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We report the molecular cloning of human gene (S31) containing un open reading frame of 1095 nucleolides, which encodes a protein of 365 amino
acids, The encoded prolein contains seven hydrophobic putative transmembrane domains considered the hallmark of G protein-coupled receptors,
The amino acid sequence shows highest homology to receptors for serotonin (5-hydroxytryptamine). Expression of this receptor in murine Lrk~
cells conferred upon these cells the abilily to respond (o serotonin by inhibition of adenylyl cyclase. No response was observed to isoproterenol,
epinephrine, histamine, dopamine or melatonin in the (ransfected cells. We propose thal the human gene S31 encodes a novel serotonin receptor.

Serotonin: 5-Hydroxytryptamine; Receptor (human gene); Adenylyl eyclase; Inhibition

1. INTRODUCTION

Serotonin (5-hydroxytryptamine, 5-HT) mediates a
wide variety of effects, both in the central nervous sys-
tem and in the periphery. through several different re-
ceptors, of which at least eight discrete subtypes have
been proposed based on pharmacological criteria [1]. It
is not yet known whether all these pharmacologically
distinguishable receptor subtypes are the products cfz
many different genes, or whether some of the pharma-
cological differences may arise from tissue-specific
factors such as posttranslational modification or as-
sociation with one or more distinct G proteins. Molecu-
lar cloning techniques are now being employed to re-
solve these questions, and have to date resulted in the
cloning of five distinct G protein-coupled mammalian
serotonin receptors: 5-HT,, (‘G-21") [2,3], 5-HT ¢ [4].
5-HT, [5.6), and two genetically distinct subtypes of the
5-HT,p, receptor [7,8]. The human 5-HT,; receptor se-
quence reported by Hamblin and Metcalf [7] may re-
present the human homologue of the canine serotonin
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receptor-like sequence RDC4 reported by Libert et al.
[9]. The cloning of a human 5-HT,-like receptor has
also been announced by Zgombick et al. [10], but no
structural information has been given. Additionally, a
structurally related serotonin receptor has been cloned
from Drosophila [11).

Employing a low-stringency screening approach, we
now report the molecular cloning of another genetically
distinct human serotonin receptor, which we refer to as
S31. When expressed in murine L&~ cells, this serotonin
receptor is shown to mediate inhibition of adenylyl
cyclase.

2. MATERIALS AND METHODS
2.

1. Oligonucteotides

Oligonucleotides used as screening probes and sequencing primers,
up to 69 nucleotides (nt) long, were synthesized on an Applied Bio-
systems Model 391 DNA Synthesizer using automalted cyanosthyl-
phosphoramidite chemistry and prepared for use as described [8].
QOligonucleotide probe A was nt 343-41] of the sense strand of the
human 5-HT, 4 receplor [2]; probe B was nt 400468 of the sense strand
of the rat 5-HT,¢ recepior [4].

2.2, Screening, initiaf analysts, subcloning, and sequencing

An amplified buman lanbdaEMBL3 genomic library (a gift from
Dr. David Nelson, Department of Molecular Genetics, Baylor College
of Medicine) was screened at low stringency with oligonucleotide
probes A and B, as follows. Replicate filters with amplified recom-
binant phage DNA were prehybridized for 3 h at 42°C in a solution
containing 5 x Denhardt’s solution, 6 x SSC, 0.5% SDS, 100 gg/ml
sheured salmon sperm DNA and 0.3 M Na-phosphate buffer pH 7.0.
Hybridization was carried out for 16 h at 42°C in the same solution
plus 0.5 x 10° cpm/ml each of probe A and probe B labeled at their
5’ end with P [12]. The filters were then rinsed three times with 2 x
$SC/0.1% SDS at recom temperature, then washed for 30 min ai 60°C
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in 2 x SSC/0.5% SDS, and finally for 30 min at 60°C in 2 x SSC/0.1%
SDS. The filters were dried and exposed to Kodak X-Omat AR films
with two intensifying screens al -70°C for 5 days (primary screening)
or shorter. The high-siringency screening with DNA fragments lu-
beled by nick translation (0.2 x 10° epm/ml) [12] differed in that after
the initial rinsings at room temperature, the filters were subjected lo
30 min washes at 68°C, first with 0.2 x 8SC/0.5% SDS und then with
0.2 x S8C/0.1% SDS. DNA was prepared from plaque-purified hy-
bridization-positive phages as described [8), and the general strategies
followed for the isolation of DNA fragments with partial and full
length ORF's and their DNA sequence determination is outlined in
Fig. 1A. Briefly, DNA from plaque purified recombinant phages was
digested with several restriction enzymes, the digests were elec-
trophoresed in 0.7% agurose and fragments that hybridized to probes
A or B were ideatified by Southern blotting [13]. These fragments were
then isolated in preparative scale, purified using Geneclean (B1O 101),
and subcloned into plasmid Bluescript KS(-+) (Stratagene). Al'ter am-
plification, both strands of the subcloned DNA inserts were directly
sequenced by the dideoxy chain termination method of Sanger el al.
[14], using alkali-denatured plasmid DNA as template.

A. Xpa Sal!
A-SB il ¥ \EMBL3 arm
Xbal sall
pBS-S8.1 d-—a—.q—\#sz KS(+)
_ - BHE moorsan
= PBS KS(+)
w____ 3
- >
Xba | I]’sll Accr (Nllbo )} IBsp HI XbFIJPBll
A-831

Pstl Acc{ (Nlbol) IBap Hl XbalPstl
pBS-531.2 - m— " b PBS KS(+)

—_’,qccr’ l'%lgli "“-Bsplﬂ\
o - 1487
—_— » = >
L ﬂL
s — [T
B. -
pK-531 o:-‘:j{ Clone S31 ORF - 1088 bp - 868 aL}—F;Q-
Eﬂnd WAce i-16) Bsp HI1140)Mind (I

& 5v40 OrigivPrometerErhancer
c= Bela-Globin Gene

Promater

-
A PolyA Signal
m SVAO

Fig. 1. (A) Summary of molecular cloning and sequencing strategies
used to characterize the open reading frame of the human S31 gene,
(B) Scheme of the pKNH expression vector after insertion of S31
ORF. ORF's are represented ds open boxes, flanking sequences are
represented as blank lines connected to ORF's; location of the se-
quence that corresponds to probes A and B is indicated by the black
box within the ORF of lambda-58; lambdaEMBL3 sequences are re-
presented as hatched boxes, and Blueseript KS(+) sequences are re-
presented as closed boxes at end of inserts. The T3 promoter of
Bluescript KS(-+) is shown for orientation purposes. Arrows: summary
of sequencing runs in which the beginning of the arrows denotes the
first readable nucleotide after the sequencing primers and the length
of the arrows describes the number of readable nucleotides obtained
with each primer. The 0.8-kb markers correspond to representations
of phage and 1otal Bluescript inserts; the 0.2-kb markers correspond
1o amplified regions of Bluescript inserts and the sequencing arrows
aligned beneath them. Nucleotide numbering refers to human DNA
sequences in Sluescript, where the A of the initiator ATG is nt 1.
Plasmid pK-831 is the expression plasmid obtained upon subcloning
the Accl/BspHI fragment containing the ORF of pBS-831.2 into
pKNH.
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2.3, Subcloning of the full-length ORF into the eukaryoric expression
vector pKNH

pKNH, 4 kind gift from Prof. S, Numa, Kyoto, Jupan, contains two
SV40 origin/promoter/enhancer sequences, one directing the expres-
sion of the Neomycin resistance gene, the other directing the expres-
sion of ORF's cloned into its unique HindlI1 site (Fig. 1B, lor details
see [15]). A fragment containing the ORF derived from fambdea-S31
was excised from Bluescript DNA, isolated by 0.7% agurose gel elec-
troplhoresis, cleaned using Geneclean, rendered blunt-ended with
Klenow [ragment of DNA polymerase |, and subcloned into HindIII-
digested, blunt-ended and dephosphorylated pKNH vector.

2.4, Transfection of eukaryotic expression vecior pKNH with pietative
serototiin receplor insert into murine Ltk™ cells, and identification
and isolution of wansformed cell clones

Mouse Lt~ (@-HT) cells (a gift from Dr. Frank Ruddle, Dept. of

Biology, Yal: University) were cultured, translected and selected as

described previously [16-18].

2.5, Drugs

L{-)Isoproterenol (lso), L(-)epinephrine, serotonin (5-HT), do-
pamine, histamine and melatonin were from Sigma Chemical Com-
pany (St. Louis, MO). Forskolin was from Calbiochem (San Diego,
CA).

3. RESULTS AND DISCUSSION

3.1. Cloning of a full-length ORF from a human genomic
library

In order to clone a novel serotonin receptor we
screened at low stringency ca. 1 x 10° recombinant
lambdaEMBL3 phages from a human genomic DNA
library that had been amplified twice, using as probe a
mixture of two 69-nt long oligonucleotides (probes A
and B, see under cligonucleotides above). One of the
plaque-purified positive clones, S8, contained a partial
ORF that showed sequence homology to 5-HT re-
ceptors, but by comparison, appeared to be a novel
type. Fig. 1A presents the steps taken to characterize
this insert. Clone S8 contained a partial ORF of 429 nt,
located at the 3’ end of a 2.5-kb Xbal/Sall fragment
adjacent to /ambda DNA. Both strands of this ORF
were sequenced fully in Bluescript KS(+) as shown. The
whole Xbal/Sall fragment was nick-translated and used
to screen the same genomic library at high stringency.
Four recombinant phages were plaque purified. Restric-
tion mapping indicated that three were derived from the
same cloning event as lambda-$8. The fourth, lambda-
$31, descended from a second cloning event. A 4.4-kb
Pstl/Pst] fragment was subcloned into Bluescript
KS(+), to give pBS-831.2, and sequenced as shown in
Fig. 1A. Its nucleotide composition was identical to that
of pBS-S8.1 except that it contained a complete ORF
of 1095 nt. The nucleotide sequence and predicted
amino acid composition of the putative serotonin re-
ceptor encoeded in clone S31 are shown in Fig. 2.

3.2, Identification of clone S31 as a G protein-coupled
serotonin receptor

The deduced amino acid sequence of the longest open

reading frame present in the recombinant DNA frag-
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~347 AAMAAAAA GTATCCTTTG -331
AGGARCAATG TAACGATGAG CTCAAGTTCC ACAGCAAAGA GAAAATTAAA ATTTATAAAG AATTTATAAA TATCAAACTA TTTTCATGTT TTCCAGGAAA AGTGTGGCTT -221
TCTCATTCAT TAACCAATAG CATAATATTT TCCAGGAACC TTCACTCAGA AGAAATGCTS TGGCOCCTTCC CTTTACCAAC AGAAAATGGA ACACAAGACA CCACATAGCT -111
GAACAAATIA TAGCCTCCDTT ACAACTGAGA AACCTTCOAG GCTACATAGT TPTTCAGCCAA AGCAAMATAA CCAACAGCTT CTCCACAGTG TAGACTGAAA CAAGGGAAAC -1
. 15 . 5 .
Met m Ile Thr Cya Thr Thr Glu Ala Ser Met Ala Ile Arg Pro Lys Thr Ile Thr Glu Lys[Met Leu Ile Cys Met Thr Lau Va
ATG ATC ACA TGT ACC ACA GAG GCC AGC ATG GCT ATA AGA CCC AAG ACC ATC ACT GAG AAG & _OTC ATT TGS T OTG P& a0
a5 . _45 . 55 .
Va1l Tle Tht Thr Leu TRr Thr Leu Lau Asn Le. Ala val iie Met Ala iie|Gly Thr Thr Lys Lys Leu His Gln Pro Ala Asn TyrfLeu
GTC ATC ACC ACC OTC ACC ACG DTG OTG AAC TTG GCT GTG ATC ATG GCT ATT]JGGC ACC ACC AAG AAG CTC CAC CAG CCT GCC AAC TAC 180
65 . 158 . 85 .
Tie CYs Ser Leu Ala val Tht ASp Leu Leu val Ala val Leu Val Met Pro Leu Ser e lle[Tyr Ile Val Met Asp Arg Trp Lys Le
ATC TGT TCT COTG GCC GTG ACG GAC CTC CTG GTG GCA GTG CTC GTC ATG CCC CTG AGC ATC C]TAC ATT GTC ATG GAT CSC TGG AAG CTT 270
95 : 108 — . 115 .
Gly Tyr Phe Leu Cyo GiulVal Trp Leu Ser Val Asp Met Thr Cye Cys Thr Cys Ser ilae Leu His Leu Cys Val Ile Ala LeulAsp Ar
GGG TAC TTC OTC TCT SAGlSTe TGS &TG 2GT 6T GAC ATG ACC TGC TGS ACC TGC Toc ATC TG CAC OPC TET GTC ATT GCC CTAJCGAC AGG 360
125 . 135 : e
Tyr Trp Ala Ile Thr Asn Ala Ile Glu Tyr Ala Arg Lye Arg Thr Ala Lys Arglm.a Ala Lou Met 1le Leu Thr val Trp Thr 1ie Ser
TAC TGG GCC ATC ACC AAT GCT ATT GAA TAC GCC AGG AAG AGG ACG GCC AAG AGG |GCC GCG TG ATG ATC CTT ACC GTC TGG ACC ATC TCC 450
. 166 . 175 .
Tie Ehe 1le Ser Met DPro Pro Leu Phe|lrp Arg Ser His Arg Arg Leu Ser Pro Pro Pro Ser Gln Cys Thr Ile Gln His Asp His|va
ATT c C_TCC ATG _CCC c]TGG AGA AGC CAC CGC CGC CTA AGC CCT CCC CCT AGT CAG TGC ACC ATC CAG CAC GAC CAT 540
185 . 195 . 205 .
Tle Gyr Tht 1.e Tyr Ser Thr Leu GlY Ala FPha Tyr Iie Pro Leu Tht Leu Iie Leu lle Leu|Tyr Tyr Arg Ile Tyr His Ala Ala Ly
ATC TAC ACC ATT TAC TCC ACG OTG GGT GCG TTT TAT ATC _CCC TTS ACT TTG ATA CTG ATT CTCITAT TAC COGG ATT TAC CAC GCC GCC AAG 620
215 . 225 . 238 .
Ser Leu Tyr Gln Lys Arg Gly Sak Ser Arg Mis Leu geg Asn Arg Ser Thr Asp Ser Gln Asn Ser Phe Ala Zek Creo Lys Leu Thr Gln
AGC CI'T TAC CAG AAD AGC GGA 'TCA AGT CGG CAC TTA AGC AAC AGA AGC ACA GAT AGC CAG AAT TCT TTT GCA AGT TGT AAA CTT ACA CAG 720
245 . 255 . 265 .
Thr Phe Cys Val Ser Asp Phe Gag Thr Ser Asp Pro Thr Jhk Glu Phe Glu Lys Pha His Ala Jer Ile Arg Ile Pro Pro Phe Agsp Asn
ACT TTC TGT GTG TOT CAC TTC TCC ACC TCA GAC CCT ACC ACA GAG TTT GAA AAG TTC CAT GCC TCC ATC AGG ATC CCC CCC TTC GAC AAT 810
215 . 285 . 288 .
Asp Leu Asp His Pro Gly Glu Arg Gln Gln Ile Ser 2er Thr Arg Glu Arg Lys Ala Ala ArglIle Leu Gly Leu Ile Leu Gly Ala e
GAT CTA GAT CAC CCA GGA GAA CGT CAG CAG ATC TCT AGC ACC AGG GAA CGG AAG GCA GCA CGC C _CTG GGG _CTG _ATT _OTG GGT GCA_TTE 900
308 : 318 . 328 .
Tic Leu Ser Irp Leu DPro Phe Phe ile Lys Giu Leu ile Val|Cly Leu Ser Ile Tyr Thr val Ser Ser GClufval Ala Asp Phe Leu Th
ATT TTA TCC TGGQ CTG CCA TTT TTC ATC AAA GAG TTG ATT GTG]CGT CTG AGC ATC TAC ACC CTC TCC TG CAA|LGTE _GCC GAC TTT _CTS ACG 990
— 33§ : 345 . 355 .
Trp Leu Gly Tyr Val Aon Ser Leu i1le Asn Pro Leu Leu Tyr Thr Ser PhelAsn Glu Acp Fhe Lys Leu Ala Phe Lys Lys Lwu Ile Arg
Pag OTC GaT TAT GTG AAT TCT ODG ATC AAC COT CTG CTC TAT ACG AGT TTTIAAT GAA GAC TTT ARG CTG GCT TTT AAA ARG CTC ATT AGA 1080
365
Crs Arg Glu His Thr ***
TGC CGA GAG CAT ACT TAG AC TGTAARAAGC TAAAAGGCAC GACTTTITCC AGAGCCTCAT GAGTGGATSG GGGTAAGGGG TGCAACTTAT TAATTCTTGA 1180
ACATACTTGG 'TTCAGGAGAG TTTGTAAGTA TGTGTGOTCT TGTTTCCTIG TTTSTTTCTT TSTTTTSTTC TCTTTTGTTT CAGGATTICTT ATTTCGCSTS CTSTTTTCTA 1290
COTCTGGTET TATCTGTOAT ACATAATTTC AAATAAACAT TATCATACAA AAACAGAAAT TTTGTACAAC TAATAATAAG ATGAAATACT AAATACCTTT TATGCGGTTTT 1400

TTTTTTTTAG CCATTTCAGT TACCCTCCAA

PTAARGAATG CCAAAAATAT CTTTATTTGC AGAATTTCTT ATTACTTATA AATTAAA

1487

Fig, 2. Nucleotide sequence and deduced amino-acid sequence of human DNA containing the ORF encoding the 831 receptor. Sequences

corresponding Lo the pulative seven Lransmembrane regions are boxed. The two potential asparagine-linked glycosylation sites in the N-terminal

extracellular domain are indicated with double underline. Serine and threonine residues located in consensus sequences for phosphorylation by

cAMP-dependent protein kinases, protein kinases C or casein kinase 11 are indicated in bolded italics with single underline. The nucleotide sequence
has been submitted to the EMBL Daia Library (accession no. Z11166).

ment recognized by probes A/B in lambdaEMBL3 clone
S31, was analyzed for its hydropathy profile and tested
for similarity to G protein-coupled receptors, especially
serotonin receptors. As indicated by both these analyses
(Figs. 3 and 4), the deduced sequence had the landmarks
of a G protein-coupled receptor (for review, see [19]):
(1) it exhibited seven stretches of hydrophobicity en-
compassing ca. 20 amino acids, of which six stretches
reached hydropathy indices of 2 and the last was less
clearly circumscribed (Fig. 3); and (2) it showed exten-
sive relatedness to other G protein-coupled receptors
(shown for serotoniu i<ceptors in Fig. 4 and Table II).
In both Figs. 2 and 4, the most likely stretches of amino
acids involved in spanning the plasma membrane are
highlighted (as boxes in Fig. 2 and by asterisks in Fig.
4). The ATG assigned as the start codon is the first
ATG downstream of an in-frame stop codon (TGA in
position —15 to —13) and conforms to the requirement
of having a purine in position —3 suggested by Kozak
[20]. The very short N-terminal, extracellular end of the

predicted amino acid sequence contains two consensus
asparagine-linked glycosylation sites (Asp-2 and Asp-
5). The putative third intracellular domain is approxi-
mately 90 amino acids long and contains one consensus
cAMP-dependent protein kinase site (Ser-218), five con-
sensus protein kinase C sites (Serine residues in posi-
tions 218, 223, 235, 262, and 283), and three consensus
casein kinase II phosphorylation sites (Ser-248, Thr-
254, and Ser-283) (21,22]. The intracellular carboxyl-

1
giene 831

100aa

Fig. 3. Hydropathy plot for the protein encoded in clone 831 calcu-
lated according to Kyte and Doolittle [25] with a moving window of
nine amino acids.
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Table 1

Effects of various receptor ligands on adenylyl cyclase activity in L
cells expressing the open reading [rame encoded in clone §31

Additions to the assay Adenylyl cyclase activity

(pmol/min/mg prolein)

PGE, 10 ug/ml 30.6£0,3
NaF 10 mM 25.0x1.6
None 0.7+0.1
Forskolin 100 yM 359+1.3
+ 10 uM serolonin 23.5+0.6
+ 10 uM isoprolerencl 33.3x10
+ 10 uM epinephrine 353211
+ 10 4M histamine 326209
+ 10 uM dopamine 36.7+£0.6
+ 10 4uM melatonin 33.3+0.7

Adenylyl cyclase activily was measured by determining the conversion
of [@-**P]ATP 1o [¥*PJcAMP in total cell homogenates, L.$31/27.9 cells
were grown to ¢lose to confluency, split 1:5 into 15 em dishes and used
48-60 h later. For this the medium was aspirated and the cells were
washed twice with ice-cold BSS supplemented with 0.01% glucose,
detached with the aid of a rubber policeman in the presence of BSS/
0.01% glucose, and collected by centrifugation. After pelleting, the
cells were resuspended in 1.5 ml/dish of ice-cold 27% w/w sucrose, |
mM EDTA, 2 mM MgCl; and 20 mM Na-HEPES, pH 7.5, and
homogenized in a 7-ml Dounce homogenizer (8 strokes with the tight
pestle). The resulting homogenutes were kept on ice for 15-30 min
prior 1o assay. Aliquots of 10 gl (5 ug protein) were then ested for
adenylyl cyclase activities as described previously [8] in the presence
of the indicated compounds. Incubations were in triplicate for 20 min
at 32°C. Results are means £ SD (#=3). Similar resulis were abtained
for each of the compounds on at least three occasions.

terminal tail has the same short length as that of RDC4
and the two cloned human 5-HT,; receptors (MAGA [7]
and S12 {8]). A short intracellular tail seems to be a
feature common to receptors coupled to inhibition of
adenylyl cyclase. In this regard, the human 5-HT, A re-
ceptor, which also inhibits adenylyl cyclase [23,24], has
an intracellular tail that is only one amino acid longer
(Fig. 4).

Table 1I shows that homologies amoung the sero-
tonin receptors so far cloned. The percent identity was
calculated over the two long stretches of highest simi-
larity among the G protein-coupled receptors, i.e. trans-
membrane domains 1 through 5 and transmembrane
domains 6 through 7, where only very few gaps had to
be introduced to optimize the alignments (Fig. 4). As
seen from Table 11, receptor S31 shows greater simi-
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Table 11

Amino acid identity between homologous domains of cloned sero-
tonin receptors

RDC4 hSHT, hSHT,p S31 hSHT,, rSHT,c rSHT,
(MAGA) (512)

droSHT 44,6 464 431 404 479 318 341

RDC4 90.3 743 566 519 354 343
h5HT 5 (MAGA) 73.5 569 522 354 340
hSHT,;, (S12) 592 530 343 343
S31 498 360 382
hSHT A 343 343
rSHT 72,7

The table shows the amino-acid identity between the cloned serotonin
receptors in and between the trinsmembrane regions (amino acid -1
from the beginning of the first TM segment through +11 after ending
of TM5 and from -8 from the beginning of TM6 through +15 afier
ending of TM7). The compared sequences are: droSHT, drosophila
$-HT receptor [11]; RDC4, the canine receptor-like sequence RDC4,
showing highest homology 10 5-HT receptors [9]; hSHT,; (MAGA),
human 5-HT; receptor [7); hSHT,;, (812), human 5-HT;, receptor
[8); S31, the present novel human serotonin receptor; hSHT,,, human
5-HT, 5 receplor (‘G-21" [2]); r5HT,, rat 5-HT,c receptor [4]; r5HT,,
rat 8-HT, receptor [5,6].

larity to the two cloned human 5-HT,, receptors and
RDC4 (59.2, 56.9, and 56.6% to 5-HT, (512), 5-HT,p,
(MAG6A), and RDC4, respectively) than to any of the
other receptors. On the other hand, the similarity of
receptor S31 to any other receptor is lower than that
between other functionally of pharmacologically related
serotonin receptors (compare to 72.7% between rat 5-
HT,c and rat 5-HT,, and 73.5% between the two cloned
human 5-HT,p receptors (MAGA and S12)).

3.3 Demoanstration that clone S31 encodes a functional
serotonin receptor by expression in Ltk™ celfs

The identity of the S31 protein was then established
by transfection into Lk~ cells, which have been used by
us as model systems to test for receptor function [16-
18). A blunt-ended Accl(-16)/BspHI(1140) fragment of
pBS-S31.2, comprising 1156 nt of human genomic
DNA containing the complete ORF, was subcloned
into the expression vector pKNH (Fig. 1B) to give pK-
S31, and transfected into Ltk~ cells. Twenty-two G418-
resistant colonies were picked, expanded, and tested for
adenylyl cyclase activity in the absence and presence of
serotonin. Of these, 7 cell clones showed between 15 and

—

Fig. 4. Primary amino acid sequence comparison between cloned serotonin reczpiors. The represented sequences are: dro5SHT, Drosophila 5-HT
receptor [11): RDC4, the canine receplor-like sequence RDC4, showing highest homology to 5-HT receptors [9); h5HT-1D (MAG6A), human 5-HT,
receptor [7]; hSHT-1D (S12), human 5-HT,; receptor [8]; $31, the present novel human serotonin receptor; hSHT-1A, human 5-HT,, receptor
G-21° [2); #SHTHIC, rat 5-HT . recentor [4); rSHT-2, rat 5-HT, receplor [5.6]. Gaps introduced to optimize the alignments are represented with
dashes (-). The boxes indicate amino acids that are identical in at least five of the eight compared receptors. The seven putative transmembrane
domains of the human S31 receptor are indicaled with stars above and below the sequences, and have been derived by a combination of hydropathy
analysis [25] and comparison with the suggesied transmembrane domains of the other G protein-coupled receptors. The amino-acid sequence shown
for the human 5-HT,, receptor is that determined by us [8].
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29% inhibition of adenylyl cyclase in response to sero-
tonin. Several clonal cell lines were derived by limiting
dilution from these initial cell clones. The inhibitory
response to serotonin persisted. One cell line, LS31/
27.9, was expanded and used for the experiments shown
in Table 1. As seen from the table, serotonin consistently
gave a 30-35% inhibition of forskolin-stimulated ade-
nylyl cyclase activity in homogenates from the clonal
cell line L831/27.9, expressing the putative receptor. No
significant inhibition of forskolin-stimulated adenylyl
cyclase activity was observed with any of the other
drugs tested (isoproterenol, epinephrine, histamine, do-
pamine, and melatonin). Also, parental Lt4™ cells were
unresponsive to serotonin (not shown).

Taken together, these results strongly suggest that
clone S31 encodes a functional G protein-coupled sero-
tonin-receptor mediating inhibition of adenylyl cyclase,
The relatively low homology of this novel serotonin-
receptor to other cloned serotonin-receptors may indi-
cate that it will also display a novel pharmacological
profile.
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