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Abstract

This study compared the use of adapter G-proteins to link G coupled G-protein receptors to a Ca2q signal, enabling high throughputs
Ž .functional studies using a fluorescent imaging plate reader FLIPR, Molecular Devices .The pharmacological profile of the human

Ž .5-hydroxytryptamine 5-HT receptor was studied using the adapter G-proteins G and G and compared to previously published7 a16 qs5
Ž .adenylyl cyclase and receptor binding data. Human embryonic kidney HEK 293 cells stably expressing the human 5-HT receptor7Ža.

were transiently transfected with the adapter G-proteins. Changes in intracellular Ca2q were monitored using the fluorescent Ca2q-indica-
Ž .tor Fluo-4. 5-Carboxamidotryptamine 5-CT induced an increase in fluorescence in transfected cells only, which was attenuated by

N-ethylmalaeimide and abolished by thapsigargin, consistent with a G-protein mediated mobilisation of intracellular Ca2q. The
pharmacological profile of agonists at the 5-HT receptor was similar using either adapter G-protein. Agonist potency estimates were7

similar to that reported in binding studies but were greater than that seen in adenylyl cyclase studies. 8-Hydroxy-N, N-dipropylaminotetra-
Ž .lin 8-OH-DPAT and tryptamine acted as partial agonists using the adapter G-proteins, but were full agonists in recombinant systems

Ž . Ž .using adenylyl cyclase. meta-Chlorophenylpiperazine mCPP and trifluoro-methylphenyl piperazine TFMPP were antagonists on
intracellular Ca2q. Antagonist pharmacological profiles were similar between adapter G-proteins, receptor binding, and adenylyl cyclase
studies. These results show that adapter G-proteins can be used to study G -linked receptors using the high throughput FLIPR systems

measuring changes in intracellular Ca2q and provide novel information on mCPP and 8-OH-DPAT. q 2000 Elsevier Science B.V. All
rights reserved.
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1. Introduction

Ž .5-Hydroxytryptamine 5-HT receptor subtypes have
been classified based on structural, operational, and trans-

Žductional criteria into seven major groups Hoyer et al.,
.1994 , including the human 5-HT receptor which has7

Ž .been cloned Bard et al., 1993 . 5-HT receptor mRNA is7

found in the greatest abundance in the brain where it is
discretely localised within the thalamus, hypothalamus,

Žand various limbic and cortical regions To et al., 1995;
.Gustafson et al., 1996 . The 5-HT receptor is also found7

in smooth muscle cells from blood vessels and in the
Žgastro-intestinal tract Bard et al., 1993; Schoeffter et al.,

.1996 . 5-HT receptors have been implicated with circa-7
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dian rhythmicity, through pharmacological and receptor
localisation studies, which indicate that 5-HT receptors7

may be involved in phase shifts of neuronal activity in the
Žsuprachiasmatic nucleus of rat hypothalamus Lovenberg

.et al., 1993; Tsou et al., 1994 . Based on such brain
localisation, it has been suggested that 5-HT receptors7

may be linked to psychiatric disorders including depres-
Ž .sion Sleight et al., 1995 and schizophrenia, the latter

being based on evidence that atypical antipsychotics such
as clozapine exhibit moderate to high affinity for the

Ž .5-HT receptor Roth et al., 1994 . The 5-HT receptor is7 7

a member of the G-protein coupled receptor superfamily
and has been shown to be positively coupled to adenylyl

Ž .cyclase Bard et al., 1993; Adham et al., 1998 . A number
of receptor splice variants have been shown to exist in
man; a truncated splice variant, 5-HT short and the long7Žb.
form, 5-HT , both of which display similar pharmaco-7Ža.

Ž .logical and functional characteristics Jasper et al., 1997 .
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ŽThe fluorescent imaging plate reader FLIPR, Molecu-
.lar Devices, CA, USA allows high throughput functional

Žassays to be carried out in intact cells Schroeder and
.Neagle, 1996 . In particular, it has been widely used in the

Ž .study of both ligand-gated ion channels Wood et al.,2000
Ž .and G-protein-coupled receptors Porter et al., 1999 where

receptor activation changes intracellular Ca2q levels, which
is measured using the fluorescent Ca2q sensitive dye,
Fluo-3. For G-protein-coupled receptors, the normal signal
transduction pathway would be initiated by receptor medi-
ated activation of a member of the G protein familyq

Ž .leading to phospholipase C activation see Clapham, 1995 .
As the 5-HT receptor normally couples through G to7 s

Ž .stimulate adenylyl cyclase Thomas et al., 1999 , receptor
activation would not normally give rise to a change in
intracellular Ca2q levels. Two methods have been de-
scribed which allow the functional coupling of non-Gq

Ž .coupled receptors to phospholipase C. Milligan et al. 1996
described the use of the promiscuous G-protein G as aa16

universal G protein adapter which would allow coupling of
a wide range of G-protein-coupled receptors to phospholi-

Ž .pase C and Conklin et al. 1993 have shown that carboxy
terminal mutations of the G subunit may alter the speci-a

ficity of the G-protein. Thus in the latter study, replace-
ment of the five c-terminal amino acids of G with those ofq

G , produced the chimeric G-protein G which coupleds qs5

receptors normally linked to the stimulation of adenylyl
cyclase to stimulation of phospholipase C. However, the

Ža - and a -adrenoceptors failed to stimulate G see1D 1A a16
.Milligan et al., 1996 and the b -adrenoceptor failed to2

Ž .couple to G Conklin et al., 1996 suggesting that anyqs5

one adapter G-protein may not be universal.
We have therefore used these adapter G-proteins in

order to assess their utility in high throughput screening
and in structure–activity relationship studies, using the
FLIPR. We have utilised the recently described Ca2q-sen-
sitive dye Fluo-4, which gives a greater light output than

Ž .Fluo-3 Molecular Probes Handbook . Using a transient
expression system, we have compared the adapter G-pro-
teins G and G using the human 5-HT receptor as aa16 qs5 7Ža.

Žcharacterised example of a G -coupled receptor Thomas ets
.al., 1998 . In particular, we have compared the pharmaco-

logically profile of the human 5-HT receptor obtained7Ža.
with these two adapter G-proteins and further compared
the profile to that obtained in cyclase and binding studies

Ž .in non-transfected human embryonic kidney HEK 293
cells stably expressing the 5-HT receptor, i.e. without a7

transfected adapter G-protein.

2. Materials and methods

2.1. Materials

For culture and sub-cultivation of HEK 293 cells stably
Ž .expressing the human 5-HT receptor 293r5-HT , ma-7Ža. 7

terials were obtained from GIBCOrBRL except G418

from Calbiochem and Accutase from Innovative Cell
Technologies. For transfections: Optimem I serum free
media and LipofectAMINE PLUSe were obtained from
GIBCOrBRL. Non-replicating chimeric vectors contain-
ing cDNAs for G and G were obtained from Molecu-a16 qs5

lar Devices. Fluo-4 was obtained as the acetoxymethyl
ester from Molecular Probes. 5-Carboxamidotryptamine
Ž . Ž .5-CT , R q -lisuride, risperidone, methiothepin, mesu-
lergine, ketanserin were from RBI. Trifluoro-methylphenyl

Ž .piperazine TFMPP and thapsigargin were from Tocris.
Ž5-HT, 8-hydroxy-N, N-dipropylaminotetralin 8-OH-

. ŽDPAT , 5-methoxy-N, N-di-methyltryptamine 5-MeN-
.NDMT , tryptamine, meta-chlorophenylpiperazine

Ž .mCPP , amitriptyline, N-ethylmalaeimide and clozapine
were from Sigma. Olanzapine was from SmithKline
Beecham, Department of Medicinal Chemistry. HEK 293
cells expressing the 5-HT receptor were described in7

Ž .Thomas et al. 1998 .
Black-walled clear-bottomed microplates were obtained

from Corning-Costar. NaCl, KCl, HEPES, Glucose,
MgCl , CaCl , probenecid, and dimethyl sulphoxide2 2
Ž .DMSO were from Sigma.

2.2. Cell culture and transfection

293r5-HT cells were grown in Minimum Essential7
Ž .Media MEM , with 10% dialysed Fetal Bovine Serum,

1% non-essential amino acids, and the antibiotic G418 at
400 mgrml. The cells were maintained at 378C, 5% CO ,2

95% O in a humidified incubator. Cells were subcultured2

with the cell detachment agent Accutase. Cells were plated
into 96-well black-walled clear-bottomed microplate at a
density of 40,000 cells per well The microplates were
coated with poly-D-lysine prior to cell plating, to allow
adherence of the cells. All cells used were less than
passage 40, at which stage new cells were brought up from
cryopreservation and used after passage 8.

Cells were split so that they were sub-confluent on the
morning of the experiment.

Cells were then transiently transfected with G anda16

G cDNAs using LipofectAMINEe PLUS and the man-qs5

ufacturer recommended procedure. Typically, 10 mg of
cDNA was used for one T80 flask of 293r5-HT cells7
Ž 7 .c10 cells . Following transfection, normal serum contain-
ing growth medium was added to the cells and incubated
overnight. Cells were then harvested and plated in 96 well
microplates as described and incubated overnight. For
sham transfections, distilled water was substituted for
DNA, but all other reagents and procedures remained the
same.

2.3. FLIPR assay

Agonists were prepared typically at 1 mM in Tyrode’s
Ž Ž .buffer composition mM KCl: 2.5; NaCl: 145; HEPES:

10; glucose: 10; MgCl : 1.2; CaCl : 1.5; probenecid: 2.5,2 2
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. Ž .and pH was 7.4 except R q -lisuride which required
100% DMSO. For antagonists, solutions were made at 10
mM in 100% DMSO and were diluted in Tyrode’s buffer.
The final concentration of DMSO in the assay was less
than 0.3%. Drug dilutions were carried out in 96 well

Ž . Ž .blocks using a Biomek 2000 Beckman . Fluo-4 1 mg
Ž . Žwas dissolved in DMSO 440 ml and pluronic acid 20%

.in DMSO, 440 ml and an aliquot diluted in media to give
20 mM.

The cells were incubated for 1 h at 378C, 5% CO and2
Ž .95% O with Fluo-4 final concentration 4 mM in the2
Ž .presence of probenecid 0.8 mM final . Cells were then

washed thoroughly using a Denley cell wash system to
remove extracellular dye and a residual volume of 125 ml
of Tyrode’s buffer was left in each well. After washing, 25
ml of antagonists or buffer was added to each well and
incubated for 30 min at 378C, 5% CO , 95% O . The cell2 2

plate was loaded into the FLIPR and a signal test was
taken and laser power adjusted to obtain a basal level of

Ž .;10,000 Fluorescence Intensity Units FIU . The cells
were then excited at 488 nm using the FLIPR laser and
fluorescence emission determined used a CCD camera

Ž .with a bandpass interference filter 510–560 nm . Fluores-
cence readings were taken at 1 s intervals for 60 s and a
further 24 readings were taken at 5 s intervals. Compounds
Ž .50 ml were added after 20 s using the FLIPR. Raw
fluorescence data was exported for each well and tabulated
versus time within an ASC II file. Data was then imported
into Excel and the peak response over basal determined.

2.4. Radioligand binding

w3 xRadioligand binding assays using H -5-CT were car-
ried out in washed membranes as described in Thomas et

Ž .al. 1998 . Membranes were prepared from non-transfected
and G transfected 293r5-HT cells.qs5 7

2.5. Data analysis

Concentration–effect data was analysed by non-linear
regression fitted to the four-parameter logistic equation to

Žprovide EC and maximal response E ; Bowen and50 max
.Jerman, 1995 . Each 96-well plate contained at least one

5-CT concentration–effect curve to provide EC and50
Ž .E values. Antagonist data IC were analysed usingmax 50

the same method from inhibition curves using an EC80
Ž .concentration of 5-CT 10 nM which gave a large, repro-

ducible sub-maximal response. Antagonist affinity was
Ž .defined as apparent pK according to Craig 1993 . Re-B

Ž .sults are quoted as mean"S.E.M. from n separate ex-
periments. Statistical significance between data from dif-
ferent experiments was determined using Student’s t-test.
Statistical differences in curve-fitted results within an ex-
periment were determined using the F-test, e.g. was the
fitted maximal response different.

3. Results

3.1. Agonist studies

Ž y10 y6 .5-CT and 5-HT 10 –10 M both increased fluo-
rescence in G - and G -transfected cells and had noqs5 a16

significant effect in sham-transfected cells. The maximal
increase in fluorescent units was typically 12,000 for Gqs5

and 8000 with G and varied usually by less than 10%a16

between experiments but could vary by up to 20%. This
probably reflects variations in transfection efficiency and
cell viability following the transfection procedure. Peak

Fig. 1. Time-course for 5-CT-induced increase in intracellular Ca2q in G transfected 5-HT rHEK 293 cells. Results are the fluorescent measurementsa16 7

taken from a single 96 well plate where cells were incubated with varying concentrations of 5-CT. Data is from a single experiment, repeated twice with
similar results.
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Ž . Ž .Fig. 2. Concentration–response curves at 5-HT receptors using the adapter G-proteins G A and G B . Data points represent the peak increase in7 qs5 a16

fluorescence obtained at each concentration and are the means from three to six separate experiments. Data are shown as percentage of the fitted maximal
response to 5-CT.

height was typically reached within 10–15 s after agonist
Žaddition and returned to baseline within 2 min shown for

.G in Fig. 1, with similar results observed with G .a16 qs5

Carbachol typically induced a response of 40,000 fluores-
cent units mediated through an endogenous muscarinic
receptor. Basal levels were typically 10,000 fluorescent
units. Concentration–effect curves were constructed to a
range of putative agonists in both G - and G -trans-qs5 a16

fected 5-HT cells. Results are shown in Fig. 2 and7

summarised in Table 1, with results presented as a percent-
age of the maximal response seen to 5-CT in order to
normalise results between experiments and correct for
variables such as differences in cell density, Fluo-4 load-
ing, and particularly transfection efficiency, which would
be expected to vary between experiments. The results
obtained above are compared with binding and cyclase
functional data in Table 2. There was a tendency for
compounds to be more potent in the G system than witha16

G and this was significant for 5-HT, 8-OH-DPAT, andqs5
Ž .tryptamine see Table 1 . The maximal response seen with

8-OH-DPAT, and tryptamine was less than that seen with

5-CT and this was significant for both compounds with
G but was only significant for 8-OH-DPAT with Gqs5 a16

Table 1
Pharmacological profile of a series of putative 5-HT receptor agonists in7

HEK 293r5-HT cells transfected with G or G7 qs5 a16

Data are means from ns11 separate experiments for 5-CT and from
ns3 for other agonists, "S.E.M. Efficacy was defined as the fraction of
the fitted maximal response relative to the fitted maximal response to

Ž .5-CT defined as 1 .

Agonist G Ga16 qs5

pEC Efficacy pEC Efficacy50 50

5-CT 8.59"0.14 1.00 8.33"0.15 1.00
a5-HT 8.93"0.13 1.02"0.05 8.60"0.02 1.04"0.10

b a b8-OH-DPAT 7.44"0.14 0.87"0.04 6.90"0.06 0.73"0.06
a bTryptamine 7.70"0.27 0.91"0.13 7.17"0.08 0.82"0.03

mCPP -5 – -5 –
TFMPP -5 – -5 –

b5-MeNNDMT 7.46"0.04 0.93"0.06 7.08"0.02 0.89"0.06

aP -0.05 pEC between G and G , Student’s paired t-test.50 a16 qs5
bP -0.05 efficacy compared to 5-CT, P -0.05 F-test.
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Table 2
Comparison of agonist functional potency and binding affinity at the
human 5-HT receptor7

2q Ž .Agonist Ca G , pEC Binding, pK Cyclase cAMP ,I qs5 50 I

pEC50

a a5-CT 8.33"0.15 9.10"0.10 7.70"0.10
a a5-HT 8.60"0.02 8.20"0.10 6.80"0.10
a a8-OH-DPAT 6.90"0.06 6.60"0.10 6.10"0.10

bTryptamine 7.17"0.08 – 5.62"0.36

a Ž .Radioligand binding and cyclase cAMP assays taken from Thomas
Ž .et al. 1998 .

b Ž .Radioligand binding and cyclase cAMP assays taken from Adham
Ž .et al. 1998 .

Ž .see Table 1 . Both mCPP and TFMPP lacked apparent
agonist-like effects with either G or G on intra-a16 qs5

cellular Ca2q at the human 5-HT receptor in HEK 2937

cells at concentrations up to 10y5 M. At higher concentra-
tions, TFMPP and mCPP produced agonist-like effects in
G or G transfected 5-HT cells as well as in non-a16 qs5 7

Ž .transfected 5-HT expressing HEK 293 cells not shown .7

3.2. Antagonist studies

For antagonist studies, 5-HT rHEK 293 cells trans-7

fected with either G or G were stimulated with aa16 qs5
Ž .sub-maximal concentration 10 nM of 5-CT. Results are

shown in Table 3 where they are compared to publish
receptor binding values and functional data from cAMP
assay in the 293r5-HT cells. There was excellent agree-7

ment in affinity estimates for antagonists between the two
adapter G proteins. There was also a good correlation
between these affinity estimates and those obtained from

Žpublished binding and cAMP studies slope 0.8–0.9, r
.0.8–0.9 although antagonist affinities were higher in the

ŽFLIPR assay systems P-0.05 for clozapine, risperidone,
mesulergine, olanzapine, Student’s unpaired t-test, two-

.tail .
As mCPP and TFMPP lacked agonist activity at the

5-HT receptor, their ability to inhibit functional responses7

to 5-CT was examined. The top concentration of mCPP

Table 4
Radioligand binding affinities of compounds in G -transfected andqs5

non-transfected 293r5HT cells7

Data are means"S.E.M. from three separate experiments with data from
Ž .non-transfected cells taken from Thomas et al. 1998 .

Compound G -transfected Non-transfectedqs5
Ž . Ž .cells pK cells pKi i

Risperidone 8.55"0.25 8.30"0.10
a5-CT 9.78"0.28 9.10"0.10
a5-HT 8.84"0.11 8.20"0.10

aP -0.05, Student’s t-test.

and TFMPP used was 10y5 M to limit interference from
Ž .presumed activation of endogenous receptor see above .

mCPP antagonised 5-CT induced increases in intracellular
Ca2q at the 5-HT receptor expressed in HEK 293 cells7

with apparent pK values of 6.25"0.23 and 6.71"0.24B
Žmean"S.E.M., ns3, for the G and G systems,a16 qs5

.respectively . Similarly, TFMPP had apparent pK valuesB
Žof 5.60"0.24 and 6.12"0.21 for G and G , respec-a16 qs5

.tively .

3.3. Radioligand binding studies

w3 xThe inhibition of binding of H -5-CT to G trans-qs5

fected 5-HT expressing HEK 293 cells is shown in Table7

4 and compared to that seen in non-transfected 5-HT7

cells. There was a significant increase in affinity estimates
for the agonists 5-CT and 5-HT in G transfected cellsqs5

Ž .compared to non-transfected cells see Table 4 . There was
no difference in affinity estimate for the antagonist risperi-
done.

3.4. Signaling studies

Pre-treatment of G transfected cells with thapsigarginqs5

for 30 min, inhibited the 5-CT-induced increase in fluores-
Ž .cence with a calculated pK of 8.60"0.10 ns3 . Simi-B

larly, pre-treatment with N-ethylmalaeimide also inhibited
Ž .the response to 5-CT. N-ethylmalaeimide 30 mM signifi-

Ž .cantly P-0.05, F-test reduced the maximal response to

Table 3
Ž .Antagonist affinities at the human 5-HT receptor as determined using G and G in FLIPR compared with radioligand binding and cyclase cAMP7 a16 qs5

assays
Ž .All data are the mean of three to five independent experiments"S.E.M. Cyclase and binding data taken from Thomas et al. 1998 . NDsnot determined.

Antagonist G , apparent pK G , apparent pK Binding, pK cAMP, pKa16 B qs5 B I B

Risperidone 9.15"0.28 9.68"0.26 8.30 8.30
Methiothepin 8.21"0.16 8.12"0.21 8.50 8.1
Mesulergine 8.51"0.12 8.74"0.23 7.50 7.50
Clozapine 8.40"0.14 8.78"0.59 7.20 7.20
Olanzapine 7.15"0.09 7.00"0.32 6.50 6.30
Ketanserin 6.56"0.10 7.57"0.18 6.10 6.30
Amitriptyline 7.05"0.22 6.81"0.13 ND ND
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5-CT to 75%"11 for G transfected cells and to 48%"a16
Ž .6 for G transfected cells ns3 , compared to non-treatedqs5

Ž .cells. In both groups of cells, N-ethylmalaeimide 30 mM
had no significant effect on the functional potency of

w3 x5-CT. N-ethylmalaeimide had no effect on H -5-CT
binding to the 5-HT receptor at concentrations up to 107

mM.

4. Discussion

These results show that the adapter G-proteins G anda16

G can be used to link G -coupled receptors to a Ca2q
qs5 s

signal, allowing high throughput functional assays using
non-G coupled seven-transmembrane receptors to be per-q

formed on the FLIPR. Although previous studies have
shown that G can be used to link G -coupled receptorsa16 s

2q Ž .to a Ca signal adenosine A ; Stables et al., 1997 , no2A

detailed pharmacological study has been reported, nor
indeed have the adapter proteins G and G beenqs5 a16

compared.
Using the 5-HT receptor as an example of a G7 s

coupled seven-transmembrane receptor, we have found
that the pharmacological profile of the 5-HT receptor was7

similar when coupled to either G or G . There wasqs5 a16

evidence that 8-OH-DPAT and tryptamine showed partial
agonist activity using G whereas only 8-OH-DPAT wasqs5

a partial agonist using G . The potency of agonistsa16

tended to be lower with G compared to G , beingqs5 a16

significantly different for 5-CT and tryptamine. This sug-
gests that there may be a lower coupling efficiency of the
G protein with the 5-HT receptor than seen with G .qs5 7 a16

There were no significant differences in antagonist affini-
ties between to two adapter G-proteins.

Although there was little difference in pharmacological
profile between adapter G-proteins, some differences were
observed compared to what is assumed to be the native
signal transduction system, adenylyl cyclase activity. In
guinea-pig hippocampus, 5-HT receptor-mediated stimu-7

Žlation of adenylyl cyclase has been demonstrated Thomas
.et al., 1999 . The agonists 5-CT, 5-HT, and 8-OH-DPAT

are all less potent in cyclase studies as compared to their
Ž .binding affinity Thomas et al., 1998 , whereas their func-

tional potency on the FLIPR using the adapter G-proteins
are similar to their binding affinities. Other differences
included 5-HT was of similar or greater functional potency
than 5-CT and 5-CT was less potent in the FLIPR than on
binding. In many published radioligand and adenylyl cy-
clase studies, 5-CT is more potent than 5-HT at the 5-HT7

Ž .receptor Adham et al., 1998; Thomas et al., 1998 al-
though this difference is not seen in some studies with
5-HT and 5-CT having similar receptor binding affinities
Ž .Jasper et al., 1997; Tsou et al., 1994 . This difference in
the rank order of potency between 5-HT and 5-CT was not
due to a change in radioligand binding properties as a
consequence of the transfection procedure or of coupling

to a different G-protein. Indeed, the affinity of 5-CT for
the 5-HT receptor was increased following the transfec-7

tion procedure. This may reflect a kinetic difference be-
tween the intracellular Ca2q assay, where the response is
seen seconds after addition of the agonist, compared to
radioligand binding and adenylyl cyclase studies, which
involve long incubations.

In functional studies using recombinant systems associ-
ated with high expression levels, the large receptor reserve

Žis often linked to high functional potency see Porter et al.,
.1999 . The low functional potency seen in 5-HT cyclase7

studies suggests that either the active form of the receptor
is the low affinity state or that the 5-HT receptor may be7

desensitised following the prolonged incubation times used
Ž .in cyclase studies typically )10 min compared to the

2q Žrapid response in intracellular Ca assays typically -10
.seconds . Indeed, agonist-induced desensitisation has been

reported in adenylyl cyclase experiments mediated by 5-
Ž .HT receptors Schimizu et al., 1998 . Interestingly, there7

may be differences in desensitisation-mechanisms between
cell lines which may be responsible for the high functional

Ž .potency of 5-HT and 5-CT pEC 8.8 for 5-CT seen in50
Žother studies in Chinese hamster ovary cells Tsou et al.,

.1994 .
Although there was a good correlation between antago-

nist affinity measured in functional studies using either
G or G and receptor binding affinity, many antago-qs5 a16

nists were significantly more potent in intracellular Ca2q

studies. This may be due to various factors. Firstly, the use
Ž .of the modified Cheng–Prusoff correction Craig, 1993

assumes that compounds are competitive inhibitors and
false estimates of antagonist potency may arise if com-
pounds are non-competitive. Secondly, under the condi-
tions employed in the FLIPR, where the antagonist is
pre-incubated with the receptor and the response is mea-
sured within seconds of agonist addition, non-equilibrium
kinetics may be observed which could lead to false esti-
mates of antagonist affinity.

The present study also suggested that mCPP and TFMPP
display antagonist properties at the human 5-HT receptor.7

These compounds are usually associated with agonist ac-
Ž .tivity at 5-HT receptors see Kennett, 1993 although

mCPP may display partial agonist and antagonist proper-
ties at the human 5-HT receptor where it has low2B

Ž .intrinsic activity Thomas et al., 1996; Porter et al., 1999 .
There is literature data available on the binding affinity of

ŽmCPP and TFMPP at the 5-HT receptor e.g. Shen et al.,7
.1993 but there is no literature data available on their

functional activity at this receptor. Both mCPP and TFMPP
at high concentrations affected intracellular Ca2q mobilisa-
tion through a presumed action on an endogenous receptor.
The nature of this is not known and it is presumed at these
high concentrations that mCPP and TFMPP are non-selec-
tive.

The 5-HT -mediated intracellular Ca2q response was7

not observed in cells not transfected with the adapter
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G-protein. In transfected cells, the Ca2q response was
attenuated by N-ethylmalaeimide, which alkylates a-sub-

Ž .units Jackisch et al., 1994 . Importantly, N-ethylmalaei-
mide treatment did not affect radioligand binding affinity
suggesting that the effects of N-ethylmalaeimide were
mediated through the G-protein rather than a direct effect
on the receptor. That the intracellular Ca2q response was
blocked by thapsigargin, which inhibits Ca2q pumps in the

Ž .endoplasmic reticulum see Clapham, 1995 , suggests that
the Ca2q was released from intracellular stores. This is
consistent with the observed response being mediated by
the transfected G-proteins.

In conclusion, we have shown that the adapter G-pro-
teins can be used to study G -linked receptors using as

high-throughput system measuring changes in intracellular
Ca2q. In the present study, 8-OH-DPAT and tryptamine
appear as partial agonists compared to 5-CT whereas they
appear as full agonists in other functional studies in recom-
binant systems. In high expression recombinant systems,
low efficacy agonists often appear as full agonists due to

Ž .the presence of receptor reserve see Kenakin, 1987 . It is
worth noting that in a native cell preparation where there is
assumed to be a low receptor reserve, 8-OH-DPAT dis-

Žplayed partial-agonist-like properties Schimizu et al.,
.1998 . We also provide the first evidence for antagonist

properties mCPP at the 5-HT receptor.7
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