GENOMICS 27, 274-279 (1995)

Identification, Expression, and Pharmacology of a Cys,;—Ser,;
Substitution in the Human 5-HT,. Receptor Gene (HTR2C)

JAAKKO LAPPALAINEN, *' Li ZHaNG, T MICHAEL DeaN, MURAT Oz,t Norio Qzakl,* Da-HONG Yu, T
MATTI VIRKKUNEN,§ FORREST WEIGHT,T MARKKU LINNOILA,Y AND DAVID GOLDMAN*

*Laboratory of Neurogeretics, "Labaratory of Clinical Studies, and tLaboratory of Molecular and Ceflular Neurobiology,
DICBR, National Institute on Alcohol Abuse and Alcoholism, Rockville, Maryland: +Laboratory of Viral Carcinogenesss,
National Cancer Institute, Frederick, Maryiand, and §8Department of Psychiatry, University of Helsinki, Helsinki, Firfand

Received August 18, 1994; accepted March 2, 1995

The function of brain scrotonin-2C (5-HT,¢) recep-
tors, including behavioral and neurochemical re-
sponses to 5-HT,; agonist challenge, has been sug-
gested to be abnormal in individuals with neuropsy-
chiatric disorders. Thus, it is important to identify
polymorphisms and functional variants within this
gene. Using SSCP analysis, we identified a Cysyy-Sery,
substitution (designated 5-HT,... . and 6-HTz¢..) in the
first hydrophobic region of the human 5-HT, receptor.
Allele frequencies in unrelated Caneasians were 0.13
and 0.87 for 5-HT,.,.. and 5-HT,,...., respectively. DNAs
from informative CEPH families were typed for this
polymorphism and analyzed with respect to 20 linked
markers on the X chromosome. Linkage analysis
placed the 5-HT,: receptor gene (HI'R2C) on Xq24, To
evaluate whether this amino acid substitution causes
a variant function of this receptor, recombinant hu-
man 5-HTs¢.,, and 5-HT .., receptors were expressed
in Xenopus oocytes and tested for responses to 5-HT
using electrophysiological techniques. Concentra-
tion-response curves for 5-I'l' were not significantly
different in oocytes expressing cither form of the re-
ceptor, suggesting that the 5-H'Ty.,. and 5-HTy¢q., re-
ceptor proteins may not differ in their responses to
serotonin under baseline physiological conditions.
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INTROHBUCTION

Family, twin, and adoption sindies indicate genetic
vulnerahility Lo several neuropsychiatric disorders, in-
cluding alcoholism (Cloninger o4 of., 1981), antisocial
personality (Crowe, 1974), suicidal behavior (Roy et al.,
1991), panic dizorder (Crowe, 1985), and anxiely
{Woodman, 1993). Although psychiatric disorders are
likely to arise from a compleg combination of environ-
mental, genetic, and biological faclors, it may be possi-

'To whem correspondence should be addressed at the NIAAN/
Laboratory of Neurogenetics, 12601 Washinglon Ave., Rockville, MD
20852, Telephone: (301) 496-T920. Fax: (301) 443-8579.

ble to identify biological variables that predict these
behaviors and thus facilitate implementation of pre-
ventive and therapeutic measures. Previously, the
function of the brain serolonin (5-HT) system has been
found to correlate with certain behaviors. For example,
low levels of cerebrospinal fluid (CSF) 5-hydroxyindole-
acetic acid (5-HIAA), the main metabolite of serotonin
{5-HT), are found in impulsive individuals with alcohol-
ism (Ballenger et al., 1979), depression (Asberg et al.,
1976a), suicidal tendencies (Asberg et al., 1976b), and
aggression (Linnoila ef al., 1983: Virkkunen ef al.,
1994b). Thus, it is important to identify polymorphisms
including functional variants in genes that control sero-
tonin function.

A candidate gene of special interest in neuropsychi-
atric disorders is the 5-HT, receptor (formerly 5-HT),.
receptor). The 5-HTy receptor gene (HTR2C) is widely
expressed in the brain, where it is involved in the regu-
lation of endocrine responses, including the production
and secretion of adrenocorticotropic hormone (ACTH)
(King ef al., 1989), oxytocin (Bagdy et al., 1992), and
prolactin (Aulakh et al., 1992). Genes for rat (Julius
et al., 1988), mouse (Foguet ef al., 1992), and human
(Saltzman ef al., 1991) 5-HT,. receptors have been
cloned. The functional state of 5-H'Fy, receptors in nor-
mal controls and various patient groups has been stud-
ied in vivo by administering mCPP, a nonselective 5-
H'l'y; agonist, and measuring hormonal and psychologi-
cal responses. In aleoholism (Benkelfat ef af., 1991),
panic disorder (Charney et al., 1987; Kahn et al., 1988),
seasonal affective disorder (Joseph-Vanderpool ef af.,
1993), and obsessive—compulsive disorder (Hollander
et al., 1988; Zohar et al., 1987), mCPP has been shown
to induce different hormonal and psychological re-
sponses in patients and controls (Kahn and Wetzler,
1991). :

In this article, we describe identification of a noncon-
servative amino acid substitution in HTR2C. The vari-
ant was found using single-strand conformational poly-
morphism (SSCP) analysis. By typing this polymor-
phism in CEPH families, the gene was genetically
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mapped to the long arm of the X chromosome. Since
this polymorphism was not detectable as a conven-
tional RFLP, we also developed a PCR—RFLP-based
method that allows rapid genotyping in populations
and families. In addition, both 5-HT,: variants were
expressed in Xenopus laevis gocytes and tested for elec-
trophysiological responses to 5-HT.

MATERIALS AND METHODS

Subjects. DNA samples (total n = 62) for initial mutation screen-
ing by SSCP consisted of Finnish aleoholic violent offenders (n = 16),
Finnish alcoholic arsonists (n = 5) with low CSF 5-HIAA concentra-
tions, healthy Finnish controls free of mental disorders (n = 15},
alcoholic American Indians (Jemez Pueblo n = 8, Cheyenne n = 2,
and U.8. aleoholic male Caucasians (r = 16). A general characteriza-
tion of these subjects and description of their psychiatric assessment
have been published elsewhere (Brown et al, 1993; Limson ef al.,
1991; Virkkunen et al., 1994a,b).

PCR of HTR2C. Ampilification of genomic DNA isolated from Ep-
stein—Barr immortalized lymphoblastoma cell lines was accom-
plished with four primer pairs: 5HT2C1 (5’ GTA TCA GTT CCT ATC
CCT GTG 3') and 5HT2C2 (5" ATA GCC AAT CCA AAC AAA CAC
3"), 5BHT2C3 ("' GAATGT GTT TGT TTG GAT TGG 3*) and 5HT2C4
(5" AAA CAC TTT TTC AGA CAG CAA 39, BHT2CT (5" CAC CTA
ATT GGC CTA TTG GTT 3') and 5HT2C8 (5' AAG GAT TGC CAG
GAG AGA CAG 3'), and 5HT2C9 (5' ATT ATG TCT GGC CAC TAC
CTA 3') and 5HT2C10 (5" CCC AAA CAA TAG CAA TCT TCA 3.
These primer pairs amplify four nonoverlapping regions that are,
respectively, 522, 442, 306, and 189 bp in length and that cover
98% of the HTR2C coding sequence. Since the human HTR2C intron
sequences were unknown, primmers were designed to be complemen-
tary to exon sequences adjacent to the exon—intron boundaries. For
this reason, the proportion of the coding sequence that was not over-
lapped by primers was 90%. Positions of the intron—exon boundaries
were assumed based on the published mouse sequence (Foguet et al.,
1992). Amplification was performed using 30 ng of DNA, 0.25 M of
each primer, 250 uM each of JATP, dCTP, AGTP, and dTTP, 50 mM
KCI, 1.5 mM MgCly, 0.001% gelatin, 10 mM Tris—HCI (pH 8.3),
and 0.75 unit of AmpliTaq (Perkin Elmer Cetus). For single-strand
conformational polymorphism analysis 1 xCi of [o-*PldCTP was in-
cluded in the PCR reaction. Reactions were carried out in a volume
of 7.5 pl. Samples were amplified for 30 cycles, each consisting of 1
min at 95°C, 2 min at 53°C (SHT2C1-2), 52°C (sHT2C3-4), 55°C
(5HT2C7-8), or 51°C (BHT2C9-10), and 3 min at 72°C.

Single-strand conformation polymorphism analysis. To increase
the sensitivity of the SSCP analysis, the amplified fragments were
further digested with restriction enzymes to yield subfragments 79—
253 bp in length. Fragments were digested with the following restric-
tion enzymes: 5HT2C1-2 with NialV, 5SHT2C3 -4 with HincIl, and
S5HT2CB7-8 with Rsal (all enzymes were obtained from New En-
gland Biolabs, Beverly, MA). The reaction mixtures consisted of 7.5
ul of PCR mixture, 5 units of enzyme, and the recommended buffer.
After incubation, reaction micture was diluted with 15 ul of 95%
formamide, 10 mM NaOH, 0.05% xylene cylanol, and 0.05% brom-
phenol blue, incubated at 95°C for 8 min, and then placed on wet
ice. Four microliters of the denatured DNA was Ipaded per lane in
a mutation detection enhancement gel (AT Biochem, Malvern, PA).
Electrophoresis was carried out at 4°C for 16 h at 6 W. The gels were
dried and autoradiography was performed at —70°C.

Sequence determination. The PCR product was purified by
agarose gel electrophoresis followed by extraction with glass beads
(GeneClean, BIO 101, La Jolla, CA). DNA was directly sequenced
by eycle sequencing (Life Technologies, Gaithersburg, MD).

PCR-RFLP. An artificial restriction site was created using a
PCR primer that introduces a base substitution close to the codon
of interest (Haliassos et al., 1989). The PCR primers were REPA1
(6" TTG GCC TAT TGG TTT GGG AAT 37) and ARTIFACT2 (5' GTC
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TGG GAA TTT GAA GCG TCC AC 3'). REPAIl introduces a C to G
substitution 4 bp upstream from the polymorphic site, enabling the
detection of this site as a Hinfl RFLP. Digestion with Hinfl yields
two fragments (18 and 86 bp) in the case of 5-HTc,.r or leaves the
product undigested (104 bp) in the case of 5-HTucy, (Fig. 2). Amplifi-
cation was performed using 60 ng of DNA, 0.25 uM each primer, 250
#M each of dATP, dCTP, dGTP, and 4TTP, 50 mM KCl, 1.5 mM
MgCl,, 0.001% gelatin, 10 mM Tris—HCI {pH 8.3), and 0.75 unit of
AmpliTaq (Perkin Elmer Cetus) in a total volume of 15 ul. Samples
were amplified for 35 cycles, each consisting of 1 min at 95°C, 2 min
at 50°C, and 3 min at 72°C. After amplification 10 units of Hinfl
(New England Biglabs) and recommended buffer (1X concentration
with respect to the final volume} were added directly to PCR tubes
and incubated 10 h at 37°C. The DNA fragments were resolved by
10% polyacrylamide gel electrophoresis and stained with ethidium
bromide. Typing 50 individuals either by PCR-RFLP or by SSCP
analysts yielded identical results.

Linkage analysis. HTR2C genotype was determined in 10 infor-
mative CEPH families. Data were entered into programs provided
by CEPH, and files with X chreomosome markers were prepared. Two-
point lod score analysis was performed using LINKAGE (Lathrop et
al., 1984) and MAPMAKER (Lander et al., 1987), and the two-point
values were utilized for multipoint analysis. Multipoint linkage anal-
ysis was performed using markers that showed the lowest recombi-
nation fraction. Also other highly informative markers were chosen
from both the Généthon (Weissenbach et al., 1992) and the NIH/
CEPH consortium maps (NIH/CEPH Collaborative Mapping Group,
1992). HTR2C was placed in all positions of a map of markers ordered
with greater than 1000:1 odds, using the TRY command of MAP-
MAKER.

Site-directed mutagenesis and synthesis of mRNA. The human
HTR2C cDNA clone was provided by Dr. Alan Saltzman (Rhone-
Poulenc Rorer Central Research, Collegeville, PA). The entire coding
region of the human HTR2C ¢cDNA (Saltzman et al., 1991) was sub-
cloned into a pSP72 vector at EcoRI and Xbal sites for mutagenesis.
A single-base mutation that converts cysteine (TGT) to serine (TCT)
was introduced into the human HTR2C cDNA at codon 23 by recom-
binant PCR (Vallette ef al., 1989). The authenticity of the single
base mutation was confirmed by double-stranded DNA sequencing
(United States Biochemical, Cleveland, OH), Complementary RNA
was prepared by in vitro transcription using the mCAP kit from
Stratagene (La Jolla, CA).

Oocyte preparation and electrophysiological recording, Qocytes
were isolated from mature female X [gevis. The follicular layer of
the oocytes was removed by treatment with 0.2% collagenase A for
2 h. Oocytes were then transferred into a medified Barth’s saline
(MBS) solution containing 88 mM NaCl, 1 mM KCl, 2.4 mM
NaHCOs3, 0.3 mM Cal(NO;),, 0.9 mM CaCly, 0.8 mM MpSO,, 10 mM
Hepes (pH 7.5) to await cRNA injection. Approximately 16—20 ng
cRNA was injected per oocyte using a microinjection pump (World
Precision Instruments, New Haven, CT). Two or three days following
cRNA microinjection, oocyte whole cell currents were measured in
an MBS superfusion medium using the two-microelectrode voltage-
clamp technigue, with membrane potential held at —70 mV. Seroto-
nin was superfused at the rate of ~8 ml/min for 30 s, with a period
of 20 min between applications to allow for recovery from desensitiza-
tion.

RESULTS

Identification of 5-HTsc Variants

Amplification of genomic DNA with primers 5HT2C7
and 5HT2C8 followed by SSCP analysis revealed a mo-
bility shift in some individuals. This DNA fragment
corresponds to the mouse 5-HTgc receptor gene exon
2 (Fig. 1). This polymorphism was cbserved in both
aleoholics and controls. Sequencing of the polymorphic
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FIG. 1. (Upper autoradiogram) SSCP analysis of the second
exon of HTR2C. Lanes A and B are males with 5-HTac,,. genotype.
Lanes € and E are males with 5-HTqc... genotype. Lane D is a female
who is heterozygous for 5-HTyc.. /5-HT s, alleles. (Lower autora-
diogram) Sequences of two males with 5-HTyqy, (left) and 5-HToceer
{right} genotypes and a female who is heterozygous for 5-HTscy./5-
HTcur (middle). G-C transversion causes cysteine to be replaced
by serine at codon 23 (T'GT or TCT).

DNA fragment revealed that the variant was caused
by a G to C transversion at nucleotide 68 of the coding
sequence substituting Cysges for Sers; (TGT for TCT)
{Fig. 1). Hydrophilicity analysis (Mac¢ Vector, Interna-
tional Biotechnologies Inc., CT} indicated that the hu-
man 5-HT,: receptor contains eight hydrophobic re-
gions, as previously suggested in mouse (Yu ef alf,
1991). The site of the Cysys—Serss substitution was
placed within the first hydrophobic region of the human
5-HTc receptor (data not shown). A PCR method gen-
erating restriction site was developed to determine ge-
notypes rapidly and also to confirm the existence of
the substitution (Haliassos et al., 1989) (Fig. 2). SSCP
analysis after amplification of other regions of HTR2C
did not reveal additional variants across the population
sampie.

Genetic Mapping of HTR2C

The HTR2C polymorphism was found to segregate
in an X-linked codominant fashion in CEPH families

A B e D

104 bp
86 bp

FIG. 2. PCR-RFLP genotyping of four individuals. Genomic
DNA was amplified with primers REPA1 and ARTIFACT2. Digestion
with Hinfl yields two fragments (86 and 18 bp) in the case of 5-
HTacue or leaves the product undigested (104 bp) in the case of 5-
HTaceys. Products were visuatized in ethidium bromide-stained 10%
polyacrylamide gel. Lane A is a heterozygous female, lanes B and C
are males with the 5-HTac,,, genotype, and lane D is a male with
the 5-HTacoy. genotype.
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TABLE 1
Markers Linked to HTR2C

Locus Probe Enzyme Location a Z ox
DXS5447 RX-404 Bglll Xq211 13.8 3.38
DXS3 P19-2 Mspl Xq21.3 9.5 315
DX5366 RX-329 Tagl Xg21.1-g24 0.0 33
DX8456 XG30B PCR Xg21-q22 7.5 4.73
DXS350 RX-100M1 Mspl Xq22.1-q24 0.0 4.51
DXS350  RX-100M2  Mspl Xq22.1-g24 00 571
DXS362 RX-237 Mspl Xq21.2—qgter 2.7 8.24
DSX362 RX-237 Tagl Xq21.2—qter 8.1 6.01
DXS328 QST-13 HindIll Xg21.2-4221 122 5.14
DSX328 QST-47 HindIll Xqg21.2-922.1 118 3.49
DSX327 QST-7 Mspl Xq21.2—q22.1 5.0 3.69
DXS1001  248web (AC), Xq24 8.6 3.67
DX5358 RX-187 HindIll  Xq24-gter 0.0 7.22
DXS358 RX-187A Tagl Xg24—qgter 0.0 6.01
DXS358 RX-187B Tagl Xg24—qgter 0.0 421
DXS329 KZO-7 Hindlll Xq24-q26 6.2 3.19
DXS734 RX-99 Tagl Xqg21.1—qgter 0.0 1022

Nate. Loci are listed in order from pter to qter according to the
data in the Genome Data Base (GDB, The Johns Hopking University
School of Medicine). The DXS markers are anonymous loci. Enzyme
refers to the enzyme that detects the polymorphism; (AC), represents
CA dinucleotide repeat loci; location is the known physical location
of the marker on the X chromosome. 6 is the sex-averaged recombina-
tion frequency observed with HTRZC, and Z,,.., is the lod (log of edds)
score at the value of the recombination frequency.

and was typed in 10 informative families. Allele fre-
quencies in 47 unrelated Caucasians (CEPH parents)
were 0.13 and 0.87 for 5-HTc,.r and 5-HTsc,ys, Tespec-
tively. Table 1 shows the maximum two-point lod
scores. Two-point analysis yielded a maximum lod
score of 10.22 to DXS734, which has previously been
assigned to Xq21.1—qgter. There were also a number of
other markers in this region that were linked to
HTR2C. Multipoint analysis placed HTR2C ¢n the long
arm of the X chromosome and in the interval between
DXS8362 and DXS842 with odds greater than 1000:1.
DXS8362 and DXS842 have previously been mapped to
Xq21.2-qgter and Xq25, respectively. The marker
DXS287, previously assigned to Xq23, appears to be
centromeric to HTR2C, and the odds against the alter-
nate order for the two loci were greater than 50:1. Sex-
averaged intervals between the HTR2C locus and the
markers are shown in Fig. 3.

Oocyte Expression and Pharmacological
Characterization of 5-HTsc,ys and 5-HT o¢yer

Xenopus oocytes have endogenous Ca®*-activated
chloride channels that serve as a functional indicator
for receptor-mediated inositol triphosphate (IP3) for-
mation. Taking advantage of this property, the ooeyte
expression system has been widely used to characterize
5-HTyc function pharmacologically after microinjection
of the synthetic receptor mRNA into the cells (Julius
et al., 1988). We compared the electrophysiological
properties of 5-HTyc.,. and 5-HTscer under identical
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FIG. 3. Genetic location of human HTR2C. Multipoint analysis
in CEPH families placed the 5-HT.c gene on the long arm of the X
chromosome and in the interval between DXS362 and DXS42 with
odds greater than 1000:1. Sex-averaged intervals between the
HTR2C locus and the markers are shown.

conditions in cocytes expressing these receptors. 5-HT
activated similar inward currents in oocytes expressing
either 5-HTsceys 0r 5-HT ... In agreement with others,
we found that it was necessary to allow at least 20
min between 5-HT applications to permit recovery from
desensitization (Lubbert et al., 1987; Yu et al., 1991).
The currents activated by 10 nM 5-HT were antago-
nized in oocytes expressing either 5-HTsceys or 5-HTycqe,
by 1 pM 1-(1-naphthylpiperazine HCI (PPRZ), an an-
tagonist of 5-HT.s and 5-HT, receptors. The 5-HT-
activated currents recovered 20 min after the begin-
ning of washout of PPRZ in oocytes expressing either
5'HT2Ccys or 5'HT2Cscr-

The amplitude of 5-HT-activated currents was con-
centration —dependent over a concentration range from
I to 500 nM. Analysis of the concentration—response
data was performed using the nonlinear curve-fitting
program ALLFIT (DeLean et al., 1978). Values re-
ported from the concentration—response analysis are
those obtained by fitting the data to the logistic equa-
tiony = (Epax — Enin ¥[1 + (/ECs5) "] + B, where x
and y are concentration and response, respectively E .,
is the minimal response, K, is the maximal response,
ECs, is the half-maximal response, and n is the slope
factor (apparent Hill coefficient). The ECs, for 5-HT
activated current was 6.2 = 0.9 nM (mean = SEM; n
= 8 cells) and 6.5 = 0.8 nM (n = 7 cells) for oocytes
expressing 5-HTocy and 5-HToc,.r, respectively (one-
factor ANOVA test; P > 0.05). The apparent Hill coef-
ficients for the 5-HT concentration response curves
were 1.4 for 5-HTyc.ys and 1.2 for 5-HT g (0ne-factor
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ANOVA test; P > 0.05). Similar maximal responses
were obtained with 500 nd 5-HT in oocytes expressing
either 5-HT oy or 5-HTocqe..

DISCUSSION

We identified a polymorphism in the human HTR2C
gene by amplifying genomic DNA from 62 individuals
and performing SSCP analysis, which is a rapid and
efficacious method for detecting polymorphisms (Dean
et al., 1990; Glavac and Dean, 1993; Poduslo et al.,
1992). Although 90% of the HTR2C coding region was
screened for sequence variants, no other variants were
detected. However, SSCP is not 100% sensitive even
when carefully optimized (Glavac and Dean, 1993), and
approximately 10% of the HTR2C gene was not
screened because intron sequences were not available
for primer design. Thus, it is possible that other unde-
tected 5-HT, variants exist in the sample population.
The 5-HTy variant is a common (allele frequency 0.13)
nonconservative amino acid substitution in which a G-
C transversion causes a cysteine to be replaced by ser-
ine at codon 23. Since the polymorphism was not de-
tectable as a conventional RFLP, a PCR primer that
introduces a base substitution close to the codon of in-
terest was used to create an artificial Hinfl restriction
site with two allelic forms (Haliassos ef al., 1989). Di-
gestion with Hinfl yields two fragments (18 and 86 bp)
in the cage of 5-HTy ¢, 0r leaves the product undigested
{104 bp} in the case of 5-HTycy.. Typing 50 individuals
either by PCR-RFLP or by SSCP analysis yielded iden-
tical results, demonstrating reproducibility of this
method. We have successfully utilized a similar ap-
preoach in studies of two of the other serotonin recep-
tors, 5-HTyp, (Ozaki ef al., 1995) and 5-HT;p; (Lappa-
lainen et al., 1995). The conversion of the SSCP variant
to the RFLP site facilitates the genotyping, makes the
genotyping more portable to other laboratories, and
also confirms the sequencing result. This is especially
important when PCR products are directly sequenced
using cycle sequencing.

A tight linkage was found between the HTR2C poly-
morphism and marker DXS734, which has previously
been placed on Xq21.1—qter. Other markers that did
not recombine with the HTR2C polymorphism were
DXS358 (Xg24—qter), DXS5366 (Xq21.2—-q24), and
DXS350 (Xq22.1-q24). Multipoint analysis placed
HTR2C between DXS287 and DXS42, which have pre-
viously been mapped to Xq23 and Xq25, respectively.
Thus, the location of HTR2C appears to be within Xq24,
which is in agreement with the previous physical map-
ping result of Milatovich et al. (1992). The knowledge
of the precise genetic location of HTR2C is important
for future linkage studies with X-linked syndromes.

Since HTR2C has an important role in the regulation
of several endocrinological responses, CSF production,
and behavior, this locus becomes a potential candidate
for any Xq24-linked syndromes that involve abnormal
brain function.
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In this study, a single Cysz;—Sers; point mutation in
the first hydrophobic domain of human HTR2C did not
alter the 5-HT concentration—response curves in Xeno-
pus oocytes expressing these receptors. This suggests
that human 5-HT,¢ variants may not be functionally
different under baseline physiological conditions. It is
possible, however, that the responses to pharmacologi-
cal agents, neuropeptides, or hormones may be differ-
ent. For example, Cys—Ser substitution may affect the
receptor folding, hindering the formation of a normal
hydrophobic pocket and subsequently the binding of
bulky ligands. Theoretically, the presence of cysteine
could alter protein folding due to its ability to form
disulfide bonds (Strosberg, 1991). Dixon ef al. (1987)
have previously shown that substitution of Cys;os and
Cysig4 in hamster 3.-adrenergic receptor markedly di-
minishes agonist binding to the modified receptor.
Thus, studies utilizing compounds of different molecu-
lar size might be required to demonstrate functional
differences between 5-HTsc.ys and 5-HT ¢,

As reviewed in the Introduction, several lines of evi-
dence suggest abnormal function of 5-HTy: receptors
in certain neuropsychiatric disorders, including alco-
holism (Benkelfat et al., 1991), panic disorder (Charney
et al., 1987; Kahn et al., 1988), seasonal affective disor-
der (Joseph-Vanderpool et al., 1993), and obsessive—
compulsive disorder (Hollander et al., 1988; Zohar et
al., 1987). Thus, it may be valuable to search for a
population association or linkage between 5-HTscey
and 5-HTsce., to these disorders.

In conclusion, this is the first demonstration of a
fairly common amino acid substitution in human
HTR2C. This substitution was used for fine-scale link-
age mapping of HTR2C which was placed on the long
arm of the X chromosome. The described polymorphism
should also provide a tool for genetic studies in popula-
tions and families. In electrophysiological studies, with
the 5-HT¢ variants expressed in Xenopus oocytes, con-
centration—response curves for 5-HT were not signifi-
cantly different. However, further electrophysiological
studies utilizing different pharmacological compounds
and also ligand binding experiments are required to
rule out the possibility of functional divergence be-
tween 5-HTyc,,. and 5-HT ..
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