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ABSTRACT

In the present study we have utilized wild-type and pamitoylation-deficient 5-HT1A
receptors fused to the yellow fluorescent protein (YFP) as well as cyan fluorescent protein
(CFP)-tagged alpha;z-subunit of heterotrimeric G-protein to study spatio-temporal distribution
of the 5-HT1A-mediated signaling in living cells. We also addressed the question on the
molecular mechanisms by which receptor palmitoylation may regulate communication
between receptors and Gj-proteins. Our data demonstrate that activation of the 5-HT1A
receptor caused a partia release of Galpha protein into the cytoplasm and that this
translocation is accompanied by significant increase of the intracellular Ca®* concentration. In
contrast, acylation-deficient 5-HT1A mutants failed to reproduce both Galphais-CFP
relocation as well as changes in [C&"]; upon agonist stimulation. By using gradient
centrifugation and co-patching assays, we also demonstrate that a significant fraction of the 5-
HT1A receptor resides in membrane rafts, while the yield of the pamitoylation-deficient
receptor in these membrane microdomains is considerably reduced. Our results suggest that
receptor palmitoylation serves as a targeting signal responsible for the retention of the 5-
HT1A receptor in membrane rafts. More importantly, the raft localization of the 5-HT1A

receptor appears to be involved in receptor-mediated signaling.
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INTRODUCTION

G-protein-coupled receptors (GPCRs) play a central role in transducing extracellular signals
across the cell membrane with high sensitivity and specificity. These integral membrane
proteins represent the largest and most versatile group of receptors with an essential role in
the regulation of aimost all physiological processes in both mammalian and non-mammalian
species (Pierce et al., 2002). A large body of evidence obtained in different experimental
systems suggests that the specificity of GPCR-mediated signalling is partially achieved by the
selective compartmentali zation of signalling components within specific microdomains on the
plasma membrane (Anderson, 1998; Chini and Parenti, 2004). These microdomains, named
lipid rafts and caveolae, represent the membrane subdomains differing from the bulk
membrane by enrichment in specific proteins and lipids. They are characterised by a high
content of glycosphingolipid and cholesterol in the outer leaflet of the lipid bilayer that gives
them a gel-like liquid-ordered (l,) structure (Brown and London, 1998). In contrast to the
membranes in the conventional disordered phase, lipid rafts and caveolae are resistant to the
low-temperature solubilization by non-ionic detergents (Brown and London, 1998) allowing
for their biochemical separation due to the differential flotation in the density gradients.

Lipid rafts and caveolae have been shown to be involved in the regulation of various cell
functions including the intracellular sorting of proteins and lipids (Sprong et al., 2001), the
establishment of cell polarity (Manes et a., 2003) and the fine tuning of signalling processes
(Simons and Toomre, 2000). The detection of numerous signaling proteins within the
detergent-resistant membrane fractions (DRMs) led to the assumption that lipid rafts represent
scaffold platforms which facilitate signal transduction by spatialy recruiting signalling
components and by preventing an inappropriate cross-talk between pathways (Foster et a.,
2003; Okamoto et al., 1998). Little is known about the molecular determinants regulating
localization of signalling proteins and particularly GPCRs in lipid microdomains. Several

possible mechanisms for rafts targeting have been proposed including (i) specific interaction
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with the lipid components of rafts/caveolae such as cholesterol (Eroglu et al., 2003) (Pucadyil
and Chattopadhyay, 2004), (ii) direct interaction with the scaffolding domain of caveolin
(Okamoto et al., 1998) and (iii) the covalent atachment of saturated fatty acyl chains,
including myristic and palmitic acids (Moffett et al., 2000; Zacharias et a., 2002).

In the present study we have utilized wild-type and pamitoylation-deficient 5-HT1A
receptors tagged to the yellow fluorescent protein (YFP) as well as cyan fluorescent protein
(CFP)-tagged oy-subunit of heterotrimeric G-protein (Leaney et a., 2002) to study spatio-
temporal distribution of the 5-HT1A-mediated signalling. In addition we analysed, whether
receptor palmitoylation isinvolved in targeting the receptor to the membrane subdomains.
The 5-HT1A receptor belongs to the GPCR superfamily and is the most extensively
characterised member of the serotonin (5-hydroxytryptamine or 5-HT) receptor family. This
receptor was found to be involved in a number of physiological and behavioral effects, such
as regulation of mood (Sibille and Hen, 2001), neuroendocrine responses (Burnet et a.,
1996), body temperature (Overstreet, 2002), neurogenesis (Radley and Jacobs, 2002) and
respiratory activity (Richter et al., 2003). The 5-HT1A receptor has aso been shown to play
an important role in several psychiatric disorders, and its partial agonists are widely used in
the treatment of depression and anxiety syndromes (Gordon and Hen, 2004).

The 5-HT1A receptor is coupled to a variety of effectors via pertussis toxin sensitive G-
proteins of the Gj, family (De Vivo and Maayani, 1986; Dumuis et al., 1988). Receptor-
induced activation of Goy-subunits results in the inhibition of adenylyl cyclase and a
subsequent decrease of CAMP levels in both homologous and heterologous systems (De Vivo
and Maayani, 1986; Nebigil et al., 1995). Besides effects mediated by Goi, subunits,
activation of the 5-HT1A receptor also leads to the GBy-mediated activation of K* currents,
stimulation of phospholipase C as well as activation of mitogen—activated protein kinase Erk2

(Andrade et al., 1986; Fargin et al., 1991; Garnovskaya et a., 1996).
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We have recently shown that the recombinant 5-HT1A receptor is modified by covalently
attached pamitate and that palmitoylation of the 5-HT1A receptor is irreversible and
insensitive to agonist stimulation (Papoucheva et al., 2004). Two conserved cysteine residues
417 and 420 located in the C-terminal domain were identified as acylation sites of the 5-
HT1A receptor. When palmitoylated cysteines were mutated, communication between
receptors and Go;-subunits was completely abolished, indicating that palmitoylation of the 5-

HT21A receptor is critical for Gi-protein coupling/effector signalling (Papoucheva et a., 2004).

202 ‘02 |11dV uo speuinor 134SY e Bio'sfeulno fisdse wireydjow wod) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on May 31, 2007 as DOI: 10.1124/mol.107.037085
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #037085

MATERIALSAND METHODS

Recombinant DNA procedures

All basic DNA procedures were performed as described by Sambrook et al. (Sambrook,
1989). The Gaoy3-CFP cDNA was kindly provided by Dr. Andrew Tinker (London, UK). The
construction of the HA-tagged 5-HT1A as well as generation of the palmitoylation-deficient
5-HT1A mutant (C417-S, C420-S) has been described previously (Papoucheva et al., 2004).
To prepare a 5-HT1A-YFP fusion construct, cDNA encoding for the 5-HT1A receptor was
amplified by PCR with the gspecific primer Chimera sense-Kpnl (5'-
ATTCCGGTACCGCGAGGGAGATCCCCTTG-3) and ether with Chimera antisense WT-
Kpnl (5-ATCATGGTACCGGGCGGCAGAACTTGCAC-3) for wild-type or Chimera
antisense DM-Kpnl (5"-ATCATGGTACCGGGCGGGAGAACTTGGAC-3') for acylation-
deficient mutant. The amplified fragments were cloned into the Kpnl site of the pEY FP-N1
vector (Clontech), so that the YFP coding sequence was located in-frame at the C-terminal
end of the 5-HT1A receptor. All constructs were verified by dideoxy DNA sequencing of the

final plasmids.

Adherent cell culture and transfection

NIH-3T3 and neuroblastoma N1E-115 cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal calf serum (FCS) and 1% penicillin/streptomycin at
37°C under 5% CO,. For transient transfection, cells were seeded at low-density (8x10°) in
35-mm dishes or in 10-mm cover-slips (5x10°) and transfected with appropriate vectors using
Lipofectamine2000 Reagent (Invitrogen) according to the manufacturer’s instruction. Six
hours after transfection cells were serum starved for different time intervals before analysis.
To prepare the cell line stably expressing Y FP-tagged receptor, the NIH-3T3 cells were
seeded into 35-mm dishes and transfected either with the wild-type or acylation-deficient 5-

HT1A-YFP constructs. After two weeks incubation in the selective medium containing
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Geneticin (1 mg/ml; Invitrogen), single colonies were collected and plated on separate 60 mm
dishes. The stably transfected cell lines were tested for the expression level of the

recombinant protein by immunoblotting and radioligand binding assay.

Biotinylation and isolation of cell surface proteins

For biotinylation assay, transiently transfected N1E-115 cells (5x10°) expressing HA- ot Y FP-
tagged 5-HT1A receptors were treated according to the manufacturer’s protocol (PIERCE).
Briefly, cells were washed three times with ice-cold PBS and incubated for 30 min at 4°C in
PBS (100 mM NaPO,, 150 mM NaCl; pH 7.2) containing 0.25 mg/ml sulfo-NHS-SS-Biotin.
Cells were harvested, centrifuged at 500 x g for 5 min and washed with ice-cold TBS (25 mM
Tris, 150 mM NaCl; pH 7.2). The cells were lysed, and lysates were cleared by centrifugation
at 10.000 x g for 2 min. The bictinylated proteins were isolated from the supernatant with
immobilized NeutrAvidin™ during 1 h incubation at room temperature. Bictinylated proteins
were eluted with 50 pl of SDS sample buffer containing 50 mM DTT. Biotinylated as well as
unbound proteins were separated by 12% SDS-PAGE followed by immunoblotting with anti-

HA (SantaCruz) or anti-GFP (Abcam) antibodies.

Assay for [Eu]-GTPyS binding

Agonist-promoted binding of [Eu]-GTPyS (Eu, Europium) to Goy protein was performed
according to the method described by Barr et a. (Barr et a. 1997). Briefly, 10 pug of
membranes from transfected N1E-115 cells were resuspended in 55 pl of 50 mM Tris-HCI
buffer (2 mM EDTA, 100 mM NaCl, 3 mM MgCl,, 1 uM GDP; pH 7.4) and incubated
without or with different concentrations of 8-OH-DPAT at room temperature for 10 min. In
severa experiments, WAY 100635 at 1 pM concentration was added to the membranes 5 min
before agonist. After adding [Eu]-GTPyS (PerkinElmer) to a final concentration of 10 nM,

samples were incubated for 1.5 h at room temperature. The reaction was terminated by adding
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600 ul of 50 mM Tris-HCI (pH 7.5) containing 20 mM MgCI2, 150 mM NaCl, 0.5% NP-40,
200 pg/ml gprotinin, 100 uM GDP and 100 uM GTP and incubated for 15 min on theice. The
samples were then incubated for 1.5 h with 10 pl of antibody raised against Gais protein
(SantaCruz) followed by 1.5 h incubation with 30 pl of Sepharose-ProteinG beads (Sigma).
Immunoprecipitates were washed, heated at 37°C for 15 min in 0.2 ml of 0.5% SDS,
centrifuged, and supernatants were subjected to the fluorescence detection. Fluorescence of
Eu was measured using fluorescent plate reader MithrasLB680 (Berthold) at excitation of 315
nm and emission of 615 nm. The data were fitted to a sgmoidal function and analyzed using

Matlab software (The MathWork, Stuttgart, Germany).

Erk1/2 phosphorylation assay

Serum starved, transiently or stably transfected NIH-3T3 cells (7x10°) were stimulated for 5
minutes with 10 uM 8-OH-DPAT, washed with PBS and lysed in loading buffer. Equal
amounts of proteins in lysates were separated by SDSPAGE and then subjected to
immunoblot. The membranes were probed either with antibodies raised against
phosphorylated Erk1/2 (phospho-p42/44; 1:2000 dilution) or against total Erk (p42/44; 1:1000
dilution). To compare the level of receptor expression, membranes were probed with
antibodies raised against GFP (1:500; Abcam). Amount of the phosphorylated and the total
Erk1/2 were quantified by densitometric measurements using GelPro Analyser version 3.1

software.

Radioligand binding assay

Membrane preparation of transiently or stably transfected cells was performed according to
the protocol described by Claeysen and co-workers (Clagysen et al., 1999). For saturation
binding assay indicated concentrations of 8-OH-[*H]-DPAT (Amersham) were added to 10
ug of the membrane fraction diluted in assay buffer (20 MM HEPES pH 7.4,1 mM EDTA, 1

9
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mM EGTA, 6 mM MgCl, and 0,1% BSA). The final volume was 200 ul and non-specific
binding was determined by addition of 10 uM unlabelled 5-HT. After 2.5-h incubation at 20°
C, the reaction was terminated by rapid filtration of the samples through GF/B filters
(Whatman) presoaked in 1% polyethylenimine using a Brandel cell harvester. The
membranes were washed 4 times with ice-cold PBS and the radioactivity was measured by
scintillation counter. Data were fitted with the one-site saturation binding model by

pharmacology module of SigmaPlot 8.02 software.

Ca® imaging

For intracellular calcium measurements, 5 uM Fura2AM (Molecular Probes) was added to
serum free culture medium containing 100 ng/ml pertussis-toxin and cells were incubated for
60 min at 37°C under 5% CO,. Fluorescence measurements of the cells were donein artificial
cerebrospinal fluid (118 mM NaCl, 3 mM KCI, 1 mM MgCl,, 25 mM NaHCO; 1mM
NaH,PO4, 1.5 mM CaCl, and 30 mM Glucose, pH 7.4), bubbled with carbogen. Receptors
were stimulated by adding 8-OH-DPAT (30 uM) to the bath solution. Fura2AM was
alternately excited and 356 nm and 385 nm, emitted light was directed to a dichroic mirror
with mid-reflection at 425 nm, filtered by a band pass filter (505-530 nm) and collected using
a CCD camera (Sensicam). Fluorescence values were calculated as ratio of fluorescence

intensities F/F.

Cdll fractionation and immunoblotting

Transently transfected neuroblastoma N1E-115 cells expressing 5-HT1A-Y FP and Gaois-CFP
constructs were incubated with 100 ng/ml pertussis-toxin (Sigma) during the serum
starvation. After stimulation with 30 pM 8-OH-DPAT for 30 s, cells were immediately
harvested in ice-cold extraction buffer (10 mM Tris/HCl pH 7.4, 1 mM EDTA, 150 mM

NaCl, 1 mM DTT, 20 uM Leupeptin, 2ug Aprotinin/ml) and homogenized. After
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centrifugation at 8.500 rpm for 5 min, supernatant was centrifuged at 60,000 rpm at 4°C for
30 min on the Beckman-Coulter ultracentrifuge with TLA120.2 rotor to separate membrane
and cytosolic fraction. The pellets and the supernatants (the latter after extraction with 10%
TCA) were separated by 10% SDS-PAGE. Proteins were transferred to Hybond nitrocellulose
membrane (Amersham) and probed either with antibodies raised against Go,; (Santa Cruz;
1:1000 diluted in PBS/Tween20) or against GFP (Abcam; diluted 1:5000 in PBS/Tween20).
Proteins were detected using the enhanced chemiluminescence detection reagents (Amersham

Biosciences).

Time-lapse confocal microscopy

Neuroblastoma N1E-115 cells were co-transfected with Gois-CFP and 5-HT1A-YFP
constructs at the DNA ratio 2:1 or 4:1, incubated with 100 ng/ml pertussis toxin (Sigma)
during the serum starvation and then monitored under an inverted confocal laser-scan
microscope LSM510-Meta (Zeiss, Jena, Germany) with a 63x 1,2NA water-immersion
objective using 458 nm line of an argon laser. Experiments were performed at 37°C in
Tyrode's buffer (150 mM NaCl, 10 mM HEPES, 10 mM Glucose, 5 mM KCI, 2 mM CaCl,, 1
mM MgCl,, 100 ng/ml PTx, pH 7.4). For receptor stimulation, 8-OH-DPAT at fina
concentration of 30 uM was added to the bath. For detection of individual fluorophores,
spectral range for lambda stack acquisition was set from 462 nm to 580 nm, yielding a 12
image stacks with 10.7 nm increments. The reference spectra of CFP- and Y FP-chimera were
recorded for each experiment from the cells expressing the individual construct, and the
spectral separation was achieved by the linear unmixing function of the LSM Meta software.
In the time-laps analysis, 1 um optical z-sections were captured at each time point before and
during treatment with 8-OH-DPAT. The time interval between successive scans was 10 s. For
guantitative analysis of Go;-CFP distribution, z-sections were projected onto one plane and

the region of interest corresponding to the maximal cytoplasm area was selected for each cell.
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Changes in CFP-fluorescence intensity were determined from the equation: (Fpos-
Fore)X200/Fyre, Where Fye and Fuog are the mean of fluorescence intensity before and during
agonist treatment, respectively. Multiplication by 200 was used to span the greyscale
spectrum of 8-bit images. Prior to calculations, images were smoothened using a low pass
Gaussian filter of a 7x7 pixel kernel. Statistical evaluation was performed using the paired t-
test applied to compare the averaged values derived from at least three independent

experiments.

Gradient centrifugation

Separation of detergent-resistant membranes derived from the stably transfected NIH-3T3
cells (1x10°%) and transiently transfected CHO cells (1x10°%) growing on 35 mm dishes was
performed as described by Harder and co-workers (Harder et al., 1998). For cholesterol
depletion, cells were washed twice with culture medium without FCS and antibiotics and
treated with 15 mM methyl-B-cyclodextrin for 45 min on ice. Cells were lysed in TNE buffer
(25 mM Tris/HCI, pH7.4, 150 mM NaCl, 5 mM EDTA, 1 mM DTT, 10% sucrose, 1% Triton
X-100, 1 mM PMSF, 10 uM Leupeptin, 2 pg/ml Aprotinin) and lysates (1.2 mg protein/ml)
were mixed with the double volume of 60% Optiprep™ gradient medium (Nycomed Pharma).
The resulting 40% Optiprep™ mixture was transferred into the ultracentrifuge tube and
overlayed with steps of each 35%, 30%, 25%, 20% and 0% Optiprep™ in TNE. The gradients
were centrifuged for 5 h at 50.000 rpm in the TLS-55 rotor of the ultracentrifuge TL-100
(Beckman). Six fractions were collected from the top of the gradient and TCA-precipitated.
The pellets were analysed by SDS-PAGE followed by immunoblot analysis with appropriate

antibodies.

Copatching assay and line scan analysis
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For preparation of membrane sheets, stably transfected NIH-3T3 cells were treated according
to Avery and co-workers (Avery et al., 2000). Copatching of Y FP-fused receptors and GM1
was carried out by simultaneous incubation of unfixed membrane sheets with goat anti-GFP
antibody (Abcam; 1:1000 dilution) and cholera-toxin (Sigma, 1ug/ml). Incubation was
performed in KGlu buffer (120 mM K-glutamate, 20 mM K-acetate, 20 mM HEPES pH7.2)
containing 0.5% BSA for 60 min at 37°C. Membranes were washed and fixed in 4% PFA for
60 min. The fixed sheets were incubated with mouse anti-CTX antibodies with 1:1000
dilution, followed by incubation with Alexa Fluor 546-conjugated rabbit anti-mouse antibody
(1:500). Before imaging, membranes were stained with TMA-DPH which was directly added
to the bath solution. For cholesterol depletion, membrane sheets were treated for 10 min with
5 mM methyl-B-cyclodextrin (Sigma) in KGlu buffer prior copatching. For the line scan
analysis membrane sheets were imaged using Zeiss Axiovert 100 TV fluorescence
microscope with a 100x 1.4 NA Plan-Achromate objective and a back-illuminated frame
transfer CCD-camera. Membrane sheets were imaged in three channels, blue for TMA-DPH
(430 nm), green for 5-HT1A-YFP (515 nm) and red for Alexab46-CTX (546 nm). Red and
green channels were aligned by color align function of MetaMorph software (Universal
Imaging, West Chester, PA, USA) using fluorescent beads (TetraSpec microspheres 0.2 yum,
Molecular Probes) which have been added to every membrane preparation.

For co-localization analysis, 20 lines (25 pixelg/line) per image were drawn across clustered
receptors, while red channel was switched off. Distance between maximal intensities of red
and green pixelsin each line was determined on the merge pictures using line scan function of
the MetaMorph software and when the distance was less than two pixels, a co-localization
event was counted. For normalization, the counting protocol was repeated after horizontal

flipping of the red channel.
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RESULTS

Generation and functional properties of 5-HT1A-YFP fusion constructs

To study 5-HT1A receptor-mediated signalling processes in living cells, enhanced yellow
fluorescence protein (YFP) was fused to the C-terminal domain of the wild-type (WT-Y FP)
and acylation-deficient (Mut-YFP) 5-HT1A receptors after removing the stop codon (Fig.
1A). Immunoblot analysis performed in transfected neuroblastoma N1E-115 cells revealed a
protein band with a predicted molecular weight of approximately 76 kDa for both WT-Y FP
and Mut-Y FP constructs (Fig. 1B).

To exclude the possibility that fusion to the YFP alters receptor properties, we
analysed the subcellular distribution, pharmacological profile as well as downstream
signaling of the fluorescent-labelled receptors by comparison with the HA-tagged 5-HT1A
receptors (Papoucheva et al., 2004). Cellular location of YFP-tagged receptors was firstly
analysed by the biotynylation assay. For that intact cells expressing 5-HT1A receptors were
labelled with a membrane impermeable sulfo-NHS-biotin, and biotinylated proteins from
plasma membranes were purified by streptavidin. Finaly, receptors were revealed by
immunoblotting using anti-HA or anti-GFP antibodies. As shown in figure 1C, both HA- and
Y FP-tagged 5-HT1A receptors were purified by streptavidin-agarose, suggesting that these
receptors are expressed at the cell surface.

Confoca microscopy performed after transfection of WT-Y FP or Mut-Y FP constructs
into N1E-115 cells al'so demonstrated that the major part of the Y FP-tagged receptors was on
the plasma membranes with only a minor fraction presented in the intracellular compartments
(Fig. 1D). The predominant localization of WT-YFP and Mut-YFP fusion proteins a the
plasma membrane was also confirmed in transiently as well as stably transfected NIH-3T3
cells (data not shown).

The pharmacological profiles of the WT-YFP and Mut-YFP constructs were analysed by

saturation binding of the selective 5-HT1A receptor agonist [°H]8-OH-DPAT in the
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membrane preparations from transfected NIH-3T3 cells (Fig. 2A). The binding affinities of
[®H]8-OH-DPAT for WT-YFP (Kp = 0.72 + 0.53 nM) and Mut-Y FP (Kp = 0.97 + 0.26 nM)
were similar to that obtained for the HA-tagged receptors (Kp = 0.76 £ 0.23 nM). These
values are also in accordance with those previously reported for recombinant and native 5-
HT1A receptors (Newman-Tancredi et al., 1998; Pucadyil et al., 2004), demonstrating that the
Y FP fusion does not change the receptor’s pharmacological properties.

The ability of YFP-tagged receptors to stimulate G-protein activity was then analyzed
by the fluorescence-based GTPYS assay performed on the membrane preparations from
transfected N1E-115 cells in the presence or in the absence of 8-OH-DPAT. The binding
specificity to the inhibitory G-proteins was provided by the immunoprecipitation of
membrane preparations with anti-Go,z antibody before the fluorescence measurement. As
shown in figure 2B, activation of the HA-tagged receptor with 100 uM 8-OH-DPAT elicited
an approximately 3.7-fold increase in [Eu]GTPYS binding. Activation of Y FP-tagged 5-HT1A
receptors resulted in the similar stimulation of GTPYS binding (Fig. 2B). In contrast, no
stimulation of [Eu]GTPyS binding was observed in membranes of non-transfected cells (data
not shown). When the ability of non-palmitoylated Y FP-tagged 5-HT1A receptor mutant to
stimulate [Eu]GTPYS binding was analyzed, we found that the relative activation of Gais-
subunit after agonist stimulation in this case was completely abolished (Fig. 2B). Thiswas in
line with our previous data obtained for acylation-deficient HA-tagged receptor (Papoucheva
et a., 2004). It is also notable that treatment of HA- and Y FP-tagged receptors with 8-OH-
DPAT resulted in a dose-dependent increase of GTPyS binding to Gais proteins with very
similar ECsp values (HA-WT, 1 £ 0.8 uM; WT-YFP, 3 £ 2 uM) (Fig. 2C). Parallel treatment
of the membrane preparation from cells expressing YFP- or HA-tagged 5-HT1A receptors

with the selective receptor antagonist WAY 100635 at 1uM concentration completely
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antagonized [Eu]GTPYyS binding, indicating specific involvement of 5-HT1A in Gois
activation (Fig. 2C).

In addition to Goy-mediated inhibition of the adenylyl cyclases, the 5-HT1A receptor
has been shown to modulate the activity of the extracellular signal-regulated kinase (Erk) via
a GPy-mediated pathway (Cowen et al., 1996; Garnovskaya et a., 1996). Previously, we have
demonstrated that agonist stimulation of the wild-type 5-HT1A receptor resulted in activation
of Erk, while receptor-mediated activation of Erk was significantly impaired after expression
of non-acylated mutant (Papouchevaet al., 2004). To prove the functionality of WT-Y FP and
Mut-Y FP receptors, we analysed their ability to modulate the Erk activation. As shown in
Figure 3A and 3B, agonist treatment of N1E-115 cells transfected with HA- or Y FP- tagged
wild-type receptors resulted in an approximately 8 or 9 fold increase in Erk phosphorylation,
respectively. In the case of HA-tagged acylation-deficient mutant and Mut-Y FP, receptor
stimulation induced only a weak increase in phosphorylation of Erk (approx. 2 and 2.8 fold,
respectively). Taken together, these data demonstrate that Y FP receptor-chimera possess the

same properties as their non-fluorescent counterparts.

Monitoring 5-HT1A-mediated calcium signalling in living cells

The 5-HT1A receptor has been shown to activate phospholipase C-mediated Ca2" release
from the intracellular stores via Gpy-subunits both in transfected as well as in cells
endogenously expressing 5-HT1A (Aune et a., 1993; Liu and Albert, 1991; Pauwels and
Colpaert, 2003). Therefore, functiona coupling of WT-YFP and Mut-YFP receptors to
calcium mobilization was examined by monitoring [Ca?*]; in transiently transfected in N1E-
115 cells loaded with the fluorescent calcium chelator Fura-2AM. In addition to the receptors,
cells were co-transfected with the functional Gouis-CFP fusion protein (Leaney et al., 2002),
which is resistant to the pertussis toxin (PTx), and treated with PTx to avoid the receptor-

dependent activation of endogenous G;-proteins.
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When the cells were transfected with recombinant Gos-CFP protein in the absence of
exogenous 5-HT1A receptor, no Ca?* response was obtained after treatment of the cells with
8-OH-DPAT (Fig. 4A). Similar results were observed when Gao;s-CFP was co-expressed with
the 5-HT7-YFP receptor (data not shown). In contrast, co-expression of WT-Y FP receptor
with Gois-CFP significantly increased fluorescence ratio F/Fo upon stimulation with 8-OH-
DPAT, reflecting arise in [Ca?']; (Fig. 4B). Treatment of the co-transfected cells with the
selective 5-HT1A receptor antagonist, WAY 100635 at 1 pM concentration blocked this
effect, indicating that the increase in the Ca®* concentration was specifically mediated by 5-
HT1A receptor activation (Fig. 4C). Importantly, co-expression of the Mut-Y FP receptor with
Gos-CFP did not produce any significant changes in the Ca®* response after receptor

stimulation with agonist (Fig. 4D).

5-HT1A-mediated redistribution of Ges-proteinsin living cells
To study subcellular distribution of 5-HT1A-mediated signalling in real time, N1E-115 cells
were transfected with the 5-HT1A-YFP receptors together with the functional Gaos-CFP
fusion protein (Leaney et al., 2002). The Gous-CFP protein also contains a C-termina C-l
mutation providing its resistance to the pertussis toxin (PTx). Coupling of the 5-HT1A
receptor with endogenous Gj,-proteins was disabled by treatment of transfected cells with
PTx. Confocal microscopy of living cells revealed that both Go;s-CFP and 5-HT1A-YFP
constructs were primarily distributed on the plasma membrane, where they were partly co-
localised (Fig. 5A and 5B).

As shown in Figure 5A, treatment of cells expressing the WT-Y FP receptor with 8-
OH-DPAT results in a redistribution of the Gois-CFP from the plasma membrane to the
cytoplasm. Quantitative image analysis performed on the z-stack projections revealed

approximately 2.5-fold increase in the fluorescence intensity ratio AF/Fy for the Goys-CFP
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within the cytoplasm in response to the agonist stimulation (Fig. 5C). In contrast, the
fluorescence of the WT-YFP receptor was not significantly redistributed upon agonist
stimulation (Fig. 5A). The receptor-dependent translocation of the Goi 3-CFP was obtained in
approximately 30% of transfected cells, indicating the importance of a proper stochiometry
between the signalling components. The agonist-dependent internalization of Goys-CFP was
specifically mediated by the 5-HT1A receptor, because it was blocked by the receptor specific
antagonist WAY 100635 (data not shown). Moreover, the agonist-dependent redistribution of
the Goy3-CFP was not obtained in the absence of WT-YFP or in cells expressing Y FP-tagged
5-HT7 receptor, which is known to activate stimulatory Gs-protein in response to 8-OH-
DPAT (data not shown).

When acylation-deficient receptor mutant (Mut-Y FP) was co-expressed together with
Goiz-CFP in N1E-115 cells, their intracellular distribution was similar to that obtained for the
cells co-transfected with WT-Y FP receptor. However, there were no significant changes in
localization of Goys-CFP after stimulation of cells with 5-HT1A agonist 8-OH-DPAT (Fig.
5B and C).

To further examine the activation-dependent distribution of G, cellular fractionation
of N1E-115 cells expressing either WT-YFP or Mut-YFP in addition to the Ga;s-CFP was
performed. The Gais-CFP was visualized by immunaoblotting of transfected and PTx treated
cells with antibody directed against Goy-subunits, which allows parallel detection of
endogenous Gaj-proteins. Immunoblot analysis reveals that 8-OH-DPAT activation of the
WT-Y FP receptor causes a shift of Goyz-CFP from the particulate to the soluble fraction. In
contrast, stimulation of the acylation-deficient, Y FP-tagged receptor does not result in change
of Goys-CFP solubility (Fig. 5D). It is aso notable that there was some translocation of the
endogenous Go; proteins following receptor stimulation. These combined results demonstrate

that stimulation of the 5-HT1A receptor leads to the translocation of Goy-subunits from the
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membrane to the cytoplasm, and that receptor palmitoylation is criticaly involved in

regulation of this event.

Distribution of WT and palmitoylation-deficient 5-HT1A receptors within membrane
subdomains (gradient centrifugation)

Lipid modifications have been shown to play arolein the partitioning of several proteinsinto
defined membrane subdomains, like lipid rafts and caveolae (Arni et al., 1998; Melkonian et
al., 1999; Moffett et a., 2000). To determine, whether this may be the case for the 5-HT1A
receptor, we compared the membrane distribution of the wild-type receptor and acylation-
deficient mutant using density gradient centrifugation. To avoid artefacts resulting from
overexpression, we generated NIH-3T3 cell lines stably expressing low amounts of WT-Y FP
(304+62 fmol/mg) or Mut-Y FP (605+64 fmol/mg). These cells were solubilised in cold Triton
X-100 and subjected to centrifugation in Optiprep™ density gradient in order to isolate
detergent-insoluble membrane fractions. Immunoblot analysis of gradient fractions revealed
that 33 £ 11% (n = 4) of the wild-type 5-HT1A receptor floated with the detergent-resistant
low density fractions along with the caveolae-specific protein caveolin-1 and the o;3-subunit
of heterotrimeric G-protein (Fig. 6A and C). When the NIH-3T3 cells stably expressing Mut-
Y FP were analysed, the yield of palmitoylation-deficient receptor in the light Triton X-100-
resistant membrane fraction was reduced to 4 + 3% (n = 4; Fig. 6B and C). It is also notable
that distribution of the raft- as well as non-raft markers did not change in cell expressing Mut-
Y FP, when compared to the corresponding fractions generated from the WT-Y FP expressing
cells (Fig. 6D). Similar highly reproducible distribution patterns were also obtained in CHO
cells transiently transfected with HA-tagged wild-type or acylation-deficient 5-HT1A
receptors (not shown). This suggests that palmitoylation represents a targeting signal
responsible for the partial localization of the 5-HT1A receptor in lipid rafts. This assumption

was further supported by the observation that the pre-treatment of cells with methyl-j-
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cyclodextrin (MBCD) significantly reduced the amount of WT-Y FP receptor and Gais-subunit
in the low density fractions (Fig. 7). The cholesterol-binding reagent MBCD was previously
shown to disrupt the cholesterol-enriched membrane subdomains by depletion of cholesterol

from the plasma membrane (Harder et al., 1998).

Distribution of WT and palmitoylation-deficient 5-HT1A receptors within membrane
subdomains (co-patching of the 5-HT1A receptor with raft marker GM 1

In addition to the gradient centrifugation experiments, we used fluorescence microscopy
technigues to analyze the association of 5-HT1A receptor with lipid rafts on native plasma
membrane sheets by using a copatching assay (Harder et a., 1998). Membrane sheets from
the stably transfected NIH-3T3 cells were prepared by a brief ultrasound pulse, leaving
behind the basal plasma membrane attached to the glass coverslip (Lang et a., 2001). After
fixation of membrane sheets, lipid rafts were visualized by treatment with cholera toxin
(CTX), which binds to the raft-associated ganglioside GM 1. As shown in Figure 8A (a to d),
both GM 1 and 5-HT1A-Y FP receptor signals were highly abundant and relative homogenous,
thus not allowing to differentiate between specific and random colocalization. Therefore,
segregation of the lipid rafts and receptors in more distinct domains was induced by
incubating the native versus fixed membrane sheets with low concentrations of CTX and an
anti-GFP antibody, respectively, in order to crosslink the corresponding domains (Spiegel et
al., 1984). Such treatment resulted in the concentration of both labels in less numerous and
clearly defined spots that were scattered over the membrane surface (Fig. 8A; etol). It isaso
noteworthy that the depletion of cholesterol by treatment of the intact membrane sheets with
MBCD resulted in a more homogenous distribution of both receptor and GM 1 fluorescence

(Fig. 9). A similar distribution was aso obtained in the absence of the crosslinking reagents

(Fig. 9).

20

202 ‘02 |11dV uo speuinor 134SY e Bio'sfeulno fisdse wireydjow wod) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on May 31, 2007 as DOI: 10.1124/mol.107.037085
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #037085

A detailed analysis of the 5-HT1A receptor and GM 1-derived fluorescence patterns
revealed that 30.3+4.1% (n=3; in every repetition at least 10 different sheets were analyzed)
of the wild-type receptor patches were also enriched with the lipid raft marker GML1.
Importantly, this value was 3-fold reduced for the acylation-deficient mutant (Fig. 8B and C).
These data demonstrate that a fraction of the 5-HT1A receptor is associated with the lipid
rafts. These findings are also in line with the gradient centrifugation data suggesting the

importance of palmitoylation for localization of the 5-HT1A receptor in the lipid rafts.
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DISCUSS ON

The convenience of GFP labelling in combination with the recent advances in imaging
techniques has not only allowed for qualitative, but also quantitative analysis of protein
localization, trafficking and mobility in living cells (Chudakov et al., 2005). More
specifically, fluorescence labelling of GPCRs represents a powerful tool for direct
visualization of receptor-mediated signalling in real time (Kallal and Benovic, 2000; Milligan,
2004). In the present study we used Y FP-tagged 5-HT1A receptor wild-type (WT-Y FP) and
its acylation-deficient mutant (Mut-YFP) to analyse their subcellular dynamics and to
elucidate the role of receptor palmitoylation. Functionality of receptor-Y FP constructs was
assessed by the analysis of their subcellular distribution and by pharmacological studies. In
addition, the efficiency of downstream signalling was tested by GTPyS binding assay as well
as by receptor-dependent activation of extracellular signal-regulated kinases and Ca’* release.
In al cases, YFP-chimera demonstrated similar responses as their non-fluorescent wild-type
or acylation-deficient counterparts, indicating that Y FP-fused receptors can be used in

functional studies.

Dynamics of 5-HT1A-mediated signalling

Since the components of the GPCR signalling cascade are expressed at relatively low
concentration (Alousi et al., 1991; Milligan, 1996; Ostrom et al., 2000), their spatio-temporal
organisation as well as activation-dependent dynamics are crucial determinants regulating the
specificity and potency of signalling pathways. (Hur and Kim, 2002). In the present study we
analysed the dynamic distribution of the serotonin-mediated signalling using Y FP-fused 5-
HT1A receptors and the functiona Goys-CFP protein (Leaney et al., 2002). Time-lapse
microscopy experiments demonstrated that in cells co-expressing WT-YFP and Gos-CFP,
receptor stimulation resulted in translocation of the Goys-CFP from the plasma membrane to

the cytoplasm. This observation was also consistent with cell fractionation experiments,
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demonstrating an activation-induced shift of Gais-CFP to the soluble fraction. These results
extend previous data obtained with stimulatory Gos-protein, for which activation-mediated
relocation from the particular to the soluble fraction has been demonstrated (Levis and
Bourne, 1992; Wedegaertner et a., 1996). Such activation-dependent translocation of
stimulatory Gos-subunit was recently directly confirmed by using functional Go.-GFP fusion
protein (Yu and Rasenick, 2002). While true for Go,s and, as shown in the present study, for
Gayo proteins, activation-mediated translocation of Go-subunits seems to not be a general
phenomenon. Experiments with Goy, revealed that this G-protein is stably associated with the
plasma membrane and agonist stimulation did not evoke its relocation (Hughes et al., 2001).
One possible explanation for such discrepancies could be a different distribution of these G-
proteins at the cell surface: G- and Gs-proteins have been shown to specifically concentrate in
lipid raft domains, whereas Gy preferentially accumulates in caveolae via its specific

interaction with caveolin (Oh and Schnitzer, 2001).

Palmitoylation and localization of the 5-HT1A receptor in lipid microdomains
We have previously demonstrated that the 5-HT1A receptor is palmitoylated at its C-terminal
cysteine residues Cys417 and Cys420. Characterization of acylation-deficient 5-HT1A
mutants revealed the importance of receptor palmitoylation for signaling (Papoucheva et d.,
2004). However, molecular mechanisms by which palmitoylation may regulate receptor-
dependent G-protein activation are still unknown. One possibility could be the involvement of
5-HT1A receptor palmitoylation in trafficking and/or localization of the receptor into specific
membrane subdomains, like lipid rafts.

Protein modification by the covaent attachment of saturated fatty acyl chains,
including myristic and palmitic acids represents one of the best characterised lipid raft

targeting signals (Moffett et al., 2000; Zacharias et al., 2002). The long-chain fatty acids are
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expected to pack well in the |, phase, increasing the avidity of protein for
sphingolipid/cholesterol-enriched domains (Melkonian et al., 1999). Accordingly, a number
of acylated proteins including heterotrimeric G-proteins o—subunits, some Src family kinases,
GAP-43 are resident in the lipid rafts (Arni et al., 1998; Melkonian et al., 1999; Moffett et al.,
2000). It has been also shown that removal of the fatty acid modifications leads to the loss of
the protein association with lipid rafts and caveolae (Moffett et a., 2000; Shaul et al., 1996;
Shenoy-Scaria et al., 1994; Song et d., 1997). It is, however, noteworthy that the described
results were mainly obtained with periphera membrane proteins and cannot be simply
extended to integral membrane proteins. The role of palmitoylation as a raft targeting signal
for the latter remains controversial. For example, it has been shown that mutation of all
palmitoylated cysteine residues on caveolin-1 does not affect its caveolae localization
(Dietzen et al., 1995). On the other hand, reconstitution experiments have demonstrated that
defined transmembrane peptides become excluded from |, domains regardless of their
acylation state (van Duyl et a., 2002). For the GPCRs, whose C-terminal intracellular
domains are often palmitoylated, the role of acylation as a targeting signa for the
rafts/caveolae localization has not been investigated so far. Several members of GPCR
superfamily have been shown to be highly enriched in lipid rafts and caveolae, whereas others
are present only in small amounts or excluded from the lipid rafts (Chini and Parenti, 2004).
In the present study we found that approximately 33% of the wild-type 5-HT1A
receptor resides in the detergent-resistant membrane subdomains (DRMs). Cholesterol
depletion results in solubilization of the 5-HT1A receptor, confirming association of the
receptor with the cholesterol-enriched domains. DRM localization of the 5-HT1A was equally
evident in different cell types (NIH-3T3 and CHO) suggesting that segregation of the receptor
into lipid subdomains is intrinsic to the 5-HT1A itself. In contrast to the wild-type receptor,

amount of acylation-deficient 5-HT1A receptor residing in TritonX-100 insoluble fractions
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was significantly reduced, suggesting a functional involvement of receptor palmitoylation for
the DRM trafficking.

Treatment of cells with non-ionic detergents at low temperature used in this study
represents a classical approach for the DRM isolation. However, this method often produces
controversial results and should not be expected to extract lipid rafts from cell membranes
precisely (Simons and Vaz, 2004). Therefore, we used copatching as an additional assay to
analyze the membrane distribution of the 5-HT1A receptor. This assay is based on the
observation that two membrane components sharing a preference for lipid rafts will coalesce
to form tightly associated patches after treatment with specific cross-linking reagents, like
antibodies or multimeric toxins (Harder et a., 1998). Analysis of copatching data revealed
that 30.3+4.1% of the 5-HT1A receptor was co-localized with the lipid raft ganglioside GM 1.
In contrast, the co-localization of the acylation-deficient mutant with the raft marker was
drastically reduced. Thus, by using two independent methods we demonstrated that the
significant fraction of the 5-HT1A receptor resides in lipid rafts in palmitoylation-dependent
manner, demonstrate that stable palmitoylation of the 5-HT1A receptor represents an
important targeting signa responsible for the localization of receptor in GM1-enriched
membrane subdomains. Combined with our previous data on the signaling deficiency of non-
palmitoylated 5-HT1A receptor, this finding also suggests that the palmitoylation-dependent
raft localization of the receptor isinvolved in regulation of signaling processes.

How can palmitoylation-mediated localization of the 5-HT1A receptor in rafts be
involved in regulation of the receptor activity? One possible scenario is that the irreversible
receptor palmitoylation will accelerate the transient targeting of the receptor to lipid rafts.
Such transient raft association may be further stabilized by the precoupling of the receptor
with the Go; protein (Emerit et al., 1990), which mainly resides in rafts (Oh and Schnitzer,
2001). Activation of the receptor will result in dissociation of the receptor bound Gi-protein

heterotrimeric complex thereby reducing the fraction of receptor interacting with G-protein
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(Janetopoulos et al., 2001). Such uncoupled receptors have been shown to possess increased
mobility (Pucadyil et al., 2004) and could therefore leave the lipid microdomains by lateral
diffusion. Outside of lipid rafts, the uncoupled 5-HT1A receptors become partly “non-
functional” in terms of efficient signalling and need to undergo another cycle of raft
localization to initialize activation of the Gj-protein and downstream effectors upon
stimulation. Several experimental observations support this model: (i) our data demonstrate
that non-functional, acylation-deficient 5-HT1A mutant is excluded from DRMs, (ii) removal
of cholesterol from hippocampal cells has been found to affect Gi-protein coupling of the 5-
HT1A receptor and to affect the specific agonist binding (Pucadyil and Chattopadhyay, 2004)
(iii) it has been shown that differently to other GPCRs, prolonged agonist stimulation of the 5-
HT1A receptor does not result in considerable receptor internalization (Pucadyil et al., 2004;

Riad et al., 2001).
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LEGENDSFOR FIGURES

Figure 1. Construction and expression of the YFP-tagged 5-HT1A receptors. (A)
Schematic presentation of the wild-type and palmitoylation-deficient 5-HT1A receptors fused
C-terminally with yellow fluorescent protein to produce WT-Y FP and Mut-Y FP constructs,
respectively. C-terminal amino acid sequence of the 5-HT1A receptor is shown with a single-
letter code. (B) Immunaoblot analysis of YFP- and HA-tagged 5-HT1A receptors transiently
expressed in N1E-115 cells. The blots were probed with antibodies directed against GFP or
HA-tag. The molecular weight marker is indicated between the panels. (C) Cell surface
proteins were labelled with sulfo-NHS-biotin and biotinylated proteins were isolated from the
cell lysates with immobilized avidin. Biotinylated proteins were eluted and separated as
described under Materials and Methods. Aliquots of unbound fractions and the eluates were
analysed by SDS-PAGE and immunoblotting with anti-HA (left) or anti-GFP (right)
antibodies. Representative immunoblots are shown. (D) Intracellular distribution of WT-Y FP
and Mut-YFP constructs. Representative confocal images obtained with LSM510-Meta

microscope at 63x magnification are shown. Scale bar, 10 uM.

Figure 2. Radioligand and [Eu]GTPyS binding studies of YFP-tagged 5-HT 1A receptors.
(A) Saturation binding analysis. The plots represent specific binding of agonist [*H]8-OH-
DPAT to WT-YFP, Mut-YFP and HA-WT. Radioligand binding assay was performed on
membranes prepared from transfected NIH-3T3 cells. Data were fitted using the one-site
saturation binding model and data points represent the means £ S.E. from at least three
independent experiments. (B) The [Eu]GTPyS binding response for HA-WT, WT-YFP and
Mut-YFP was quantified at saturating concentration of 8-OH-DPAT (100 pM) and
[EUu]GTPYS binding for HA-WT receptor in the absence of ligand was set as 100 percent.
Each value represents the mean + S.E. from three independent experiments. (C) Dose-

response curves for ligand-induced Goys-protein activation. [Eu]lGTPyYS binding to plasma
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membranes was measured with varying concentrations of 8-OH-DPAT after
immunoprecipitation with anti-Goyz antibody. In several experiments WAY 100635 (1uM)
was added to the membranes 5 min before agonist. Background fluorescence from non-
transfected cells was substructed before the analysis. Data points represent the means + S.E.

from three independent experiments.F.U., fluorescence units.

Figure 3. Activation of Erk by YFP-tagged 5-HT1A receptors (A) NIH-3T3 cells
expressing Y FP- or HA-tagged 5-HT1A receptors were treated for 5 minutes with 10 uM 8-
OH-DPAT or vehicle, separated by SDS/PAGE and then subjected to immunoblot either with
antibodies raised either against total (upper paned) or phosphorylated (lower panel) Erk.
Fluorograms are representative of three independent experiments. (B) Quantification of Erk
phosphorylation was performed by densitometry and calculated as the ratio of total Erk
expression over the Erk phosphorylation signal. Each value represents the mean + SEE. (n =

3). A statistically significant difference between valuesis noted (*, p < 0.05)

Figure 4. 5-HT1A receptor-mediated changes in intracelular Ca®* concentration.
Neuroblastoma N1E-115 cells were transiently transfected with YFP-tagged 5-HT1A
receptors and Gos-CFP construct. Changes in [Ca?*]; were measured using calcium indicator
FURA-2AM. Cells co-expressing YFP-tagged receptor and Gois-CFP were selected by
fluorescence microscopy with appropriate excitation and emission filter sets. Activity of
endogenous Gi-proteins was blocked by the overnight pre-treatment of cells with PTx (100
ng/ml). Data are representative of four independent experiments and every trace corresponds
to one measured cell. (A) Ca® response in N1E-115 cells transfected with Gizo-CFP
construct alone. (B) Cells co-expressing WT-YFP and Gois-CFP showed increase in

intracellular Ca2" concentration after stimulation of receptor with 8-OH-DPAT. (C) Pre-
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trestment of cells co-transfected with Goys-CFP and WT-YFP constructs with 5-HT1A
antagonist WA'Y 100635 blocked 8-OH-DPAT-induced Ca’* response. (D) In cells expressing
acylation-deficient Mut-Y FP receptor together with the Goiz-CFP no increase in [Ca?']; was

induced upon receptor stimulation.

Figure 5. Translocation of Gais-CFP fusion protein in the living N1E-115 cells upon
activation of the 5-HT1A receptor. Cells were co-transfected with Go,s-CFP protein and
either with WT-YFP or Mut-YFP receptors and viewed by confocal microscopy. To block
coupling of receptor to endogenous Gi-proteins, cells were treated with pertussis toxin.
Images were assembled at 10-s intervals and the specific 5-HT1A receptor agonist 8-OH-
DPAT was added at the time point 0. Representative confocal images obtained with LSM510-
Meta at magnification of 63x are shown for cells expressing WT-Y FP receptor together with
Gaiz-CFP (A) or acylation-deficient Mut-Y FP construct together with Gois-CFP (B). Scale
bar, 10 um (C) Quantitative image analysis of cells before and during treatment with 8-OH-
DPAT. Changes in CFP-fluorescence intensity within the cytoplasm were calculated as
described under Materials and Methods. A statistically significant difference between values
is noted (**, p < 0.01). Each value represents the mean + S.E. from at least three independent
experiments (D) Cellular fractionation of N1E-115 cells expressing either WT-YFP or Mut-
YFP together with Goys-CFP. Activity of endogenous Gi-proteins was blocked by pre-
treatment of cells with PTx. Transfection cells were treated with 8-OH-DPAT for 30 s,
rapidly harvested and the content of Gais-CFP (upper panel) as well as endogenous Gais

(lower panel) in soluble and membrane fractions was examined by immunoblot analysis.

Figure 6. Localization of the wild-type and acylation-deficient 5-HT 1A receptorsin the

deter gent-resistant membrane fractions (DRMs). The NIH-3T3 cells stably expressing
34

202 ‘02 |11dV uo speuinor 134SY e Bio'sfeulno fisdse wireydjow wod) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on May 31, 2007 as DOI: 10.1124/mol.107.037085
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #037085

either the WT-YFP (A) or the Mut-YFP (B) were lysed with the cold 1% Tryton-X100 and
lysates were ultracentrifugated in the Optiprep™ density gradient. The gradient fractions were
analysed by immunoblotting. Go; protein and caveolin-1 were used as DRM markers while
transferrin receptor (TfR) was used as the non-DRM marker. (C) Relative amount of the
receptor in the high density fractions (35%+40%) and the buoyant low density fractions
(25%+30%). Quantitative analysis of the receptor distribution was performed by densitometry
and calculated in percentage of the total protein amount in all fractions. Data points represent
mean = S.E. (n = 4). A datistically significant difference between values is noted (*, p < 0.05)
(D) Relative amount of the caveolin-1, Go; and transferrin receptor (TfR) in the high density
fractions (35%+40%) and the buoyant low density fractions (25%+30%). Data points

represent mean = S.E. (n = 3).

Figure 7. Cholesterol depletion reduces localization of the WT-YFP and the Gaoy; in the
DRMs. The NIH-3T3 cells (1x10°) stably expressing the WT-Y FP were treated with 10 mM
MBCD for 45 minutes or left untreated (w/o MACD), lysed with cold 1% Tryton-X100 and
subjected to the ultracentrifugation in the Optiprep™ density gradient. The gradient fractions
were anaysed by SDS-PAGE and immunoblotting. Representative fluorogram is shown

(n=3).

Figure 8. Copatching of WT-YFP and Mut-YFP receptors with lipid raft ganglioside
GM1. (A) Copatching assay was performed in plasma membrane sheets derived from the
stably transfected NIH-3T3 cells. (a,e and i) Staining of the membrane lipids with TMA-DPH
(blue). (b,f and j) Copatching of 5-HT1A-Y FP receptors with anti-GFP antibody (green). (c,g
and 1) Copatching of GM1 with cholera toxin. GM1 patches were detected using Alexa546
anti-CTX antibody (red). (d,h and ) The merge of receptor and GM1 signads. (a-d) Membrane
sheets were fixed before incubation with anti-GFP antibody and CTX. (e-]) Membrane sheets
were fixed after incubation with anti-GFP antibody and CTX. Circles mark the fluorescent
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beads which were used to align images obtained in different fluorescence channels for
quantitative analysis. (B) Example of the line scans analysis for regions 1 and 2, which are
shown with arrows in (I). Fluorescence intensity was analysed pixel by pixel aong the line
applied on the merge pictures. When the distance between the maximal values obtained for
green and red fluorescence was less than two pixels, a co-localization event was counted
(upper panel). Otherwise, patches were counted as non colocalized (lower panel). (C)
Quantitative analysis of co-localization events between WT-Y FP or Mut-Y FP and GM 1. Data
points represent mean + SE. (n = 3). A statistically significant difference between values is

noted (**, p < 0.01).

Figure 9. (a-d) Distribution of WT-Y FP and ganglioside GM 1 in the membrane sheets in the
absence of the crosslinking reagents. Copatching assay was performed on fixed plasma
membrane sheets derived from the stably transfected NIH-3T3 cells after 60 minutes of
incubation in KGlu buffer at 37°C without antibodies and without the cholera toxin. (e-h)
Distribution of WT-YFP and ganglioside GM1 after cholesterol depletion with methyl-(3-
dextran. Methyl-R-dextran was applied in concentration of 5 mM for 10 minutes and
copatching was performed as described under Materials and Methods. (a and €) Staining of
the membrane lipids with TMA-DPH. (b and f) Copatching of 5-HT1A-Y FP receptors with
anti-GFP antibody. (c and g) Copatching of GM1 with cholera toxin. GM1 patches were
detected using Alexab46-abeled anti-CTX antibody. (d and h) The merge of receptor and

GM1lsignals.
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