ELSEVIE

Biochimica et Biophysica Acta 1236 (1995) 201-206

BB

Biochimica
et Biophysica Acta

Short Sequence-Paper

Species differences in 5-HT,, receptors: cloned pig and rhesus monkey
5-HT,, receptors reveal conserved transmembrane homology to the
human rather than rat sequence

Michael P. Johnson **, Melvyn Baez ?, J. David Kursar ?, David L. Nelson *

* Lillv Research Laboratories, CNS Research, Lilly Corporate Center, Indianapolis, IN 26285, USA
® Marion Merrell Dow Research Institute, Cerebrovascular Biology, 2110 E. Galbraith Road, Cincinnati, OH 45215, USA

Received 29 November 1994; revised 2 March 1995; accepted 6 March 1995

Abstract

Pig and rhesus monkey 5-HT,, receptor cDNA clones were isolated. The pig and rhesus monkey clones encode proteins that share a
94% and 95% homology, respectively, with the rat 5-HT,, receptor, and a 97% and > 99% homology, respectively, with the human
5-HT,, receptor. Within the transmembrane regions of the pig and monkey receptors, the deduced amino acid shows only three
differences compared to that of the rat and are identical to the human 5-HT,, receptor clone.
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The 5-HT,, receptor was one of the first three 5-HT
receptors to be cloned. The amino acid sequence of the rat
[1-3], hamster [4] mouse [5] and more recently the human
[5-91 5-HT,, receptors heve been reported. The homology
of these 5-HT,, receptor sequences between the different
species is quite high with only three amino acid changes
found within the transmembrane (TM) regions, where
ligand binding is thought to occur (for a review see [10]).
Despite the high degree of homology, there are well
documented differences in the pharmacological profile of
the rat and human 5-HT,, receptors [11-13}

Previously it was found that mesulergine and methy-
sergide (ergolines that act as antagonists at the 5-HT,,
receptor) had different affinities for the rat 5-HT,, recep-
tor than for the pig or human 5-HT,, receptors [11-13].
Recent work has identified a very specific structure-activ-
ity relationship difference among the 5-HT,, receptors of
various species [12,13]. These studies have indicated that
N(1) alkyl substitution of indole-containing ligands either
increases or does not effect the affinity for the rat 5-HT,,
receptor but significantly decreases affinity for the pig,
squirrel monkey and human 5-HT,, receptors.
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The present study was undertaken for two reasons.
First, to determine whether the same pharmacological pro-
file for 5-HT,, receptor ligands would be seen with rhesus
monkey frontal cortex as has been previously reported for
the pig, squirrel monkey and human 5-HT,, receptors.
Secondly, cDNA clones encoding the 5-HT,, receptor in
pig and rhesus monkey were isolated and sequenced to
determine and compare the amino acid sequence homolo-
gies of the 5-HT,, receptor in the rat, human, pig and
rhesus monkey.

Materials were obtained from the following sources.
[*HIKetanserin and [ a-*?P]JdCTP was obtained from New
England Nuclear (Boston, MA) at a specific activity of 60
and 3000 Ci/mmol, respectively. Ketanserin HCI, spiper-
one HCI, ergonovine maleate, mesulergine HCI, metergo-
line and LY53857 maleate were purchased from Research
Biochemicals Inc. (Natrick, MA). All other compounds
were synthesized at Lilly Research Laboratories (Indiana-
polis, IN). A cDNA encoding the rat 5-HT,, receptor [2]
was kindly provided by Dr. Lei Yu (Indiana University-
Purdue University of Indianapolis, Indianapolis, IN).

Affinity for the rhesus monkey 5-HT,, receptor was
examined as described by Nelson et al. [12] with only
minor modifications. Specifically, rhesus monkey brains
were obtained from the Texas Primate Center (Alice, TX)
and the anterior one third utilized in these studies. The
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tissue was prepared as described [12] and then resuspended
after the final wash in 50 mM Tris-HCI (pH 7.6) at 25 mg
wet wt. /ml and frozen at — 70° C until used. Assays were
automated using a Biomek 1000 (Beckman Instruments,
Fullerton, CA) in a final volume of 250 ul. Radioligand,
25 pl of 1 nM (final concentrations) in displacement
experiments or 25 ul of 0.2 to 10 nM in saturation
experiments, was added to buffer and varying concentra-
tions of drugs (dissolved in H,O) such that the final buffer
consisted of 50 mM Tris-HCI (pH 7.6), with 100 nM
prazosin. Non-specific binding was defined as that dis-
placeable with 3 uM spiperone. Incubations were com-
menced with the addition of 100 u! tissue homogenate and
allowed to equilibrate at 37° C for 30 min before filtering
through GF /B filters presoaked in 0.5% polyethylenimine.
Saturation and displacement results were analyzed as pre-
viously described [12,13].

Standard cDNA cloning procedures were utilized essen-
tially as described in the methods of Kursar et al. [14] with
minor modifications. Pig and rhesus monkey cDNA Ili-
braries were obtained from Clontech (San Francisco, CA).
These libraries had undergone 1 round of amplification.
The libraries were plated at a density of 5 10° pfu /plate
on 150 mm dishes using standard procedures. The nitro-
cellulose filters obtained from plaque lifts were prehy-
bridzed at 45° C overnight in 30% formamide, 5 X SSPE,
5 X Denhardt’s, 0.1% SDS, and 100 ung/ml denatured
salmon sperm DNA. A radiolabelled probe was synthe-
sized by PCR labeling as previously described [15] using
the cDNA encoding the rat 5-HT,, receptor as a template.
Hybridization was carried out at 45° C for 48 h and then
the filters washed three times for 10 min at 45°C in
2 X SSC/0.1% SDS and then washed three times for 30
min at 45°C in 0.1 X SSC/0.1% SDS. Several clones
were isolated from each library and the clones bearing the
largest cDNA inserts were further analyzed. It was found
that the cDNA clones contained an internal EcoRlI site (the
enzyme used in the library construction). Therefore, the
resulting fragments were each isolated and subcloned into

pSport vector (Gibco BRL, Gaithersburg, MD) for further
analysis. The cDNA clones were sequenced using the ABI
373 Automated Sequencer (ABT, Foster City, CA) and the
procedures provided by the vender. The University on
Wisconsin GCG software was utilized for all sequencing
analysis.

Saturation experiments in homogenates from rhesus
monkey frontal cortex indicated a K; of 0.66 + 0.04 nM
and a B,,, of 299 449 fmol/mg protein (n=3) for
[*H]ketanserin. In displacement experiments (Table 1) ke-
tanserin, spiperone and metergoline were all found to have
similar affinity for the rat, human, pig squirrel monkey and
rhesus monkey 5-HT,, receptor [12,13]. The N(1) substi-
tuted ergolines, mesulergine and LYS53857, have a lower
affinity for the rhesus monkey 5-HT,, receptor than the rat
receptor (Table 1). In contrast, the N(1) unsubstituted
ergolines, ergonovine and L.Y86057, have a higher affinity
for the rhesus monkey 5-HT,, receptor than the rat recep-
tor. All of these ergolines were found to have affinities for
the rhesus monkey that were very similar to those found
for the squirrel monkey, pig and human receptors.

The nucleotide sequence of the rhesus monkey clone
isolated from the cDNA library appeared to contain a
deletion of one nucleotide in the region encoding the
carboxy terminus. A series of adenosines found at posi-
tions 1283 to 1289 contained one less base than seen in
any other 5-HT,, receptors. It was hypothesized that the
apparent deletion of a single base pair within this region
(1283-1290) was due to an error in the synthesis of cDNA
with reverse transcriptase. To test this hypothesis, a 400
base pair DNA fragment was amplified from rhesus mon-
key genomic DNA (Clontech, San Francisco, CA) by PCR
using standard procedures and sequenced. The resulting
PCR product confirmed a string of 7 adenosines consistent
with the other 5-HT,, receptor sequences (as opposed to 6
found in the A phage clone). Therefore, it is presumed that
the isolated cDNA clone sequence contained an unnatural
deletion and the corrected sequence (as given in Fig. 2)
was used for all subsequent analysis.

Table 1
Affinity for [*H]ketanserin-labeled rhesus monkey 5-HT,, receptors in frontal cortex homogenates
Drug N(1) subst. ICs, (nM)

Rhesus monkey * Rat ® Squirrel monkey ° Pig ® Human °
Ketanserin 335+ 0.09 2.49 4.28 1.70
Spiperone 2.16 + 0.26 0.92¢ (+0.05)
Metergoline -CH, 1.19 + 0.04 0.76 0.82 0.37 1.2
Ergonovine -H 322+ 099 46.4 34 3.8 3.1
Mesulergine -CH(CH ), 459 +10.3 8.2 449 54.2 48.5
LY86057 -H 420+ 0.30 55.9 32 4.6 33
LY53857 -CH(CH ), 575 + 38 7.2 33.1 40.0 30.6

ICs, values were determined by displacement of 1.0 nM [*H]ketanserin as described previously [12]. The IC 5o values for displacement from rat, squirrel
monkey, pig and human [*HJketanserin-labelled 5-HT,, receptors were included for comparison [12].

* Mean + S.E. (»).
® Taken from [12].
¢ Nelson, D.L., Wainscott, B.D. and Lucaites, V.L., unpublished results.
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The ¢cDNA sequence encoding the pig and rhesus mon-
key 5-HT,, receptors are given in Figs. 1 and 2, respec-
tively. At the nucleotide level the pig 5-HT,, receptor has
85% homology to the rat and 91% homology to the human
analogue of this receptor. Similarly the rhesus monkey
5-HT,, receptor has 87% homology to the rat and 98%
homology to the human analogue of this receptor. A
multiple sequence alignment of the deduced amino acids
indicates a high homology to the rat 5-HT,, receptor (94%
and 97%, for the pig and rhesus monkey, respectively) and
an even higher homology to the human 5-HT,, receptor
(95% and > 99% for the pig and rhesus monkey, respec-
tively). Within the TM regions, the pig and rhesus monkey
sequences are identical to the human amino acid sequence

but differ by three amino acids from that of the rat
sequence (Fig. 3).

Previous work using mutagenesis of the human and rat
5-HT,, receptors has suggested that the changes in struc-
ture—activity relationship seen when examining different
species are due to a single amino acid difference between
the rat and human 5-HT,, receptor. Kao and co-workers
[16] found that by mutating Ser-242 in the TM V region of
the human 5-HT,, receptor to Ala-242 there was an
increase in the affinity for [*Hlmesulergine while the
affinity for [*Hlketanserin was unaffected. Specifically,
[3H]mesulergine was found to have an affinity for the
mutated 5-HT,, receptor that was very similar to the rat
but different than the wild-type human 5-HT,, receptor.
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Fig. 1. The nucleotide sequence and deduced amino acid sequence encoding the pig 5-HT,, receptor. Sequences were isolated from a cDNA A library
using a radiolabelled rat 5-HT,, probe and low stringency hybridization.
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Recent work [17] has examined a series of ergolines and
tryptamines, that have previously been identified as having
species differences in their affinity, at several mutants of
position 242 in the rat 5-HT,, receptor. The Ala-242 to
Ser-242 mutant, resulted in affinities for the test com-
pounds that were significantly different than seen with the
wild-type rat receptor but practically identical to the hu-
man 5-HT,, receptor. This clearly indicates that the
changes in affinity and therefore the differences in struc-
ture-activity relationship found among the 5-HT,, recep-
tors of various species are due to the single amino acid
change within TM V.

Pharmacological characterization of the pig [12] and
rthesus monkey (Table 1) 5-HT,, receptor have indicated a
structure—activity relationship with ergolines and
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the Ala/Ser change in the 5-HT,, receptor sequences
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Fig. 2. The nucleotide sequence and deduced amino acid sequence encoding the rhesus monkey 5-HT,, receptor. Sequences were isolated from a cDNA A
library using a radiolabelled rat 5-HT,, probe and low stringency hybridization.
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affinity to the human 5-HT,, receptor. Admittedly, with
most 5-HT,, ligands there is no difference in affinity for
the rat and human receptors and to date the only 5-HT,,
ligands that have shown species differences are of a spe-
cific structural type (i.e., indole containing compounds).
However, the fact that some compounds do show species
differences between the rat and the pig, squirrel monkey,
rhesus monkey and human, and that the structure—activity
relationship actually reverses between these species [12,13]}
means that the results from rat cannot be used with a high
degree of confidence to predict activity in humans. Fur-
thermore, if the affinity of a compound for one receptor
(for example the 5-HT,, receptor) changes between species
it does not necessarily follow that the affinity of the
compound will change for any other receptor (for example
the 5-HT,. receptor). Therefore, one may have a de-
creased or even a loss of selectivity for a target resulting in
an increase chance for side effects in man.

With the 5-HT,, receptor it is now clear that the
species differences observed in affinities for ergolines and
tryptamines is due to a single amino acid substitution,

Ala/Ser-242 [16,17]. However, there are two other amino
acid substitutions within the TM regions of the rat and the
pig, rthesus monkey and human 5-HT,, receptors. The
Ile-150 in the rat to Val-150 in the higher species is less
likely to result in significant changes in the ability of
compounds to bind to these receptors. However, the rat
5-HT,, receptor contains a Thr-82 while the pig, rhesus
monkey and human 5-HT,, receptors have an Ala in this
position. It is easy to envision an H-bonding interaction
occurring in the rat if this Thr were positioned in the
appropriate site within the binding pocket. Naturally this
H-bonding interaction would be lost in the pig, rhesus
monkey and human 5-HT,, receptors. Although no such
compounds have been identified, it is possible that com-
pounds other than the ergolines and tryptamines could
potentially show species differences in their affinity for the
5-HT,, receptor.

One obvious solution to this potential problem of species
specific affinities is to utilize rhesus monkey frontal cortex
or the pig frontal cortex, or the pig, rhesus monkey or
human cloned receptor, when determining affinity for the
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Pig5Sht2 NRINLSCEGE L
RatSht2 NRTNLSCEGY LE
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71 _ 140
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Hum5ht2  LOEKNWSALL TAVVIILTIA GNILVIMAVS LEKKLONATN YFLMSLAIAD MLLGFLVMPV SMLTILYGYR
PigSht2  LQEKNWSALL TAVVIILTIA GNILVIMAVS LEKKLQNATN YFLMSLATAD MLIGFLVMBYV SMLTILYGYR
Rat5ht2  LOEKNWSALL TPIVVIILTTIA GNILVIMAVS LEKKLONATN YFLMSLATAD MLLGFLVMPV SMLTILYGYR

™I ™IV

141 210
MonSht2  WPLPSKLCAV WIVLDVLFST ASIMHLCAIS LDRYVAIQNP IHHERFNSRT KAFLKITAVW TISVGISMPI
HumSht2  WPLPSKLCAY WIYLDVLFST ASIMHLCAIS LDRYVAIQNP IHHSRFNSRT KAFLKIIAVW TISVGISMPI
Pig5ht2  WPLPSKLCAV WIYLDVLFST ASIMHLCAIS LDRYVAIQNP THHRRFNSRT KAFLKIIAVW TISVGISMPI
RatSht2  WPLPSKLCAT WIVLDVLFST ASIMHLCAIS LDRYVATIQNP IHHSRFNSRT KAFLKIIAVW TISVGISMPT

211 280
Mon5ht2  PVFGLODDSK VFKEGSCLLA DDNFVLIGSF VITYFLTIKS LQKEATLCVS DLGTRAKLAS
HumSht2  PVFGLQDDSK VFKEGSCLLA DDNFVLIGSF VITYFLTIKS LOKEATLCVS DLGTRAKLAS
PigSht2 PVFGLQDDSK VFKEGSCLLA DDNFVLIGSF VITYFLTIKS LOKEATLCVS DLGTRAKLAS
Rat5ht2  PVFGLQDDSK VFKEGSCLLA DDNFVLIGSF VBFFIPLTIM VITYFLTIKS LOKEATLCVS DLSTRAKLAS

™V

281 350
MonSht2  FSFLPQSSLS SEKLFQRSIH REPGSYIGRR TMQOSISNEQK ACKVLGIVFF LFVVMWCPFF ITNIMAVICK
HumSht2  FSFLPQSSLS SEKLFQRSIH REPGSYEGRR TMQSISNEQK ACKVLGIVFF LFVVMWCPFF ITNIMAVICK
Pig5ht2  FSFLPQSSLS SEKLFQRSTH REPGSY,GRR TMQSISNEQK ACKVLGIVFF LFVVMWCPFF ITNIMAVICK
Rat5ht2  FSFLPQSSLS SEKLFQRSTH REPGSYAGRR TMQSISNEQK ACKVLGIVFF LFVVMWCPFF ITNIMAVICK

T™ VI

351 420
MonSht2  ESCNEBVIGA LLNVFVWIGY LSSAVNPLVY TLFNKTYRSA FSRYIQCQVK ENMKPLQLIL VNTTPALAYK
HumSht2  ESCNEAVIGA LLNVFVWIGY LSSAVNPLVY TLENKTYRSA FSRYIQCQYK ENKKPLQLIL VNTIPALAYK
PigSht2  ESCNEDVIGA LLNVFVWIGY LSSAVNPLVY TLFNKTYRSA FSRYIQCQYK ENKKPLQLIL VNTIPALAYK
Rat5ht2  ESCNENVIGA LLNVEVWIGY LSSAVNPLVY TLFNKTYRSA FSRYIQCQYK ENRKPLQLIL VNTTPALAYK

472

Mon5ht2 v*
HumbSht2 v*
Pig5ht2 v
Rat5ht2 v

Fig. 3. Multiple alignment comparison of deduced amino acid sequences from the human, pig, rhesus monkey and rat 5-HT,, receptors. Shaded areas
indicate species differences in the amino acid sequence.
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5-HT,, receptor. Previous work [12,13,17] has clearly
shown that those compounds that do show species differ-
ences in affinity have a similar affinity for the pig, rhesus
monkey and human 5-HT,, receptors suggesting that the
rhesus monkey and pig serve as appropriate models for
affinity to the human 5-HT,, receptor. The present report
greatly strengthens this argument by deducing the amino
acid sequence of the pig and rhesus monkey 5-HT,,
receptors from cDNA clones. The fact that the pig, rhesus
monkey and human 5-HT,, receptors have identical amino
acid sequences within the TM regions and that all the
modeling and mutagenesis work to date indicate that 5-
HT,, receptor ligands bind within a pocket formed by the
TM regions strongly suggests no compounds will be found
that bind with a different affinity to the pig, rhesus monkey
and human 5-HT,, receptors. Therefore, either the rhesus
monkey or the pig 5-HT,, receptors could serve as more
reasonable models to predict affinity to the human 5-HT,,
receptor.

The authors would like to thank Stanly G. Bergett for
sequencing the cDNA clones.
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