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Abstract

Ligands that activate the serotonin 5-HT,¢ G protein-coupled receptor (GPCR) may be therapeutic
for psychoses, addiction, and other neuropsychiatric disorders. Ligands that are antagonists at the
closely related 5-HT, GPCR also may treat neuropsychiatric disorders; in contrast, 5-HToa
activation may cause hallucinations. 5-HT,¢-specific agonist drug design is challenging because
5-HT, GPCRs share 80% transmembrane (TM) homology, same second messenger signaling, and
no crystal structures are reported. To help delineate molecular determinants underlying differential
binding and activation of 5-HT, GPCRs, 5-HT>a, and 5-HT,¢c homology models were built from
the B,-adrenergic GPCR crystal structure and equilibrated in a lipid phosphatidyl choline bilayer
performing molecular dynamics simulations. Ligand docking studies at the 5-HT, receptor models
were conducted with the (2R, 45)- and (25, 4R)-enantiomers of the novel 5-HT,¢ agonist/5-

HT /0B antagonist zrans-4-phenyl- N, N-dimethyl-2-aminotetralin (PAT) and its 4”-chloropheny!
congners. Results indicate PAT-5-HT, molecular interactions especially in TM domain V are
important for the (2R, 45) enantiomer, whereas, TM domain VI and VII interactions are more
important for the (25, 4R) enantiomer.
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Introduction

The neurotransmitter serotonin (5-hydroxytryptamine, 5-HT) mediates some of its diverse
physiological and psychological effects by activation of the 5-HT, family of G protein-
coupled receptors (GPCRs) that consists of the 5-HT54, 5-HTyg, and 5-HT ¢ subtypes.
Drugs that activate 5-HTo¢ receptors are in development for psychoses, addiction, and other
neuropsychiatric disorders, as well as, obesity.[121 Meanwhile, most currently used
antipsychotic drugs are antagonists at the 5-HT,a receptor.[?] In contrast, activation of 5-

HT A receptors is associated with hallucinogenic effects.[3] Moreover, activation of 5-HT g
receptors causes cardiopulmonary toxicity.[4 Thus, there is essentially no clinical tolerance
for activation of 5-HT, and 5-HT,g receptors. Development of 5-HT,c-specific agonist
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Methods

drugs, however, is challenging because 5-HT, receptors share about 80% transmembrane
(TM) sequence identity[®! and same second messenger signaling. Moreover, there are no
three-dimensional (3D) crystal structures for any of the 5-HT, GPCs.

G-protein coupled receptors have a similar 3D structure consisting of a bundle of seven TM
alpha helices, connected by alternating intracellular and extracellular loops, with the N-
terminus in the extracellular domain and C-terminus in the intracellular domain. About 900
GPCRs are known, however, crystal structures are known only for the following: bovine
rhodopsin (bRho),[6-10] opsin,[11.12] human A, adenosine receptor,[13] turkey 8,
adrenoceptor,l*l human g, adrenoceptor (5AR) in an inactive state,[15-17] B,AR in a
nanobody-stabilized active-state,[18] Z,AR in complex with an irreversible agonist,[19:20]
human dopamine D5 receptor in complex with a agonist,[?] and human H; receptor in a
complex with an antagonist at 3.1 A (PDB code 3RZE).[22] The recent X-ray structure of an
antagonist bound to the A, receptor confirms ligands bind deep in the orthosteric site
binding pocket.[23]

In the absence of crystal structures for most GPCRs, mutagenesis studies are used to
characterize ligand—-receptor molecular interactions and to validate GPCR receptor models
and ligand docking studies. Thus, it is known that ligand binding at serotonin 5-HT, and
other monoaminergic GPCRs requires ionic interaction between a ligand positively charged
amine moiety and the carboxylate of the fully conserved aspartate residue D3.32.[24-28] For
example, we recently reported that mutation of D3.32 to alanine (D3.32A) in the 5-HT,¢
GPCR abolishes detectable binding of the radioligand [3H]-mesulergine.[2] This and other
experimental results helped to validate ligand docking and molecular dynamics (MDs)
results using a 5-HT ¢ receptor model built by homology to the human B,AR.[29.30]

In this work, we sought to compare overall receptor structures and ligand binding sites that
could underlie ligand differential binding and activation of 5-HT, GPCRs for drug
development purposes. Accordingly, we built a 5-HT4 receptor homology model based on
the structure the human AR (PDB code 2/h1), using methods analogous to those used to
obtain a 5-HT,c homology model.[3%] Docking studies were carried on the model receptors
for the (2R, 45)- and (25, 4R)-enantiomers of the novel 5-HT,¢ agonist/5-HT,a/28
antagonist rans-4-phenyl-N, N-dimethyl-2-aminotetralin (PAT)[24] and its 4”-chlorophenyl
congners (4’-CI-PAT). PAT-5-HT, molecular interactions that lead to receptor subtype
differential binding and activation are discussed relative to drug design.

Model building

A homology model of the human serotonin 5-HT, receptor was built based on the crystal
structure of the 8,AR/T4-lysozyme chimera (Protein Data bank entry 2RH1),1171 in similar
method used to obtain the 5-HT,¢ homology model.[3%] In brief, the 5-HT,a native
sequence was aligned to the SAR sequence using Clusta/Ww multiple sequence
alignment.[31:32] The inverse agonist, carazolol present in the B,AR crystal structure was
removed, as well as T4, cholesterol and other molecules present in the /o AR/T4-lysozyme
chimera. Point mutations were performed as needed and the gaps were analyzed, followed
by the appropriate sequence additions and deletions to match the 5-HT, receptor aminoacid
sequence. The TM domains were built using the Biopolymer module of Syby/-X 131331 The
crude model of the unbound receptor was minimized using the Powell method implemented
in Syby/with Tripos force field [34] and AMBER charges.[3%] The resulting model was
equilibrated in a 1-palmitoyl-2-oleyl-sn-glycero phosphatidyl choline (POPC) bilayer.[36]
The system was relaxed using the Tripos force field to a gradient 0.05 Kcal/A mol, prior to
MDs simulation in the POPC membrane. MD simulation conditions were time run 5 s,
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time step 1 fs, with snapshots collected every 5 fs. Other parameters were the NVT (constant
number of particles N, Volume V, and Temperature T) canonical ensemble, 300 K
temperature, Boltzmann initial velocities, and nonbonded cutoff set at 8 A. Constraints for
alpha carbons in the TM domains were employed. Subsequently, the constraints were
removed for a 1000 ps MD simulation run. The final unbound 5-HT,5 homology model was
obtained from the median structure after clustering analysis of the frames from the last 10
ps. of the MDs simulation, and optimized using the Tripos force field to a convergence of
0.05 Kcal/A mol.

Ligands and docking

Synthesis, absolute configuration (based on X-ray crystal structure), and pharmacology of
(2R, 49)- and (25, 4R)-PAT and 4’-CI-PAT (Fig. 1) are reported elsewhere.[37:38] The
ligand structures were built as monocations (protonated amines) using HyperChem 8.0139
and structures were optimized using PM3 model Hamiltonian to a gradient of 0.01 Kcal/A
mol.

Ligands were pre-positioned in the binding pocket by performing rigid docking with the
PatchDock server.[40] The low-energy-high-score solutions were analyzed to select the
initial configuration, ensuring the essential interaction between the carboxylate oxygen of
receptor residue D3.32 and the ligand protonated amine moiety.[29.22] The initial ligand-
receptor complex configuration was used for flexible ligand docking with Flexidock in
Sybyl-x 1.2133] Flexidock uses an algorithm to probe the conformational space defining
possible interactions between the ligand and its putative binding site. The binding site was
defined by assigning residue D3.32 as a definitive binding site interaction point, and
including residues within a 7 A radius. Structure preparation was performed prior to docking
studies assighing AMBERI3%] charges for the protein and Gesteiger— Marsili [41] charges for
the ligand. Rotatable bonds in the ligand and the side chains of residues defining the
receptor putative active site were screened for optimal positioning of the ligand and side
chains in the conformational space; remaining residues were frozen during docking. Default
FlexiDock parameters were set at 80,000-generation. The best docking solution, according
to the highest FlexiDock score, was minimized using the Tripos force field to a gradient 0.05
Kcal/A mol, prior to MDs simulation. The selected high-score pose of the docked ligand
was subjected to a MD simulation run for 500 ps, with other parameters the same as above,
to allow adjustment of the positions of side-chains and helices. The final structure of the
ligand docked into the receptor was obtained from the average of last 10 ps of the dynamics
simulation.

Results and Discussion

Homology modeling and 5-HTx, 5-HT,c receptor comparison

The first step in the homology model building involves the sequence of the WT 5-HT,a
receptor was aligned to the sequence of the template structure B,A receptor using ClustalWV.
Sequence alignment showing the TM domains is shown in Table 1, the 5-HTy¢ receptor
sequence is also shown in the alignment. Conserved residues are indicated in bold, and
reference residues are labeled according to the standard Ballesteros nomenclature for
GPCRs.[42]

The TM alignment shows the very close similarity between the 5-HT, and -HT,c GPCRs.

The B AR has been used to build homology models of several related GPCRs including the
5-HT,¢ receptor; the latter homology model was validated by site-directed mutagenesis and
ligand binding studies.[2%:30] Despite the low overall sequence identity between the 8A and
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both 5-HT, and 5-HTy¢ receptors (~30%), the majority of highly conserved residues
among these GPCRs are in the TM helices, thus allowing for accurate alignment.

Conserved residue sequences among 5-HT> receptors and the 8,AR receptor in the TM
domains were used to verify the alignment, comprising: GNXLVI motif in TM I, including
the reference residue N1.50, TNYF, SLAXAD motifs in TM I, including the reference
residue D2.50, DVL motif in TM I11, including the essential residue D3.32, TASI, and DRY
motifs, also in TM 111, KA motif and reference residue W4.50 in TM 1V, FEXXPLXIM
motif in TM V, including P5.50, WXPFFIXNI motif in TM VI, including residues W6.48,
and reference residue P6.50, and WIGY and NPLXY motifs in TM VI, including reference
residue P7.50.

The alignment in Table 1 was used to generate the 3D model of the WT 5-HT»p, as
described above, suing the method used to build the 5-HT,c homology models based on
PB2AR crystal structure 2Rh1. The resulting TM bundle structure of the WT 5-HT receptor
is shown in Figure 2, generated with PyMOL 1.3[431 TMH are spectrum-color-coded, from
blue for TM 1, to red for TM VII. In Figure 2, panel A shows the TM bundle oriented with
the extracellular domain on top and the intracellular domain at the bottom. Panel B is the
view from the extracellular domain down into the receptor cavity.

The resulting 5-HT 5 model was analyzed using PDBsumin PROCHECK 3.6.2.144.45]
Figure 3 shows the Ramachandran plot for the 5-HT,a model; PROCHECK statistics are
reported in Table 2. Analysis of the Ramachandran plot results show 97.3% of residues are
in the allowed regions, 84.1% are in the most favored regions (Psi angle values vary —180 to
0°; Phi angle values vary 0 to 180°; bottom-left quadrant, Fig. 3), and 12.4% are in
additional allowed regions; supplementary 0.8% are in generously allowed regions,
confirming the quality of the model.

5-HT2,-5-HTy¢ receptor structure analysis

Superposition of the 5-HT,p and -5HT,¢c GPCR structures was performed by selecting all
alpha carbons as superposition criteria, in Syby/-x 1.2[331 The root-mean-square deviation
(RMSD) 1.879 A overall suggests close similarity between these structures (Fig. 4, Panel
A).

Additional comparison of the structures was performed by aligning the alpha carbons of

binding pocket residues conserved in each of the structures, that is, D3.32, S3.36, W6.48,
F6.51, F6.52, N6.55, and Y7.43. The RMSD result was 0.4932 A, indicating the binding

pocket of these structures are very analogous (Fig. 4, Panel B).

Ligand affinity and docking at 5-HT,5 AND 5-HT, receptors

Affinity of (2S, 4R) and (2R, 4S)-PAT and 4'-CI-PAT at 5-HT,a and 5-HT,¢
GPCRs—The experimentally determined affinity values (Ki) for (2R, 45)- and (2S5, 4R)-
PAT and 4’-CI-PAT at human WT 5-HT,a and 5-HT¢ receptors24:38] are summarized in
Table 3.

Stereochemistry apparently plays an important role in binding of PAT and 4’-CI-PAT at 5-
HT,a and 5-HT, receptors. Moreover, electronic as well as steric parameters of the 4-
phenyl-2-aminotetralin scaffold impact stereoselective 5-HT5 binding and function. For
example, at both 5-HT, and 5-HTy¢ receptors, higher affinity is associated with the (25,
4R)-configuration of PAT whereas it is the (2R, 45)-enantiomer of 4’-CI-PAT that has
higher affinity (Table 3). Regarding function, agonist activity at 5-HT,¢ receptors is
observed for both PAT and 4’-CI-PAT, regardless of stereochemistry. At 5-HT, receptors,
however, function appears to be sensitive to stereochemistry and perhaps other electronic
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and steric parameters associated with the 4-phenyl-2-aminotetralin scaffold; thus, agonist
activity is observed only for (2R, 45)-PAT (Table 3).

Docking of (2S, 4R-) and (2R, 4S)-PAT at 5-HT,5 and 5-HT,c GPCRs—To help
interpret the experimental data in Table 3, ligand docking studies were undertaken to
delineate ligand- receptor molecular interactions for (25, 4R)- and (2R, 45)-PAT at the 5-
HTya and 5-HT,¢ receptor models. Figure 5 shows the more active (25, 4/)-enantiomer of
PAT docked at each model.

At the 5-HT, model (Fig. 5A), the protonated amine group of (25, 4/)-PAT could form a
bifurcated hydrogen bond (HB) with the carboxylate oxygen atoms of 5-HT,a residue
D3.32 (bonding distance 2.02—-2.30 A), which also could form an HB with the para-hydroxy
group of Y7.43 (bonding distance 1.40 A). The C(4) phenyl group of (2S5, 4R)-PAT docked
close to the F6.52 phenyl sidechain (bonding distance 4.2 A), however, the orientation does
not favor s- iz interactions.

At the 5-HT,¢ model (Fig. 5B), the protonated amine group of (25, 4R)-PAT could form a
bifurcated HB with the carboxylate of D3.32 (bonding distance 1.77-2.22 A), over a shorter
distance than was observed at the 5-HTo4 model. The 5-HT,¢ D3.32 moiety also could form
an HB with the para-hydroxy group of Y7.43 (bonding distance 1.56 A), as is the case for 5-
HT2a, and, also could form an HB with the hydroxy group of S3.36 (bonding distance 1.58
A). Moreover, at the 5-HT,¢ receptor model (in contrast to the 5-HT,4 model), the aromatic
part of the PAT tetrahydronaphthalene system docked close and parallel to the aromatic ring
of Y7.32 (bonding distance 3.7 A; Fig. 5B), which could facilitate 7z interactions.
Meanwhile, the (25, 4R)-PAT C(4) phenyl moiety docked in a hydrophobic pocket formed
by 5-HT ¢ residues W6.48, F6.51, and F6.52 (Fig. 5B), as observed in previously
studies.[29:30] Thus, in comparison to the 5-HTa receptor, there are additional aromatic and
hydrophobic interactions possible between (25, 4R)-PAT and the 5-HT,¢ receptor that
likely account for its three-times higher affinity at 5-HToc compared to 5-HTp receptors
(Table 3).

In comparison to (25, 4R)-PAT, the (2R, 45)-PAT enantiomer binds with lower affinity at
both 5-HT, and 5-HTy¢ receptors (Table 3) and docking results are helpful to explain the
observed experimental data. For example, when (2R, 45)-PAT was docked at the 5-HToa
receptor model (not shown), its protonated amine moiety could form an HB with D3.32 at a
slightly longer distance (1.80-3.37 A) than was observed for (25, 4R)-PAT, however, the
(2R, 45)-PAT C(4) phenyl ring and tetrahydronaphthyl system docked relatively far (7.0 A)
from 5-HT,a binding pocket aromatic residues W6.48, F6.51, and F6.52, presumably,
precluding significant binding interactions with these residues. When (2R, 45)-PAT was
docked at the 5SHToc model (not shown), its protonated amine moiety was relatively far
(2.45 A) from the receptor D3.32 residue, and its C(4) phenyl moiety was far (6.6-7.0 A)
from the 5-HT,c binding pocket aromatic residues W6.48, F6.51, and F6.52, precluding
hydrophobic or 7z—r interactions. Overall, in comparison to the (25, 4R)-PAT enantiomer,
docking results reveal a significant lack of potential binding interactions between the (2,
45)-PAT enantiomer and the 5-HToa and 5-HTy¢ receptor models, that likely explains the
lower affinity of this enantiomer at both receptors (Table 3).

Docking of (2S, 4R) and (2R, 4S)-4'-CI-PAT at 5-HT,a and 5-HT,c GPCRs—For
comparison to the PAT binding and docking results reported above, (25, 4R)-CI-PAT (Fig.
6) and (2R, 45)-4’-CI-PAT (Fig. 7) were each docked at the 5-HT, and 5-HT,c receptor
models; for clarity, only the binding pocket amino acid residues of the receptor are shown.
When (25, 4R)-4’-CI-PAT was docked at the 5-HT, model (Fig. 6A), it was apparent that
a bifurcated HB could form with the D3.32 carboxylate (bonding distance 1.83-1.96 A),
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which, could also form an HB with the indol sidechain of W3.28 (bonding distance 1.78 A),
but, not with Y7.38. When (25, 4R)-4’-CI-PAT was docked at the 5-HT,c model (Fig. 6B),
a single HB could form with D3.32 (bonding distance 1.77 A), which, also could form an
HB with the indol side-chain of W3.28 (bonding distance 1.78 A) and with the hydroxy
sidechain of Y7.43 (bonding distance 1.36 A). There were no apparent interactions observed
between the 4’-Cl-substituent of (25, 4R)-4’-CI-PAT and the 5-HT,a or 5-HT ¢ receptor
models.

When (2R, 45)-4’-CI-PAT was docked at the 5-HT, model (Fig. 7A), it was apparent that
the protonated amine could form an HB with the carboxylate sidechain of D3.32 (bonding
distance 1.75 A) over a shorter distance than was found for the (25, 4R)-4’-CI-PAT
enantiomer. Also, D3.32 could form an HB with the hydroxy group of Y7.43 (bonding
distance 1.49 A). The 4’-Cl-substituent of (2, 45)-4’-CI-PAT could interact with the
hydroxy sidechain of $5.43 (bonding distance 2.50 A).

When (2R, 45)-4’-CI-PAT was docked to the 5-HT,c model (Fig. 7B), its protonated amine
moiety could form an HB to D3.32 (bonding distance 1.60 A), which could also form an HB
with Y7.43 (bonding distance 1.48 A). As observed for the 5-HTa receptor, the 4’-Cl-
substituent of (27, 45)-4’-CI-PAT also oriented close to the hydroxyl moiety of 5-HTc
residue S5.43 (bonding distance 2.50 A). Thus, at both 5-HT,a and 5-HT,c receptors, the
interaction of the 4’-Cl-substituent of (27, 45)-4’-CI-PAT with the S5.43 residue, together,
with the potential for a close and presumably tight HB with D3.32, likely explains the higher
affinity of this enantiomer over the (25, 4R)-4’-CI-PAT enantiomer at 5-HT,a and 5-HT ¢
receptors (Table 3).

Conclusions

Computational studies were performed to build SAR-based homology models of the 5-HT,a
and 5-HT,c GPCRs for ligand docking studies, to characterize 3D (stereochemical)
molecular determinants for binding of drug candidates. Ligand-receptor interactions in the
binding pocket were analyzed and compared to the experimentally determined affinity
values (Ki) at both 5-HTy and 5-HToc GPCRs. The higher affinity of (25, 4R)-PAT at 5-
HTyc versus5-HT,a receptors was rationalized in light of modeling results indicating the
ligand could form significant 7z—r interactions with the 5-HT,¢ Y7.43 residue, but, not with
the corresponding 5-HT, Y7.43 residue. The observed reversed stereoselective affinity of
PAT and 4’-CI-PAT at 5-HT, and 5-HT ¢ receptors (Table 3) was rationalized in view of
docking results indicating that (2R, 45)-4’-CI-PAT could form a close and presumably tight
HB with the D3.32 residue of both receptors. Meanwhile, the corresponding (2R, 45)-PAT
enantiomer docked relatively far away from the 5-HT> residue D3.32 compared to the other
ligands, and, the same is true for its C(4) phenyl ring and tetrahydronaphthyl system
regarding interactions with 5-HT, binding pocket aromatic residues W6.48, F6.51, and
F6.52.

It has been suggested that 5-HT residue Y7.43 plays a role in stabilizing the negative
charge of the D3.32 carboxylate, and, this interaction is more or less, depending on the
ligand structure and conformation/activation state of the receptor.[29:30] |n this work, we
found that binding of PAT analogs to the 5-HT, or 5-HT¢ receptor decreased the distance
between the receptor Y7.43 hydroxy moiety and D3.32 carboxylate moiety; the exception
was (25, 4R)-4’-CI-PAT, where no closer interaction between these residues was observed
upon binding of the ligand. It is not yet clear how D3.32-Y7.43 interaction upon ligand
binding may impact ligand affinity or resulting functional activity.
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Homology modeling incorporating MD simulations leads to improved results when all-atom
MD simulations and relatively long simulation times with sufficiently accurate force fields
are used.[46] Thus, in the present work we used all-atom MD simulations of the receptor
embedded in a pre-equilibrated POPC system to emulate the membrane, with simulation
times of 5 us. We have obtained improved accuracy regarding the predictions of such
models, for example, the £2-AR based-homology model of the human histamine H;
receptor, built using a protocol analogous to the one resented in this work, was compared
with the human Hy crystal structure, with resulting RMSD 2.91 A.I47] This result suggests
the present methodology produces reliably predictable homology models, useful for the
study of drug—receptor interaction for drug design purposes.
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R =H (25, 4R)-PAT R=H (2R, 45)-PAT
R =Cl1 (2S5, 4R)-PAT R =Cl (2R, 45)-PAT

Figure 1.
PATSs used in 5-HT,a and 5-HT,¢ docking studies.
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Figure 2.

3D 5-HTy model structure: Panel A: TM domains with the extracellular domain on top,
and the intracellular domain at the bottom. Panel B: View from the extracellular domain
showing the binding site cavity. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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Figure 3.

Ramachandran Plot of the f2AD-based 5-HT,a homology model generated with
PROCHECK. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Figure 4.

Comparison of 5-HT,a (green ribbons) and 5-HT,¢ (blue ribbons) GPCR models. Panel A:
GPCRs are oriented with extracellular domains at top and intracellular domains at bottom,
overall RMSD = 1.88 A. Panel B: Superimposition conserved residues in the binding pocket
is shown, RMSD = 0.49 A. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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Figure 5.

(25, 4R)-PAT docked at 5-HT,a (panel A) and 5-HT,¢ (panel B) receptor models. The
binding pocked is showed as shaded area. Dashed lines indicate ionic and HB interactions.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Figure 6.

(2S, 4R)-4’-CI-PAT docked at 5-HT,a (panel A) and 5-HT,c (panel B) receptor models.
Only the binding pocket amino acid residues of the receptor are shown for clarity. [Color
figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 7.

(2R, 45)-4'-CI-PAT docked at 5-HT,a (panel A) and 5-HT,c (panel B) receptor models.
Only the binding pocket amino acid residues of the receptor are shown for clarity. [Color
figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Alignment of 5-HT,¢ 5-HT,¢ and S2AR GPCRs sequences using ClustalW.

Table 1

SHT2A HUMAN
SHT2C_HUMAN
ADRB2_HUMAN

SHT2A HUMAN
SHT2C_HUMAN
ADRB2_HUMEN

SHT2A HUMAN
SHT2C_HUMAN
ADRB2_HUMAN

SHT2A HUMAN
SHT2C_HUMAN
ADRB2 HUMAN

SHT2A_HUMAN
SHT2C_HUMAN
BDRB2_HUMEN

SHT2A HUMAN
SHT2C_HUMAN
ADRB2_HUMAN

N1.50
NRTNLSCEGCLSPSCLSLLHLQEKNWSALLTAVVIILTIAGNILVIMAVS 100
GRFKFPDG——————==—=—=—~ VQNWPALSIVIIIIMTIGGNILVIMAVS 79

———————————————————————————— IVMSLIVLAIVEGNVLVITAIA 59
D2.50
LEKKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAV 150
MEKKLENATNYFLMSLAIADMLVGLLVMPLSLLAILYDYVWPLPRYLCPV 129
KFERLQTVTINYFITSLACADLVMGLAVVPFGRAHILMK-MWTFGNEWCEF 108

D3.32 R3.50 K4.41 W4.50
WIYLDVLFSTASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVW 200
WISLDVLFSTASIMHLCAISLDRYVAIRNPIEHSRENSRTKAIMKIAIVW 179
WTSIDVLCVTASIETLCVIAVDRYFAITSPFKYQSLLTKNKARVIILMVW 158

$5.43
P5.50 ¥5.58
SFFIPLTIMVITYFLTIKSLQKEATLCVSDLGTRAKLASFSFLP—————— 285
AFFIPLTIMVITYCLTIYVLRRQALMLLHGHTEEPPGLSLDFLKCCKRNT 271
SFYVPLVIMVEFVYSRVFQEAKRQLOQKIDKS ———————————————————— 236
K6.35 W6.48 N6.55 Y7.43

KVLGIVFFLEVVMWCPFFITNIMAVICKESCNEDVIGALLNVFVWIGYLS 372
KVLGIVFFVFLIMWCPFFITNILSVLCEKSCNQKLMEKLLNVEVWIGYVC 360
KTLGIIMGTFTLCWLPFFIVNIVHVIQDNLIRKEVYILLN----WIGYVN 318
P7.50
SAVNPLVYTLEFNKTYRSAFSRYIQCQYKENKKP-LQLILVNTIPALAYKS 421
SGINPLVYTLFNKIYRRAFSNYLRCNYKVEKKPPVRQIPRVAATALSGRE 410
SGFNPLIYCRS-PDFRIAFQELLCLRRSSLKAYGNGYSSNGNTGEQSGYH 367

Conserved residues are indicated in bold. Reference residues are labeled according to Ballesteros nomenclature [42].
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Table 2

Recheck statistics of TM residues in the 5-HT, homology model.

Number of residues %

Most favored regions 217 84.1
Additional allowed regions 32 12.4
Generously allowed regions 2 0.8
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Affinity of PAT and 4"-CI-PAT at 5-HT, and 5-HT,c GPCRs.

K; + SEM (nM)
Ligand 5-HT,a  5-HTyc
(2R, 45)-PAT 46047 500+ 70
(25, 4R)-PAT 9%5+72 27+26
(2R, 45)-4’-CI-PAT  42+6.0 45%7.0
(25, 4R)-4’-CI-PAT  240+32 130*16
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