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ing many members of the G protein-coupled receptor
G protein-coupled receptors transduce the signal of superfamily due to the conservation of sequences in

a wide variety of hormones, neurotransmitters, cyto- the transmembrane regions (1,2,6-8). GPR41 has the
kines, and other molecules across the cell membrane highest amount of sequence identity to the human IL8-
to elicit the corresponding response inside the target related receptor DRY12 (genbank accession numbercells. We describe in this paper the molecular cloning U58828), sharing 81% amino acid sequence identity.and tissue distribution of a novel rat G protein-cou-
pled receptor, GPR41, with highest homology to the
human orphan G protein-coupled receptor DRY12. A MATERIALS AND METHODS
lower degree of homology was seen with the receptors
for bradykinin, angiotensin, and IL8. The expression Materials. [125I]-islet amyloid polypeptide (IAPP), salmon calcito-

nin (sCT), [125I]-calcitonin gene related polypeptide (CGRP), andof GPR41 appears to be the highest in brain and lung
[125I]-IL8 were purchased from Amersham (Arlington Heights, IL).tissues, with lesser expression in heart, skeletal mus-
Unlabeled IAPP, CGRP, sCT, and IL8 were purchased from Penin-cle, and kidney, as assayed by northern blotting. No
sula Laboratories (Belmont, CA). Manual sequencing reagents wereGPR41 message was seen in spleen, liver, or testes. obtained from Amersham (Arlington Heights, IL). All other chemi-

GPR41 failed to bind any of the ligands tested. q 1997 cals and culture media were purchased from GibcoBRL (Gaithers-
Academic Press burg, MD). [32P]dATP and [32P]dATP were purchased from NEN

(Boston, MA).

Degenerate RT-PCR of rat lung and islet RNA. In an effort to
clone a receptor for the islet amyloid polypeptide (IAPP), we per-The signal from many hormones, cytokines, and neuro- formed degenerate PCR on rat lung cDNA. Total RNA was extracted

transmitters is transduced across the plasma membrane from isolated rat lung tissue by the method of Chomczynski and
by serpentine seven-transmembrane receptors belonging Sacchi (9). One mg of total RNA was used for reverse transcription

with the Superscript preamplification system for first strand cDNAto the G protein-coupled receptor (GPCR) superfamily
synthesis (Gibco BRL). PCR was carried out on this template using(1). Although these receptors share several amino acid
a set of degenerate primers labelled TM3F1 and TM6R, based on theresidues and structural features in common, they can be transmembrane domains TM3 and TM6, respectively, of the seven

grouped into various subfamilies based on their amino transmembrane G-protein coupled receptors for adrenomedullin (8)
and calcitonin gene-related polypeptide (CGRP) (10), since the li-acid sequences and their cognate ligands. In spite of the
gands for these receptors possess the closest structural similarity tosubclassification of GPCRs, there are many receptors
IAPP. The nucleotide sequence of TM3F1 was 5*-AGCAT(TC)TTC-which have been cloned but do not belong to a family
TTCCT(CG)AC(CG)TG-3 *. The sequence of TM6R was 5*-AC(AG)T-

or bind any known ligands. There are several of these G(AG)TA(TCAG)GG(TCAG)A(AG)CCA(AG)C-3 *. The PCR condi-
‘‘orphan’’ receptors (2,3), and many more continue to be tions were as follows: 947C hold for 3 min, followed by 35 cycles of

947C for 1 min, 497C for 1.5 min, and 727C for 1.5 min, followed bydescribed in the literature and in direct submissions to
a 727C hold for 4 min. The entire PCR was electrophoresed on abiological databases such as genbank (4,5).
1% agarose gel, and DNA bands of approximately the expected sizeIn this paper, we describe the molecular cloning and (400bp) were cut from the gel and purified using the QIAQUICK gel

expression of a novel rat G protein-coupled receptor, extraction kit (Chatsworth,CA). Purified DNA was then subcloned
GPR41, using the reverse transcriptase-polymerase into the pCR2.1 vector using the TA cloning kit (Invitrogen, San

Diego, CA). Inserts were then sequenced with T7 or M13-20 forwardchain reaction (RT-PCR) and degenerate oligonucleo-
primers using either Sequenase (USB, Cleveland, OH) or an ABI-tide primers. This approach has been successful in clon-
prizm 370 automated sequencer (Foster City, CA).

Library screening. To obtain full-length clones, a rat lung lgt10
cDNA library CLONTECH, Palo Alto, CA) was screened using a 5*-1 Corresponding author. Fax: (773)702-4292. E-mail: jabonini@

midway.uchicago.edu. end [32P]-labeled oligonucleotide primer (5*-GATGAAGAAGACAAG-
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FIG. 1. DNA and predicted amino acid sequence of GPR 41. The seven putative transmembrane domains are labeled TM1-TM7 and
indicated by the presence of a line above the corresponding sequence. Potential N-linked glycosylation sites (*), myristylation sites (l), and
PKC phosphorylation sites (j) are also indicated above the sequence. The DNA sequence of GPR41 has been deposited into Genbank and
has the accession number U92802.
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FIG. 2. Amino acid alignment of GPR41 and DRY12. Identical amino acid residues are shaded. The percent identity between GPR41
and DRY12 is 81%.

GACCAC-3 * ) specific for the 400 bp receptor cDNA fragment ob- rat lung cDNA. Degenerate PCR with primers based
tained from the initial degenerate PCR. Out of approximately 11106

on the third (TM3F1) and sixth (TM6R) transmem-
phage plated, 3 positive clones were found, one of which contained

brane domains of the seven transmembrane G-pro-an insert of approximately 2.0 kb. This clone contained cDNA encod-
tein coupled receptors for adrenomedullin (8) anding the entire coding region of the GPR41 cDNA, which was se-

quenced on both strands using the ABIprizm automated sequencer. CGRP (10) yielded several bands on a 1% ethidium
Northern blotting. A rat multiple tissue northern blot was pur- bromide stained agarose gel. A band of approxi-

chased from Clontech (Palo Alto, CA), and probed with nick-translated mately the expected size (400bp) was excised from
[32P]dCTP-labelled cDNA probes of the full-length coding sequence of the gel, subcloned, and sequencing of the cDNAs in
GPR41. Nick translation was performed using the nick translation kit

this band yielded several species of sequences. Onefrom Amersham (Arlington Heights, IL). Hybridization was performed
of the cDNAs, named p2441, was closest in sequenceat 687C for 1 hour in Expresshybe (Clontech). The blots were washed

according to the manufacturer’s instructions, and then exposed to X- to the human orphan receptor named the ‘‘IL8-re-
ray film for 3 days at 0807C with an intensifying screen. lated receptor,’’ or DRY12 (accession# U58828), an

Expression of GPR41 and binding assays with potential ligands. unpublished GPCR cloned from HepG2 cells and di-
The full-length coding region of GPR41 was directionally subcloned rectly submitted to Genbank by McCoy, R.L. andinto the HindIII/NotI site of pCDNA 3.1, and transiently transfected

Perlmutter, D.H. of Washington University School ofinto COS7 cells essentially according to the calcium phosphate
Medicine, St. Louis, MO. Subsequent screening of amethod of Chen and Okayama (11). Two days post-transfection, cells

were washed once in binding media (DMEM containing 0.5% BSA, rat lung lgt10 library using an internal oligonucleo-
20 mM HEPES, pH 7.8) before incubation at 157C for 4 hours in tide specific for p2441 resulted in the cloning of the
binding media containing 20 pM 125I-labeled ligand with or without whole coding region of the cDNA, which we calledunlabeled competing ligand (100 nM), as previously described (12).

GPR41. In-frame translation of the GPR41 cDNA se-Following this incubation, cells were washed two times with one ml
of binding buffer, solubilized in 1 ml lysis solution (1% SDS, 100 mM quence indicated that the amino acid sequence was
NaCl, 25 mM HEPES, pH 7.8), and counted. also likely to be a seven transmembrane-containing

GPCR, and that it possessed an 81% amino acid iden-RESULTS AND DISCUSSION
tity with DRY12. The DNA sequence of GPR41 has
been deposited into Genbank, and has the accessionIn an effort to clone a receptor for the islet amyloid

polypeptide (13), we used PCR on both rat islet and number U92802. The sequence and predicted trans-
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mRNA levels were seen in brain and lung tissues, with
lower mRNA abundance in heart, skeletal muscle, and
kidney. No signal was seen in the spleen, liver, or tes-
tes. This expression pattern is quite different from the
expression of DRY12 (D. Perlmutter, personal commu-
nication), suggesting that GPR41 may represent a
closely related but entirely different receptor from
DRY12, rather than a rat homolog. However, this does
not rule out the possibility that it is indeed a rat homo-
log of DRY12, and that it could have a different range of
tissue-specific expression in rat as compared to human.

In summary, we report the cloning and tissue expres-
sion of a novel G protein-coupled receptor from rat lung,
which is most closely related to the human orphan re-
ceptor DRY12. It is likely that GPR41 and DRY12 rep-
resent a new subfamily of G protein-coupled receptors,
given their low degree of identity with any of the known
receptors. The molecular cloning of GPR41 and the sub-
sequent characterization of this receptor will hopefully
further advance our understanding of the complex sig-
nals utilizing G protein-coupled receptors.
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