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from rat brain

Z.H. Song*, W. Scott Young ITI, Michael J. Brownstein, Tom I. Bonner
Laharatory of Cell Biology, Building 36, Room 3A17, NIMH, NIH, Bethesda. MD 20892, USA
Received 12 July 1994

Abstract A PCR cloning strategy using primers designed from sequences selectively conserved among a cannabinoid receptor and two orphan
receptors, was used to isolate novel G protein-coupled receptors. tCNL3, a 1.75 kb cDNA encoding a 363 amino acid protein, was isolated from
a rat cerebral cortex library. Sequence analysis showed that rCINL3 possesses a number of structural characteristics of G protein-coupled receptors
and has 61% amino acid identity (from transmembrane region one through the carboxyl-terminus) with two other candidate G protein-coupled
receptors. Therefore, these three receptors may comprise a receptor subfamily with identical or closely related endogenous ligands. Northern and
in situ hybridization experiments demonstrated that rCNL3 mRNA is expressed in the rat brain, with a2 prominent distribution in striatum.
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1. Introduction

G protein-coupled receptors mediate cellular responses elic-
ited by a wide variety of extracellular stimuli [1,2]. These stimuli
range from photons, odorants and ions to cytokines, hormones
and neurotransmitters. Consequently, G protein-coupled re-
ceptors are very important for the normal functions of many
systems, including vision, smell, immune response, endocrine
function and neurotransmission. Abnormalities in the struc-
tures and functions of G protein-coupled receptors are respon-
sible for certain diseases [3,4]). Molecular cloning of novel G
protein-coupled receptors may contribute to a better under-
standing of the normal functions of these receptors and the
roles that these receptors might play in certain diseases.

Molecular clening studies have revealed that many G pro-
tein-coupled receptors have common structural features, in-
cluding seven hydrophobic putative transmembrane domains,
six hydrophilic loops, an extracellular amino-terminus, and an
intraceilular carboxyl-terminus [2,5]. G protein-coupled recep-
tors can be grouped into at least three superfamilies, namely the
secretin/VIP receptor family, the metabotropic glutamate re-
ceptor family, and the rhodopsin receptor family which con-
tains the vast majority of the known receptors. Among these
superfamilies, there is little sequence homology. Within each
family, however, certain amino acid residues are well con-
served, for example, the sequence motif E/DRY at the end of
the third transmembrane domain in the rhodopsin receptor
family. By exploiting the sequence homologies within each re-
ceptor superfamily, approaches based on low-stringency hy-
bridization and polymerase chain reaction (PCR) have been
used to clone new members of G protein-coupled receptors
[6-8]. Many of these candidate receptors later have been shown
to have important functions [6,9,10]. In this paper, we report
the cloning of a novel candidate G protein-coupled receptor
that is localized predominantly to rat striatum.
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2. Materials and Methods

2.1. ¢DNA cloning and sequencing

A cDNA library for rat cerebral cortex consisting of 7 x 10 clones
was constructed in the mammalian expression vector pCD [11]. DNA
prepared from this library or rat genomic DNA was used as a template
for PCR. Degenerate PCR primers (CN4 and CN7) were designed
based on conserved amino acid sequences of SKR6, edg-1 and 6-7
{Fig. 2). SKR& was the only cannabinoid receptor that had been cloned
when this project was initiated [6]. edg-1 is a published orphan receptor
{12). 6-7 is an orphan receptor (Bonner and Brownstein, unpublished,
GenBank Accession Number U12184) which is virtually identical to
R334, a published orphan receptor {19], except R334 has a different
5-untranslated region and several apparent sequencing errors. In the
region of the upstream PCR primer used for this study, the sequence
of 6-7 1s different from R334, probably due to a pair of frame shifts
within R334. This pair of PCR primers was designed to isolate those
potential receptor cDNAs that might be related 1o SKR.6, edg-1, or 6-7.
The sequence for the upstream primer {CN4) was 5-CCCGGATCC
CCI NTI NIN GGI TGG AA(C/T) TG-3". The sequence for the down-
stream primer (CN7) was 5-GGGATCGAT IAA/G) 1G(CT)
{(A/G)TA 1AT IA(C/T) NGG (A/G)TT-3. The 100 ul PCR reaction
mixture contained 1.3 ug template DNA, 1 #M of each primer, 200 4M
each of dATP, dTTP, dCTP and dGTP, 10 mM Tris-HCI pH 8.3,
50 mM KCI, 2.5 mM MgCl and 2.5 units of Tag DNA polymerase
(Perkin Elmer Cetus). PCR conditions were: | min at 93°C, 2 min at
50°C, and 2 min at 72°C. After 33 cycles, the products were incubated

for 7 min at 72°C. The PCR-amplified products of interest were puri-

fied on a 2% NuSieve gel (FMC Bioproducts), digested with Clal and
BamH]1 and then subcloned into the BamHI and Acel sites of pUCI18
for sequencing. For making sequencing templates, DNA was amplified
directly from individual colonies using primers pUC18rev2 (5-ACA
CAG GAA ACA GCT ATG ACC ATG ATT ACG AA-3) and
pUCfor2 (5-GTG AAA TAC CGC AGA GAT GCG-3'). The PCR-
amplified products were then purified on Magic columns (Promega)
and sequenced using a cycle sequencing protocol and the ABI universal
dye sequencing primers. The sequences were analyzed on a 373A au-
tosequencer (Applied Biosystems) and assembled with the Seqman pro-
gram {(DNASTAR).

To isolate a full-length ¢cDNA for the new candidate G protein-
coupled receplor rCNL3, nick-translated probes for Southern and col-
ony hybridization were made from the partial-length rCNL3 cDNA
clone generated by PCR [13]. Pools and subpools of the rat cerebral
cortex library were screened by Southern hybridization as described
previously [14]. The full-length clone was finally isolated by colony
hybridization. Southern and colony hybridizations were performed at
60°C in 3 x SSPE (1 x SSPE is 0.15 M NaCl, 0.01 M NaH,PQ,, 1.3 mM
EDTA, pH 7.4), and 1 x Denhardt’s solution (0.02% each of polyvinyl-
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pyrelidone, bovine serum ailbumin, and Ficoll). The washing conditions
were 60°C in 0.5 x SSPE. In order to obtain the entire cDNA sequence
of rCNL3, subclones of this ¢cDNA were made in pUCI8 and both
strands of the cDNA were sequenced.

2.2. Northern hybridization

For northern hybridization, a 422 base pair Nael-Nsil fragment of
the rCNL3 cDNA corresponding to bases 1,136-1,558 was labeled with
[®PIACTP by nick-translation. A rat multiple tissue northern blot con-
taining 2 pg of poly(A)” RNA in each lane (Clontech) was prehy-
bridized in a solution containing 5 x SSPE, 10 x Denhardt’s, 100 zzg/ml
salmon sperm DNA, 50% formamide and 2% SDS for 3 h at 42°C. The
blot was then hybridized in the same buffer with 5 x 10° ¢cpm/ml of
nick-translated probe for 20 h at 42°C. The blot was washed to a final
stringency of 0.1 x SSPE, 0.1% SDS at 60°C and exposed to X-ray film
for up to 2 weeks. The blot was also exposed 1o Fuji BAS-ITI imaging
plates and images were analyzed on a BAS 2000 phosphor-imaging
system (Fuji Biomedical).

2.3, In situ hybridization

To construct a template for making riboprobes, a 422 bp Nael-Nxsil
fragment of the rCNL3 ¢cDNA (the same fragment used for Northern
hybridization) was subcloned into the Smal and Pst] sites of pPGEM4Z
vector (Promega). *’S-labeled cR NA probes were transcribed from the
linearized template using 20 M ¥S-UTP (1,000-1,500 Ci/mmeol, New
England Nuclear), with either T7 {for anti-sense prabe) or SP6 {for
sense probe) RNA polymerase.

Serial 12-um-thick frozen sections of Sprague-Dawley rat brain were
cut on a cryostat-microtome and thaw-mounted onte gelatin-coated
glass slides. Tissue pretreatment, hybridization and washing were per-
fermed as described previously [15]. The sections were washed 10 a final
stringency of 0.1 x SSC at 63°C. Air-dried slides were exposed to Fuji
BAS-Iil imaging plates for 7-10 days and images were analyzed. Sub-
sequently, slides were coated with Ilford D5 nuclear track emulsion and
stored at 4°C for 4 months. The slides were finally developed in D-19
(Kodak) and counterstained with tolvidine blue,

2.4. Expression and functional analysis

The full-length cDNAs of rCNL3 and 6-7, which were isolated from
a rat cerebral cortex library made in the mammalian expression vector
pCD [11], were transfected transiently into COS-7 cells using a DEAE-
dextran method [16). COS-7 cells were maintained in Dulbecoo’s Mod-
ified Eagle’s Medium containing 10% fetal calf serum. Radioligand
binding or functional assays were carried out 72 h after transfection.
Membrane preparation, radioligand binding, and assays of cAMP ac-
cumulation and inositol phosphate release were performed as described
previously [17]. To establish cell lines stably expressing rCNL3 or 6-7,
CHO-K1 cells were cotransfected with rCNL3 or 6-7 cDNA and a
plasmid conferring neomyein resistance, using a calcium phosphate
precipitation procedure [18]. Transfected cells were selected in medium
containing the neomycin analog G418 (400 ug/ml), cell lines expressing
orphan receptor mRNAs were screened by RNA dot-blot analysis
and functional assays were also performed on these stably transfected
cells.

3. Results

3.1. Isolation of rCNL3 cDNA

PCR amplification of rat genomic DNA or the DNA pre-
pared from a rat cerebral cortex ¢cDNA library resulted in
products in the 420-520 base pair range. These DNA fragments
were extracted from gel and subcloned into pUCIS for sequenc-
ing. In addition to SKR6, edg-1, and 6-7, two novel clones
related to edg-1 and two novel clones related to 6-7 were iso-
lated. Among these clones was rCNL3 which is related to 6-7.
This partial-length rCNL3 ¢cDNA clone was **P-labeled and
used as a probe to screen the rat cerebral cortex library at high
stringency. Using strategies similar to those previously de-
scribed (14}, a cDNA clone with a 1.75 kb insert was isolated
from this library.
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CTCAGGGACAGGAGROCAGTACTTTCCTC
-120  TTOGACECGOCGCAGCCTOMTGCAGGCAGCTGCTCGRACCOC GTAGSGCACACAGCOGCE
=60 GAGOSCATGACCAGAGACTOCCHRGRAGCCTRACTCOTCAGS GAGUAGCATCTGECEECE

1 ATGARACGCTAGE GOCGCOGCGCTCAAOGAGTOCCAGS TGCTG GCAGTAGCEGOCCAGGGA
M N*A § A A AL NE & QVV AV A AEGG
(33 COGGCAGCTCOE GCTACAGCAGCAGGEACACOGEACACCAGCCAATGRSEACTTUCGHCA
A AAAARATAAGT®PDODTSEWGZPEP A
121  GCATOCECGGCECTOGGAGEC GEOSEAGCACCTAATBGETUACTGRAGCTGTOTTCRIAG
A 3 A ALGGGG GG P NG SLETLSZS S Q
181  CTGCCOGCACGACCCTCAGRACTTUTGCTTTUGECALTGAATUCCTGGGATGTGCTGETG

F QY V VPSS ET

¥y § L. L. M ¥ G F L Y. A S T S Y &
481  CTCGCTAPCACAGTGGACCGTTACTTGTOCCTT TACAACGC G CTCACCTACTACT CROGT
A 1 T ¥V R Y L SLYNALTTYY SR
541  CGGA TGCACCTCTTGCTAGCAGCTACCTRGACAG TE T

COCTSTTCG60E!
R T LL GV HLLLAMATMW TV & L G L
e01 GGETTETRCOCGT TCTAGGC TGHAACTGCT TGGCTGAS A

& L L P VYL GWUNCOCLADRASTCSVVY
661 ORCCCOCPGACACGCA GOCATETRGCRTTGC U TCEACTTOCT TC T TIGTGGTCT TIGCT

G 5 0 ED P AT Y T VY
961 TATAACTCCATGATCARTCUCATCATC TATGCCTTOCRCAACCAGG AGATC SAGC GTGEC
¥y 8 & M I W P I I Y A F R NQETIQFRA
1021  TIGTGGCTCCIGTTCTETRECTGTITCCAATCUARMGTGCOCTTOC GUTOCAGETONCCC
L WLLPFCGE CPFP{QSEKVVPTFRZERSTPD
1081  AGTGAGGTCTGAAGECCTCCTCCCTETCTCCTCACCCACATCACAAATCCARCATGONGG
g E V

1141 OCTTTGGTGAGCTTCTAGGIGOCTGCTGATGAMC TCTTGAGEACTCACTGCC TTOCEOGCG
1201 ACTCTGACTCOCOCSCAMACGRACTECATC TGARCGCAAL ARACTGACTCAGACARAGAG
1261 GCTTGTTGGCATTTTACATATACAGTGTATACACGTCTACATATATATACAAATATIIGT
1321  ATCTTCTCGACG TSTTCACGGOC IGHRAGCTIC CETT U TGTGARAARAACTAACARAATG
1391  TGGTTGTATACTCAATOGTACATCACATTTCTCAAGTC AMGACATTOCAATAC IGCTTAR
1441 TARTAGCACTTTATTTTTAGCTGL TSARATGOUAAGAC AGTETTCCCATOCCCAAGAGC A
1501 GGAGAARGGGAGTCAGAGATGTATTTTTC TTGTATCTGATACAATATTIIGCTRCACATG
1561 CATCAGTAAACTACAACATATTTTGTACACARATAAARC ACATTARARARA

Fig. 1. Nucleotide and deduced amino acid sequence of the candidate
receptor ’TCNL3 ¢cDNA. Nucleotide sequences are numbered beginning
with the first residue of the initiating methionine. Putative transmem-
brane domains are underlined. Potential N-linked glycosylation sites on
the amino terminal are indicated by asterisks. A potential polyadenyla-
tion signal is indicated by a dashed line.

3.2. Structural characteristics of the rCNL3 ¢DNA and its
protein praduct

Fig. | shows the nucleotide and deduced amino acid se-
quences of the rCNL3 cDNA clone (GenBank Accession Num-
ber U12006). Using the first methionine codon following an
in-frame termination codon as the translational initiation site,
the nucleotide sequence of the rCNL3 ¢cDNA clone contains an
open reading frame of 1,089 base pairs, followed by a 221 base
pair 3’-untranslated region containing a polyadenylation signal
and ending in a polyA tail. rCNL3 ¢cDNA encodes a protein
of 363 amino acid residues, with an estimated molecular weight
of 38 kDa, in the absence of post-translational modifications.
However, as illustrated in Fig. 1, the consensus sequences for
three potential asparagine-linked glycosylation sites are present
within the amino-terminus of rCNL3. A hydropathy plot [20]
reveals that rCNL3 has seven putative hydrophobic transmem-
brane domains, connected by three extracellular and three in-
tracellular loops. There is no discernible signal peptide se-
quence at the amino terminus of rCNL3,

Comparison of rCNL3 with several other G protein-coupled
receptors (Fig. 2) indicated that rCNL3 has several conserved
features of the ‘E/DRY family’ (rhodopsin-like family) of G
protein-coupled receptors [2,5]. No apparent sequence homol-
ogy was evident between rCNL3 and members of secretin/VIP
receptor family or metabotropic glutamate receptor family.
rCNL3 is most closely related to 6-7/R334 and GPCR21 (61%
amino acid identity from transmembrane region one through
the carboxyl-terminus), two other candidate G protein-coupled
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r{NL3 MNASAAALNESQVVAVAREGAAAAATAAGT PUTSEWGE PARSAALGGGGGPNGS LELS SOLPAGPSGLLLS
GPCR21 MMIGAGSSHMAWE SAGSESVNVESYDPVEEPTGPATLLP
6-7 MNEDPKVNLSGLPRDC TEAGT DENT SAAVPSQGSVVESEPEL
SKR6 MRSILOGLADTTERT ITTDLLYVGSNDIQY ED IKGIMASKLGYF POKF PLTSERGS PEQEKMTAGINS PLY PAGUTTNT TEF YNKGLSSFRENEEN TOCGENFMIMECFMIDNP G
CX5 MEECWVTETANGSKIGLDENPMKEYMILSGP
edg-1 MGRTSVPLVRAHRZSVS DYVNYDI IVRHYNYTGKLNT GADKEN
AGR16 MGGLYSEYLNDERVOEHYIYTKETLOMOET P

TCNL3  AVNPWDVLLCYSGIVIAGENALVVALIAST PALF~TFMFVLVGSLATADLLAGCSLILHFVEQYVY - - - PSETVSLLMVGEFLVASFAASVSSTLATTVIRYLSLYNALTYYSRRTLLGVH
GPCR21  SPRANDYVLLIELLVSC ENALYVE TIVGTPAFE-ARMETLVGELAVALLLAGT GLVLLEARDRCT - -G PEMELMI GV AMA LT A8 TG L LA L DRSS LXNALT (LS FTIVTRTY
6-7  VIEWRIVILSRGILECC RAVYVLI IFHS PSLE -A RMETL T GELAT ADLLACT Qg TNENEAXTL- - -QCEATKLVTI gL Y ACE S Ay COLLA LI DR S L Y AL PR FRIVTF TY
SER6  COLA TLGL FTVLENLLVL £V JLHSRS LR CR ESYHF IGSLAVADLL GSVT FVYS Py DEHYFAREDG PNYF L FRLGGVT ASE TACUGELFITAT [RY TE THR PLAYKRTVTRPRAY
CXS  OKTAVA ALENVAYLYLL LSO LERK ES YLF [GELACART LASVVFACS PUNFHYF VDG KAY FLLK TG SVIMT FTASVGELL UTAT DRYLCL R YPRSYKALLRGRAT,
edg-1  SIKLTSYVFILICCETLENTFYLIT WK EKKEH-R B YYF IGNLATS PLLACUR Y PARLLLEGATTYKLT PAGHE LAES SMFVAL SASY FSLLATAT [RY TV KHKT HNGSHNFR -LF
ARGL6  SREVASAFITILCCAJWENLLNTIAVAANCKFH- SAYYLFTGNLAAS JLLACUAFVANTLLSC YT SLT PLOWE AREG SAF TTL.SASV FELLAT ATEROVATAKVKL YGSDKSCR ML
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6-7 VMLVMLEGT e L LR G R ST L VR Ry - TRWAL 1.8 TELFMEALLOLY IO JC KT MUIAHIALRHF LATS I

SKRE VAFCLMET TAIV IAVLETLGANG KK OSVE S DIF PLT DETYLMEWIGVTSYLLLF IVYA MY JLWKAHSHAVRMICRGTORST T THT SEDGKVGVTRPDOARMDIRLAKTL VL. TLVVI.TT

XS VILGIMVLGALVSYLETMGNTCCP-EP-CEELFELT PNIYLLSWLLE TAFLESG TTYT GHVINKAHOHVAST SGHGDROVEGMA— - ———- - - RMRLOVRLAKTLGLYLAVILT

edg-1  LLTISACKVISLTLGGLP TMGHNC TALS S STYT ELYHKHY ITPCTIVETLLLLS VT LY CRL YALYRTRSRRLPFRRNI SKASRS - - -~ - -~ - - - - -SENVALLXIVI TYLEVEF)

ARGIE M TGRS LIl LR TLGHNCL P EA LG T B VAR YLV T S SE T T ATVALGRLYF IR SORATVAGRR - - - - - oo oo oo QLALLKVITILGVETT
~-CNd- -

SKRE  CLGRLIATMYYIVFGKMN- KLIKTVEAFCSHLCLLESTVIRTIYAI 2S

-=SQEDPAIYTYATLLPATYNSHINPI I YAFRNOE IORALMLLFCGCFOSKVPFRSRSPSEV
- DAD PR Y L NN GMINE Y LA RN ORI 1 (L ST K TRERCRSRETY
YT LT LA TN VNG L APRNORICRAL T G T

.
KDLRHAFRSMEPSCEGTAGDLDNSMGDS DCLHKHANNTASMHRAAESC TKSNV KT AKVTMEVST DT SAEAL

CXs CYF EVLAIMAHSLATTLE - DOVRKAFAFCSHLCLINSVVNEV IXAT BSGELR SSAHHCTAHWKKCVRGLGEEAKEEAPRSSVTET EADGK IT PW PDSRDLDLSD
edg-1  CHAPLFILLLLOVGCKVKTCRILFRAEYFLVLAVENSGT NP LIS TLTIKEMR EAF IR IMSCE KT PSGDSAGKF KR P 1 LAGHMEF SRSKSDNSSHPORDEGDNPUT IMS SGNVNSSS
ARGLG  CHLPAFS ILLLDSTCEYVRACFVLYKAHYFFAF ATLNSLLUEY JYTWRESRDLRR EVLR PLLCWRQGKGATERRGGNPGHRLLILR S 58 SLERGLHMPTS FTFLEGNTVY

Fig. 2. Alignment of the amino acid sequence of the candidate receptor rCNL3 with six other G protein-coupled receptors. A minimal numbers of
gaps {—) were introduced to allow alignment. Amino acid sequences that are identical to rCNL3 are double underlined. Putative transmembrane
domains are indicated by dashed lines. The amino acid sequences corresponding to the PCR primers used in this study (CN4 and CN7) are indicated.

receptors ([19,21] and Bonner and Brownstein, unpublished).
In addition, in the same region, tCNL3 is 27% identical with
central and peripheral cannabinoid receptors SKR6 and CX5
[6,22], and 27% identical with two related orphan receptors
edgl and AGR16[12,23] Compared to other G protein-coupled
receptors, rCNL3, 6-7/R344, GPCR21, edg-1, AGR16 and the
two cannabinoid receptors have several unique features. They
all have Glu-Asn rather than Gly-Asn in transmembrane region
1, they have no Cys residue in the second extracellular loop and
no Pro residue in transmembrane region 5.

3.3. Tissue distributions of rCNL3 mRNA

Northern hybridization analysis was performed to investi-
gate the tissue distribution and the size of rTCNL3 mRNA (Fig.
3). Under high stringency conditions, strong signal for a single
RNA species of 2.1 kb was found in the brain after a 24 h X-ray
film exposure. Following 2 weeks exposure on X-ray films or
10 days exposure on Fuji imaging plates (which is about 5 times
more sensitive than X-ray film for **P), no hybridization signal
was detected in heart, spleen, lung, liver, skeletal muscle, kidney
and testis.

To examine in more detail the distribution of rCNL3 mRNA
expression in brain, in situ hybridization histochemistry was
conducted on rat brain coronal sections (Fig. 4). With the
¥$-labeled antisense RNA probe, hybridization signals were
detected in the caudate-putamen, nucleus accumbens, olfactory
tubercle and retrosplenial cortex. In contrast, with the sense
probe, no significant signal was observed in any brain region.
Some sections were examined at higher resolution after expo-
sute with nuclear emulsion. Again, the labeling of cells within
the caudate-putamen was especially prominent, with approxi-
mately 40% of the medium-sized neurons being labeled. We

also noted occasional labeled cells within the medial amygdala
and stratum radiatum of the hippocampus.

3.4. Functional analysis of rCNL3

In our attempts to identify the ligand for the two related
orphan receptors, rCNL3 and 6-7, cAMP accumulation (stimu-
lation and inhibition of adenylyl cyclase) and inositol phos-
phate release assays were performed with various potential
ligands on rCNL3 and/or 6-7 cDNA transfected cells. In addi-
tion, radioligand binding assays were conducted on membranes
prepared from these ceils.

Ligands tested with cAMP accumulation assays included
endogenous cannabinoid agonist anandamide and related
compounds palmityl-ethanolamide, y-linolenylethanolamide,
dihomo-y-linolenylethanolamide, adrenylethanclamide and
docosahexaenyl-ethanolamide; synthetic cannabinoid agonists
Win55212-2 (a prototypic aminoalkylindole) and (=)-11-hy-
droxy-A-tetrahydrocannabinol-3-dimethylheptyl(HU210);imi-
dazo-line receptor agonist clonidine; neuvropeptides «-mela-
nocyte stimulating hormone (a-MSH), galanin, and calcitonin
gene related peptide (CGRP).

Ligands tested with inositol phosphate release assays were,
lekotrienes B4, C4 and D4, ATP, dopamine, galanin, pancreas-
tatin, and pancreastatin (26-51).

Those tested with radioligand binding assays were Win
55,212-2, glibenclamide (a sulfonyl urea), baclofen (a GABA,
receptor agonist), nicotinamide-adenine dinuclectide (NAD),
1,3,di-ortho-tolyl-guanidine (DTG} (a sigma receptor ligand),
haloperidol (a sigma and dopamine receptor ligand), L.-DOPA,
(+)-butaclamol (a dopamine receptor ligand), clonidine and
galanin.

In our assays, none of the ligands tested were able to produce
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any specific funtional responses on TCNL3 or 6-7 cDNA trans-
fected cells, or bind specifically to tCNL3 or 6-7. However,
since questions such as whether a functional receptor is ex-
pressed properly and coupled properly to second messenger
systems cannot be answered without identifying the ligand for
the receptor, at this poinl we can not be completely certain that
the compounds we tested are not the ligands for these candidate
TeCepLors.

4. Discussion

In our efforts to clone novel G protein-coupled receptors,
particularly those which might be related to cannabinoid recep-
tors, ICNL3 cDNA was isolated from a rat cerebral cortex
library. Like other G protein-coupled receptors, the amino acid
sequence of rCNL3 predicts that it consists of seven hydropho-
bic transmembrane domains and six connecting loops. In addi-
tion, rCNL3 also has conserved amino acid residues and motifs
typical of G protein-coupled receptors. Therefore from the
structural characteristics of rCNL3, we conclude that it is a new
G protein-coupled receptor.

In this study, the tissue distributions of rtCNL3 mRNA was
first mapped by Northern hybridization analysis. Among the
tissues that we examined, rCNI.3 mRNA was detected only in
the brain. This result indicates that rCNL3 is likely a receptor
for a neurotransmitter or a neuromodulator. Furthermore, the
anatomical and cellular distributions of rCNL3 mRNA in the
rat brain were determined by in situ hybridization histochemis-
try. The fact that rCNL3 mRNA is found in striatum, retro-
splenial cortex, amygdala, and hippocampus suggests that it
may be involved in motor and learning functions. Medium-
sized neurons in the striatum are primarily composed of two
populations [24,25]. Striatopallidal neurons contain enkephalin

W

=

o

@0

2

=

2

z =

= W
FEEITHY
wn:n.:,gg'é_fﬁ
I mwaddwmY -

1.35 —

Fig. 3. Northern hybridization analysis of the candidate receptor
rCNL3 mRNA expressicn. Each lane contained 2 g of poly(A)" RNA
of rat tissucs. Positions of RNA molecular weight markers are indi-
cated. A ¥P-labeled fragment of rCNL3 cDNA was used for hybridiza-
tion. The filter was washed at high stringency conditions and exposed
to X-ray fiim for 14 days.
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Fig. 4. In situ hybridization analysis of the distribution of tCNL3
mRNA in the brain. Coronal sections of rat brain were hybridized with
cither antisense (A and B) or sense (C) riboprobes of rCNL3. After
washing under high stringency conditions, the slides were exposed Lo
a Fuji imaging plate for 7 days. CP, caudate-putamen; NA, nucleus
accumbens; OT, olfactory tubercle; Cx, cortex; RS, retrosplenial cortex.
Bar = 5 mm.

and the D1 receptor, whereas striatonigral neurons contain
substance P, dynorphin, and the D2 receptor. The observation
that approximately 40% of striatal medium-sized neurons are
labeled by rCNL3 probe suggests that rCNL3 is expressed in
essentially all the neurons of one of the two populations. We
are currently engaged in further experiments to examine this
hypothesis.

Even though that the amino acid sequence of rTCNL3 clearly
demonstrates the structural features of G protein-coupled re-
ceptors, the identity of the ligand of rCNL3 could not be pre-
dicted based on the sequence similarity of tCNL3 to other G
protein-coupled receptors. However, it is interesting to note
that rCNL3 has high amounts of amino acid identity with two
other orphan receptors, 6-7/R334 and GPCR21 ({19,21] and
Bonner and Brownstein, unpublished). Therefore, these three
orphans receptors may belong to a novel G protein-coupled
receptor family with identical or structurally related en-
dogenous ligands. So far, our attempts to identify the ligand for
rCNL3 have not been successful. To understand the functions
of tCNL3, for example what physioclogical roles it mght play
in striatum, further investigations are needed to identify its
ligand and the signal transduction pathways.
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