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SUMMARY: The human 5-HT,, receptor was screened for naturally occurring mutations. The
PCR product of the 5-HT,, receptor gene was digested with several restriction enzymes and
evaluated by single-strand conformational polymorphism (SSCP) analysis. Comparison of the
SSCP electrophoretic pattern with a restriction map of the 5-HT,, receptor allowed localization
of the polymorphic sites facilitating their identification by sequence analysis. Two
polymorphisms were identified in the human 5-HT,, receptor gene that altered amino acid
composition. The polymorphisms encode amino acid substitutions in the 5-HT,, receptor of a
glycine to serine at amino acid 22 and an isoleucine to valine at amino acid 28, respectively.
Both polymorphisms alter the extracellular amino terminal domain of the 5- HT,, receptor. The
polymorphic 5-HT |, alleles have been found in American and Finnish Caucasians and in native
American Indians. This is the first report of a polymorphism in the human 5-HT,, receptor gene
that alters the structure of the 5-HT |, receptor protein cOmposition. o 1995 Academic press, Inc.

The serotonin 1A (5-hydroxytryptamine) receptor gene is located at chromosome 5,
ql11.2-q13 and encodes the 5-HT |, receptor (1). It belongs to the family of G-protein coupled

receptor genes (1) which includes the B adrenergic receptor and the majority of serotonin

receptors. The 5-HT,, receptor is expressed presynaptically in cell bodies and dendrites of
serotonergic neurons of the dorsal raphe nucleus and postsynaptically in neurons of the
hippocampus. Expression of the 5-HT,, gene in the brain is highest in raphe nucleus, septum,
hippocampus, entorhinal cortex and interpeduncular nucleus (2). 5-HT,, receptor function is
mediated through several interrelated G-protein coupled mechanisms. Upon binding of serotonin,

cystosolic Ca2+ levels become elevated (3), neuronal firing decreases (4), sodium-dependent
phosphate transport is activated via activation of protein kinase C (5), phospholipase C is
stimulated to increase inositol phosphates (6), potassium channels open (7) and adenylyl cyclase
is inhibited thereby reducing intracellular cAMP levels (8). Furthermore, binding of serotonin to
the 5-HT,, receptor inhibits serotonin release (9).
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Serotonin has been demonstrated to play a major role in many physiological and
behavioral functions. These include behaviors characterized by an intolerance to delay, such as
impulsivity, self destructive behaviors and appetite control (10). Physiological functions in which
serotonin is involved include control of body temperature and sleep (11). These behaviors and
physiological functions are modulated, in part, by binding of serotonin to the 5-HT,, receptor.
There is evidence in rodents that the 5-HT,, receptor may be involved in alcohol consumption
(12). Density of 5-HT,, receptors in frontal cerebral cortex and hippocampus of alcohol-
preferring rats was significantly higher than in alcohol non-preferring rats. This was
accompanied by a concomitant decrease in the K of the 5-HT,, receptor for serotonin.

Furthermore the 5-HT , receptor appears to be involved in aggressive behavior. Specific 5-HT
agonists can block resident-intruder and maternal aggression (13).

Although the 5-HT,, receptor has been implicated in many behavioral and physiological
functions the genetic factors determining individual differences are unknown. Genetic variants of
the 5-HT,, receptor could be involved in the predisposition to certain behaviors such as
alcoholism and aggression as well as in differences in pharmacokinetic responses to drugs which
act via 5-HT,, receptor binding.

To understand the role of the 5-HT,, receptor in behavioral and physiological responses
we have examined the 5-HT |, receptor gene in several human populations. Two DNA transitions
were identified which altered the protein sequence of the human 5-HT,, receptor.

MATERIALS AND METHODS

PCR Amplification: Genomic human DNA was analyzed for polymorphisms in the 5-HT,, gene
by single-strand conformational polymorphism analysis (SSCP) followed by direct sequencing of
amplified DNA. PCR amplification was performed with 100 ng DNA, 100 nM of primer A 5°-
TTCGCGCTGCTTTTTCTTCC-3' and primer B 5'-CTACTCCTCCGTCATCACTG-3', 250 uM
each of dCTP, dGTP, dTTP and dATP, 15 mM (NH,)SO,, 200 uM spermidine, 2 mM MgCl,, 60

mM Tris, pH 10.0, 2.5 pCi [a-**P] dCTP and 1.25 units Taq polymerase (Boehringer Mannheim)

in 12.5 pl. Samples were amplified for 30 cycles, each cycle consisting of 1 min at 95°C, 2 min.
at 60°C and 3 min. at 72°C, followed by 7 min. at 72°C.

Restriction Enzyme Analysis of PCR Product by SSCP Analysis: The PCR product was
digested with Alul, Haelll and HinfT (by single or double digestion) according to manufacturers’
recommendations. The samples were then denatured with 9.5 mM NaOH and 90% formamide at
100°C for 2 minutes. Samples were electrophoresed on a 6% nondenaturing polyacrylamide gel
(14) overnight at 200V and dried. DNA bands were detected by autoradiography or by using a
Molecular Dynamics PhosphorImager 400.

DNA Sequencing: The polymorphic region was sequenced using the afore mentioned primers
or primer C 5’-TGCACCATTAGCAAGGATCAT-3’. Amplified DNA was purified

(WizardTM PCR prep DNA purification system, Promega) and sequenced with *P end-labeled
primers using the dideoxy cycle sequencing kit (Life Technology). Samples were
electrophoresed in a 6% polyacrylamide gel, dried and visualized using a Molecular Dynamics
PhosphorImager 400 or by autoradiography on x-ray film.

RESULTS
Identification and characterization of 5-HT,, polymorphisms by restriction digestion.
SSCP analysis of the full length PCR product identified two polymorphisms in the coding
region of the human 5-HT,, receptor gene (data not shown). Since the initial PCR product was

531



Vol. 210, No. 2, 1995 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

1330 bp in length we employed a novel restriction mapping technique to localize the polymorphic
site. The polymorphic alleles and several control DNAs were PCR amplified, digested with
restriction enzymes and analyzed by SSCP analysis. The restriction enzymes Alul, Haelll and
Hinfl were used for single and double digestions. The resulting SSCP gel of the digested PCR
product was compared with the restriction map of the 5-HT,, gene (Fig. 1C). Digestion of the
PCR product with Alul produced five fragments out of which only one of the bands showed
altered mobilities compared to the control DNA (Fig 1A lane 1&2, 1B lane 3). Digestion of the
PCR product with Haelll plus Alul (FiglA lane 2, 1B, lane 2), Hinfl plus Alul (FiglA lane 2, 1B,
lane 2), or Hinfl, Haelll plus Alul (FiglA lane 3, 1B, lane 3), did not alter the mobility of the
fragment containing the polymorphism as compared to digestion with Alul alone. These results
indicated that the mutations reside within one of the two Alul - Alul fragments or the 3’ or 5’
terminal Alul fragments of the 5-HT,, PCR product (Fig. 1C).

A B
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Figure 1, SSCP/restriction enzyme analysis of the 5-HT,, alleles. (A) Characterization of the
5-HT ,-746A variant. Amplified DNA was digested with Alul, Haelll and Hinfl in single and
double digestions as indicated. Lanes 1, 2,4, 5,7, 8, 10, 11, 13, 14,16 and 17 are heterozygous
for the 5-HT,,-746A allele and lanes 3, 6, 9, 12, 15 and 18 are homozygous for the wild type
allele. The arrow indicates the 5° Alul fragment with altered SSCP mobility. (B)
Characterization of the 5-HT, -764 mutation. Lanes 3, 8, 13, 18, 23 and 28 are heterozygous for
the 5-HT,,-764 allele and lanes 1, 2, 4-7, 9-12, 14-17, 19-22, 24-27, 29 and 30 are homozygous
for the wild type allele. The arrow indicates the 5° Alul fragment with altered SSCP mobility.
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Sequence analysis and identification of the 5-HT,, allele polymorphisms.

The two Alul - Alul fragments and 5’ Alul fragment of the polymorphic alleles and control
DNAs were sequenced by cycle sequencing. Two polymorphisms were identified by sequencing
in the amino terminal coding region of the human 5-HT,, receptor gene (Fig. 2). The first
polymorphism was a G to A transition at nucleotide 746 (5-HT,,-746A). This nucleotide
transition codes for an amino acid substitution of serine for glycine at amino acid 22. The second
polymorphism was an A to G transition at nucleotide 764 (5-HT,,-764G). This polymorphism
produces a valine for isoleucine substitution at amino acid 28. In addition, the nucleotide 746 G
to A transition creates a restriction fragment length polymorphism (RFLP) in the 5-HT,, gene
with the NspB II restriction enzyme. Both amino acid substitutions were found near the amino-
terminus, in the extracellular domain of the receptor.

Population frequencies of the 5-HT , -746A and the 5-HT,-764G alleles.

Table I lists the abundances of the polymorphic 5-HT,, alleles in three populations.
Although the polymorphisms identified are relatively rare, both polymorphic alleles were found
in more than one population. The 5-HT,,-746A allele was found in one Cheyenne Indian and in
one American Caucasian. The 5-HT,,-764G alleie was found in one Finnish subject and has been
observed in other populations (15).

DISCUSSION
Two nucleotide substitutions have been identified in the 5-HT,, receptor gene. Both
mutations alter the amino acid coding sequence of the 5-HT,, receptor gene. The first
polymorphism identified encodes an amino acid substitutions of a glycine to serine at amino acid
22. The second mutation encodes an isoleucine to valine substitution at amino acid 28. When
expressed these polymorphisms will alter the extracellular amino terminal domain of the 5-HT,,
receptor. Both these amino acid residues, 22 and 28, are conserved between human and rat 5-

HT , receptors (16), perhaps indicating a conservation of function. We believe this report is the

A B ...Thr Gly Gly...

5-HT 4 5-746G ...ACC GGC GGC...
...TGG CCG CCG. ..

..Thr Ser Gly...

5~HT1A-746A . .ACC AGC GGC...
...TGG TCG CCG. ..

..Gly Ile Ser...

5-HT{5-764A - --GGT ATC TCC...
...CCA TAG AGG...

S j ...Gly val Ser...
5-HT1A-746A Wio Type 5-HT1A'764G 5-HT1A-764G .. .%GT GTC TCC...
..CCA AAG AGG...

Figure 2. Sequence analysis of the 5-HT ,,-746A, 5-HT , wild type and 5-HT ,,-764G alleles.
{A) Sequencing autoradiogram of part of the coding region of the wild type gene and variants.
The arrows indicate nucleotide substitutions in the coding region of the 5-HT, receptor gene.
Panel 1 displays the 5-HT,,-746A transition, panel 2 displays the wild type sequence and panel 3
displays the 5-HT, ,-764G variant. Sequencing was performed as described in text. (B) Partial
nucleotide and amino acid sequences of the coding regions of the wild type and the two variants
with their amino acid sequences.
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Table I
Population distribution of the 5-HT,-746A and the 5-HT |, -764G alleles *

Population Wild type S-HT,,-746A S-HT ,-764G
American Caucasian 82 1 0
Cheyenne Indians 65 1 0
Finns 189 0 1

* Numbers in the table are individuals.

first to identify naturally occurring mutations in the 5-HT,, receptor gene that alter 5-HT,,
receptor amino acid composition.

It is somewhat surprising that the 5-HT ,-746A allele was found in two distant
populations; Cheyenne Indians and American Caucasians. 5-HT,,-764G was also found in
multiple populations (15). This could either indicate that these variants are ancient or that the
mutations arose independently. However, if the origins of the variants are independent in the
different populations it is very curious that only these two rare amino acid substitutions are
observed with the same nucleotide substitutions involved.

In the closely related human B,-adrenergic receptor, naturally-occurring substitutions
have also been identified in the extracellular domain of the protein near the amino terminus (17).
The B,-adrenergic genes containing these substitutions, at residues 16 and 27, have been
expressed in cultured cells. The mutated B,-adrenergic receptors expressed in the transfected
cells displayed normal agonist binding and functional coupling to Gy resulting in stimulation of
adenylyl cyclase. Both mutations, however, altered agonist-promoted receptor downregulation
and receptor degradation. These results indicate that this region in the B,-adrenergic receptor is
not involved in agonist binding or signal transduction but functions in modulating receptor
density. Since the 5-HT,, amino acid substitutions identified here are also located in the
extracellular amino terminus of the receptor, we can speculate that they may alter receptor
function in a fashion similar to the B,-adrenergic receptor variants.

The 5-HT,, receptor has been implicated in alcohol-preference (12) and in aggressive
behavior (13) in rodent models. Therefore, it is possible that the glycine 22 to serine 22 and
isolucine 28 to valine 28 substitutions in the 5-HT,, receptor could be determinants of
interindividual variation in these behaviors in the human.

The method used in this study of combining SSCP analysis with restriction enzyme
mapping localized the polymorphic site to a subregion of the 5-HT,, receptor gene. This
climinated the need for the complete sequencing of the 1330 bp of the 5-HT,, receptor
cDNA(18).

Experiments are in progress to characterize the mutant 5-HT,, alleles. The human 5-
HT,, receptor cDNA was cloned into a mammalian expression vector. Site-directed mutagenesis
(19) was used to introduce the glycine 22 to serine 22 and the isoleucine 28 to valine 28 amino
acid substitutions. Cultured cells were transfected with these constructs (20) and cell lines
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expressing these receptors have been established. These cell lines are being screened for 5-HT,,
expression. Experiments are in progress to determine receptor binding affinities and to
characterize receptor downregulation and degradation. In preliminary experiments, the mutant
5-HT,, receptors displayed normal agonist binding which was similar to the binding to the
normal 5-HT, receptor. This was expected for the polymorphic 5-HT,, receptors since in
similar experiments with the human B,-adrenergic receptor agonist binding was unaffected by

mutations in this region .
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