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We report the identification and characterisation of
a novel human orphan G-protein-coupled receptor
(GPR) which maps to chromosome 2p16. We have de-
termined the full-length coding sequence and genomic
structure of a gene corresponding to the anonymous
expressed sequenced tag, WI-31133. This gene encodes
a novel protein that is 540 amino acids in length. Pro-
tein sequence analysis predicts the presence of seven
transmembrane domains, a characteristic feature of
GPRs. In situ hybridisation to human retina and
Northern blot analysis of human retinal pigment epi-
thelium (RPE) showed localisation of this transcript to
the RPE and cells surrounding retinal arterioles. In
contrast, the transcript was localised to the photore-
ceptor inner segments and the outer plexiform layer
in mouse sections. Northern blot analysis demon-
strated a 7 kb transcript highly expressed in the brain.
No mutations were identified during a screen of pa-
tients suffering from Doyne’s honeycomb retinal dys-
trophy (DHRD), an inherited retinal degeneration

which maps to chromosome 2p16. © 1999 Academic Press

Transmembrane signal transduction systems pass
information from the exterior of a cell to the interior by
a complex series of protein-protein interactions and
second messenger systems. Many such systems rely on
a family of G-protein-coupled receptors (GPRs) which
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upon binding of a ligand, transduce a signal via a
guanine-nucleotide binding protein (1). Characteristi-
cally, GPRs are integral membrane proteins with
seven transmembrane a-helices which span the lipid
bilayer. The primary function of cell surface receptors
is to transmit and amplify extracellular signals to con-
trol cellular processes. GPRs function in many physio-
logical processes including neurotransmission, olfac-
tion, hormonal responses and vision. The first GPR to
be cloned and characterised was rhodopsin, the pho-
topigment molecule in the rod cells of the vertebrate
retina (2). Mutations in the rhodopsin gene have been
found to be the underlying cause of disease in a signif-
icant proportion of patients suffering from the degen-
erative retinopathy retinitis pigmentosa (3).

During the construction of a physical map of an
inherited retinal dystrophy, the Doyne's honeycomb
retinal dystrophy (DHRD) locus on human chromo-
some 2pl6 (4, 5), we identified an anonymous ex-
pressed sequenced tag (EST) WI-31133, on the chromo-
some 2 integrated map at the Whitehead Institute
Centre for Genome Research (http://www-genome.
wi.mit.edu/). This EST was of interest to us since
it potentially mapped within the critical region and
is derived from a clone isolated from a human
retina cDNA library. We have determined the full
length coding sequence of WI-31133 and show that it
encodes a novel G-protein-coupled receptor. In addi-
tion, we have investigated its tissue expression profile
in conjunction with in situ hybridisation, and deter-
mined the genomic structure that encompasses the
coding interval to enable us to screen patients suffering
from DHRD/dominant drusen for potential disease-

causative mutations.
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TABLE 1
Primer Encompassed Size Annealing MgCl,
pair Sequence 5’ to 3’ bases bp temp °C mM
1A CTTTCTGTTTCTGGGTGTGC
1B GTTGGTTCTGAATTTCCTG 30-406 376 55 15
2A CACCTCGCTCCATGTGC
2B GAAGAGGTCACAGAAGG 211-448 238 55 2.0
3A CTTCTTGTCCTTCTTCGATC
3B CGTGCGATTAGGCTGTTTC 361-637 276 55 15
4A CACCAGTTCAGGCTTCATC
4B CAGGGTCTGAGCAATCATG 541-859 318 55 2.0
5A GTCCAGTCTGATTGCTGG
5B GGACTCTTGGTATATCCAC 765-1047 282 55 15
6A GTGGAGATCCCATCCAGTG
6B CTGGTAAAGAATGAAGCTCC 951-1240 289 55 2.0
7A GGATTCCAAAGCCGTGGTC
7B GAGATAACATGTAGGCAGAG 1117-1475 358 55 2.0
8A GCCTCCAATACATAGGCCTG
8B CTGCTCTCCTCCTGGGAAG 1341-1659 318 55 2.0
9A CTCTGCTGGACATCAACAC
9B GTCCATTACTATCAGAAAC 1552-1852 300 50 2.0
10A GTGCAGGAATATGACAGCAC
10B GTAGCTTCATTCCTGGCATC 1742-2073 332 55 2.0

MATERIALS AND METHODS

Database searches. EST WI-31133 was identified on the chromo-
some 2 integrated map at the Whitehead Institute Centre for Ge-
nome Research (http://www-genome.wi.mit.edu/). The sequence as-
sociated with WI-31133 (GDB:1064300; http://gdbwww.gdb.org/gdby/),
is the 3’ sequence from IMAGE clone 222124 (GenBank H84878).
IMAGE (6) clone 222124 was supplied by the UK HGMP Resource
Centre (Hinxton, Cambridge CB10 1SB, UK).

Sequencing cloned DNA. Both strands of the insert of IMAGE
clone 222124 were sequenced in their entirety using a T7 Sequencing
Kit (Pharmacia) and Deaza G/A T7 Sequencing Mixes (Pharmacia)
with [*S]-a-dATP (Amersham). Products were separated by dena-
turing polyacrylamide gel electrophoresis (Sequagel, National Diag-
nostics) and visualised by autoradiography (Biomax MR, Kodak).

Peptide analysis. The ORF Finder (http://www.ncbi.nlm.nih.gov/
gorf/gorf.ntml) was used to predict the open reading frame of the
sequence generated from EST WI-31133. BLAST analysis (7; http://
www.ncbi.nlm.nih.gov/gci-bin/BLAST/) was used to identify homol-
ogy to the predicted protein sequence. The OMIGA1.1.3 (Oxford
Molecular), and SOSUI (8; http://www.tuat.ac.jp/~mitaku/adv_sosui/)
programs were used to predict secondary structure from the protein
sequence.

PAC clone isolation and analysis. The insert of IMAGE clone
222124 was excised from its vector (pT7T3D) using EcoRI and
Hindl1l, gel purified (QlAquick Gel Extraction Kit, Qiagen) and used
to probe the RPCI1 PAC library (de Jong) on gridded filters (UK
HGMP Resource Centre, Hinxton, Cambridge, UK). The probe was
labelled with [*P]-a-dCTP (Amersham) using an Oligolabelling Kit
(Pharmacia) and hybridised against the filters in 0.5 M sodium
phosphate buffer (pH 7.2), 7% SDS overnight at 65°C. The filters
were washed with 0.2 X SSC, 0.01% SDS at 65°C prior to exposure
against X-ray film at —80°C.

Positive PAC clones were restriction digested with EcoRI and the
products were separated by 1% agarose gel electrophoresis prior to
Southern blotting onto Hybond-N+ (Amersham) using 0.4 M NaOH.
These filters were then probed as above.

PAC clone 135020 from the RPCI1 library was sub-cloned into
pUC18 (Pharmacia) and colony lifts were probed as above. Sequence
data were generated as above.

In situ hybridisation. A 450 bp fragment was PCR amplified from
IMAGE clone 222124 by oligonucleotides 5'-GCCTCCAATACATA-
GGCCTG-3' (corresponding to bases 1379-1398 of AF072693) and
5'-CGGAGGGGACTGGAATCT-3’ (complementary to bases 1828-—
1811 of AF072693). The PCR product was subjected to agarose gel
electrophoresis and the 450 bp fragment excised and gel purified
with a QlAquick Gel Extraction Kit (QIAGEN), then cloned into
pGEM-T (Promega). A full length opsin control probe was kindly
provided by S. Jones (9).

Plasmids were linearised and RNA probes transcribed by either
SP6 or T7 RNA polymerase to obtain sense and anti-sense probes.
The probes were then labelled non-radioactively by digoxigenin-
labelled nucleotides, according to the manufacturer’s instructions
(Boehringer Mannheim). Immediately before use, the probes were
diluted in filtered hybridisation buffer (2 X SSC, 10% dextran sul-
phate, 100 wg/ml sheared salmon sperm DNA, 0.02% SDS, 50%
formamide), to a concentration of 200 ng/ml, denatured for 2 minutes
at 95°C and then quenched on ice.

8 wm paraffin sections of paraformaldehyde-fixed donor human and
mouse eye tissue were collected on TESPA-treated slides. Sections were
de-waxed in Histo-Clear (National Diagnostics), and the tissue re-
hydrated with a descending alcohol series to 30% ethanol/DEPC water.
The sections were fixed with 4% paraformaldehyde in PBS at room
temperature for 20 minutes and then treated with 50 pg/ml of protein-
ase K for 10 minutes at 37°C. Sections were dehydrated to 100% ethanol
before pre-hybridisation for 30 minutes at 55°C. Hybridisation of the
sections with the labelled probes was performed overnight at 55°C in a
humid chamber containing 50% formamide and 2 X SSC.

Post-hybridisation washes were carried out in 50% formamide and
1 X SSC at 55°C and immunodetection of the mRNA:cRNA hybrids
was performed using a 1:500 dilution of anti-digoxigenin alkaline
phosphatase-conjugated Fab fragments (Boehringer Mannheim), fol-
lowed by visualisation with the substrates fast red or BCIP/NBT
(Boehringer Mannheim). Mouse sections were counter-stained with
methyl green. Sections were viewed using bright field illumination
on a Leitz Polyvar microscope.

Northern blot analysis. The 450 bp fragment generated for the in
situ hybridisation was used to probe a Northern blot of poly(A)+
(Ambion mRNA purification kit, Austin) and total (SV Total RNA
Isolation System, Promega) RNA extracted from human retinal pig-
ment epithelium cell lines (RPE), (10), and three multiple tissue
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AF072693 GCGATGGCGATGATGCCT - - CTAGTCCTGCATCA~TCCAGAGCGGCAGGCGAGCTGGGGTCCGGACTGCGAGATGGAGGAGGGGCGCGCTGCGGCACCCG 97
AF101472 - ------ cga--attcctttectgtttctacattaatcec-- ---ctttectgtttctgggtgtgecatttttgtg-=----~~-------—=---- t 59
AF072693 GCAGGCTTATCTGTCTTGGGCCTCTTTTGTCACATATTGCTCATCTGTGAGCTGAGGCCCTGACTCACTGAGTATTTTTGGGGAGCAGARGAAGGAGACA 198
AF101472 gtagGCTTATCTGTCTTGGGCCTCTTTTGTCACATATTGCTCATCTGTGAGCTGAGGCCCTGACTCACTGAGTATTTTTGGGGAGCAGAAGAAGGAGACA 159

1 + +
MetAsnSerThrGlyHisLeuGlnAspAlaProAsnAlaThrSerLeuHisValProHisSerGlnGluGlyAsnSerThrSerLeu

AF(072693 TTTCTCTCCGAAAATGAACTCAACAGGCCACCTTCAGGATGCCCCCAATGCCACCTCGCTCCATGTGCCTCACTCACAGGAAGGAAACAGCACCTCTCTC 297
AF101472 TTTCTCTCCGAAAATGAACTCAACAGGCCACCTTCAGGATGCCCCCAATGCCACCTCGCTCCATGTGCCTCACTCACAGGAAGGAARACAGCACCTCTCTC 259
50
GlnGluGlyLeuGlnAspLeuIsoH1sThrAlaThrLeuValThrCysThrPheLeuLeuAlaValIsoPheCysLeuGlysarTyrGlyAsnPheIsov
AF072693 CAGGAGGGTCTTCAGGATCTCATCCACACAGCCACCTTGGTGACCTGTACTTTTCTACTGGCGGTCATCTTCTGCCTGGGTTCCTATGGCAACTTCATTG 397
AFl101472 CAGGAGGGTCTTCAGGATCTCATCCACACAGCCACCTTGGTGACCTGTACTTTTCTACTGGCGGTCATCTTCTGCCTGGGTTCCTATGGCAACTTCATTG 359

+

alPheLeuSerPhePheAspProAlaPheArgLysPheArgThrAsnPheAspPheMetIsoLeuAsnLeuSerPheCysAspLauPheIsoCysGlyVa

AF072693 TCTTCTTGTCCTTCTTCGATCCAGCCTTCAGGAAATTCAGAACCAACTTTGATTTCATGATCCTGAACCTGTCCTTCTGTGACCTCTTCATTTGTGGAGT 497
AF101472 TCTTCTTGTCCTTCTTCGATCCAGCCTTCAGGAAATTCAGAACCAACTTTGATTTCATGATCCTGAACCTGTCCTTCTGTGACCTCTTCATTTGTGGAGT 459
100
1ThrAlaProMet?haThrPheVaILeuPhePheSerSerAlaSerSerIsoProAspAlaPheCysPheThrPheHisLeuThtSarSarGlyPheIso
AF072693 GACAGCCCCCATGTTCACCTTTGTGTTATTCTTCAGCTCAGCCAGTAGTATCCCGGATGCTTTCTGCTTCACTTTCCATCTCACCAGTTCAGGCTTCATC 597
AF101472 GACAGCCCCCATGTTCACCTTTGTGTTATTCTTCAGCTCAGCCAGTAGTATCCCGGATGCTTTCTGCTTCACTTTCCATCTCACCAGTTCAGGCTTCATC 559
150 +
IsoMstserLauLysThrValAlaValIsoAlaLequsArgLeuArgMetvalLeuGlyLysGlnProAsnArgThrAlaSerPheProcysThrValL
AF07269%3 ATCATGTCTCTGARGACAGTGGCAGTGATCGCCCTGCACCRGCTCCEGATGGTGTTCEGGAAACAGCCTAATCGCACGGCCTCCTTTCCCTGCACCGTAC 697
AF101472 ATCATGTCTCTGAAGACAGTGGCAGTGATCGCCCTGCACCGGCTCCGGATGGTGTTGGGGAAACAGCCTAATCGCACGGCCTCCTTTCCCTGCACCGTAC 659

+ + +
eubeuThrLeubeuLeuTrpAlaThrSerPheThrLetAl aThrLeuAlaThrLeulysThrSerLysSerHisLeuCysLeuProMetSerSerLeuls

AF072693 TCCTCACCCTGCTTCTCTGGGCCACCAGTTTCACCCTTGCCACCTTGGCTACCTTGAARAACCAGCAAGTCCCACCTCTGTCTTCCCATGTCCAGTCTGAT 797
AF101472 TCCTCACCCTGCTTCTCTGGGCCACCAGTTTCACCCTTGCCACCTTGGCTACCTTGAAAACCAGCAAGTCCCACCTCTGTCTTCCCATGTCCAGTCTGAT 759
200 + +
0AlaGlyLysGlyLysAlalsoLeuSerLeuTyrvalvalasppheThrPheCysValAlavalValServalSerTyrlsoMetIsoAlaGinThrLeu
AF072693 TGCTGGARAAGGGAAAGCCATTTTGTCTCTCTATGTGGTCGACTTCACCTTCTCTGTTGCTGTGGTCTCTGTCTCTTACATCATGATTGCTCAGACCCTG 897
AF101472 TGCTGCAAAAGGGAAAGCCATTTTGTCTCTCTATGTGGTCGACTTCACCTTCTGTGTTGCTGTGGTCTCTGTCTCTTACATCATGATTGCTCAGACCCTG 859
+ + 250
ArgLysAsnAlaGanalArgLysCysProProValIsoThrValAspAlaSerArgProGlnProPheMetGlyValProValGlnGlyGlyGlyAspP
AF07269%3 CGGAAGAACGCTCAAGTCAGAAAGTGCCCCCCTGTAATCACAGTCGATGCTTCCAGACCACAGCCTTTCATGGGGGTCCCTGTGCAGGGAGGTGGAGATC 9297
AF101472 CGGAAGAACGCTCAAGTCAGAAAGTGCCCCCCTGTAATCACAGTCGATGCTTCCAGACCACAGCCTTTCATGGGGGTCCCTGTGCAGGGAGGTGGAGATC 959
+ + +
rolsoGlnCysAlaMetProAlaleuTyrArgAsnGlnAsnTyrAsnLysLeuGlnHisValGlnThrArgGlyTyrThrLysSerProAsnGlnLeuVa
AF072693 CCATCCAGTGTGCCATGCCGGCTCTGTATAGGAACCAGAATTACAACAAACTGCAGCACGTTCAGACCCGTGGATATACCAAGAGTCCCAACCAACTGGT 1097
AF101472 CCATCCAGTGTGCCATGCCGGCTCTGTATAGGAACCAGAATTACAACAAACTGCAGCACGTTCAGACCCGTGCGATATACCAAGAGTCCCAACCAACTGGT 1059
300 + +
lThrProAlaAlaSerArgLeuGlnLeuValSerAlaIsoAsnLeuserThrAlaLysAspSerLysAlaValVa1ThrcysValIscIsoValLeuSer
AF072693 CACCCCTGCAGCAAGCCGACTCCAGCTCGTATCAGCCATCAACCTCTCCACTGCCAAGGATTCCAAAGCCGTGGTCACCTGTGTGATCATTGTGCTGTCA 1187
AF101472 CACCCCTGCAGCAAGCCGACTCCAGCTCGTATCAGCCATCAACCTCTCCACTGCCAAGGATTCCAAAGCCGTGGTCACCTGTGTGATCATTGTGCTGTCA 1159
+ + 350 +
ValbauvalCysCysLeuProlieuGlylsaSerLeuvalGlnValvalLeuSerSerAsnGlySerPhalsoLeuTyrGlnPheGlulieuPheGlyPhel
AF(72693 GTCCTGGTGTGCTGTCTTCCACTGGGGATTTCCTTGGTACAGGTGGTTCTCTCCAGCARATGGGAGCTTCATTCTTTACCAGTTTGAATTGTTTGGATTTA 1297
AF101472 GTCCTGGTGTGCTGTCTTCCACTGGGGATTTCCTTGGTACAGGTGGTTCTCTCCAGCAATGGGAGCTTCATTCTTTACCAGTTTGAATTGTTTGGATTTA 1259

+ + +
hrieulscPhePheliygSerGlyLeuAsnProPhelsoTyrSerArgAsnSerAlaGlyLeuArgArglysValLeuTrpCysLeuGlnTyrIsoGlyLe

AF072693 CTCTTATATTTTTCAAGTCAGGATTAAACCCTTTTATATATTCTCGGAACAGTGCAGGGCTGAGAAGGAAAGTGCTCTGGTGCCTCCAATACATAGGCCT 1397
AF101472 CTCTTATATTTTTCAAGTCAGGATTAAACCCTTTTATATATTCTCGGAACAGTGCAGGGCTGAGAAGGAAAGTGCTCTGGTGCCTCCAATACATAGGCCT 1359
400 +
uGlyPhePheCysCysLysGlnLysThrArgLeuArgAlaMetGlyLysGlyAsnLeuGluValAsnArgAsnLysSerSerHlsHlsGluThrAsnSer
AF072693 GGGTTTTTTCTGCTGCAAACAAAAGACTCGACTTCGAGCCATGGGAAAAGGGAACCTCGAAGTCAACAGAAACAAATCCTCCCATCATGAARACAARACTCT 1497
AF101472 GGGTTTTTTCTGCTGCAAACAAAAGACTCGACTTCGAGCCATGGGARAAGGGAACCTCGAAGTCAACAGAAACAAATCCTCCCATCATGAAACARACTCT 1459
+ 450 +
AlaTeretLeuSerProLysProGlnLysLysPheValAspGlnAlaCysGlyProSerHlsSerLysGluSerMetValSerProLysIsoSerAlaG
AF072693 GCCTACATGTTATCTCCAAAGCCACAGAAGARATTTGTGCACCAGGCTTGTGGCCCAAGTCATTCAAAAGARAGTATGGTGAGTCCCAAGATCTCTGCTG 1597
AF101472 GCCTACATGTTATCTCCAAAGCCACAGAAGAAATTTGTGGACCAGGCTTGTGGCCCAAGTCATTCAAAAGAAAGTATGGTGAGTCCCAAGATCTCTGCTG 1559
+ + +
lyHisGlnHisCysGlyGlnSerSerSerThrProIsoAsnThrArgIscoGluProTyrTyrSerIsoTyrAsnSerSerProSerGlnGluGluSersSe
AF072693 GACATCAACACTGTGGTCAGAGCAGCTCGACCCCCATCAACACTCGGATTGAACCTTACTACAGCATCTATAACAGCAGCCCTTCCCAGGAGGAGAGCAG 1697
AF101472 GACATCAACACTGTGGTCAGAGCAGCTCGACCCCCATCAACACTCGGATTGAACCTTACTACAGCATCTATAACAGCAGCCCTTCCCAGGAGGAGAGCAG 1659
500 + +
rProCysAsnLeuGlnProvalAsnSerPheGlyPheAlaAsnSerTyrIsoAlaMetHisTyrHisThrThrAsnAspLeuvalGlnGluTyrAspSer
AF072693 CCCATGTAACTTACAGCCAGTAARACTCTTTTGGATTTGCCAATTCATATATTGCCATGCATTATCACACCACTAATGACTTAGTGCAGGAATATGACAGC 1797
AF101472 CCCATGTAACTTACAGCCAGTAAACTCTTTTGGATTTGCCAATTCATATATTGCCATGCATTATCACACCACTAATGACTTAGTGCAGGAATATGACAGC 1759
540
ThrSerAlaLysGlnIsoProValProSerVal*
AF(072693 ACTTCAGCCAAGCAGATTCCAGTCCCCTCCGTTTARAGTCATGGAGGCTATAGGATCTTATGTAAACAGTTTTTGTTTCTGATAGTAATGGACTTTATTC 1897
AF101472 ACTTCAGCCAAGCAGATTCCAGTCCCCTCCGTTTAAAGTCATGGAGGCTATAGGATCTTATGTARACAGTTTTTGTTTCTGATAGTAATGGACTTTATTC 1859
AF072693 TAACTTGAGATCAGTGGCGGATCAAAACCTACAAGATTCAACTGAAAAGTTGGCAGTTATGGTTTTCTTTCATCTGATGTGTCAGTATCTGTTGATTTGC 1997
AF101472 TAACTTGAGATCAGTGGCGGATCAAAACCTACAAGATTCAACTGAAAAGTTGGCAGTTATGGTTTTCTTTCATCTGATGTGTCAGTATCTGTTGATTTGC 1959
AF072693 TTTGTAGTTTGTTGACATCTTAAGATTTGATGTGAAAGTTTTAGATTTTTTACCCTG 2054
AF101472 TTTGTAGTTTGTTGACATCTTAAGATTTGATGTGAAAGTTTTAGATTTTTTACCCTGCctctttgectcagtettttgtacegagectttaaatagatgee 2059
AF101472 aggaatgaagctac 2073

FIG. 1. Alignment of the nucleotide sequence of IMAGE clone 222124 (AF072693) and its corresponding genomic sequence (AF101472)
derived from PAC clone 135020. Lower case letters indicate intron acceptor splice site and the 3’ flanking region. The stop codon is indicated
by an asterisk (*). The predicted peptide translation is shown above the nucleotide sequence with every tenth amino acid being indicated (+).
Probable amino acids in seven transmembrane domains are shaded.

Northern blots (MTN blots, Clontech). Subsequently, two further isation (QuickHyb, Stratagene), blots were hybridised at 60°C for 1
MTN blots of multiple brain regions (Clontech) were probed with the  hour, then washed in 2 X SSC and 0.1% SDS at room temperature,
same fragment. The probe was labeled using a random prime kit (T7  then at 50°C in 0.1 X SSC and 0.1% SDS. The blots were then
Quick Prime Kit, Pharmacia), with [*P]-a-dCTP. After pre-hybrid-  exposed against X-ray films at —80°C.
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FIG. 2. Expression of WI-31133 in human and mouse retina. (A) Human eye section showing fast red signal in the choroid but not in the neural
retina. (B) High magnification (100 X) of human retinal arteriole showing perivascular staining. (C) Mouse eye section hybridised with the human
probe showing the presence of transcript in the photoreceptor inner segment and the outer plexiform layer. RPE = retinal pigment epithelium,
NFL = nerve fibre layer, GCL = ganglion cell layer, OPL = outer plexiform layer, ONL = outer nuclear layer, IS = inner segments, OS = outer segments.
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FIG. 3. Distribution of WI-31133 in human tissues as determined by Northern blot analysis. Each lane contains 2 pg poly (A)+ RNA,
except the total RNA from human RPE which contains 20 pg and the poly (A)+ RNA from human RPE which contains 7 ug. (A) shows the
distribution of the 7 kb transcript in 23 different human tissues, whilst (B) shows expression of the transcript in sub-regions of the brain.
(C) Expression of WI-31133 is observed in poly (A)+ RNA from human RPE cells, but not in total RNA from human RPE.

Clinical appraisal. Doyne’s honeycomb retinal dystrophy (DHRD;
11) is a rare condition leading to blindness usually in the fifth to
sixth decade of life. Clinically, pre-senile (under 50 years of age)
lipofuscin deposits (drusen) are seen accumulating under the neuro-
sensory retina. This eye condition is similar to Malattia Leventinese
which also maps to chromosome 2p16 (12) and the much commoner
condition age-related macular degeneration. We have studied pa-
tients from six generations of one, 8 generation pedigree (13), and a
number of affected individuals from a further 5 unrelated pedigrees.
As well as classical features, it was noted that blindness was not
always linked to advancing age. Occasional patients with DHRD
have significant visual loss in early childhood.

Mutation detection. Direct sequencing of PCR products amplified
from patient genomic DNA was used as the mutation detection
method. Ten pairs of oligonucleotide primers were designed to am-
plify the entire coding region, extending from within the intron in the
5'UTR to the 3'UTR (see Table 1). PCR products were purified
through Sephacryl S-400 Microspin columns (Pharmacia), following
the manufacturer’s instructions. Both strands of each fragment were
sequenced with the relevant PCR primers, using a T7 Sequencing

Kit (Pharmacia) and Deaza G/A T7 Sequencing Mixes (Pharmacia),
with [®*P]-a-dATP (Amersham). Products were separated and visu-
alised as described previously.

RESULTS AND DISCUSSION

The DHRD interval on human chromosome 2pl6
is defined by the markers D2S2352 (telomeric) and
D2S2251 (centromeric) (5). During the construction of a
physical map of this region we identified an anonymous
EST WI-31133, that co-segregates with the polymorphic
marker D2S2251 (AFM205te7) on the chromosome 2 in-
tegrated radiation hybrid and genetic map at the White-
head Institute Centre for Genome Research (http://www-
genome.wi.mit.edu/). WI-31133 is derived from the 3’
sequence of IMAGE clone 222124 (GenBank: H84878)
that originates from a retina cDNA library.
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IMAGE clone 222124 (GenBank AF072693) contains
a 2054 bp insert (excluding 20 bp poly-A tail), with a
1623 bp open reading frame (Fig. 1). The proposed ATG
start codon occurs at 211 bp in a weak context;
AAAatgA as opposed to RNNatgG (14), though is rein-
forced by the presence of in-frame stop codons 5’ to the
start codon at positions 145 bp and 166 bp of the cDNA
sequence. The open reading frame from 211 bp to 1833
bp predicts a 540 amino acid polypeptide with a molec-
ular weight of 59.4 kDa. Sequence analysis (7; http://
www.ncbi.nlm.nih.gov/gci-bin/BLAST/) of the pre-
dicted protein indicates weak homology to heptahelical
G-protein-coupled receptors (GPRs). The conceptual
translation of IMAGE clone 222124 is most closely
related to a putative C. elegans neuropeptide Y recep-
tor (GenBank: U41028), showing 24% identity; 25%
identity to the rat galanin receptor type 3 (GenBank:
AF031522), and 23% identity to the porcine growth
hormone secretagogue receptor type 1b (GenBank:
U60180). This homology to GPRs was confirmed by a
Kyte-Dolittle hydropathy plot (OMIGAL1.1.3, Oxford
Molecular) which predicted the presence of seven
transmembrane spanning regions, with the amino ac-
ids involved in the alpha-helices predicted by the
SOSUI program (8).

We identified 6 positive clones from the RPCI1 PAC
library that contain the genomic sequence of IMAGE
clone 222124. Southern blot analysis of these clones
indicated that they contained two EcoRI fragments
positive for the 222124 cDNA-approximately 1.4 kb
and 4.4 kb. One of the PACs, 135020 was sub-cloned
into pUC18 and a clone containing the 4.4 kb fragment
identified. This was sequenced using primers designed
when sequencing the 222124 cDNA, and it was found
that the entire coding region was contained within a
single exon together with 109 bp of 5’UTR and the
whole 3'UTR (GenBank AF101472). The intron accep-
tor site in the 5’UTR conforms to the consensus, while
the absence of a poly-A tail in the genomic sequence
suggests that this gene is not a retropseudogene (15).

In order to identify the site of expression of this
gene within the retina, the distribution of tran-
scripts was visualized by in situ hybridisation to
human adult eye sections. Transcripts were local-
ized only to the perivascular cells, surrounding
retinal arterioles, in the ganglion cell/nerve fibre layer
(Fig. 2A and 2B). No transcript was detectable by in
situ techniques in the rest of the human neurosensory
retina or RPE. In contrast, in mouse sections staining
was found in the inner segments of the photoreceptors
and in the outer plexiform layer (Fig. 2C). Staining
around retinal arterioles, as seen in human sections,
was not seen in mouse sections. The significance of the
different pattern of staining observed for WI-31133
between mouse and man has yet to be determined. The
in situ probe was designed to the 3’ end of the human
gene. This sequence is possibly different in the mouse
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gene, which has as yet to be cloned. Thus, the staining
observed in the mouse could be imprecise and may not
reflect the true distribution of WI-31133 in the mouse
retina.

Northern blot analysis of poly (A)+ RNA from 23
different human tissues and total and poly (A)+ RNA
from human RPE was performed at high stringency
using a 450 bp probe derived from the 3’ end of the
cDNA sequence. A transcript of approximately 7 kb
was found to be expressed at high levels in the brain
and spinal cord, with subsequent analysis of multiple
brain regions showing expression in several areas of
the brain (Fig. 3A and 3B). Expression of the transcript
was also observed in human RPE, although only at
detectable levels in the poly (A)+ RNA (Fig. 3C). Heavy
RPE pigmentation could explain why this was not de-
tected in our human in situ section studies.

A number of different cell types are present sur-
rounding retinal arterioles. In particular, all retinal
vessels are separated from surrounding neural ele-
ments by the cytoplasm of glial cells. These cells pro-
vide a support framework for vessels, act as insulation
from neighboring neurons and provide a pathway for
nutrition from the circulation to neurites. Large arte-
rioles in the ganglion cell/nerve fiber layer are sur-
rounded mainly by stellate, astrocytic glial cells com-
pared to capillaries that are surrounded by Muller glial
cells (16). Since the WI-31133 transcript was highly
expressed in all areas of the brain that we tested, it is
possible that this also corresponds to astrocyte glial
cell staining. This will however need to be confirmed
with glial cell-specific markers such as glial acid fibril-
lary protein (GFAP).

To determine whether WI-31133 is the disease-
causative gene in DHRD, direct sequencing was car-
ried out on genomic DNA from individuals from six
different families. Both affected and normal individu-
als were screened in each case. No mutations were
found to be segregating with the disease phenotype in
any of the families examined. Two polymorphisms
were found in both normal and affected individuals
during the screen; a T — C substitution at nucleotide
489 (ATT—ATC) which preserves the isoleucine residue
and a T — C substitution at nucleotide 1557 (AGT—
AGC) which preserves the serine residue. Therefore we
have identified a putative GPR that is expressed in the
brain and RPE, but does not appear to be associated
with the phenotype at the DHRD locus on human chro-
mosome 2p16, where this gene localises.
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