2752-2758 Nucleic Acids Research, 1997, Vol. 25, No. 14

0 1997 Oxford University Press

The leptin receptor promoter controls expression of a

second distinct protein

B. Bailleul 1.2, |. Akerblom 3 and A. D. Strosberg 1

Linstitut Cochin de Génétique Moléculaire, Laboratoire d’'ImmunoPharmacologie Moléculaire, CNRS UPR 0415,
22 rue Méchain, 75014 Paris, France, 2EP10 CNRS, Institut Pasteur de Lille, 1 rue du Prof. Calmette, 59019 Lille
Cédex, France and 3Incyte Pharmaceuticals Inc., 3174 Porter Drive, Palo Alto, CA 94304, USA

Received April 21, 1997; Revised and Accepted May 29, 1997

ABSTRACT

The leptin receptor (OB-R) is a single membrane-
spanning protein that mediates the weight-regulatory
effects of leptin (OB protein). Several mRNA splice
variants have been described which either encode
OB-R proteins with cytoplasmic domains of different
length orthe OB-R and B219/0OBR variants, which have
different 5 '-untranslated regions. Here we report
evidence for the sy nthesis of a human mRNA splice
variant of the OB-R gene that potentially encodes a
novel protein, leptin receptor gene-related protein
(OB-RGRP), which displays no sequence similarity to
the leptin receptor itself. This OB-RGRP transcript
contains the first two  OB-R gene 5'-untranslated
exons, but then is alternatively spliced to two novel
exons which were mapped to a yeast artificial chromo-
some containing the leptin receptor gene. First identified

by analysis of a large human expressed sequence tag
database, the OB-RGRP transcript has now also been
found in human and mouse tissues by the use of PCR.
Preliminary experiments suggest that OB-RGRP and
the OB-R variants share similar patterns of expression
that are distinct from that of the = B219/0OBR variant.
OB-RGRP is highly homologous to putative open
reading frames in both yeast and Caenorhabditis
elegans , suggesting a phylogenetically conserved role
for this novel protein.

INTRODUCTION

DDBJ/EMBL/GenBank accession no. Y12670

Two major isoformsB3219/0BRandOB-R differ in their 5-UTR
and in their expression patteriy

A single transcription unit may serve to generate more than one
protein. For instance, several isoforms can be derived from a
single gene locus by alternative pre-mRNA spliciiy.(The use
of alternative promoters or polyadenylation sites may also generate
proteins with different N- or C-terminal regions.

Leaky reading at the first AUG during initiation of translation
has been described as another potential mechanism to generate
different gene products. Initiation at the first or second AUG
generates either long and short isoforms or unrelated proteins
when the AUGs are in different, overlapping reading fram®s (

We report here that alternative splicing in @B-Rgene may
generate either th@B-R transcripts or another transcript
containing the BUTR of OB-Rin which an alternative AUG
initiation codon starts a distinct open reading frame (ORF). This
newly identified human and murir@B-R mRNA encodes a
putative 14 kDa protein, named OB receptor gene-related protein
(OB-RGRP), which is homologous to yeast &anorhabditis
elegans putative ORFs. Genomic organization and cDNA
comparison show that t@B-RGRRjene shares its promoter and
two exons with theOB-R gene. The OB-RGRP amino acid
sequence is, however, entirely different from that of OB-R.

The double alternative utilization of exons and promoter in this
manner has not, until now, been reported for the mammalian
genome. The fact that we have cloned similar cDNAs from a
mouse library shows that this feature is conserved in humans and
rodents. This may suggest that there is a requirement for a
coordinate expression @iB-RandOB-RGRPto elicit the full
physiological response to leptimvivo.

Leptin and the leptin receptor have recently been reported to play

key roles in the regulation of body weight of rodents. diese
phenotype obb/obmice was thus shown to result from a singleE
mutation in theob gene ), which codes for leptin. The leptin

MATERIALS AND METHODS

xpression studies

receptor (OB-R) is encoded by a gene found to be defective Rremade Northern blots were obtained from Clontech Laboratories

obesedb/db mice and irfa/fa Zucker andak/fak Koletsky rats

Inc. and prehybridized at 4€ for 6 h in a hybridization cocktail

(2-5). The OB-R is a single membrane-spanning receptor homeentaining 50% formamide xX5SSPE, 18 Denhardt's solution,

logous to members of the class | cytokine receptor fafify. (Two

2.0% (w/v) SDS and 1Q@y/ml sheared salmon sperm. The blots

5'-untranslated regions'(BITRs) and several-@lternative splice were hybridized with a3fP]dCTP-labelled DNA generated by
variants encoding OB-R with cytoplasmic domains of differenPCR and corresponding to nucleotides 29-979 of huOB-RGRP

length have been described in mouse, rat and hutyiaf,§-10).

(see Figl) for 16 h. Northern blots were rinsed twice at room
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temperature with2SSC, 0.05% SDS and twice at8for 20 min  (6) and then abruptly diverged in sequence. For human mRNA
in 0.1x SSC, 0.1% SDS. Overnight autoradiography was performetifferent RT-PCRs were performed to confirm the assembly of
using Biomax X-ray film (Kodak). the EST sequence (data not shown). Assembly of the EST
matching sequences and RT—PCR product sequences revealed :
. consensus alternative transcript (accession no. Y12670) which
Reverse transcription-PCR (RT-PCR) contains an AUG at nucleotides 71-73 flanked by Kozak

Total cellular RNA from HeLa cells, from a panel of hematopoieti€ONsensus sequences. Translation from this initiation site would
cell lines and from immortalized brown adipocytés)(were ~ Yi€ld a polypeptide of 131 amino acid residues with a molecular
assayed by RT-PCR. For adipose cell line differentiation, cell@ass of 14.255 Da (p128-RGRP leptin receptor gene-related
were cultivated for 3 days in medium containing 6% fetal calprotein or OB-RGRP) (FiglA). Surprisingly, the AUG of
serum to obtain confluence, then cells were refed with ITPB-RGRPs present in the'8JTR of theOB-Rtranscript. The
medium supplemented with OIM dexamethasone, 850 nM Putative translation from this AUG ends 4 nt upstream of the
insulin, 1 nM triiodothyronine, UM pioglitazone and IBMX AUG of OB-Rand yields a truncated OB-RGRP polypeptide of
(0.25 mM for 4 days) for 1521 days. Reverse transcription wa¥ amino acid residues, molecular mass 3.652 DaiB)gThe
performed on 1ug mRNA with Superscrifit 1l reverse predicted strength of these two AUG signals, calculated according
transcriptase (Gibco BRL) using random hexamers in pl 50 to the score described in Lidaal.(14), showed that both scores
reaction. The primer sequences for P1-P4'a#d\&EGCCGCA-  are compatible with a strong initiation of translation (4.6 and 5.2
GGCTCCCCCATT-3 5-AGCAGCCGCGGCCCCAGTTC!3  for the AUG ofOB-RGRPandOB-Rrespectively).
5-TGACAAGTTAAACGCAGTTATCACAT-3' and 5TCTCT- The divergence in sequence betwé&ds-RGRPand OB-R
GCCTTCGGTCGAGTTG-3respectively. The concentrations occurs at position 163 of tHeB-RGRPnucleotide sequence,
of the four primers were as follows: P1, 500 nM; P2, 250 nM; P3vhich marks the alternativé fegions found in the hematopoeitic-
500 nM; P4, 100 nM. The 5@ PCR reaction contained 10  specific form,B219/0B-R(10). Downstream of position 163,
first-strand cDNA, 20QM each dNTP and 0.3 U Taq polymeraseOB-RGRPMRNA shares no sequence homology withQieR
(Promega). The PCR profile was°@3 min, 94C 20 s; 62C  transcripts. This suggests that tHeUJR of OB-R may be
30 s, 72C 30 s for 34 cycles; PZ 4 min for one cycle. To alternatively spliced to novel exons to generateQBeRGRP
measure the ratio of the PCR products, quantification on ethidiudRNA (Fig.1B). Similarly, at the same position t8219/0B-R
bromide stained agarose gels was performed for several independéid OB-R transcripts correspond to alternative splicing of
experiments using the Adobe Photoshop program. different 3-UTRs to the downstream coding exons (HEiB).
Differences in promoter usage and splicing have been proposed
to explain the different 'sEends of these two leptin receptor
Long template PCR mRNAs (L0). In contrast, the fact that ti@B-RandOB-RGRP

Long template PCRs were performed using the Exparahg cDNA 5'-ends are nearly identical (FIBA) suggests that they are

Template 2 PCR system (Boehringer Mannheim) with humalianscribed from the same promoter. The new type of leptin
placental DNA. Several PCRs were performed using sense Isceptor gene splice variant described here has eluded investigators

antisense primers for the foOB-RGRPexons. working with traditional cloning methods because it actually
contains no sequence overlapping with the coding region of the
receptor.

Sequencing analysis of PCR product To determine whetheDB-RGRPmMRNA was conserved in

- . volution, cDNA prepared from mouse lung and kidney cDNA
PCR products were precipitated with 0.3 M NaCl and 2.5 vq] .5 pcr amplifiepd lE)sing degenerate primgrs; YHemds o¥the

ethanol, resuspended in water and directly sequenced with bQif,se anq antisense primers are located at the initial and the sto
primers. DNA sequencing was performed on an ABI 377 DNAojons of h@B-RGRRespectively (FiglA). In both cases PCR
séquencer using the Tag cycl_e sequencing kit (Applied Blosystenb'? ducts of predicted size (396 bp) were produced (data not
and dye-terminator sequencing reactions. shown). Sequencing of the MB-RGRPCcDNA revealed a
strong conservation of the ORF with the human cDNA ().
The sequence of the C-terminus of the muOB-RGRP protein was
RESULTS confirmed using a genomic clone. The N-terminus of the
- ; : muOB-RGRP protein, although not determined unambiguously,
Zggoyc,i-eing SL%ETVF; Isrgigir:]dolp fZigg_RGRPCDNA’ which likely to be similar to that of huOB-RGRP, since a degenerate
primer used for PCR was complementary to this region in
The accelerating pace of high-throughput sequencing has leditdOB-RGRPTo identify a murin®B-R5' splice mRNA variant
the production of large expressed sequence tag (EST) databasestaining identical sequence to the@B+RGRP5' sequence,
both public and proprietary, that are powerful resources for ge@®NA was PCR amplified using the abovelBgenerate primer
discovery. Direct sequence homology searching of EST databasesl an antisense primer in the mo@®-R ORF. The partial
has a significant advantage relative to primer-directed PCR clonirgggquence of the amplified product is represented in Figamel
as the results are inclusive rather than selective. We have usedshews the expected homology. This product corresponds to a
human leptin receptor cDNA sequence to search both a privdterd 5-alternative variant of murin@B-R Indeed, two different
(Incyte Pharmaceuticals) and a public (Washington Universityf'-UTRs of theOB-Rhave been described in the mousé (),
Merck) database for matching EST sequences. but they display no homology with tk@B-RGRPcDNA. In rat
A number of EST sequences were identified that exactljwo groups of cDNAs which encode OB-R differ in théJIR
matched the published leptin receptor sequence from +12 to +1{39) and, as demonstrated here in mouse and humari; Oi&5



2754 Nucleic Acids Research, 1997, Vol. 25, No. 14

A)

HUOB-RGRP 1-70 gtetggettgggcaggetgeccgggecgtggcaggaagecggaagecageegeggecccagetegggagac

HUOB-R 1-81 JOCACJAQGCCYs eessesssvessssvesscsososvsosnsssonsossansanssasesscsssascsasscossss cenes

HuOB-RGRP 1-25 Met Ala Gly Val Lys Ala Leu Val Ala Leu Ser phe Ser Gly Ala Ile Gly Leu Thr Phe Leu Met Leu Gly Cys

HuOB-RGRP 71-145 ATG GCG GGC GTT AAA GCT CTC GTG GCA TTA TCC TTC AGT GGG GCT ATT GGA CTG ACT TTT CTT ATG CTG GGA TGT
MuOB-RGRP —=3e ¢eG CeC ose see ses eee 00

RaOB-R . see oo

MuOB-R mo>e «eQ CeC woe oo o see o ver 4G

HuOB-R 82-156 “es ees ese ses ese ese ses sse eee sss ese ees ees e aee

HuOB-RGRP 26-50 Ala Leu Glu Asp Tyr Gly Val Tyr Trp Pro Leu Phe Val Leu Ile Phe His Ala Ile Ser Pro Ile Pro His Phe

HuOB-RGRP 146-220 GCC TTA GAG GAT TAT GGC GTT TAC TGG CCC TTA TTC GTC CTG ATT TTC CAC GCC ATC TCC CCC ATC CCC CAT TTC

MuOB-RGRP ese 230 ses see CoC ooe avs Teo see oee Tee oTe ooe soe see sss oos Tes oao

RaOB-R tgt cta tct ctg see see e ...,

MuOB-R tgt aca cct ctg Cee eee see L.,

HuOB-R 157-215 tgt act tct ctg aag taagATG ATT TGT CAA AAA TTC TGT ........

HuB219/0B-R 4ee ees e ane see aee ees ses ses ses ees s wee L ......

HuOB-R 1-7 Met Ile Cys Gln Lys Phe Cys ........

HuOB-RGRP 51-75 Ile Ala Lys Arg Val Thr Tyr Asp Ser Asp Ala Thr Ser Ser Ala Cys Arg Glu Leu Ala Tyxr Phe Phe Thr Thr

HuOB-RGRP 221-295 ATT GCC AAA AGA GTC ACC TAT GAC TCA GAT GCA ACC AGT AGT GCC TGT CGG GAA CTG GCA TAT TTC TTC ACT ACT

MuOB-RGRP eee ses ess 24G sse seA ses see 0sC oeC 020G ses oo C> ses ess ose ses see see 20 vee ovs see oeC eoe
HuOB-RGRP 76-100 Gly Ile Val Val Ser Ala Phe Gly Phe Pro Val Ile Leu Ala Arg Val Ala Val Ile Lys Trp Gly Ala Cys Gly

HUOB-RGRP  296-370 GGA ATT GTT GTT TCT GCC TTT GGA TTT CCT GTT ATT CTT GCT CGT GTG GCT GTG ATC AAA TGG GGA GCC TGC GGC

MuOB-RGRP 2eG ses ses ses ses sse ses ses Coe ees see (Geo sse soe sse ses ohe soe see oeG see see see 2D oo

HuOB-RGRP 101-125 Leu Val Leu Ala Gly Asn Ala Val Ile Phe Leu Thr Ile Gln Gly Phe Phe Leu Ile Phe Gly Arg Gly Asp Asp

HuOB-RGRP 371-445 CTT GTG TTG GCA GGC AAT GCA GTC ATT TTC CTT ACA ATT CAA GGG TTT TTC CTT ATA TTT GGA AGA GGA GAT GAT

MuOB-RGRP ese sses Coo soC sos os C oo ooe sos oo o C eee see see ool ool o0e o0 C GoC oee es0 oo oee o0s K==
HuOB-RGRP 126-131 Phe Ser Trp Glu Gln Trp STOP

HuOB-RGRP 446-541 TTT AGC TGG GAG CAG TGG TAGcactttattctgattacagtgcattgaatttcttagaactcatactatctgtatacatgtgcacatgcggcat
MuOB-RGRP eeC oo oo oo A eee coe oo cecectecteeccatg

HUOB-RGRP 542-1114 tttactatgaaatttaatatgctgggttttttaatacctttatatatcatgttcactttaagaaagacttcataagtaggagatgagttttattctcage

aaatagacctgtcaaatttagattatgttactcaaattatgttacttgtttggctgttcatgtagtcacggtgctctcagaaaatatattaacgcagtcet
tgtaggcagctgccaccttatgcagtgecatcgaaaccttttgettggggatgtgettggagaggcagataacgectgaagecaggectcetcatgacccagga
aggccggggtggatccctcetttgtgttgtagteccatgetattaaaagtgtggeccacagaccaagagectcaacatttectagagecttattagaaatge
agaatctgaagccccactctggacccaggacattttgatgagatccaaaggagttgtatgecacatgaaagtttgagaagcatcatcatagagaagtaaac
atcacacccaacttccttatctttccagtggetaaaccacttaacctetectgggtgttacctgetcatttgttta. ..

B)

0B-RGRP

OB-RGRP p14

0B-R

B219%/0B-R

AUG

Figure 1. Comparison of cDNA of the human and moG@é&RGRRyene (hOB-RGRPand m®B-RGRI and the human, rat and mouse leptin recept@BhR,
huB219/0OB-RraDB-Rand m®B-R). (A) The sequence identity of cDNA of the human and m@BERGRRhuOB-RGRPand m®B-RGRF and the rat, murine
and humar©B-R (raOB-R muOB-Rand h®B-R are indicated by dots); For each species tl#B-RandOB-RGRPsequences are identical upstream of position
163. The potential translation of this region in the three species is identical. A vertical line indicates the end d¢ityhidpdeneam of this position, B219/0B-R
shares no homology, as indicated by the partial sequence. However, downstream of positi@21880BdRs identical to h@B-Rand shares no homology with
OB-RGRPThe unrelated sequences betweerOdBeRGRPcDNAs and th@OB-RcDNAs are separated by a horizontal line. Translation of the human OB-RGRP
protein (huOB-RGRP) is indicated. The sequences©83R huB219/0OB-Rand r&B-Rcorrespond to published data (6,9,10). ThROBYRGRFCDNA has been
obtained by RT-PCR using degenerate primers;'teads of these primers are indicated by -->0BeRwas amplified using the above sense degenerate primer
and antisense primers in tAB-R coding sequenceB) Schematic representation of thed8tRGRPhuOB-Rand hiB219/OBRranscripts. The AUG initiation
codons and the ORFs@B-RGRM14 andDB-Rare indicated by arrows. For the ORF the arrows end at the stop codon. The putativOBREEHR P4 is indicated

by a dashed arrow. The colours represent identical sequence in the cDNA.

which is likely to be partial9) has a sequence that encodes théluman genomic organization of OB-RGRP

N-terminal residues of the OB-RGRP protein (E#&). We retain

the name OB-R for the OB-R transcripts witH-@3R identical Sense and antisense primers from @&RGRPcDNA were

to the OB-RGRPmMRNA 5-end. Thus in human, mouse andused to amplify genomic DNA from human placental DNA by
probably in ralOB-RGRPand oneOB-R share 5exons, while long template PCR. The restriction map and partial sequence of
B219/0OB-Rnhas different Sexons. the amplified product were determined to elucidate the genomic
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A) Human genomic organisation of OB-RGRP gene
OB-RGRPF transcript B218-0B-R transcript

OB-R transcript

B} Exonfintron junctions of OB-RGRP1 gene

HetAlaFlyValLlyah INTRON 1 laleuValhlaleuSer
ATEEOEEECFTTAARG O bacatogeg 4.3 KB ckitbggotttattbtbcacagCTCTOITRACATTATCD
AlpLenCluhspTyral INTRON 2 yValTyrfrpProleu
GOCTTAGARIATTATSCytARGEL 4.5 K2 [E) loggatttEgeotgagtoraac tqacagOaTTTAS TGCOOCTTA
LeuAlahrgValAlaVal INTRON 3 IlelysTcpGlyAla
CTTECTOOTOTOGCTETEgEaAgELL 2.0 KB tecketetbrot tgte EEECagATCAMATGOGGAGOC

Figure 2. Genomic organization @B-RGRPand exon/intron junction sequences) The genomic organization (exon position) and the restriction siteSdqtRé,
BanHI andHindlll restriction sites are represented by circle, square and Y symbols respectively) of th©BdR@RRyene are indicated. Schematic representation
of OB-Rexons is indicated downstream to @8-RGRRyene OB-Rcontains 18 coding exons (32). The yellow exon represerB2ii##0B-R5' exon; its localization

is unknown. The exon colours are identical to Figure BBThe genomic sequence at theahd 5-ends of theOB-RGRPexons are represented by partial intronic
sequences. The size of the introns is indicated.

organization and the exon/intron boundaries odBeERGRPgene

4]

(Fig. 2). The sequence which is commoriB-RGRPandOB-R o

MRNAs corresponds to the first two exon©&-R(Thompson, g
D.B., Ossowski,V., Sutherland,J., Apel,W. and Biesterdfeld,J., = - 8
accession numbers U59246-U59248). The second exon of the rc E = o 3%
OB-R gene may be spliced alternatively to generate either w STEE8LTE
coo2Euxo

OB-RGRPor theOB-Rtranscripts. Long template PCR, effective
for a 10 kb amplification, fails to amplify the DNA between the
OB-RGRPexons and eithgdB-Rexon 3 0iB219/0BRexon 1,
suggesting that the distance betweenQBeRGRPand down-
streamOB-Rexons is probably >10 kb. This is not unexpected,
since theDB-Rgene has been shown to span >100%kb ( OB-RGRP

We also confirmed thaB-RGRRs located in the vicinity of
OB-Rby PCR amplification dDB-RGRPexon 4 from CEPH-B
YAC 897 G11 DNA, which is known to contain hun@B-R(15; Figure 3. Expression o0DB-RGRRisualized in a human multiple tissue Northern
data not shown). blot. The Northern blot was probed with a 9500B-RGRPspecific probe.

The initial AUG codon 0©OB-RGRHSs located in the first exon
and the terminal UAX stop codon is located in exon 4. About 750
bases of the'@®nd of theOB-RGRPCDNA are located in exon 4, OB-RGRPat the highest levels, whereas brain and kidney express
suggesting that this exon is probably last (Eigsd2). The splice it at the lowest levels. These data suggest that expression of
site sequences GfB-RGRRAeveal that the acceptor splice site of OB-RGRPis relatively widespread.
exon 3 is unusual. Indeed, the pyrimidine tract upstream of theThe relative abundances©B-R B219/0B-RandOB-RGRP
invariant PyAG trinucleotidel@) of this acceptor splice site is mRNAs were examined by PCR analysis of cDNA prepared from
not present. There are only 50% pyrimidines in the 12 nt upstreaipanel of hematopoietic and other cell lines. The three transcripts
of the nCAG. We observed, however, a pyrimidine tract furthewere PCR amplified in the same PCR reaction containing the four
upstream (Fig2B). The alternative use of this splice site is likelyoligonucleotides, as shown in Figu#&. This method allows
to determine the initial ratio betweddB-RGRPand OB-R  assessment of variation in the relative levels of these transcripts

transcripts. from different cell types, but does not permit comparison of the
absolute expression levels of these transcripts within a single cell
OB-RGRPMRNA expression line, since the efficiency of the PCR reactions with the

isoform-specific primer pairs may be different. FigdiBeshows
The tissue distribution dDB-RGRPwas analysed on poly(A) that the B219/OB-Rtranscript was only observed in human
MRNA Northern blots of several human tissues. ®BeRGRP  granulocytic erythroleukaemia K562 cells and in human brown
MRNA appears as a band between the 1.3 and 2.4 kb markadipose PAZ-6 cells1@). Expression 0B219/0OB-Rincreases
(Fig. 3) and is detected in heart, placenta, lung, liver, skeletaluring differentiation of human adipose cells. However, both
muscle, kidney and pancreas. Heart and placenta expré3B-RGRPandOB-Rtranscripts were expressed in all cell lines



2756 Nucleic Acids Research, 1997, Vol. 25, No. 14

A) o8 rar: 230 bp P1 . Homology of OB-RGRP with putative ORFs
L —— —
. The sequence alignment of mouse and human OB-RGRB)(Fig.
o8 R . = e - : | reveals differences at six positions, 42, 43, 49, 87, 92 and 119.
132 bp :_ P2 Two of these are conserved substitutions.
Baters-A T — Searches for amino acid sequence similarity (BLASTP and
B) Pd TFASTA programs) between transla®®@8-RGRPand various
databases yielded no matches in the primate, rodent or vertebrate
% _ g 5 _2} _ protein databases except for human an@BaR5-UTRs (6,9).
- 5 E g ‘RN E However, significant homologies were observed with putative
— T ~ ORFs identified irC.elegang18) andSaccharomyces cerevisiae
~— DE-AGRP (Fig. 5). The best match was found withelegansC30B5.2 and
- o8 extends over nearly the entire length of both predicted proteins.
214 bp Two domains are highly homologous. Domain 1 starts from
I amino acid +9 of OB-RGRP to +27 (corresponding to +24 to +42

132 bp

of C30B5.2), with 14/19 identical residues (74% identity) and
three non-polar conserved residues, yielding an overall homology
of 90% for this domain, which is highly hydrophobic and contains
Figure 4. Differential expression oOB-RGRP OB-R and B219/OB-R = ng charged amino acids. Domain 2, from residues +65 to + 88 of
OB-RGRPOB-RandB219/0B-Rexpression was determined by RT-PCR in g pGRP, contains 17/25 identical and five non-polar conserved

a panel of hematopoietic cells (CEM, Raiji, HL60, HSB2, Jurkat and K562), in . . - -
HeLa cells and in human brown pre-adipocyte and adipocyte cells using fou®MINO acids yielding a combined homology of 92%. OB-RGRP

primers to amplify the three transcripts in the same PCR readtoichematic  also has a significant but weaker match with yeast ORF YJR 044c.
representation of the PCR. The P2 and P3 primers are common for twinterestingly, all three proteins begin and end at approximately
transcripts.B) The PCR products were compared on agarose gels with a 100 the same positions
ladder. The size of the amplified products is indicated by arrows. ’

DISCUSSION

We describe here the translation of two putative unrelated

proteins from alternatively spliced mRNAs transcribed under the
tested, as shown by the presence of both 330 and 214 bp P@&ntrol of the same promoter. One of these proteins is the leptin
products (Fig4B) and the relative abundance of the two PCReceptor. The other is a new 131 residue protein, OB-RGRP,
products is relatively invariant (330/214 bp of 0.4-0.7). Thdound in both man and mouse. Only six residues distinguish
apparent similarity in the relative abundance of @2 RGRP OB-RGRP in the two species. This protein is quite homologous
andOB-Rtranscripts suggests that post-transcriptional splicing @b putative ORFs in yeast ailelegansTwo domains of 20
the pre-mRNA that generates the two mature mRNAs is subjeetsidues are each 90% homologous between huOB-RGRP and
to little if any cell-specific regulation. C.elegan€C30B5.2. The predicted ORF of t880B5.2gene is

HUMAN OB-RGRP
MOUSE OB-RGRP
C30B5.2
YJR 044c¢

HUMAN OB-RGRP GVYWPLFVLI F[HAll SP I PJHIF I -|Y D}- IS D} -
MOUSE OB-RGRP GVYWPLFVLIFYVI SPI PlY|F! - LY.DJ- IS D} -
- - EJD

-JACRELAYF
-JACRELAYF

C©30B5.2 GTWTPEFVITFYVSPPLLIARRFQ-- - -
YJR 044c HNYPLFD!LIFLLAP]PNTIFNAGNKHTSDF

HUMAN OB-RGRP FTTGI VVSAFGIFIPVIIILARVAVI KWGACGLVLAGNAVI FLTI QGFFLI
MOUSE OB-RGRP
C3085.2
YJR 044c

DOMAI N 2

HUMAN OB-RGRP FGRGDDFSWEQW
MOUSE OB-RGRP FGRGDDFSWEQW
C30B5.2
YJR 044c FIKKDFNEDDJS LIF G

Figure 5. Sequence alignment of the human and mouse OB-RGRP, C30b&ggansaccession no. U23450) and YJR O44c (yeast) putative ORFs. Those amino
acid residues of C30B5.2 and YJR 044C identical to either the human or mouse OB-RGRP are boxed. The N-terminal endscbffause@@iRGRP are also
boxed, since they are likely to be homologous based on efficient amplification using the degenerate primer. Althougbdeestsabdf the mouse was not obtained,
the homologous residues are indicated by stars. Two domains of high homology between mammalian OB-RGRP and C30B5.2lare overline
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split by two small intronsi(7) and the relative position of these or no cell-specific post-transcriptional regulation may yield
introns is identical in the I@B-RGRRgene. These data strongly coordinated OB-R and OB-RGRP synthesis. Indeed, OB-R may
suggest that th@OB-RGRP cDNA encodes a protein well be synthesized from the transcript containing two AUGs by leaky
conserved in mammals and related to an ancestral gene retaiseanning of the first AUG, as observed in several virus genes and
in an invertebrate and in a lower eukaryote. in cDNAs with leader sequences with several AUGA.(The

The genomic organization of thegart of theOB-Rgene and  selective pressure to conserve this unusual overlapping gene
the exon/intron sequences are in agreement with transcriptiondrganization in mouse, human and probably rat suggests a
the same direction of the first two exons to y@B-RGRPand  functional importance for interdependent regulation of expression of
OB-RmMRNA (Figsl and2). As a common'aalternative splicing  these genes. Coordinated expressi@®RGRRandOB-Rmay
mechanism 1), the polyadenylation signal recognition in P& necessary to maintain a constant basal expression of the
OB-RGRPexon 4 may leak and introns 2 and 3 may reman@B-RGRP and OB'R prOtelnS. |ndeed, Northern blot al:]alyS|S of
unspliced to trigger transcription through 19®-R gene and Various human tissues (Fi@) reveals that expression of
maturation of theOB-R transcript. Separation of the strong OB-RGRHSs as widespread as that@B-R(10). In addition, the
pyrimidine tract associated with the branch site from the acceptB?19/OB-Riranscript may allow cell- or differentiation-specific
splice site 0fOB-RGRPexon 3 (Fig2) fits with a difficult to variation of the OB-RGRP and OB-R protein expression ratios.

excise intron 2, as already described in the sequence upstream 8f the OB-RGRP protein sequence several stretches of hydro-
exon 3 ofa-tropomyosin and exon 7 Bftropomyosin, in which phobic residues suggest the possible presence of transmembrane

a negative regulatory element lies just upstream of the accepffmains. Proximal to the transmembrane domain of several
splicg site (8 (‘ilg) y J P pmembers of the cytokine receptor family, including the leptin

; L tor ), one finds a Pro—X—Pro sequence preceded by a
Formation of th&219/0OB-Rranscript is likely to be due to the recep . . o
use of an alternative promoter, as proposed earlig). ( cluster of hydrophobic residues, called box223,46). Substitution

. : of the two Pro by Ser residues results in loss of tyrosine
OB-RGRP OB-R and B219/0OB-R expression, examined by : . .
RT—-PCR, supports such a genomic organization. Indeed, in tﬁng?ﬁghgg.lg(?gg;@gﬁ?iﬁﬂ?ggi ?Ct('?fé;?g_rgfj E?Sr(
g:etl!s i v(\j/ef exam'ﬂeﬂ' the petrcefntage 't?(fgémRn(];aélg; ct)rgnRSC”ptI)%served which is conserved in the various species studied so far
Initiated from a singie promoter from eiteb-RERror Db- (Fig. 5). It is noteworthy that the full-length leptin receptor has
is nearly constant, as shown by only slight variation in the rati een shown to modulate the JAK/STAT pathway, as do the

of specific PCR products (Fig). This suggests that there is N0 erjeykin 6-type cytokine receptots, whereas the short form
strong post-transcriptional regulation. In contrasB@EY/OB-R - oy pressed irdb/db mice is unable to activate this signalling

transcript shows a distinct pattern of expression. UGIRERGRP pathway £8). Box 1 is present in both OB-R forms, suggesting
andOB-R B219/0B-Rs expressed in haematopoietic K562 cellghat this motif may not be sufficient for JAK/STAT activation.
(10) and is induced in PAZ-6 adipocytes as they differentiatg,owever, under leptin stimulation both OB-R forms are able to
suggesting different transcriptional regulation ofB249/0B-R  induce mRNA expression of immediate early geé} (
andOB-Rpromoters. o _ It has been shown recently that leptin can homodimerize the
There are few examples of dual utilization of a single promotgyg-R receptor extracellular domair0@31). It is tempting to

generating unrelated proteins in eukaryotic genes. Overlappiggggest thabB-RGRFeould encode an accessory protein, involved
genes have been shown, however, to be controlled by a commgneptin signalling.

promoter with transcription in opposite directions, as occurs for
example at the complex mousafeitlocus, in which theurfl
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