 4.0
r/hCRF, urocortin, and sauvagine bindirgf,(31). Chimeras F5-6PXC 91+ 11.0
between the ligand-selectivXenopus CRFR1 and the aCell surface expression was measured by the 9E10 and G48
nonselective hCRFR1 mapped the sauvagine-selective bind-antibody binding directed against theme-and HA epitopes inserted
ing domain in hCRFR1 to residues AfgAsrfl, and Gly? in the amino termini of PEC and PXC (Figure 1). The data are means
within the NT (6) of two experiments. Each experiments was performed in triplicate wells.

) . . . The data are meanis SD. ® Expression is normalized to the expression
The reviewed data elucidate some important residues forof HA-tagged PTH1R except for FIPXC, which is normalized to the

CRF and CRF-related peptides binding within the extracel- c-myctagged mouse CRFR1Expression is normalized to thenayc-

lular domain of CRFR1. The present study is designed to tagged mouse CRFR1 (ECR).

identify the ligand interaction domains within the entire NT

of the CRFR1. One important feature of the NT is the UniqueMlUl restriction Site, which exists within the pCDNAl
presence of disulfide bridges that may form a ligand-binding vector, was utilized to exchange receptor fragments within
pocket 82). We examined the role of the segments flanked the amino termini of ECR and myy¢PTHI1R. TheEcoRV/

by the highly conserved cysteine residues in ligand interac- Mlul fragments of both ECR and mycPTHIR were

tion by constructing CRFR1 and PTH1R hybrids in which €xchanged, resulting in the PEC chimeric mutantnige

the corresponding intercysteine residues were exchanged. Th€ TH1R (£-97), ECR (32-415)]. Both PEC and PXC were
murine CRFR1 and PTH1R are 57% similar in amino acid used as templates for the construction of the other chimeric
sequence but possess distinct ligand binding selectivity. Thismutants (Figure 1).

high level of sequence homology increases the likelihood —Homologue-scanning mutagenesis was used to exchange
that the chimeras would maintain a functional conformation. segments between CRFR1 and PTH1R. These segments
The distinct ligand specificity of these two receptors allows correspond to the residues flanked by €y€ys*, Cys*"-
mapping of the domains required for ligand selectivity in Cys*,Cy$* Cys¥, Cy$® Cys”, Cyd" Cys® and Cy&> Glu'®

reciprocal hybrids. in c-myctagged mCRFR1 and by CysCys'%, Cys® Cys',
Cysl”Cys3L Cyd3-Cys48 Cyd48-Cys™0 and Cy&% GIL”?
EXPERIMENTAL PROCEDURES in PTH1R, respectively. The intercysteine blocks were

) ) exchanged to preserve the integrity of the disulfide bonds.

Construction of Epitope-Tagged Mouse CRFR-1 and The chimeric receptors FIPEC, F2PEC, F3PEC, F4PEC,
Epitope-Tagged PTHIRsA c-myctagged CRFR1 was  p5peC, and F6PEC correspond to replacement of intercys-
constructed by inserting eight amino acids, QKLSEEDL, tgjne sequences from PEC with the corresponding sequences
from the cmycepitope within the NT of mMCRFR1 between  fom PTH1R (Figure 1). The other series of chimeric
Glu** and Se¥. The resulting epitope-tagged CRFR1 (ECR) yeceptors F1IPXC, F2PXC, F3PXC, FAPXC, F5PXC, and
had similar functional properties to the wild typ&. The  EgpXC correspond to replacement of intercysteine sequences
PTH1R was tagged with either the human influenza hemag- from pxC with the corresponding sequences from mCRFR1
glutinin (HA) tag (YPYDVPDYA) or the cmyctag (QQK-  (Figure 1). These chimeras were constructed by site-directed
LISEEDL) by replacing the amino acid sequences ENKD- mtagenesis or PCR. All mutations were confirmed by
VPTGS and SGKFYPESKENKDYV, respectivel§3). This sequencing.
region is known to be tolerant to mutations in the PTHIR  c0s.7 Cell TransfectionCOS-7 cells were maintained
(33). in Dulbecco’s modified Eagle’s medium (DMEM) supple-

Construction of the Chimeric Mutantén Xmd site was ~ mented with 10% fetal bovine serum (FBS) and 1% penicillin
introduced by site-directed mutagenesis at the junction of and streptomycin. The cells were transfected at 90% con-
NT and TM1 of HA-PTH1R and ECR cloned in pcDNAL  fluency by the DEAE-dextran methodl§). Cells were
(Invitrogen, Carlsbad CA). Insertion of the restriction site harvested at 72 h and measurements of receptor expression
resulted in three point mutations within the ECR sequence, on the cell surface, cAMP accumulation, and radioligand
LySllO, Lys“l, and Se¥?to Thr, Arg, and Glu, respectively, binding assays were performed.
which is the corresponding sequence found in PTHIR. These Measurement of Receptor Expression on the Cell Surface.
mutations did not change the functional properties of the Ascites fluid enriched with the anti4myc monoclonal
receptor. Insertion of th&md site in HA-PTH1R did not antibody 9E10 was produced by injecting hybridoma cells,
change the amino acid sequence. The amino termini of bothoptained from American Type Tissue Culture (ATTC), in
receptors were exchanged at %imd site resulting in two  the peritoneal cavity of pristane-primed Balb-c mice (Charles
chimeric receptors, CXP [ECR{1112), PTHIR (178591)] River Laboratories, Wilmington, MA). The anti-HA mono-
and PXC [PTH1R (3180), ECR (113-415)]. clonal antibody 12CA5 was purchased from Boehringer

A silentEcaRV restriction site, which was included within  Mannheim (Indianapolis, IN). Transfected COS-7 cells in
the cmyc epitope of both ECR and mwycPTHIR, and a  24-well plates were rinsed with phosphate-buffered saline
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EcoRV*
signal peptide Tl
30 Cc myc E
CRFR1 MGQRPQLVKALLLLGLNPVSLTSL -------------------- ODEQ CfE---—e-rm—-moomm————— ] st
PTHIR MGAARIAPSLALLLCCPVLS A!YALVDADDVFTKEEQIFLLHRAQAQ ¢| DKLLKEVLHTAANIMESDKGWTPASTSGKPRKEKASGKFYPESKENKDV| PT
48 HAtD
F2 F3 F4 Fb F6
— 54 68 87 102 © "109
CRFR1 SLASNVSGLQ| ¢ [NASVDLIGT] ¢ [WPRSPAGQLVVRE] C [PAFFYGVRYNTTNNGYRE |C [LANGOWA- - ——— - ARVNYSE]C[OEILNEE] KKS KVH
PTHLR . G--SRRRGRP|cC JLPEWDNI-V|c|wpLGarcEvvAVP| ¢ [PDYTYD- -FNHKGHAYRR [ |DRNGSWEVVPGHENRTWANYSE | ¢ | LKFMTNE| TRER REV
108 117 131 43 7 17 +
Xmal
ECR (c myc-CRFR1) [D prHiR (PR)

ﬁPEC (PR 1-97/ECR 32-415) 2 pxc (PR 1-80/ECR 113-415)
I g |

@HPEC (PR 1-107/ECR 44-415) !i:impxc (PR 1-47,109-180/ECR 30-44,113-415)
2PEC (PR 1-97,109-116/ECR 32-44,54-415) [D F2PXC (PR 1-107,118-180/ECR 44-54,113-415)
Eb CC I TR
3PEC (PR 1-97,118-130/ECR 82-54,68-415) [P Fspxc (PR 1-116,132-180/ECR 54-68,113-415)
b [ | I

F4PEC (PR 1-97,132-147/ECR 32-68,87-415) DF4PXC (PR 1-130,149-180/ECR 68-87,113-415)
l

EFW’EC (PR 1-97,149-169/ECR 32-87,102415) !!?FSPXC (PR 1-147,171-180/ECR 87-102,113-415)
%FBPEC (PR 1-97,171-176/ECR 32-102,109-415) %FGPXC (PR 1-169/ECR102-415)

Ficure 1: Amino acid alignment of CRFR1 and PTH1R amino termini (NT) and a schematic representation of the chimeric mutants.
(Upper panel) Cysteine residues in mCRFR1 and PTH1R are aligned and the exchanged residues representif thegibhs are

boxed. The arrows indicate the position of thengeand HA epitope tag. Th¥mad site represents the positions of the exchanged NT and

TMs in CXP and PXC. (Lower panel) Schematic representation of PEC and PXC chimeras. The numbers represent the amino acid residues
of each chimera.

(PBS) containing 5% heat-inactivated fetal bovine serum Tyr3bPTH(1-34)NH, [PTH(1-34)] (5 ug each) were
(FBS) and incubated with the monoclonal antibody 9E10 or radiolabeled by use of chloramine T (&4) and Na2% (1.5
12CAS at 1:1000 dilution. The cells were incubated for 2 h mCi of 2200 Ci/mmol; NEN Life Science Products). The
at room temperature, rinsed with PBS, and incubated for reaction was terminated by adding metabisulfate 485.
anothe 2 h with '?3-labeled sheep anti-mouse immuno- Excess N&3 and other salts were removed by a SepPak
globulin G diluted in PBS/5% FBS (200 000 cpm/well). The 18 cartridge that was equilibrated with 0.1% trifluoroacetic
supernatant was removed, and the cells were washell (3 acid (TFA) and eluted with 70% acetonitrile (ACN) and 0.1%
and then lysed wit 1 N NaOH. The cell lysates were TEA. The radiolabeled peptides were purified on a C18
collected and the radioactivity was counted in a micromedic :qjumn by high-performance liquid chromatography. The
y counter. o o o radiolabeled peptides were eluted with a—5D% ACN
Radioligand Binding AssayRadioligand binding assays gradient in 0.1% TFA for PTH(334) or PTH(:-34) and a

were performed as previously describé&)( Intact COS-7 40-70% ACN gradient in 0.1% TFA for YOLS.

cells in 24-well plates were rinsed with a binding buffer (50 , . .
mM Tris-HCI, pH 7.4, 100 mM NaCl, 5 mM KCI, 2 mM Agonist-Stimulated cAMP Accumulatiomtact COS-7

CaCh, 5% heat-inactivated horse serum, 0.5% heat- C€lls in 24-well plates, transfected with the CRF receptor
inactivated fetal bovine serum) and incubated Wiithligand ~ constructs, were chilled on ice for 30 min, rinsed with ice-
(100 000 cpm/well) in the presence of increasing concentra- ¢old PBS, and challenged with /hCRF in DMEM containing

tions of unlabeled ligand (0, 0.01, 1.0, 3.0, 10, 30, 100, and 2 MM 3-isobutyl-1-methylxanthine (IBMX), 1 mg/mL BSA,
1000 nM) at room temperature for 2 h. At the end of the and 35 mM HEPES, pH 7.4. The cells were then incubated

incubation period, the cells were rinsed three times with at 37°C for 15 min. The supernatant was removed and the
binding buffer and lysed wit 1 N NaOH. The lysates were  plates were frozen on dry ice for 10 min. Intracellular cAMP
collected and counted for radioactivity. was extracted by thawing the cells in 50 mM HCI (1.0 mL).

Peptide RadiolabelingThe sauvagine analogue [Gn An aliquot of the acid extract was diluted (1:100) in sodium
Tyrl,Leu’]sauvagine (YQLS) and the PTH analogues acetate buffer (50 mM, pH 5.5) and the cAMP content was
[NIe®18 Tyr34|bPTH(3—34)NH, [PTH(3—34)] or [NIeZ~*8, determined by radioimmunoassa34y.
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Ficure 2: Cell surface expression, agonist binding, and agonist-induced stimulation of cAMP accumulation in COS-7 cells transiently
expressing the wild type and the PXC and CXP chimeric receptors. (A) Cell surface expression was measured by 9E10 and 12CA5 antibody
binding directed against thermyc and the HA epitopes inserted in the NT of CXP and PXC, respectively. The data represent percent
expression of PXC and CXP as compared to HA-tagged PTH1R angc¢agged CRFR1 (ECR), respectively. (B) Specific binding of
129-YQLS and29-PTH(3—34) to epitope-tagged PTH1R, ECR, PXC, and CXP. The cells were incubated with 100 000 cpm/well of the
radioligand and nonspecific binding was measured in the presence of 1000 nM unlabeled ligands and was subtracted from total binding. (C)
Competition of?3-YQLS binding to CXP and ECR with increasing concentrations of unlabeled sauvagine (S) and CRF (C). (D) Stimulation

of cAMP accumulation (15 min, 37C, 2 mM IBMX) by CRF, sauvagine, and PTH{B4) in COS-7 cells transfected with PTH1R, ECR,

PXC, and CXP. All panels are representative figures of two experiments performed in triplicate wells with similar results.

RESULTS bind to PXC (data not shown). Weak cAMP stimulation was
Functional Importance of the CRFR1 Amino-Terminal °ObPServed when PXC was challenged with CRF and sauvagine
Domain. Insertion of the anycepitope tag into the mouse  (Figure 2D), and no stimulation was observed when PXC
CRFR1 (Figure 1) has been shown not to alter its CRF Was challenged with PTH(134). Similarly, a weak cAMP
binding or signaling propertiesS?). The cmyctag enables stlmula}tlon was observed in CXP challenged W_Ith PT‘H(]_
assessment of cell surface expression of the receptor by 4) (Figure 2D); however, CRF and sauvagine did not
double antibody binding assay in intact cells (Figure 2A). increase CAMP accumulation with this chimera (Figure 2D).
Stimulation of CAMP accumulation, cell surface expression, 1hese data indicate that the amino-terminal domains of both
and radioligand binding was assessed for both CXP and PXcreceptors are important for ligand binding and that the region
and was compared to those of thengctagged mCRFR1 containing the TM_d_omalns, th_e connecting EC and IC_ I(_)ops,
(ECR) and HA-PTH1R. Expression of both CXP and PXC gnd CT are sufﬂment for S|gn§1I|ng. However, efficient
was 73% of control (Figure 2A). Sauvagine but not CRF ligand—receptor interaction requires both the extracellular
competed with'23-YQLS for binding to CXP K; ~ 500 domain and the transmembrane domain regions.
nM) (Figure 2B,C). A radiolabeled truncated PTH analogue,  Properties of the PEC Chimeric Mutant3.o further
129-PTH(3—-34), specifically bound to PXC (Figure 2B), characterize the domains required for ligand interactions
whereas the intact PTH analogd&)-PTH(1-34), did not within the NT of CRFR1 we used another chimera, PEC, in
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Ficure 3: Ligand binding to ECR and the PEC chimeras: Competitiol¥fYQLS binding to PEC, ECR, and FAF3PEC chimeras with
increasing concentrations of unlabeled CRF (A, C) and sauvagine (B, D). All panels are representative figuBesxgfe2iments performed
in triplicate wells.

which the first 31 residues of MCRFR1 were replaced by detectable radioligand binding was observed with the other
the first 97 residues of the mycPTH1R (Figure 1). Cell chimeras (FAPEEF6PEC). Additionally, F1IPEC, F2PEC,
surface expression of PEC was 133% of ECR (Table 1) while and F3PEC showed binding t&-CRF that was similar to
specific binding of*4-YQLS and ®4-CRF to PEC was that observed fot*4-YQLS (data not shown), while F4APEC,
130% and 180% of control, respectively (Figure 3A). The F5PEC, and F6PEC had no detectable binding. F1PEC,
apparent binding affinities of sauvagine and CRF to PEC F2PEC, and F3PEC increased cAMP accumulation when
and ECR were similar (Figure 3B, Table 1); this suggests challenged with CRF or sauvagine (Figure 4C,D), and their
that the increased ligand binding is secondary to increasedECs values for CRF and sauvagine were not significantly
expression. CRF and sauvagine increased cAMP accumuladifferent from those of ECR or PEC (Table 2). As predicted
tion similarly and dose-dependently in PEC and ECR (Figure from the diminished binding, FAPEC had a relatively
4A,B, Table 1). These data indicate that the first 31 residuesdecreased response to CRF (Figure 4C, Table 2) and to
of CRFR1 are not critical for CRF receptor binding specific- sauvagine (Figure 4D, Table 2) compared to PEC or ECR
ity and that the corresponding residues from PTH1R can (Table 2). F5PEC was weakly stimulated by CRF, whereas
functionally substitute for them without impairing affinity F6PEC had a relatively good stimulation by CRF (Figure
for CRF or sauvagine or altering the receptor’s signaling 4C, Table 2). In contrast, both F5PEC and F6PEC had weak
properties stimulated by both ligands. Downstream domainsresponses to sauvagine (Figure 4D, Table 2). These data
of the NT were then investigated with a series of chimeric indicate that the region flanked by GYsand GId®°
mutants based on PEC; these chimeras were designed to adF5—F6) is important for the interaction of CRFR1 with both
more PTH1R sequences to the PEC background by aCRF and sauvagine.

homologue-scanning approach. The following chimeras were Properties of the PXC Chimeric Mutantsleither CRF
constructed, FIPEC, F2PEC, F3PEC, F4PEC, F5PEC, anchor sauvagine radioligands bound PXC, although these
F6PEC, by replacing amino-terminal regions flanked by agonists did weakly increase cAMP accumulation (Figure
consecutive cysteine residues in CRFR1 with corresponding2D). To examine whether any of the CRFR1 intercysteine
residues from PTH1R (Figure 1). All of the PEC chimeras segments improves the PXC responsiveness to CRF or
were expressed at levels similar to or higher than that of sauvagine, we exchanged each intercysteine segment in PXC
ECR (Table 1). Only F1IPEC, F2PEC, and F3PEC bound with the corresponding segment from mCRFR1. Six chimeric
129-YQLS (Figure 3C,D) at detectable levels2% of total receptors, FIPXC, F2PXC, F3PXC, FAPXC, F5PXC, and
cpm added). The apparent bindig for CRF and sauvagine F6PXC, were constructed, each of which had an HA tag,
in F1PEC, F2PEC, and F3PEC, are similar (Table 2). No except for FIPXC, which had armycepitope. PXC, F1PXC,
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FiGUrRE 4: Agonist-induced stimulation of CAMP in COS-7 cells transiently expressing the wild-type and PEC chimeric receptors: Stimulation
of cAMP accumulation (15 min, 37C, 2 mM IBMX) by CRF (A, C) and sauvagine (B, D) in COS-7 cells transfected with PEC and ECR.
All panels are representative figures of 2 experiments performed in triplicate wells.

Since F5PEC and F6PEC have a decreased cAMP

Table 2: Apparent Binding AffinitiesKis) and cAMP

Accumulation EGes of PEC Chimeric Mutants stimulation compared to PEC, we examined whether replace-
K(sauvagine) K(CRF) ECsx(sauvagine) EG(CRF) ment of bot_h the F5 and th_e F6 _domalns in the_ PXC
mutant (M) (nM) (M) (M) background improved cAMP simulation and/or radioligand
ECR 38L24 112:109 45504 6314 binding. Thus a combined FBPXC mutant was constructed
PEC 56+ 4.3 17.6+ 145 1.25+ 0.2 3.0+ 25 that showed an expression level of 91% (Table 1). However,
FIPEC 3.0:06 12.0+7.2 1.3+05 8.3+ 2.9 F5—6PXC did not show detectable radioligand binding (data
F2PEC  12.4:3.3 18.2+4.6 3.2+3.3 13.1+7.0 not shown) and CRF and sauvagine-stimulated cAMP
Eiggg ’%gt 3.7 S'B‘r’i 4.3 Z%Ei?%B ig:gi ?:2 accumulation was not different from those obtained in PXC,
FS5PEC NB NB >100 >100 F5PXC or F6PXC (Figure 5). These data suggest that high-
F6PEC NB NB >100 11.3+ 8.0 affinity interaction may involve additional domains within

aEach experiment was performed in triplicate wells. The data are the NT region.
means+ SD of 2-5 experiments? NB, no radioligand binding was
detected. DISCUSSION

F2PXC, F3PXC, F5PXC, and FEPXC expression levels were The roles of the amino terminus, the transmembrane
at least 50% of control (Table 1); only FAPXC has a regions, and the connecting loop(s) in binding and activation
relatively diminished expression level, less than 50% of of G protein-coupled receptors have been the subject of
control (Table 1). None of the PXC chimeras boudd- extensive investigation in multiple hormonal systems. Unlike
CRF or 23-YQLS. These data indicate that individual other G protein-coupled receptors, the CRF and PTH family
intercysteine segments do not restore CRF binding to PXC. of receptors is characterized by unique features that include
The PXC chimeric mutants were then tested for CRF and six highly conserved cysteine residues in an intermediate-
sauvagine-stimulated cAMP accumulation. CRF and sau- sized amino-terminal domain28, 24, 35, 36). Other G
vagine increased cAMP accumulation in all the PXC protein-coupled receptors, such as the glycoprotein hormone
mutants; however, stimulation required high concentrations receptors 37, 38), have extensive amino termini that are
of CRF and sauvagine. Maximum stimulation was not sufficient for high-affinity binding, whereas the minimal
achieved with a 1000 nM concentration of CRF or sauvagine amino termini of other receptors, such as the catecholamine
(Figure 5); these data further confirm that single intercysteine receptors, may have little function in ligand recogniti@8,(
domains do not restore CRF or sauvagine responsiveness td0). Our study demonstrates that, for CRFR1, the region
PXC. within the amino terminus flanked by C§fsand GIlu4%®



Ligand Interacting Domains of CRFR1 Biochemistry, Vol. 40, No. 5, 20011193

A B

400 400

300 A 300

200 1

CAMP, pmol/well

1001 100

A

S

RSN

ECR A

F2PXC @1
F3PXC E"

O U
> >
sN 2
< w0
< [

F5-6DXC &Eq
(o]

RS Ty m L U U UL LUy
ESI = [GRS S - - S RS A v
[sYI Y [an 3 o oV < P P
b wn - N MM S v 0V G

=3 5 7R T T e T
n
, 3

CRF Sauvagine

Ficure 5: Agonist-induced stimulation of CAMP accumulation in COS-7 cells transiently expressing the wild-type and PEC chimeric
receptors: Stimulation of cAMP accumulation (15 min,°€7 2 mM IBMX) by 1000 nM CRF (A) and 1000 nM sauvagine (B) in COS-7
cells transfected with ECR and FE6PXC. All panels are representative figures of 4 experiments performed in triplicate wells with similar
results.

(F4—F6), which is proximal to TM1, is required for high- to CXP also suggest that sauvagine binding is less dependent
affinity binding and for recognition of CRF and sauvagine on the TMs and the EC loops of CRFR1.
by CRFR1. Replacement of the first 31 residues in CRFR1 with the
The two chimeric receptors, CXP and PXC, in which the corresponding amino-terminal region from PTH1R resulted
entire amino-terminal domains of CRFR1 and PTH1R were in a chimeric receptor that displayed wild-type CRFR1
exchanged, were well expressed and both chimeric receptordunctional characteristics; this suggests that the first 31
bound analogues of their cognate ligands with a specificity residues are not essential for CRF or sauvagine binding and
determined by the NT region. However, CXP bound a activation specificity and that the PTH1R sequences in PEC
radiolabeled sauvagine analogue (YQLS) but did not bind adequately substituted for the replaced CRFR1 sequences.
the radiolabeled CRF. These data indicate that, in contrastinterestingly, this region was found to be important for PTH/
to the sauvagine analogue, CRF binding involves interactionsPTH1R interaction 24, 42, 43). Thus this most amino-
with the EC and/or TM domains of CRFR1 for high-affinity terminal domain appears to play different roles in CRFR1
binding. This interpretation is consistent with the reported and PTH1R.
data, in which astressin (a peptidic antagonist based on a The highly conserved six extracellular cysteine residues
N-terminally truncated CRF molecule) but not intact uro- within the NT are of particular interest in the CRF/PTH
cortin (a CRF-related peptide) bound to a CRFR1/activin family of receptors. We have previously shown that four of
IIB chimeric receptor in which the NT of CRFR1 was these cysteines are essential for CRFR1 functB®). (In
annealed to the TM of the activin 1IB receptod. the present study we used a homologue-scanning approach
Interestingly, PXC bound a radiolabeled amino-terminally to address the role of the residues between the six cysteines
truncated PTH analogue [PTH{34)] (~50% of PTH1R (F1—-F6 domains). Reciprocal replacement of F1, F2, or F3
total binding) but did not bind intact PTH{134) or PTHrP- regions in PXC or PEC with the corresponding amino acid
(1—36) radioligand. The heterologous TMs and connecting residues from CRFR1 and PTHI1R, respectively, did not
loops in the reciprocal hybrids, CXP and PXC, may hinder improve the responsiveness of PXC to CRF or sauvagine,
the binding of CRF and PTH{134) to CXP and PXC but  nor did they abolish the function of PEC. These data indicate
not the binding of the sauvagine and PTH@4) analogues  that the NT region up to the fourth conserved cysteine ®ys
to these hybrids. It is possible that additional domains may in CRFR1 is not critical for ligand binding, although it may
be required for the binding of CRF and PTH{(34) to CXP play a less critical role in receptor conformation and/or
and PXC, respectively. In this regard, the EC3 of CRFR1 binding affinity. For instance, F1, F2, and F3PEC had normal
was shown to contain important residues for CRF interaction expression levels but decreased maximum radioligand bind-
(28). Similarly, the EC3 of PTH1R contains residues that ing capacity; this decrease could result mostly from a
are important for PTH(%34) but not PTH(3-34) interaction decreased binding affinity, however, no substantial decrease
(24,4]). Taken together, these data suggest poor molecularin apparent binding affinity was observed. It is therefore
complementarity between the NT and/or connecting loops possible that a large fraction of the surface-expressed
in the PXC and CXP chimera, resulting in molecular receptors is in a low-affinity or a nonfunctional conformation
hindrance of CRF agonist binding, whereas the N-terminally and a relatively smaller fraction exists in a conformation that
truncated antagonists appear to be less dependent on suctlisplays normal binding and signaling properties. Our data
complementarity. Our data that the sauvagine analogue bindsoncur with published data in which deletion of a segment
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in hCRFRL1 that corresponds to the F1 region did not affect

receptor function44). However, the F2 region was reported
to be critical for CRF interaction in hCRFR1 and h\R2
hybrids @4). Alternatively, the F2 region of PTH1R may

compensate for the absence of the authentic CRFRL1 residues.
Taken together, our data indicate that compared to the F4, 9.
F5, and F6 regions the F1, F2, and F3 domains play a less

important role in CRFR1 ligand interaction.

Replacement of either of F4, F5, or F6 regions in PEC
with the corresponding amino acid residues from PTH1R 11.
fully abolished ligand binding of the PEC chimeras, although
all of these chimeras had good expression levels. These data
suggest that the F4, F5, and F6 regions are required for CRF =~
and sauvagine binding specificity and are consistent with
published reports showing that the F4 region of hCRFR1 is 13.

important for sauvagine bindingt4). Replacement of the

F4, F5, or F6 regions in PXC with the corresponding
sequences from CRFR1 did not cause a gain in radioligand
binding. Thus, none of these intercysteine CRFR1 domains 15

alone is sufficient for radioligand binding.

The F5PEC chimera had a dramatic decrease in CRF and 16
sauvagine-stimulated cAMP accumulation, suggesting that

the F5 region is particularly important for stabilizing the

interaction of both ligands with CRFRL1. In contrast, F6PEC 18,
had a blunted response to sauvagine but not to CREF,

suggesting that the residues flanked by CH¥GIu® are
particularly important for sauvagine interaction. Similarly,

the dramatically decreased sauvagine potency in FAPEC ~
when compared to that of CRF suggests that the residues 20,

flanked by Cy& Cys¥ are more important for sauvagine

than for CRF interactions. Taken together these data indicate
an important role for the F4, F5, and F6 regions in ligand
interaction and show that there is a variable degree of
specificity for CRF and sauvagine, with F4 and F6 being

particularly important for the latter peptide.

In conclusion, the NT domain is required for the interaction
of CRF and sauvagine with CRFR1. Productive interactions

in terms of receptor activation and stimulation of cAMP

accumulation require the presence of the TM regions. Within

the NT of CRFR1, the residues flanked by &y&Iul®® are
particularly important for liganetreceptor interactions. Dif-

ferences between the interactions of various CRF-related
ligands may be exploited for drug development when the

physiologic and pathologic roles are better understood.
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