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Assessment of «,-adrenoceptor antagonist potency with GTPase assay
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Abstract

Membranes from Chinese hamster ovary (CHO) cells expressing high densities of a,,-, ayg- Or a,c-adrenoceptor subtypes were used
to monitor potencies of «,-adrenoceptor antagonists with a GTPase assay. Receptor-activated high-affinity GTPase activity was
determined by measuring the rate of release of **P from [y->*PIGTP. Concentration—response curves to the full agonist (—)-noradrena-
line were obtained in the presence of different antagonist concentrations and p A, values were calculated by Schild analysis. Three
antagonists (rauwolscine, prazosin and chlorpromazine) showed subtype-sel ectivity, which agrees with earlier radioligand binding results.
We suggest that the GTPase assay described here is useful for characterization of the functional potency and subtype-selectivity of

a,-adrenoceptor antagonists. © 1997 Elsevier Science B.V.
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1. Introduction

Pertussis toxin-sensitive G-proteins (G;;, G,,, G;; and
G,) mediate most physiological signalling pathways linked
to «,-adrenoceptors (Limbird, 1988; Kurose et al., 1991;
Raymond, 1995), but «,-adrenoceptors have also been
shown to couple to G, G, and G, (Conklin et al., 1992,
Eason et al., 1992; Wong et a., 1992; Chabre et al., 1994).
They can therefore regulate several different cellular effec-
tors, including adenylyl cyclases, ion channels (K* and
Ca?*) and phospholipases (A ,, C and D).

Agonist-activated «,-adrenoceptors promote the release
of GDP from G-proteins and binding and subsequent
hydrolysis of GTP. Binding and hydrolysis of GTP can be
conveniently detected by measuring receptor-stimulated
GTPase activity, monitoring the release of *P from [y-
¥PIGTP. In Chinese hamster ovary (CHO) cells trans-
fected to separately express the a,,-, a,5- and a,c-adren-
oceptor subtypes, «,-adrenoceptor-dependent activation of
GTPase is mediated solely by pertussis toxin-sensitive
G,-proteins (Jansson et al., data not shown).
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In the search for subtype-selective «,-adrenoreceptor
ligands, antagonists have usualy been initialy evaluated in
receptor binding studies. However, receptor binding assays
may not give sufficient information. For example, partia
agonist and inverse agonist properties can only be detected
in functional assays. The aim of this study was to develop
a convenient functional in vitro assay to monitor the
potency and subtype-selectivity of «,-adrenoceptor antag-
onists.

2. Materials and methods

2.1. Materials

[v-2PIGTP was from Amersham (Amersham, UK).
GDPBS [guanosine 5-O-(2-thiodiphosphate)] was from
Boehringer-Mannheim (Mannheim, Germany). Rau-
wolscine was from C. Roth (Karlsruhe, Germany).
RX821002 [2-(2-methoxy-1,4-benzodioxan-2-yl)-2-im-
idazoline] was from Research Biochemicals International
(Natick, MA, USA). App(NH)p (5-adenylylimi-
dodiphosphate), ATP, charcoal, chlorpromazine, creatine
phosphate, creatine phosphokinase, dithiothreitol, GTP,
(—)-noradrenaline, ouabain, phentolamine and prazosin
were from Sigma (St. Louis, MO, USA).
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2.2. Methods

2.2.1. Receptor production

The human «a,-adrenoceptor subtypes a,,, @,z and
a,c were stably expressed in CHO cells by transfection of
the receptor cONASs with the expression vector pMAMnNeo
(Kobilka et a., 1987; Regan et al., 1988; Lomasney et al.,
1991; Pohjanoksa et al., 1997). The expression levels were
1.9 + 0.4 pmol /mg total cellular protein for a,,, 2.4 + 0.7
pmol /mg for a,; and 2.0 + 0.4 pmol /mg for a,.. Cells
were harvested into chilled phosphate-buffered saline, cen-
trifuged at 15009 for 5 min and stored at —20°C. Frozen
cells were thawed and suspended in ice-cold 10 mM
Tris—HCl and 0.1 mM EDTA (pH 7.5), supplemented with
0.32 mM sucrose. The cells were homogenized on ice with
a Potter—Elvehjem homogenizer. The homogenate was
centrifuged at 550 X g for 15 min. The supernatant was
kept and the pellet was rehomogenized and recentrifuged.
The two supernatants were pooled and then centrifuged at
35000 x g for 30 min. The pellet was then suspended in
Tris—EDTA buffer and centrifuged at 35000 X g for 30
min. The membranes were finally suspended in the buffer
at a concentration of 1-2 mg protein/ml and frozen in
aliquots at — 70°C. Protein concentrations were determined
using the method of Bradford (1976).

2.2.2. GTPase assay

The reaction mixture contained 100 mM NaCl, 5 mM
MgCl,, 2 mM dithiothreitol, 0.1 mM EDTA, 10 mM
Tris—=HCI, 1 mM App(NH)p, 1 mM ATP, 1mM ouabain,
10 mM creatine phosphate, 2.5 units/ml creatine phospho-
kinase, 0.1-0.2 nM [y-*PIGTP, 32 uM GDPBS and 47
pg membrane protein per tube. Drugs were added in
appropriate concentrations into tubes kept on ice before
adding the membranes. After 30 min in a 37°C water bath
with shaking, the tubes were transferred to ice, and the
reaction was terminated by addition of 1 ml of an ice-cold
suspension of 5% (w/v) activated charcoal in 20 mM
phosphoaric acid. After centrifugation (5 min at 11000 X g)
the supernatant was removed, recentrifuged and a 550 .l
aliquot was removed for liquid scintillation counting. Low
affinity hydrolysis of [y-*PIGTP was determined in the
presence of 100 wM GTP and subtracted to yield the
amount of high affinity hydrolysis.

2.2.3. Data analysis

The results were analysed using GraphPAD Prism pro-
grams (GraphPAD Software, San Diego, CA, USA). Con-
centration—response curves to the full agonist (—)-nor-
adrenaline (10 nM—1 mM) were obtained in the presence
of three different concentrations of each antagonist. The
concentration of (—)-noradrenaline necessary to give a
half-maximal response (ECg,) in the presence of each
concentration of antagonist was divided by the ECy, in the
absence of antagonist to determine the dose ratio (dr). p A,
values were calculated by the method of Arunlakshana and
Schild (1959) by plotting log(dr — 1) versus log[antagonist].
Stetistical analysis was carried out by one-way ANOVA.
Results are presented as means + S.E.M. unless otherwise
indicated.

3. Reaults

All tested antagonists shifted the dose—response curves
of (—)-noradrenalineto the right without significant change
of slope or maximum effect thus indicating competitive
antagonism. p A, values given in Table 1 were achieved by
Schild analysis. Schild plots are shown in Fig. 1. The basa
high-affinity GTPase activities were 1.7 + 0.7, 1.7 + 0.8
and 1.6 + 0.8 fmol /mg per min, the maxima (—)-nor-
adrenaline-stimulated high-affinity activities 8.8 + 3.3, 7.6
+35 and 4.0+ 1.7 fmol /mg per min and the rates of
low-affinity GTP hydrolysis (determined in the presence of
100 wM GTP, and not influenced by the drugs) 1.5 + 0.5,
144 0.7 and 1.4 + 0.4 fmol /mg per min in membranes
expressing the a,,-, a,g- and a,c-adrenoceptor subtypes,
respectively (values are means+ S.D. from at least 15
experiments). The basal high-affinity GTPase activities
determined in the absence of (—)-noradrenaline were not
changed by the antagonists.

In order to compare potencies of «,-adrenoceptor an-
tagonists determined by this method to binding affinities
determined by radioligand binding experiments, a linear
regression analysis was carried out for each receptor sub-
type using the present results and pK; values obtained
with [®*H]rauwolscine as radioligand (Marjamaki et al.,
1993). The Pearson correlation coefficients for logarithmic
data were 0.97 for a,,, 0.72 for a,; and 0.94 for a,c.

Table 1
pA, values derived from Schild analysis are means + S.E.M. from three independent experiments performed in triplicate
Antagonist Qop Qop Qo

PA, Slope PK; pA, Slope pPK; pA, Slope pPK;
Chlorpromazine 6.22 +0.13 1.06 5.89 7.40 +£0.13 0.96 7.85 7.09+0.12 1.02 6.86
Prazosin 6.38 + 0.23 0.98 5.56 6.62 + 0.14 113 6.97 7.64 4+ 0.07 124 7.10
Phentolamine 752+0.13 1.08 7.75 7.26 +£0.19 0.91 8.51 6.99 + 0.24 0.98 7.28
Rauwolscine 8.62 + 0.07 1.10 8.30 7.83+0.27 114 8.30 9.04 + 0.17 115 9.00
RX821002 893+0.13 114 8.66 8.49 + 0.10 0.89 8.34 871+017 0.96 8.60

pK; values are given for comparison. They were taken from Marjamaki et al. (1993).
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Fig. 1. Schild plots derived from dose—response curves of (—)-noradrenaline in the presence and absence of increasing doses of antagonists. Results are

means + S.E.M. from 3 independent experiments performed in triplicate.

The pK,; values used in this comparison are shown in
Table 1.

4, Discussion

A receptor-mediated increase in high-affinity GTPase
activity is among the first detectable biochemica events
that follow activation of G-protein coupled receptors, and
is, in this respect, a potentially useful indicator for studies

on receptor-G-protein coupling. The GTPase assay is tech-
nically smple and has been used to study many different
G-protein coupled receptors (Aktories and Jakobs, 1981;
Koski and Klee, 1981; Brandt and Ross, 1986; Costa and
Herz, 1989; Costa et al., 1990, 1992; Schenker et al., 1991;
Lazareno et al., 1993; Hasegawa et al., 1996; Seiler et al.,
1996). It was recently optimized by Jansson et a. (data not
shown) to study a,-adrenoceptor agonists. In order to
increase the relative net signa evoked by (—)-noradrena
line we employed a high concentration (32 uM) of the
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nucleotide analog GDPB S (Vachon et al., 1986; Jansson et
al., manuscript in preparation), which binds to the GTP-hi-
nding site of G-proteins. Under these circumstances we
were not able to detect inverse agonist activity in any of
the investigated «,-adrenoceptor antagonists, although it
has been detected in some GTPase studies with opioid
receptors (Costa and Herz, 1989; Costa et al., 1990, 1992).

The results of this study were in general agreement with
results from competitive ligand binding assays (Marjamaki
et al., 1993), and high correlations were observed between
results generated with the two methods for the «,,- and
a,c-adrenoceptor subtypes (r =0.97 and r =0.94). The
relatively weak correlation (r = 0.72) between GTPase and
binding results obtained for the «,5-adrenoceptor subtype
was caused by the very limited scatter of the drug poten-
cies at this receptor and by an unexplained difference
between the two assays for one test compound, phento-
lamine (pK;, 8.51; pA,, 7.26). Prazosin proved to have
highest potency at the a,--adrenoceptor subtype (a,c >
a,s = ay), Whereas chlorpromazine had almost equal
potency at the a,5- and a,c-adrenoceptor subtypes and
much lower potency at the a,,-adrenoceptor subtype (g
= a,c > a,,). Also rauwolscine was subtype-selective
(aye > ayn > ayg). RX821002 and phentolamine showed
no significant subtype-selectivity, although both dlightly
favoured the «,,-adrenoceptor.

In conclusion, we suggest that the GTPase assay de-
scribed here is useful for characterization of the functional
potency and subtype-selectivity of «,-adrenoceptor antag-
onists.
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