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Molecular cloning of a novel rat G-protein-coupled receptor gene
expressed prominently in lung, adrenal, and liver
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A gene and ¢cDNA (named G10d) encoding a novel member of the G-protein-coupled receptor (GCR) superfamily has been isolated from a rat

genomic library and a rat liver cDNA library by tandom polymerase chain reaction (PCR) amplification and hybridization screening. Comparison

of the sequence of the encoded protein to other members of the rhodopsin family of the GCR superfamily suggests that this new member is a peptide

receptor. The G10d gene is present as a single copy in the rat genome and its translational open reading frame is intronless. Northern analysis

demonstrates a wide and uneven distribution of G10d mRNA in the adult rat, with the highest mRNA abundance in lung, liver and adrenal gland
extracts.

G-protein-coupled receptor; Putative G-protein-coupled receptor; Orphan receptor; Rhodopsin family; GCR

1. INTRODUCTION

The study of cell surface G-protein-coupled receptors
(GCRs) has been facilitated greatly by molecular clon-
ing techniques. From these studies it has become appar-
ent that there exists a large gene superfamily encoding
receptors for a wide variety of hormones and neuro-
transmitters. The primary structure of these receptors
are characterized by the presence of seven stretches of
hydrophobic amino acids supposedly capable of form-
ing transmembrane (TM) domains. These regions are
separated by variable stretches of hydrophilic amino
acids predicted to form intra- and extracellular regions.
Most of the conserved amino acids are found within the
putative transmembrane domains, particularly TM3
and TM6. This conservation has provided a basis from
which additional members of this gene family have been
isolated [1--10). Herein we describe the molecular clon-
ing of a novel member of the GCR family. We report
the sequence of this putative receptor and the tissue
distribution of its mRNA. Although we have not yet
identified the ligand for the G10d receptor, we predict
that it recognizes a peptide ligand.

2. MATERIALS AND METHODS

2.1. Polymerase chain reaction amplification, genomic library screening
and DN A sequencing
Two degenerate oligonucleotides (5'-CTCACGTGYMTSAGCPT-
SGAYCGCTA-3 and 5-TGGTAGGGGASCCAGSAMAMGAPP-
AA-3Y=TorC:M=AorC;S=GorC;and P= A or G) were

Correspondence address: K.R. Lynch, Department of Pharmacology,
Box 448, University of Virginia School of Medicine, 1300 Jefferson
Park Avenue, Charlottesville, VA 22908, USA. Fax: (1) (804) 982-
3878.

Published by Elsevier Science Publishers B V.

synthesized and used to amplify from rat liver or brainstem cDNA,
by PCR, fragments encoding novel members of the rhodopsin GCR
family. The oligonucleotide sequences were based primarily on the
sequences of TM3 and TM6 from the angiotensin (AT1) receptor [11}
and RDC-1 [1} cDNAs. cDNA synthesized from rat liver and rat
brainstem poly(A)* RNA served as the template in the reactions. The
conditions of the PCR were as follows: 94°C, 1 min (denaturation);
40°C, 2 min (annealing); 72°C, 3 min (primer extension); 30 cycles.
Products of the reaction were subjected to the action of the Klenow
fragment of DNA Poll (in the presence of dNTPs), and then treated
further with T4 polynucleotide kinase (in the presence of ATP). The
products were then subcloned into the Smal site of pGEM7Zf(+)
(Promega) for sequence analysis (Sanger dideoxy chain termination,
Sequenase kit, IBI).

A 360 bp fragment (jh10) predicted by sequence analysis to be a
portion of a member of the GCR family was labelled (random primer
method) to a specific activity of approximately 1 x 10° dpm/ug and
used to screen 7.5 x 10° recombinants of an Haelll partialled Spra-
gue-Dawley rat genomic DNA library (ACharon 4a, gift of T. Sargent,
[12]). The bacteriophage responsible for one signal was plaque purified
(AG10d). Phage DNA was isolated by standard procedures and sub-
jected to restriction enzyme digestion. A 3 kb HindIII fragment (G10d)
hybridizing to the jh10 DNA was subcloned to the same site in
pGEMY7Zf(+) and subjected to sequence analysis.

Two oligonucleotides (5-CAGACACAAGCTTGCCCTCATGT-
C-3 and 5-TGTCTCGAGTCTACCTTAGCTGGCTAT-3") were
synthesized and used to amplify by PCR (rat liver cDNA as template)
the entire coding region of G10d. This PCR product was restriction
digested with HindIII and Xhol and subcloned to the HindIIl/Xhol
sites of pCDMS (Invitrogen). The resultant insert DNA was subjected
to sequence analysis. The plasmid was also used to transfect COS-1
cells as described previously [13]. Plasmid was linearized with Xhol,
subjected to in vitro transcription, and injected into stage V or VI
Xenopus laevis oocytes. Qocyte responses (I cs,) were recorded as
described previously [14].

2.2. Hybridization analysis of rat genomic DNA and RNA
Sprague-Dawley rat genomic DNA was isolated by standard proce-

dures [15]. Restriction digested rat genomic DNA (15 ug) was sub-

Jected to Southern blot analysis. A 1.2 kb HindIIl/ Xhol DNA frag-
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ment containing the entire coding region of G10d was labelled by the
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random primer method (1-2 x 10° dpm/ug) and used as a hybridiza-

tion probe using the method of Church and Gilbert [16]. Final wash
temperature was 65°C. Exposure to Kodak XAR film was 2 days at
—70°C with intensifying screen.

Total cellular RNA from a variety of rat tissues was 1solated by the
guanidine isothionate/CsCl method [15]. Poly(A)*-selected RNA was
prepared by oligo(dT) cellulose chromatography. RNA (4-5 ug) was
electrophoresed through denaturing 1.2% agarose and subjected to
Northern analysis [16] using the same 1.2 kb DNA fragment described
above. Final wash temperature was 65°C. Exposure to Kodak XAR
film was for § days at —70°C with intensifying screen.
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3. RESULTS AND DISCUSSION
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PCR products were generated from either rat brain-
stem or liver cDNAs using degenerate oligonucleotides
corresponding to sequences found in TM3 and TM6 of
the angiotensin (AT1) receptor and RDC-1 ¢DNAs.
Sequence analysis suggested that one set of clones (jh10)
contained sequences encoding a fragment of a novel
member of the rhodopsin branch of the GCR superfam-
ily. The predicted polypeptide sequence was similar to

Fig. 1. The amino acid sequence (single-letter code) of the G10d protein as conceptualized from the G10d genomic and cDNA clones. The putative
transmembrane-spanning domains are underlined. Asn residues in the context of N-linked glycosylation consensus sequences are boldfaced. The
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sequence of G10d has been deposited to the Genbank database (Accession: 109249).
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Fig. 2. Alignment of the orphan receptors rat G10d and dog RDC-1, with the rat angiotensin I (AT,), rat B,-bradykinin, human interleukin (IL-8),
and rat somatostatin receptors. Alignment was achieved using the PILEUP algorithm of the GCG package [23]. Gaps (.) were introduced to
maximize the alignment.

corresponding sequences of other members of the fam-
ily (i.e. TM4 and TMS5). This DNA fragment was used
subsequently to screen (under conditions of high strin-
gency) 7.5 x 10° recombinants of a rat genomic DNA
library. A single clone was isolated and analyzed fur-
ther. Sequence analysis of a 3 kbp Hindlll fragment
(G10d) identified a translational open reading frame

(orf) encoding a protein of 395 amino acids. The se-
quence of the PCR product (jh10) was entirely con-
tained within this orf. Fig. 1 shows the conceptualized
amino acid sequence and the underlying nucleotide se-
quence. A termination codon is found in front of, and
in frame with, the putative initiator methionine, In addi-
tion, the ATG encoding this methionine is embedded
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within a consensus sequence for optimal translational
initiation. Hydropathy analysis indicated the presence
of seven stretches of hydrophobic amino acids predicted
to form the transmembrane domains. Structural fea-
tures of G10d shared by other members of the gene
family include the presence of N-linked glycosylation
consensus sequences (Asn-Xaa-Ser/Thr: Asn-24 and
Asn-33) near the N-terminus, cysteine residues in the
putative exofacial loops, as well as the presence of a
number of serine or threonine residues in the C-terminal
tail that might serve as potential sites of phosphoryla-
tion. The only unusual feature of the G10d sequence is
that a highly conserved leucine found in TM2 is re-
placed by a methionine residue.

A search (FASTA [17]) of the Genbank (release #74)
database reveals that the sequence of G10d is most
similar to receptors for the peptides angiotensin II [11],
bradykinin [18], somatostatin [19], interleukin-8 [20],
fMLF [21], and C5a [22]. However, the highest degree
of similarity was found between G10d and the orphan
(i.e. ligand unknown) receptor, RDC-1 (33% identity).
Fig. 2 shows a multiple alignment of the orphan recep-
tors, G10d and RDC-1, with receptors for angiotensin
II (AT),), bradykinin, interleukin-8, and somatostatin.
Most of the similarity between these receptors lies
within the putative transmembrane domains. Very re-
cently, we became aware of a Genbank release (acces-
sion number L04672, 3 Dec. 1992) indicating that Eva
and Sprengel have identified what is probably the same
orf.

Southern blot analysis of restriction-digested rat
genomic DNA using a radiolabelled G10d DNA frag-
ment containing the entire coding region showed hy-
bridization to 9 kbp BamHI, 5.5 kbp EcoR]I, and 3 kbp
HindIII genomic fragments (Fig. 3). The HindlIII frag-
ment is consistent with that obtained in the isolation of
the genomic clone (AG10d). Amplification (by PCR) of
the coding region of G10d (using cDNA synthesized
from rat liver poply(A)" RNA) and subsequent se-
quencing revealed that the cDNA and genomic se-
quences were entirely contiguous. Taken together, these
data suggest that the rat genome contains a single copy,
intronless (as regards the translational orf) gene encod-
ing the G10d protein.

Northern blot analyses were performed to determine
the tissue distribution of G10d mRNA (Fig. 4). G10d
mRNA accumulation was widely and unevenly distrib-
uted in the adult rat. Hybridization was most prominent
in extracts of lung, liver, and adrenal. G10d mRNA
accumulation was detected also in kidney, aorta, heart,
spinal cord, gut, and testes. Very little hybridization was
detected in extracts of discrete regions of the rat brain,
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Fig. 3. Southern blot analysis of restriction endonuclease-digested rat

genomic DNA. Sprague-Dawley rat genomic DNA (15 ug) was di-

gested completely with BamHI, EcoR1 and HindIIl and then subjected

to Southern blot analysis as described in section 2. The individual

band sizes are indicated and were estimated by comparison to the BRL
1-kbp ladder.

although some signal was detected in midbrain and
pons. In the tissue extracts where G10d mRNA was
detected, multiple size transcripts (2.2, 2.4, 2.8, 4.3, and
7.5 kb) were present. The hybridization and wash condi-
tions were identical for the Northern and Southern
analysis, and therefore it is likely that the RNA species
detected arise from a single loci of the rat genome. Since
the G10d gene is without introns within the transla-
tional orf, it is likely also that the differences in the sizes
of the mRNAs detected is due to multiple polyadenyla-
tion sites along the G10d gene.

To characterize the nature of the G10d protein, the
coding region cDNA was transiently expressed in COS-
1 cells. Membranes from transfected cells were prepared
and a number of radiolabelled ligands were tested for

—

Fig. 4. G10d mRNA accumulation throughout the rat. Poly(A)*-selected RNA from rat tissue (4 ug from brain extracts; 5 ug from all others) was
subjected to Northern analysis as described in section 2. All RNA was from adult animals, except tongue RNA was from 1-day-old animals. The
positions of the migration of 18 S and 28 S ribosomal RNA are shown.
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specific binding. No significant difference in binding to
transfected membranes compared to untransfected
membranes was detected with [**Ilangiotensin II,
[PH]Dup 753 (losartan, an angiotensin II receptor an-
tagonist), [’H]naloxone, [*H]leukotriene C4, [*H]leuko-
triene D4, [*H]bradykinin, ['*’lJgalanin, or
[PH]WEB2086 (a platelet-activating factor receptor an-
tagonist). In addition, Xenopus laevis oocytes injected
with in vitro transcribed (m)RNA prepared from G10d
did not respond (Ca**-activated Cl” current) to applica-
tion of angiotensin I1, bradykinin, I1L-8, MCAF, MIP-
la, MIP-18, RANTES, TNF-a, ATP, leukotriene C4 or
leukotriene D4.

In summary, we have isolated the gene and cDNA for
a novel member of the GCR superfamily. The encoded
protein is most similar to a set of receptors that are
activated by peptide ligands. The mRNA for G10d ac-
cumulates in a wide variety of peripheral tissues in the
adult rat with predominate expression in lung, liver, and
adrenal gland. While we have failed to date to determine
the nature of the ligand that binds to, and activates, this
putative receptor, we speculate that the G10d protein is
a receptor for a peptide ligand.
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