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Abstract

The 5-HT;a receptor is a homodimeric G protein-coupled receptor implied in multiple
diseases, including schizophrenia. Recently, its co-crystallisation with the antipsychotic drugs
zotepine and risperidone has revealed the importance of its extracellular domains in its

pharmacology. Previous studies have shown that the non-specific disruption of extracellular
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disulphide bridges in the 5-HT,a receptor decreases ligand binding and receptor activation.
There is enough evidence to hypothesize that this decrease may be due to a reduction of the
disulphide bridge that links transmembrane domain 3 (TM-3) and extracellular loop 2 (ECL-

2) of the 5-HT,a receptor via cysteine 148 (C148) and C227.

Thus, to study the influence of the C148 — C227 disulphide bridge on 5-HT,a receptor
pharmacology, we substituted C148 and C227 in the human 5-HT,a receptor (WT) with
alanines, to obtain two single mutants (C148A and C227A) and a double mutant
(C148A/C227A), and the resultant DNA constructs were used to generate four stable cell
lines. These substitutions reduced the binding of the 5-HT,a receptor to [*H]lysergic acid
diethylamide ([*H]LSD) and impeded the 5-HT,a receptor-mediated activation of
phospholipase C (PLC). Furthermore, bioluminescence resonance energy transfer (BRET)
and western blotting analysis revealed that these mutations did not alter the homodimeric
nature of the 5-HT,a receptor. However, fluorescence microscopy showed that these

mutations hindered receptor trafficking to the cell membrane.

These results illustrate the importance of the disulphide bridge between TM-3 and ECL-
2 in maintaining the correct 5-HT,a receptor conformation to allow ligand binding and

migration of the homodimeric receptor to the cell membrane.

Keywords

Serotonin 2A receptor; GPCRs; extracellular domains; disulfide bridge; ligand binding

1. Introduction
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The serotonin 2A receptor (5-HT>4), a G protein-coupled receptor (GPCR), is implicated
in the pathogenesis of multiple diseases, such as schizophrenia (1). Antagonism of this
receptor is part of the mechanism of action of the majority of antipsychotic drugs used in
therapeutic practice today, because it contributes to alleviate the negative symptoms of the
disease (2,3). Therefore, there is a necessity to elucidate the complex pharmacology of the

5-HTa receptor.

From a functional point of view, the 5-HT,a receptor activates phospholipase C (PLC)
through a Gq protein, leading to the intracellular release of inositol phosphate species (IPs),
which act as second messengers. Apart from PLC activation, the 5-HT,a receptor stimulates
Gi2113 proteins to release arachidonic acid (AA) into the extracellular space. Interestingly, the
5-HT,a receptor was among the first receptors for which functional selectivity was described
(4). Functional selectivity is the process by which a ligand stabilises the different
conformations of a receptor to allow the subsequent activation of different intracellular

pathways (5).

Similar to other GPCRs, the 5-HTa receptor is reported to form homodimers which are
the minimal functional unit for both IPs and AA pathways (7-9). Moreover, this receptor also
forms heterodimers with the dopamine 2 (D;) receptor (8), the cannabinoid 1 (CB;) receptor
(9), the serotonin 1A (5-HT;4) receptor (10), and the glutamate 2 (mGlu2) receptor (11-13).
These oligomers have emerged as novel therapeutic targets that can be specifically
manipulated to treat different diseases as their properties differ from their monomeric

counterparts (14-18).

Although a vast amount of literature is dedicated to it, the molecular basis of 5-HT;a
receptor activation remains unknown, restricting the development of more effective drugs.

Targeting the 5-HT,a receptor is now easier due to the availability of the crystal structure of
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the protein in complex with the antagonistic compounds risperidone and zotepine (19). This
crystal structure has revealed insights regarding the 5-HT,a recognition site, which can be
divided into two regions: the orthosteric binding pocket, which is situated in a cleft formed by
the transmembrane domains, and the extended binding site, which is responsible for ligand
recognition. This extended binding site is anchored by a disulphide bridge between cysteine
148 (C148) in transmembrane domain 3 (TM-3) and cysteine C227 in extracellular loop 2
(ECL-2). Further studies support that another extracellular disulphide bridge between
cysteines in extracellular loop 3 (ECL-3) could participate in stabilizing this extended binding

site (20,21).

The TM-3 - ECL-2 disulphide bridge is conserved in more than 90 % of all GPCRs
(22,23) and is involved in stabilising the extracellular region of the protein. It links TM-3,
which is related to class A GPCR activation (24), and ECL-2, which acts as a lid over the
orthosteric binding site (25,26). Therefore, it seems to be key for ligand binding selectivity
(27), activation of different signalling pathways (28), and allosteric modulation (29,30).
Molecular dynamics experiments have suggested that this bridge is established only in active

GPCR conformations (31), further supporting its essentiality for GPCR activation.

In previous studies we have shown that the non-specific reduction of the extracellular
domain of the 5-HT. receptor by dithiothreitol (DTT) leads to a decrease in [*H]lysergic acid
diethylamide ([*H]LSD) specific binding and agonist efficacy, without affecting the
homodimeric nature of the receptor. Modelling experiments suggest that the specific
reduction of the TM-3 - ECL-2 disulphide bridge implies an increase in the flexibility of
ECL-2, allowing it to be introduced into the orthosteric binding pocket and sterically prevent
its interaction with ligands such as LSD (32). For these reasons, we hypothesised that C148 —
C227 disulphide bridge may stabilize the orthosteric binding site of the homodimeric 5-HT2a

receptor, facilitating ligand binding. Thus, the aim of this work was to study its role on 5-

4
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HT,a receptor pharmacology, by using different constructs that are unable of maintaining this

bridge.

2. Materials and methods

2.1.Chemical, plasmids and reagents

The myc N-terminally tagged and enhanced yellow fluorescent protein (eYFP) C-
terminally tagged wild type 5-HT,a receptor (WT) cloned in a pcDNAS3.1 and previously used
in our laboratory (33) was cloned into pcDNAS/FRT/TO, purchased from Invitrogen
(Darmstadt, Hesse, Germany). Point mutations were introduced using QuickChange 11 XL
Site Directed mutagenesis kit, purchased from Agilent Technologies (Cedar Creek, Texas,
USA), following the instructions of the manufacturer (Table 1). Four plasmids were obtained:
pcDNAS/FRT/TO  myc-5-HT,a-eYFP,  pcDNAS/FRT/TO  myc-5-HT,aC148A-eYFP,
pcDNAS/FRT/TO myc-5-HT,aC227A-eYFP and pcDNAS5/FRT/TO myc-5-
HT,AC148A/C227A-eYFP. Likewise, the same mutated constructs were introduced into a
Renilla luciferase (Rluc) fusion protein expression vector (pRluc-N2), purchased from
BioSignal Packard (Montreal, Quebec, Canada), containing the myc-5-HT,a insert, to obtain
pRluc-N2  myc-5-HT,aC148A, pRIuc-N2 myc-5-HT,4C227A and pRIuc-N2 myc-5-

HT,AC148A/C227A .

[*H]LSD (specific activity: 82.9 Ci/mmol), [*H]myo-inositol (specific activity: 20.3
Ci/mmol), RNA Binding YSi SPA Beads and OptiPhase Supermix scintillation cocktail were
purchased from Perkin Elmer (Rodgau, Hesse, Germany). Universol™-ES liquid scintillation
cocktail was purchased from MP Biomedical™ (Santa Ana, California, USA). Fura-2 QBT™
Calcium Kit was purchased from Molecular Devices (Sunnyvale, California, USA). Hanks

Balanced Salt Solution (HBSS), HEPES, hygromycin B, paraformaldehyde, Hoechst 33342
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dye, ER-tracker™ Red dye, Lipofectamine® LTX, coelenterazine h, zeocin, doxycycline and
horseradish peroxidase (HRP) conjugated anti-glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) antibody, SDS-PAGE in Bolt™ 4 - 12% Bis-Tris Plus Gels and foetal bovine
serum (FBS) were purchased from Thermo Fisher (Alcobendas, Madrid, Spain). The rabbit
anti myc-tag antibody and the HRP-conjugated anti-rabbit antibody were purchased from Cell
Signalling Technology (Danvers, Massachusetts, USA). Wheat germ agglutinin conjugated
with Alexa Fluor 555 was purchased from Invitrogen (Paisley, Renfrewshire, UK). The goat
anti-rabbit antibody conjugated with Alexa Fluor 647 was purchased from Abcam
(Cambridge, Cambridgeshire, UK) Bovine serum albumin (BSA) Fraction V Fatty acid free
was purchased from La Roche (Basel, Switzerland). The ECL™ Prime Western Blotting
Detection Reagent was purchased from GE Healthcare (Little Chalfont, Buckinghamshire,
UK). Radioimmunoprecipitation Lysis Buffer System (RIPA buffer) was purchased from
Santa Cruz Biotechnology (Dallas, Texas, USA). All other chemicals and reagents were

purchased from Sigma Aldrich (Taufkirchen, Bayern, Germany).

2.2.Stable cell line generation

Cell lines were generated using the Flp-In™ T-REx™ technology. Briefly, the Flp-In
T-REx-293 cell line, derived from 293 human embryonic kidney (HEK293) cells and
purchased from Invitrogen (Darmstadt, Hesse, Germany), resistant to zeocin, was co-
transfected with the Flp-recombinase transfection vector pOG44 (purchased from Invitrogen;
Darmstadt, Hesse, Germany) and pcDNAS/FRT/TO plasmids containing the human 5-HT;a
or its mutant constructs, using polyethyleneimine (PEI) in a 4:1 ratio. Twenty-four hours later,
zeocin was removed from the medium and cells were selected for their acquired resistance to

hygromycin B (200 pg/mL). The resulting colonies were expanded and cultured in
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Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10 % (v/v) FBS, 200
pg/mL hygromycin B, 5 pg/mL blasticidin, 1 % (v/v) GlutaMAX™ and 1 % (v/v)
penicillin/streptomycin (complete medium). Successful transfection of the plasmids and,
therefore, presence of the receptor, was checked by seeding the transfectants (cell lines
expressing WT, C148A, C227A, and C148A/C227A receptors) into clear-bottom 96-well
plates (Perkin Elmer; Tres Cantos, Madrid, Spain), with medium supplemented with 10
ng/mL doxycycline. Twenty-four hours later, fluorescence microscopy images of eYFP-
tagged receptorexpression were obtained using a High Content Imaging System (Operetta,

Perkin Elmer). Only cells up to passage number 20 were used.

2.3.Binding assays in membrane fraction

Membrane fractions were prepared from the generated cell lines following a 24 hours
receptor expression induction with 10 ng/mL doxycycline. Next, cells were harvested and
pelleted by centrifugation at 800 xg for 15 minutes at 4 °C. Pelleted cells were then lysed in
50 mM Tris-HCI (pH 7.50) and homogenized with a Polytron homogenizer. The homogenate
was centrifuged at 48000 xg for 40 minutes at 4 °C, and the resulting pellet was resuspended
in 50 mM Tris-HCI (pH 7.50) at 4 °C. Protein concentration was determined through the
Bradford method using the Bio-Rad Protein Assay (Bio-Rad, California, USA) with BSA as

the standard.

Binding experiments were carried out in clear flat-bottomed 96-well plates (Thermo
Fisher; Alcobendas, Madrid, Spain). Here, eight different concentrations (0.08 nM to 10 nM)
of [*H]LSD were incubated with 60 pg protein/well in incubation buffer (50 mM Tris-HCI,
pH 7.50). To study total binding (BT) of the different cell lines, each preparation was

incubated with 1 nM of radioligand. Non-specific binding was determined by the addition of
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1 uM methysergide. The reaction mixture was incubated at 37 °C for 30 min, after which 200
ul of each reaction mix were transferred to a Multiscreen GF/B 96-well filter plate (Millipore;
Billerica, Massachusetts, USA), pretreated with 0.50 % (v/v) PElI, filtered, and washed six
times with 250 pl wash buffer (50 mM Tris-HCI, pH 6.60), before the addition of 30 pl/well

of Universol™. The radioactivity was measured in a Microbeta? 2450 reader (Perkin Elmer).

2.4.Binding assays in whole cells

Whole cell binding experiments were carried out in Falcon® clear, flat-bottomed and
tissue culture-treated 96-well plates (Corning; New York, USA) precoated with 20 pg/mL
poly-D-lysine for 30 minutes at 22 °C. Cells were seeded at an optimized density of
10° cells/well in complete medium supplemented with 10 ng/mL doxycycline. Twenty-four
hours later, cells were incubated with 1 nM [®H]LSD for 30 minutes at 37 °C. In competition
experiments, risperidone was added at different concentrations. Non-specific binding was
determined by addition of 1 uM methysergide. Next, cells were washed three times with ice
cold NaCl (0.90 % (v/v)) and lysed with absolute ethanol for 20 minutes at 4 °C. Cell lysates
were then transferred into a clear-bottom 96-well Flexiplate (Perkin Elmer, Tres Cantos,
Madrid, Spain) and mixed with OptiPhase. Radioactivity was measured using a Microbeta®

2450 reader (Perkin Elmer).

2.5.1Ps accumulation measurements

Cells were seeded in Falcon® clear, flat-bottomed and tissue culture-treated 96-well
plates precoated with 20 pg/mL poly-D-lysine for 30 minutes at 22 °C, at an optimized

density of 7.5 - 10 cells/well in complete medium. After 24 hours, the medium was replaced
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by DMEM containing 10 uCi/mL of [*H]myo-inositol and 10 ng/mL doxycycline. Twenty-
four hours later, cells were washed with HBSS supplemented with 20 mM HEPES, 20 mM
LiCl, and 2 % (w/v) BSA (pH 7.55) for 10 minutes, and then incubated 20 minutes with the
indicated compounds. Next, cells were lysed with 100 mM of formic acid for 30 minutes, and
an aliquot of 20 puL was mixed in a clear-bottom 96-well Flexiplate with a 1/16 dilution of
RNA YSi binding SPA beads. Radioactivity was measured in a Microbeta® 2450 reader

(Perkin Elmer).

2.6.Calcium mobilization measurements

Cells were seeded into clear, flat-bottomed, black-walled, 384-well plates (Greiner Bio-
One, Frickenhausen, Baden-Wirttemberg, Germany) precoated with 20 pg/mL poly-D-lysine
for 30 minutes at 22 °C. Cell density was optimized to 6 - 10* cells/well in 25 pL of complete
medium supplemented with 10 ng/mL doxycycline. After 24 hours, dye loading buffer was
prepared by dissolving the contents of one vial of dye (Fura-2 QBT™ Calcium Kit) with a
volume of 10 mL HBSS, supplemented with 20 mM HEPES and 5 mM probenecid and
adjusted to pH 7.40. Then, 25 uL of dye loading buffer was added to each well and incubated
for 1 hour at 37 °C. Changes in fluorescence due to intracellular calcium mobilization (Aex()
340 nm, Aexz) 380 nm, Aem 540 Nm) were measured using a calcium imaging plate reader
system (FDSS7000EX, Hamamatsu®) every second after establishing the base line. The
calcium peak in response to agonists occurred from 10 s to 20 s following stimulation.
Antagonist compounds were preincubated with the cells 3 minutes before addition of the
agonist. Output was calculated as the ratio between 340 nm and 380 nm wavelength signals at
each time point during the assay. From the ratiometric signal trace, the maximum-minimum

value was calculated.
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2.7.Fluorescence microscopy

In order to detecting the receptor expression in cell compartments, two different
approaches were employed: eYFP fluorescence intensity detection and immunocytochemistry

techniques.

For eYFP fluorescence intensity measurements, cells were seeded in clear-bottom 96-
well plates (PerkinElmer; Tres Cantos, Madrid, Spain) precoated with 20 pg/mL poly-D-
lysine for 30 minutes at 22 °C at an optimized density of 4 - 10* cells/well and in the presence
of 10 ng/mL doxycycline. Twenty-four hours later, cells were fixed with 4 % (w/v)
paraformaldehyde for 10 minutes at 22 °C, washed, and incubated with 1 uM ER-tracker™
Red for 1 hour and with 2.50 pg/mL Hoechst 33342 for 30 minutes at 22 °C. After washing
with HBSS twice, cells were imaged using the High Content Imaging System Operetta
(Perkin Elmer) under the brightfield channel and three fluorescent channels: Aex 500 nm and
Xem 540 nm to measure YFP fluorescence; Xex 570 nm and Aem 615 nm to measure ER-
tracker™ Red fluorescence, and Aex 350 nm and Aem 445 nm, to measure Hoechst 33342
fluorescence. Image Analysis was conducted with the Harmony High Content Imaging and
Analysis Software (Perkin Elmer), to quantify: total receptor expression, by measuring
fluorescence intensity of YFP in whole cells; receptor presence in the cell membrane, by
measuring fluorescence intensity of YFP in the plasmatic membrane; and receptor presence in
the endoplasmic reticulum (ER), by measuring co-localization of the YFP receptor and the

stained ER.

In the immunocytochemistry approach, cells were seeded in clear-bottom 96-well plates
(PerkinElmer; Tres Cantos, Madrid, Spain) precoated with 20 pug/mL poly-D-lysine for 30

minutes at 22 °C at an optimized density of 5-10* cells/well. In half of the wells, receptor

10
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expression was induced by exposition to 10 ng/mL doxycycline. Twenty-four hours later,
cells were fixed with 4 % (w/v) paraformaldehyde for 10 minutes at 22 °C, washed and
incubated with 2.50 ug/mL Hoechst 33342 and 1.50 pg/mL wheat germ agglutinin conjugated
with Alexa Fluor 555 (W32464; Invitrogen, Paisley, UK) in HBSS (pH 7.40). After 30
minutes at 37°C, cells were treated with a blocking buffer containing 5 % BSA in HBSS at 22
°C for 30 minutes. Then, cells were exposed to a 1:400 solution of an anti-myc-tag rabbit
antibody in DMEM at 4 °C. Eighteen hours later, cells were washed and incubated for one
hour with a 1:200 solution of a goat anti-rabbit antibody conjugated with Alexa Fluor 647.
After washing with HBSS twice, cells were imaged using the High Content Imaging System
Operetta (Perkin Elmer) under the brightfield channel and three fluorescent channels: Aex 650
nm and Aem 670 nm to measure Alexa Fluor 647 (which stained the receptor); Aex 550 nm
and Aem 580 nm to measure Alexa Fluor 555 (which stained the plasmatic membrane), and
Aex 350 nm and Aem 445 nm, to measure Hoechst 33342. Image Analysis was conducted with
the Harmony High Content Imaging and Analysis Software (Perkin Elmer) to quantify
receptor presence in the cell membrane, by measuring Alexa Fluor 647 intensity only in the
plasmatic membrane, stained with Alexa Fluor 555. Fluorescence intensity in cells non
exposed to doxycycline was subtracted from fluorescence intensity in cells exposed to

doxycycline.
2.8.Bioluminescence Resonance Energy Transfer (BRET)

BRET saturation experiments were performed in transiently transfected HEK293T/17,
cultured in DMEM supplemented with 10 % (v/v) FBS, 1 % (v/v) GlutaMAX™ and 1 %
(v/v) penicillin/streptomycin. Cells were seeded at a density of 5 - 10* cells/well in white, flat-
bottomed 96-well plates (Greiner Bio-One, Frickenhausen, Baden-Wirttemberg, Germany).
Then, cells were co-transfected with a fixated amount of pRluc-N2-GPCR plasmid (1.25

ng/well) and increasing amounts of pcDNA3-GPCR-YFP plasmid (up to 100 ng/well, unless
11
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otherwise noted) using Lipofectamine® LTX in a 2.50:1 ratio. DNA amount was completed
up to 150 ng DNA/well with empty pcDNA3. Twenty-four hours later, YFP expression
(YFP.) was quantified in each well by direct measurement of the fluorescence emission at Aem
530 nm, after excitation at dex 480 nm in an Infinite® M1000 microplate reader (Tecan,
Mannedorf, Switzerland). Then, the cells were incubated with 125 uM coelenterazine h for 10
minutes at 37 °C, and BRET was quantified by dual bioluminescence measurement (370 —
480 nm filter for Rluc emission and 520 — 570 nm filter for YFP emission). Ten minutes later,
total luminescence (400 — 700 nm filter) was quantified as a measure of donor expression
(Rlucg). Results were expressed as mili net BRET units, which correspond to the net BRET
ratio values multiplied by 1000 and were represented as a function of the acceptor

expression/donor expression (YFP/RIlucy).

2.9.Western blotting

Cells were grown for 24 hours in the presence of 10 ng/mL doxycycline and lysed in
RIPA buffer supplemented with 1 % (v/v) sodium orthovanadate, 1 % (V/v)
phenylmethylsulphonyl fluoride, and 1 % (v/v) protease inhibition cocktail, for 1 hour at 4 °C.
The suspension was centrifuged at 14000 xg for 30 minutes and the supernatant was collected
for protein concentration quantification by Bradford Assay. Equivalent amounts of protein (60
Mg) were incubated at 37 °C for 20 minutes in 4x lithium dodecyl sulphate loading buffer,
resolved by SDS-PAGE in Bolt™ 4 - 12% Bis-Tris Plus Gels and transferred to a
polyvinylidene difluoride membrane. The blot was blocked with 5 % (w/v) BSA for 1 hour at
22 °C and incubated overnight with the anti-myc tag rabbit primary antibody (1:1000) at 4 °C.
After extensive washing (1 M Tris-HCI; 1.15 M NaCl; 0.10 % (v/v) Tween 20; pH 7.70), the

blot was incubated with an anti-rabbit HRP-conjugated antibody (1:5000) for 1 hour at 22 °C.

12
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Detections were performed by enhanced chemiluminescence using the ECL™ Prime Western
Blotting Detection Reagent. To quantify the loading control, GAPDH, blots were incubated

with an HRP-conjugated anti-GAPDH antibody (1:10000) overnight at 4 °C and resolved.

2.10. Data analysis

Saturation curves were fitted to a hyperbolic function in GraphPad Prism 5.0 (GraphPad
Software, La Jolla, USA). The percentage of specific binding (SB) was calculated for each
cell line as ((BT-NSB)/BT)-100; where BT is the total binding of the radioligand and NSB is
the non-specific binding of the radioligand. Concentration-response curves were analysed
through non-linear fitting using GraphPad Prism 5.0 software by applying both a four-
parameter logistic equation and a five-parameter logistic equation, and statistical comparisons
between fits were performed with extra sum-of-squares F Test, being the statistical
significance set at P < 0.05. In BRET saturation experiments, BRET efficiency was a function
of YFP emission and Rluc emission, as previously described (32). Statistical comparisons
between different parameters were carried out by one-way ANOVA followed by Tukey’s

multiple comparisons test, and statistical significance was set at P < 0.05.

3. Results
3.1.The C148 — C227 disulphide bridge is critical for ligand binding to 5-HT;a

receptor

In order to assess whether the C148 — C227 disulphide bridge is related to 5-HTa
receptor ligand binding, we substituted the cysteine residues involved in this bridge to

alanines, to form single and double mutated receptors. They were stably expressed in

13
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HEK?293 cells using Flp-In™ T-REX™ technology, to generate four isogenic cell lines with
doxycycline-inducible receptor expression (34): WT, C148A, C227A and C148A/C227A cell

lines.

To evaluate the effect of the C148 and C227 to alanine substitutions on ligand binding,
we used [*H]LSD as a radioligand in the membrane fraction of the receptor expressing cells.
Despite the specific binding of the WT receptor to [°H]LSD (Bpax = 513.30 * 7.69 fmol/mg of
protein and Kp = 0.78 + 0.08 nM, Figure 1A), we found that the specific binding obtained for
the C148A, C227A, and C148A/C227A mutated receptors was blunted when compared to

WT, and similar to that obtained for the non-transfected (NT) cell line (Figure 1B).

To study the effect of absence of the C148 — C227 disulphide bridge in ligand binding
in whole cells, we used [°H]LSD as a radioligand and found the affinity of risperidone in the
WT cell line to be 0.21 nM (Figure 2A), which is similar to the affinity reported in the
literature (35). The specific binding of [°H]LSD was higher in the WT cells than in the NT
cells. The mutated receptors showed a specific binding to [PH]LSD that was 50 % lower than
the specific binding of the WT receptor. Besides, the specific binding obtained in the mutated

receptors was higher than the specific binding obtained in NT cells (Figure 2B).

3.2.Signalling via PLC is impaired when the C148 — C227 disulphide bridge is

broken

Given the modest specific binding of [PH]LSD observed in whole cells expressing the
mutated receptors, we studied the effect of substituting C148 and C227 to alanines on the
intracellular signalling pathways by measuring PLC activation at two levels: IPs accumulation

and calcium mobilization.

14
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We validated the cell line expressing the WT receptor with the endogenous agonist
serotonin (5-HT) and the hallucinogens (z)2,5-dimethoxy-4-iodoamphetamine ((£)DOI) and
LSD, by measuring IPs accumulation (Figure 3A). Both (£)DOI and LSD behaved as partial
agonists with similar potencies to those previously reported (36). However, the potency
obtained for 5-HT was higher than the previously described (37) (Table 2). The effect of
clozapine and haloperidol was evaluated by inhibition of the effect exerted by (x)DOI at its
ECg (0.10 puM). The antagonist potency (Kg) was 37.60 nM for clozapine and 685 nM for

haloperidol (Figure 3B and 3C, respectively).

Next, we studied the effect of the mutations on IPs accumulation elicited by the three
agonists. We observed that IPs signalling was dampened in C148A, C227A, and

C148A/C227A cell lines (Figure 3D).

To assess whether the C148 — C227 disulphide bridge is necessary to activate PLC, we
proposed the study of its activation at a different level, by measuring calcium mobilization
(Figure 4A). The potencies and efficacies elicited by the agonists 5-HT, (£)DOI, and LSD in
the WT cell line were in agreement with those reported in literature (38) (Table 3). When
evaluating the inhibition of the effect exerted by (£)DOI at its ECg (0.10 uM) by the two
antagonists clozapine and haloperidol, the potencies obtained were 4.98 nM and 92.60 nM,

respectively (Figure 4B and 4C).

Then, we studied the effect of the mutations in the calcium mobilization response
elicited by the three agonists. We found that this response was impaired in C148A, C227A,
and C148A/C227A cell lines (Figure 4D), even when using saturating concentrations of
agonists 5-HT and (x)DOI (Figure 4E). It was not possible measuring the response to 100

MM LSD owing to its insolubility in aqueous medium
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3.3.The absence of the C148 — C227 disulphide bridge in the 5-HT,a receptor

conditions its trafficking to the cell membrane

Cell surface expression of the receptor in each generated cell line was evaluated by the
induction of the receptor expression through treatment with 10 ng/mL doxycycline for 24 h
(Figure 5, green). Then, we stained cell nuclei with Hoechst dye (Figure 5, blue) and

endoplasmic reticulum with ER-tracker™ red dye (Figure 5, red).

We then measured total fluorescence intensity of YFP (I1) in the cells and considered
the WT cell line expression as 100 %. C148A mutated receptor expression was higher than
WT, while C227A receptor expression was lower (Figure 6). In addition, when measuring the
localization of the receptor on the cell surface, the mutations induced a decrease in receptor
trafficking to the cell membrane by up to 50 %, compared to WT (Figure 7A). Besides,
receptor expression of C148A and C148A/C227A receptor mutants in the cell membrane was
higher than C227A receptor. This was confirmed with immunocytochemistry experiments,

(Figure 7B).

The decrease of the receptor presence in the cell membrane might be explained by a
higher retention of the aberrant receptor in the endoplasmic reticulum. To study it, we
measured fluorescence intensity of YFP in the endoplasmic reticulum (Ige), compared to the
fluorescence intensity of YFP in the whole cell. None of the mutations resulted in a higher

retention of the receptor in the endoplasmic reticulum (Figure 8).

3.4.The dimeric nature of the 5-HT,a receptor is retained in the absence of the C148

— C227 disulphide bridge
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To assess the role of the C148 — C227 disulphide bridge in receptor oligomerization,
we carried out saturation BRET experiments, where the receptor linked to the Rluc donor was
fixed, and the same receptor linked to the eYFP acceptor was titrated to construct hyperbolic
curves (Figure 9A). The BRETs, obtained for the WT - WT pair was 31.79, similar to that
obtained for the C227A — C227A single mutant pair (BRETs; = 25.08), and for the
C148A/C227A — C148A/C227A double mutant pair (BRETso = 40.24). However, the C148A

— C148A single mutant pair resulted in a higher BRETso (BRETso=81.90, P < 0.01).

The BRET max Obtained for WT and the mutated receptor was similar, independently of
the amount of transfected DNA (Figure 9B). Increasing the total amount of transfected DNA
per well (from 100 ng per well to 150 ng per well) did not change the BRET yax, although it
did increase receptor expression, measured as YFP¢/Rlucy ratio (Figure 9C) in the WT
receptor and in the C227A receptor. Moreover, the C227A — C227A single mutant pair and
the C148A/C227A — C148A/C227A double mutant pair showed lower receptor expression

than the WT - WT and the C148A - C148A single mutant pairs.

To assess homodimerization of the 5-HT,a receptor in the absence of the C148 — C227
disulphide bridge, we used the cell lysates of the WT cell line and the C148A, C227A and
C148A/C227A cell lines for western blotting. As a negative control, the lysate of NT cells
was used. We found that the homodimeric form of the receptor was retained in all mutant cell

lines (Figure 10A), as well as the relation dimer to monomer (Figure 10B).

4. Discussion

The major finding of this study was that in the homodimeric 5-HTa receptor, the C148 —
C227 disulphide bridge is key for ligand recognition. Although approximately 50 % of the

mutated receptors reach the cell membrane, their affinity and potency for selected ligands
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appear to be reduced. This suggests that the TM-3 and ECL-2 link in 5-HT,a receptor is

crucial to properly accommodate ligands.

Like most GPCRs, the human 5-HT,a receptor anchors TM-3 and ECL-2 by an
extracellular disulphide bridge formed between C148*% and C2275%2. Apart from this bond,
in GPCRs, extracellular cysteines can form more disulphide bridges, which are usually
involved in the stabilization of different conformations of the receptor, and, hence, in ligand

recognition.

According to extracellular disulphide bridges, the relevance of their formation in GPCR
pharmacology depends on the studied receptor. Therefore, GPCRs can be classified into six
groups: one that only contains the TM-3 - ECL-2 linkage, one in which the N-terminal
domain is connected to ECL-2, one in which the N-terminal domain is connected to ECL-3,
and the last three with different patterns of intra-helix disulphide bridges (39). The recent co-
crystallisation of 5-HT,a receptor in the presence of risperidone and zotepine revealed that
C148>% and C2275°“? are involved in the formation of an extracellular disulphide bridge
(19). Moreover, the presence of another extracellular disulphide bridge between two cysteines

in ECL-3 is energetically favourable (20,21).

In the human 5-HTa receptor, extracellular disulphide bridges have been reported to play
an important role in ligand recognition. Iglesias et al. demonstrated that the non-specific
reduction of the extracellular domains of 5-HT,a receptor with DTT led to a decrease in
ligand binding and ability of activating different intracellular signalling pathways by different
ligands, without affecting the homodimeric nature of 5-HT,a receptor. Molecular dynamics
experiments have shown that breaking the TM-3 - ECL-2 disulphide bridge results in a

collapse of the orthosteric binding site, because of the freedom that ECL-2 adopts (32).
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To specifically evaluate the effect of the C148 — C227 disulphide bridge in ligand
recognition by the 5-HT,4 homodimeric receptor, we generated three constructs that cannot
stablish this disulphide bridge. We achieved this by mutating the cysteines involved in the
TM-3 - ECL-2 disulphide bridge into alanines: the two single mutant constructs, C148A and
C227A, leave a free cysteine, whereas the double mutant, C148A/C227A, does not. With
these constructs, we generated four stable cell lines that express the WT or the mutated
receptor (C148A, C227A, or C148A/C227A) employing Flp-In™ T-REX™ technology, for
studying binding properties, PLC activation, receptor trafficking and homodimerization of the
5-HT,a receptor in the absence of the C148 — C227 disulphide bridge. We decided to employ
an inducible receptor expression system because the non-induced cells emerged as self-
control of receptor expression, as well as it allows fine-tuning receptor expression, avoiding
the 5-HT,a receptor internalization (40,41) that would led to misleading results. Cell line
generation was checked by microscopy techniques, were we probed that all the constructs

were expressed in each cell line.

In order to study the influence of this disulphide bridge on 5-HT,a receptor binding, we
compared the specific binding of [PH]LSD of the mutated receptors to the WT receptor in the
cell membrane fraction. We found that the absence of this disulphide bond stunted 5-HT;a
binding ability, decreasing the specific binding up to the NT cell line levels. That suggests
that the C148 — C227 disulphide bridge is crucial for ligand binding in 5-HT,a receptor, as
observed for the corresponding conserved disulphide bond in the adenosine A; receptor (42),

or in the adrenergic a;g receptor (43).

Binding experiments carried out in membrane fractions provide good signal to noise
ratios whereas whole cell binding experiments allow the study of radioligand binding in living
cells and their intracellular compartments (44). To assess ligand binding in the mutated

receptors, we evaluated specific binding of [*H]LSD in whole cells. Although there was a
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decrease in the specific binding of [H]LSD in the three mutant constructs compared to WT, it
was higher than the specific binding obtained in the NT cells. Unlike membrane fraction
binding, [*H]LSD binds to a small amount of mutated receptor population in living cells.
These differences could be related to the cell environment that living cells is providing to the
receptors, maintaining more favourable conformations to bind ligands, apart from the fact that
membrane fraction imply purification of the receptor whereas in living cells the whole pool of
receptor is available to bind ligands. Therefore, we investigated the possibility of amplifying
the binding measurements by studying PLC activation by the agonists 5-HT, (x)DOI, and
LSD using two different approaches: measuring IPs accumulation, which is a direct
consequence of activating PLC, and measuring calcium mobilization, as a result from IPs

accumulation.

Subsequently, we found that none of the cell lines expressing the mutated receptor was
able to increase neither the IPs accumulation, nor the calcium mobilization upon different
agonist treatments. This is in agreement with the proposal that breaking the C148 — C227
disulphide bridge results in the collapse of the orthosteric binding pocket (32), unless the

receptor was so aberrant that it would not be properly trafficked to the cell membrane.

It has been reported that some GPCRs can be retained in the endoplasmic reticulum or be
degraded inside the cell due to amino acid substitutions. For example, the double mutation,
cheminalAJCT-2 A in the platelet receptor P2Y12 or CEC“?A/CECM2A in the adrenergic p;
prevent receptor trafficking to the cell membrane (31). The C*®A and CE°“?A mutations
impede receptor trafficking in the adenosine A; receptor (42), or reduced trafficking by up to
13 % in GPR39 (39), up to 17 % in chemokine CCR1 receptor, or up to 52 % in chemokine
CCRS5 receptor (45). However, the same substitutions in adenosine A, (A;) receptor did not

compromise receptor trafficking to cell membrane (42).
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To study if the substitutions compromise 5-HT,a receptor trafficking to the cell
membrane, we took advantage of the eYFP tag, and we stained the nuclei and the
endoplasmic reticulum. Prior to study receptor localisation in the cell, we measured receptor
expression in whole cells. C148A/C227A mutated receptor expression in the whole cells was
similar to that obtained with the WT receptor, but C148A receptor expression was higher, and
the C227A receptor expression was lower. Due to the fact that the Flp-In™ technology allows
the generation of isogenic cell lines (34), the observed differences must be related to the
nature of the generated receptors, so receptor trafficking to the cell membrane would be

compromised as well

Once we measured receptor localisation within the cell membrane, we observed that just
around 50 % of the mutated receptors reached the cell membrane when compared to WT, as it
happens in adenosine A, receptor, where the substitution of extracellular cysteines by alanines
reduced up to 40 % the receptor trafficking to the cell membrane (46). Besides, C227A
receptor localisation within the cell membrane was lower than the C148A and the
C148A/C227A receptors. We confirmed this expression pattern by an immunocytochemistry
approach, emphasizing that the differences observed are related to the nature of the receptor:
while the C148A/C227A receptor is unable to stablish any disulphide bridges, the single
mutants leave a free cysteine to react with other extracellular cysteines, to compensate the
absence of the C148 — C227 disulphide bridge (Figure 11). If that happens, the conformation

of the receptor would be different to the native form, and hence, detected as aberrant.

Receptors that did not localise within the cell membrane could be retained in the
endoplasmic reticulum, the first checkpoint of correct protein folding in the cell. A single
mutation in a critical amino acid residue may have resulted in total retention of the protein in
the endoplasmic reticulum, as is the case with the follicle-stimulating hormone receptor (47).

In the 5-HT >, receptor, mutating the cysteines involved in the C148 — C227 disulphide bridge
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may have increased endoplasmic reticulum retention due to stabilisation of wrong receptor
conformations. Then, we measured localisation of the native and mutated receptors in the
endoplasmic reticulum. We found no difference between the mutated and the WT receptors,
suggesting that the substitutions do not increase the localisation of the 5-HT,a receptor in the
endoplasmic reticulum, as is the case in the adenosine Aa receptor (48). Thus, the decrease in
the membrane localisation of the mutated receptor is likely due to the presence of the receptor
in other intracellular compartments, such as lysosomes or endosomes, which might led to

receptor degradation.

An extensive degradation could be related to impaired dimer formation. Previously
published data has proposed that the GPCRs that exist as dimers migrate to the cell membrane
as complexes (49). Therefore, the dimeric state of the receptor may condition receptor
trafficking. Specifically, the TM-3 - ECL-2 disulphide bridge participates in muscarinic Ms
receptor homodimerization (50). In the 5-HT,a receptor, the non-specific reduction of
extracellular disulphide bridges with DTT did not alter its homodimeric state (32) but this
treatment is limited to the receptor that actually reaches the cell membrane. To understand if
the C148A, C227A, and C148A/C227A substitutions could condition the homodimerization

of 5-HT,a receptor, we carried out BRET and western blot studies.

BRET studies demonstrated that all mutated 5-HT,a receptors retained their ability to
oligomerize. These studies also revealed that the C148A protomers had less avidity for each
other because the BRET5, values for the C148A mutant were higher than the WT receptor.
The C148A single mutant left a cysteine in the ECL-2 which was free to move and interact
with other extracellular cysteines. The ECL-2 domain is thought to play a key role in the
dimeric interface of the adenosine A; receptor (51), therefore, altering the structure of this
domain may result in changes in the dimeric nature of this receptor. Although the ECL-2 has

not been reported to participate in the 5-HT,4 homodimeric interface (52), these results imply

22



that the conformation adopted by the C148A substituted receptor is less favourable for

dimerization, probably because of the additional freedom adopted by the ECL-2.

BRET studies also showed that the C227A and C148A/C227A receptor expression,
which is defined by the emission ratio YFP¢/Rluc,, was lower than the WT receptor.
Increasing the amount of transfected DNA per well resulted in an increase in the receptor
expression in all the constructs, but again, expression of C227A and C148A/C227A was
lower compared to the WT receptor. Taken together with microscopy data, this suggests that

the cysteine in the ECL-2 is crucial for receptor expression.

We confirmed that the C148 — C227 disulphide bridge does not participate in 5-HTa
oligomerization meaning that the stunted membrane trafficking is not due to changes in
receptor complexing. To confirm 5-HT,a receptor homodimerization in the presence of the
mutations, we carried out western blot experiments with whole cell lysates, taking advantage
of the myc-tag. We corroborated that the 5-HT,a receptor homodimerizes, as there were two
immunoreactive bands; a 75 kDa band, the monomer; and a 150 kDa band, the homodimer, in
the WT cell line as well as in the C148A, C227A, and C148A/C227A cell lines, as well as no
differences in the dimer to monomer ratio were observed. The C148 — C227 disulphide bridge

does not participate in the homodimeric interface of the 5-HT,a receptor.

In summary, we demonstrated that the C148 — C227 disulphide bridge of the
homodimeric 5-HT,a receptor is essential for its ligand recognition and trafficking to the cell
membrane. Moreover, ECL-2 emerged as a key factor in maintaining proper receptor
conformation. Although there is evidence that another extracellular disulphide bridge might
be stablished in 5-HT,a receptor, we show here that the C148 — C227 disulphide bridge is
crucial to 5-HT,a receptor pharmacology. The insights gained from this work may aid the

design of novel antipsychotic drugs that target the 5-HT;a receptor.
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Figure 1. (A) Saturation binding curve of [*H]LSD in the membrane fraction of the WT cell
line. The values represent the mean + SD of one representative experiment carried out in
triplicate. (B) Specific binding of [?H]LSD in cell membrane fraction of NT cells and the
generated mutant cell lines, normalized as the specific binding of each cell line. Each column
represents the mean + SD of three independent experiments carried out in triplicate. ***P <

0.001 (one-way ANOVA followed by Tukey’s test).

Figure 2. (A) [*H]LSD binding displacement curve for risperidone in the WT cell line. Each
point represents the mean £+ SD of three independent experiments carried out in duplicate. (B)
Specific binding of [?H]LSD in whole cells of NT cells and of the generated mutant cell lines,
normalized as the specific binding of each cell line. Each column represents the mean = SD of
three independent experiments carried out in triplicate. **P < 0.01; ***P < 0.001 (one-way

ANOVA followed by Tukey’s test).

Figure 3. (A) Concentration-response curves elicited by 5-HT, (x)DOI, and LSD, when
measuring IPs accumulation in the WT cell line. (B) Concentration-response curve for
clozapine in the presence of 0.10 uM (x)DOI in the WT cell line. (C) Concentration-response
curve for haloperidol in the presence of 0.10 uM (£)DOI in the WT cell line. (D) IPs
accumulation elicited by the agonists 5-HT, (x)DOI, and LSD in C148A, C227A, and
C148A/C227A cell lines, compared to WT. Values represent the mean + SD of three
independent experiments carried out in triplicate. ***P < 0.001 (one-way ANOVA followed

by Tukey’s test).

Figure 4. (A) Concentration-response curves elicited by 5-HT, (x)DOI, and LSD, when
measuring calcium mobilization in the WT cell line. (B) Concentration-response curve for
clozapine in the presence of 0.10 uM (x)DOI in the WT cell line. (C) Concentration-response

curve for haloperidol in the presence of 0.10 uM (£)DOI in the WT cell line. (D) Calcium
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mobilization elicited by 1 uM of the agonists 5-HT, (£)DOI, and LSD in C148A, C227A, and
C148A/C227A cell lines, compared to WT. (E) Calcium mobilization elicited by 100 uM of
the agonists 5-HT and (£)DOI in C148A, C227A and C148A/C227A cell lines, compared to
WT. Values represent the mean = SD of three independent experiments carried out in

triplicate. ***P < 0.001 (one-way ANOVA followed by Tukey’s test).

Figure 5. Fluorescence images obtained as a result of staining the cell lines expressing the
WT 5-HT>a receptor (A), and the mutated C148A (B), C227A (C), and C148A/C227A (D) 5-
HT,a receptors. The nucleus is stained in blue, the endoplasmic reticulum is stained in red,
and the receptor is represented in green. Representative microphotographs obtained out of six

independent experiments carried out in septuplicate.

Figure 6. Fluorescence intensity of YFP measured in whole cells expressing WT, C148A,
C227A, and C148A/C227A receptors. Each column represents the mean + SD of at least six
experiments carried out in septuplicate. . *P < 0.05; ***P < 0.001 (one-way ANOVA

followed by Tukey’s test).

Figure 7. (A) Fluorescence measurements of YFP in the cell membrane of cells expressing
WT, C148A, C227A, and C148A/C227A receptors. Each column represents the mean £ SD
of at least six experiments carried out in septuplicate. (B) Fluorescence measurements of
Alexa 627 fluorescence intensity (receptor) related to Alexa 555 fluorescence intensity
(plasma membrane) of cells expressing WT, C148A, C227A and C148A/C227A receptors.
Each column represents the mean + SD of one representative experiment carried out in twelve
identical points. *P < 0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA followed by

Tukey’s test).

Figure 8. Fluorescence intensity in the reticulum, represented as the ratio of YFP

measurements in the reticulum and YFP measurements in whole cells expressing the WT,
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C148A, C227A, and C148A/C227A receptors. Each column represents the mean + SD of at
least six experiments carried out in septuplicate. *P < 0.05; **P < 0.01; ***P < 0.001 (one-

way ANOVA followed by Tukey’s test).

Figure 9. (A) BRET saturation curves for the WT 5-HT;a receptor (black line) or the mutated
receptors (C148A, red line; C227A, blue line; C148A/C227A, green line) in transiently
transfected HEK293T/17 cells. Cells were co-transfected with a fixed amount of Rluc-N2-5-
GPCR and increasing amounts of pcDNA3-GPCR-eYFP. The graph shows the results
(expressed as the mean = SD) of one representative experiment out of three, performed in
quadruplicate. (B) Values of BRET s Obtained after transfecting with 100 ng or 150 ng DNA
per well, compared to the WT receptor. (C) Receptor expression measurements after
transfecting with 100 ng or 150 ng DNA per well, compared to the WT receptor. The data is
from one representative experiment carried out in quadruplicate. *P < 0.05; **P < 0.01; ***P

< 0.001 (one-way ANOVA followed by Tukey’s test).

Figure 10. (A) Western blot image obtained from cell lysates of the NT, WT, C148A,
C227A, and C148A/C227A cell lines. One representative image is shown from three
independent experiments (B) Protein expression quantified by densitometric analysis with
Image J, and expressed as the ratio dimer/monomer. Columns represent the mean + SD of

three independent experiments.

Figure 11. Representation of 5-HTa receptor with the C148A, C227A, and C148A/C227A
substitutions. Extracellular cysteines are indicated in orange; the alanine substitutions are
indicated in blue. Orange arrows represent the interaction possibilities of free extracellular

cysteines.
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Table

Essential role of the C148 — C227 disulphide bridge in the human

5-HT,, homodimeric receptor

Table 1. Amino acid sequences of the critical region of the coding plasmid of the human (WT) and

mutant 5-HT,a constructs.

T™-3 ECL-2

GYRWPLPSKLCAVWIYLDVLF DDSKVFKEGSCLLADDNFVLI

WT plasmid

138 158 217 237

GYRWPLPSKLAAVWIYLDVLF DDSKVFKEGSCLLADDNFVLI
C148A plasmid

138 158 217 237

GYRWPLPSKLCAVWIYLDVLF DDSKVFKEGSALLADDNFVLI
C227A plasmid

138 158 217 237
CI48AIC227TA  GYRWPLPSKLAAVWIYLDVLF DDSKVFKEGSALLADDNFVLI

plasmid
138 158 217 237




Table 2. Potency (pECsy) and efficacy (% Emax) Of 5-HT, (£)DOI, and LSD, to IPs
accumulation in the WT cell line. Values represent the mean + SD of two independent

experiments carried out in triplicate.

PECs, % Emax (100 UM 5-HT)
5-HT 7.80 +0.05 101.10 + 1.36
(+)DOI 7.44 +0.27 40.12 + 3.82

LSD 9.36 + 0.37 25.79 + 2.65




Table 3. Potency (pECs) and efficacy (% Enax) of 5-HT, (£)DOI, and LSD, to calcium in the

WT cell line. Values represent the mean = SD of three independent experiments carried out

in triplicate.
PECs, % Emax (10 UM 5-HT)
5-HT 7.22+0.29 96.66 + 11.91
(£)DOI 7.86 £ 0.17 61.88 +4.14

LSD 7.72+0.17 51.07 £ 4.34




Figure 1A

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor

Figure 1A

500+

300+

200+

100+

SB of [2H]LSD to
WT cell membranes
(fmol/mg of protein)

0 5 10 15
[*H]LSD, nM



Figure 2A

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 1B

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 2B

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
Figure 2B
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Figure 3A

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
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Figure 3B

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 3C

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 3D

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
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Figure 4A

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
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Figure 4B

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 4C

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 4D

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
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125-
S ] 1 uM5-HT
21009 1 puM (£)DOI
I Bl 1.MLSD
C
T3
LI ~ 50-
S =
I
B 25-
O\o *kk kkk kk*k *kk  kkk kkk *kk kkk kkk
~ O - o - —— - p—
A&& bcp?“ q//\?‘ qx/\?‘
i v o
bc‘b?*



Figure 4E

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 5A

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 5B

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 5C

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 5D

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 6

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
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Figure 7A

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
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Figure 7B

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
Figure 7B
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Figure 8

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
Figure 8
0.4~
0 0.34 T
> = T 1T _
S L 0.2-
oS
<
&
0.1-
0.0 : : . .
&
& bcg)?“ (1//\?“ q;\?“
o v O



Figure 9A

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 9B

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
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Figure 9C

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric

receptor
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Figure 10A

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 10B

Essential role of the C148 — C227 disulphide bridge in the human 5-HT,, homodimeric
receptor
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Figure 11

C148A/C227A

C227A

C148A

Essential role of the C148 — C227 disulphide bridgein the human 5-HT,, homodimeric

receptor
Figure 11




*Graphical Abstract (for review)
Click here to download high resolution image

9}-9
}i

% $Bof "ML 50
{0 o8l mempranas
5 @

nh
2%
vy ) p | [ P s P
wT : 28 v
it i S
o\

C1480C227A


http://ees.elsevier.com/bcp/download.aspx?id=690847&guid=332aa1e4-38b6-4c79-9240-777ec98678bf&scheme=1



