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Solubilization of dopamine-D,receptors from
synaptosomal membranes of the bovine caudate

nucleus

Marjetka Kidri¢, Jelena Petrovi¢*, V. Soski¢ & Divna Trajkovi¢*
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1 Dopamine D,-receptors were solubilized from synaptosomal membranes of the bovine caudate
nucleus using different detergents. They were labelled with [*H]-spiperone and assayed by
polyethylene glycol precipitation.

2 CHAPS was found to be the best solubilizing agent among all detergents used. Optimal
conditions for solubilization were: 0.25% CHAPS, 3.5 mg ml~! protein, 25 min, 4 °C and the yield of
D,-receptors was 18.6%.

3 Addition of some sulphobetain detergents increased the extent of solubilization, 125 mM NaCl
and 0.25 M sucrose decreased it, while SH-group protecting agents (2 mM dithiothreitol and 6 mMm
B-mercaptoethanol), as well as MEGA-9 and MEGA-12 were almost ineffective.

4 —log ICso values for solublized dopamine D,-receptors are in linear correlation with the
corresponding values for membrane-bound receptors (r= 0.962, slope factor 0.96) and K value of
solubilized receptors was 3.611+0.94nM, while that of membrane-bound receptors was
1.25+0.10 nMm.

5 Specific binding of [*H]-spiperone to the solubilized receptors resolved by linear sucrose density
gradient centrifugation shows two maxima, one in the first several fractions from the bottom and the

other with an apparent S value of 7.3.

Introduction

Solubilization of plasma membrane receptors is one
of the necessary steps for their isolation and charac-
terization. Dopamine receptors were isolated from
several sources and solubilization was achieved with
different detergents (Laduron & Ilien, 1982; Hall et
al., 1983; Kuno et al., 1983). Using plant glycoside
digitonin, Gorissen & Laduron (1979) reported the
solubilization of binding sites from dog striatum
which retained the characteristics of membrane-
bound dopamine receptors. Gorissen et al. (1980)
showed that digitonin-solubilized dopamine recep-
tors from rat striatum are masked by a high number
of non-stereospecific spirodecanone sites, the
number of which was much higher in the frontal
cortex than in the striatum. The same authors noticed
more spirodecanone sites in the rat than in the corres-
ponding preparations from dog and supposed that
this difference was the result of species variability.
Madras et al. (1982) compared binding characteris-
tics of solubilized preparations from human, calf and

canine brains and demonstrated that the binding
characteristics of the calf D,-receptors were consid-
erably altered upon digitonin solubilization. They
concluded that calf caudate is a poor choice for
dopamine-receptor solubilization using digitonin.
Gorissen & Laduron (1978) and Tam & Seeman
(1978) suggested that rat and calf striatum are not
good sources of soluble dopamine receptors, since
primarily non-dopaminergic binding sites were sol-
ubilized (Gorissen et al., 1980) and the correlation
between ICsq values of solubilized and native recep-
tors was rather low (Madras et al.,, 1981; 1982).
However, calf caudate nucleus may serve as a suita-
ble tissue for biochemical investigations, since it pro-
vides a rich source of dopamine binding sites which
have been studied by numerous authors (Seeman et
al., 1976; Burt etal., 1976; Creese etal., 1977;1979;
Hartley & Seeman, 1978; Soski€etal., 1983). There-
fore we have found it of interest to examine the
possibilities for the improvement of the solubilization
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of dopamine D,-receptors using this brain structure.
Investigations of different solubilizing agents and
alterations of experimental conditions showed that
CHAPS, previously used for soubilization of opiate
receptors (Simonds et al., 1980), brain dopamine
D,-receptors (Lew et al., 1981) and recently for
solubilization of dopamine D,-receptors from the
bovine caudate nucleus (Kuno et al., 1983) repres-
ents the best solubilizer among several detergents
from different chemical categories.

Methods
Brain membrane preparation

Calf brains were obtained from a local slaugh-
terhouse within 1 h after death. Nuclei caudata were
dissected immediately from the fresh tissue. Synap-
tosomal membranes were obtained as described by
Nishikori et al. (1980) for preparation of the M;
fraction. The final pellet was resuspended in 50 mMm
Tris: HCI, 5 mM Na,EDTA, pH 7.4 to give a protein
concentration of 10 mgml~!. The membrane suspen-
sion was divided into 4.0ml aliquots which were
frozen in liquid nitrogen and kept at —20°C.

Solubilization of the membranes

Thawed synaptosomal membrane suspensions were
diluted with the Tris HCI-Na,ED TA solution to give
a protein concentration of 7.5mgmi~! and mixed
with half of their volume of different concentrations
of the detergents dissolved in the same buffer sup-
plied with 0.06% ascorbic acid and 0.03% sodium
azide. When optimal solubilization conditions were
defined and CHAPS was chosen as the best solubil-
izer, suspensions of the membranes were diluted to
5.2 mg protein ml~!. Solubilization was performed
for 25 min at 4°C with gentle stirring, followed by
centrifugation (180,000g, 30 min, Ti-50 rotor, Beck-
man Lj_so ultracentrifuge). Proteins were deter-
mined in the clear supernates by the procedure of
Lowry et al. (1951).

Binding assay

[®H]-spiperone binding to the native synaptosomal
membranes was carried out according to Clement-
Cormier & George (1978) and binding to solubilized
membrane proteins by a slight modification of the
method of Chan et al. (1981). Incubation mixtures
contained 50 pl of 9 nM [*H]-spiperone in solubilizing
buffer, 50 ul of buffer or the drug examined in the
same buffer and 400 pul of solubilized membranes
(0.2-0.6 mg protein ml~').After 16h ofincubation at
4°C, 100 pul of human gamma-globulin (0.45%) fol-

lowed by 300 ul of 30% polyethylene glycol 6000
were added; 15 min later, aliquots of these mixtures
were vacuum filtered through Whatman GF/B filters,
twice rinsed with 7 ml polyethylene glycol solution,
dried and transferred into toluene-based scintillation

Table1 Yield of solubilized [*H]-spiperone bind-
ing sites from synaptosomal membranes of the
bovine caudate nucleus treated with different de-

tergents
Concentration of ~Solubilization of [*H]-spi-

Detergent detergent (%)  perone receptors(%)
CHAPS 0.750 1.8

0.500 4.0

0.375 12.7

0.250 9.7

0.125 8.5
Digitonin 1.000 6.1

0.750 5.0

0.500 3.2
NAPS 1.000 2.2
MEGA-12 0.125 4.6

0.062 2.0
MEGA-9 1.000 1.3

0.500 1.3

0.250 2.2
Brij 35 0.250 2.8

After solubilization with indicated concentrations
of the detergents dissolved in 50 mM tris HCI, S mm
Na4EDTA, 0.06% ascorbic acid, 0.03% Na-azide,
membrane suspensions (7.5 mg ml~! protein) were
centrifuged (30 min, 180,000 g, Tr-50 rotor, Beck-
manL3_sgultracentrifuge). In the supernates [*H]-
spiperone binding was checked at 0.9nM of the
radioligand. Yield in fmol was calculated as fol-
lows: (specific binding to soluble fraction/specific
binding to membrane fraction) x 100. Specific
binding (fmol) was examined at the same concent-
ration of the radioligand under identical conditions
both in membranes and in soluble preparations and
was calculated as the difference between total
binding and binding in the presence of 1 uM (+)-
butaclamol. The data from representative experi-
ments were used. Each value represents mean of
three assays performed in triplicate. The variation
of triplicate samples for a single experiment was
about 10%. No solubilization was achieved with
0.250 and 0.125% digitonin, 1.000, 0.500, 0.250
and 0.125% Na-deoxycholate, N-(+)-gluco-N-
methylcholamide, LAPS, Triton X-100 and Lub-
rol PX, 0.250, 0.125 and 0.062% PAPS, 0.500,
0.250 and 0.125% NAPS, 0.250% MEGA-12,
0.125% MEGA-9, 1.000, 0.500 and 0.125% Brij
35. Higher concentrations of PAPS and MEGA-
12 were not used because of their insolubility.
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Figure 1 Yield of solubilization of dopamine D,-
receptors as a function of membrane protein concentra-
tion. Various concentrations of the membrane proteins
were incubated with 0.25% (O) and 0.375% (@)
CHAPS in 50 mM Tris HCl, 5mM Nay EDTA, 0.02%
ascorbic acid, 0.01% sodium azide, pH 7.4 for 25 min at
4°C with gentle stirrin§. After centrifugation
(180,000 g, 30 min) specific ["H]-spiperone binding was
determined in 400 ul aliquots of the supernates at 0.9 nm
of the radioligand. Non-specific binding was determined
in the presence of 1 uM (+)-butaclamol. Specific binding
represents the difference between total and non-specific
binding. The results are means of three experiments
done in triplicate. Yield was calculated in fmol.

liquid. Radioactivities were measured in a Packard
TRI-CARB scintillation spectrometer at an efficien-
cy of 45%. Incubations were performed at least in
triplicate. Non-specific binding was defined as the
binding in the presence of 1 uM (+)-butaclamol and
specific binding was the difference between total and
non-specific binding.

Sucrose density-gradient centrifugation
An aliquot (0.3ml) of the solubilized membrane

preparation (0.15 mg protein) was layered on linear
sucrose density gradient (15-30% sucrose in 50 mM
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Figure 2 The effect of addition of different compounds
on the yield of solubilization of dopamine D,-receptors
achieved by CHAPS: 0.25% CHAPS in 50mM Tris
HCIl, 5mM NayEDTA, 0.02% ascorbic acid, 0.01%
sodium azide, pH 7.4 with the addition of 0.05% solu-
tion of various detergents, 125 mM NaCl, 0.25M suc-
rose, 2mM dithiothreitol or 6 mM B-mercaptoethanol
was used. Solubilization was performed for 25 min at
4°C. Specific [>H]-spiperone binding was determined as
described in legend to Figure 1. 1=CHAPS (3-[3-
cholamidorpropyl) dimethyl-ammonio]-1-propanesul-
phonate); 2=CHAPS+PAPS  (3-[(3-palmitoyl-
amidopropyl) dimethylammonio] -1-propanesulphon-
ate); 3=CHAPS+LAPS (3-[(3-laurylamidopropyl)
dimethylammonio] -1-propanesulphonate); 4=
CHAPS + NAPS (3-[3-nonanoylamidopropyl) dime-
thylammonio] -1-propanesulphonate); 5= CHAPS
+MEGA-12 (N-(+)-gluco-methyllaurylamide); 6=
CHAPS + MEGA-9 (N-(+)-gluco-N-methylnonanoy-
lamide); 7=CHAPS+125mM NaCl; 8 =CHAPS +
2mMm dithiothreitol; 9=CHAPS + 6 mM B-mercapto-
ethanol; 10 = CHAPS +0.25 M sucrose. The results are
means of three experiments done in triplicate.

Table 2 Recovery of [*H]-spiperone binding sites and protein after CHAPS solubilization

Protein Vol Total pro-
(mg ml-') (ml) tein (mg)
Membrane 5.22 6.0 31.32
Soluble 0.50 9.0 4.56
Recovery 9.60% 14.28%

Receptor den- ‘ Total re-
sity (Bmax) K4 ceptors
(pmol mg~! prot.) (nM) (pmol)
1.33%+0.17 1.251+0.10 42.60
1.74 £0.26 3.61+£0.94 7.92

130% 18.6%

Solubilized membranes (0.250% CHAPS, 50 mM Tris HCl, 5 mM EDTA, 0.02% ascorbic acid, 0.01% sodium azide,
pH 7.4, 25 min, 4°C) were separated from insoluble residues by centrifugation (180,000 g, 30 min, Ti 50 rotor,
Beckman Lj3_sq ultracentrifuge). Specific [*H]-spiperone binding was examined in both clear supernates and original
membrane preparations at 0.9 nM of the radioligand in the absence and in the presence of 1 uM (+)-butaclamol.

Values are means of three experiments done in triplicate.
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Figure 3 Inhibition of [*H]-spiperone binding to soluble preparations of calf caudate nuclei by dopamine agonists
and antagonists. Aliquots (400 ul) of soluble membrane preparations were incubated with various concentrations of
drugs and 0.9 nM [>H]-spiperone for 16 h at 4 °C. After addition of 0.45% human gamma-globulin, samples were
precipitated with 30% polyethylene glycol 6000 and vacuum filtered through Whatman GF/B filters. Specific
binding of [*H]-spiperone was defined as that inhibited by 1 um (+)-butaclamol. At a final concentration of 0.9 nm
[*H]-spiperone the total c.p.m. bound (after subtracting the amount bound to filter) was 290 c.p.m. of which 79%
was specific. The amount bound non-specifically to the filter was approximately 110 c.p.m. Points are mean of at
least three experiments done in triplicate vertical lines show s.e.mean. (a) Spiperone (A); (+)-butaclamol (@);
(—)-butaclamol (O); dopamine (A)j; cis (Z) fluphentixol (B); trans (E) flupenthixol (O); clozapine (V¥); norad-
renaline (@) ergosine methanesulphonate (V). (b) Fluphenazine (O); sulpiride (O) haloperidol (@®); chlor-
promazine (A); metoclopramide (A ); apomorphine (< ); mianserin (@).

Tris HCl, 5mM Na,;EDTA, 0.02% ascorbic acid,
0.01% sodium azide, 0.025% CHAPS, pH 7.4) and
centrifuged at 206,000g, 17 h, 4°C, SW 50.1 rotor in
a Beckman Lj_sg ultracentrifuge. Tubes were punc-
tured at the bottom and 10 drop fractions were
collected. After protein content determination
(Spector, 1978), fractions from two tubes were
pooled and 300 ul aliquots were taken for determina-
tion of specific [*H]-spiperone binding at 4 nM of the
radioligand. Marker proteins (Collection MS-II,
Serva, Heidelberg, West Germany) were run under
the same conditions and their position in the gra-
dients was determined on the basis of protein content
in individual fractions after centrifugation.

Analysis of data

Saturation curves were analysed by the Eadie-
Hofstee technique as recommended by Zivin &
Waud (1982).

Chemicals

[3H]-spiperone (sp. act. 21 Cimmol ') was obtained
from the Radiochemical Centre, Amersham.

The following drugs were generously provided as
gifts: (+)- and (—)-butaclamol (Ayerst, Canada);
haloperidol and spiroperidol (Janssen Pharmaceuti-
ca, Beerse, Belgium); cis(Z)- and trans (E)- flupen-



thixol (H. Lundbeck & Co., Copenhagen, Den-
mark); chlorpromazine and fluphenzine (E.R.
Squibb & Sons, Princeton, U.S.A.); metoclopramide
and sulpiride (Delagrange, Paris, France); mianserin
(Chemical Industry “Zorka”, Sabac, Yugoslavia);
clozapine and apomorphine (Sandoz Ltd., Basel,
Switzerland) and ergosine methanesulphonate
(Chemical and Pharmaceutical Industry “Lek”,
Ljubljana, Yugoslavia).

Detergents
CHAPS (3-[(3-cholamidopropyl) dimethylam-
moniol-1-propanesulphonate), = PAPS  (3-[3-

palmitoylamidopropyl) dimethyl-ammonio]-1-pro-
panesulphonate), LAPS (3-[(3-laurylamido-
propyl) dimethylammonio]-1-propanesulphonate)
and NAPS (3-[(3-nonanoylamido-propyl) di-
methylammonio]- 1-propanesulphonate) were syn-
thesized in our laboratory according to the method
for the synthesis of CHAPS (Hjelmeland, 1980).
Detergents of N-(+)-gluco-N-methylamide type (N-
(+)-gluco-N-methylnonanoylamide [MEGA-9], N-
(#)-gluco-methyl-laurylamide [MEGA-12] and N-
(+)-gluco-N-methylcholamide were prepared as de-
scribed by Hildreth (1982).

All other chemicals were products of Sigma,
analytical grade.

Results

Solubilizing agents used for solubilization of synap-
tosomal membranes of the bovine caudate muclei
and their efficiencies are listed in Table 1.

As seen (Table 1) solubilizing agents from several
chemical categories were used: (a) cardiac glycoside
digitonin; (b) cholic acid derivatives (CHAPS, Na-
deoxycholate and  N-(+)-gluco-N-methylchol-
amide); (c) polyoxyethylene compounds (Lubrol PX,
Triton X-100 and BRIJ 35); (d) N-(+)-gluco-N-
methylalkaneamide (MEGA-9 and MEGA-12) and
(e) sulphobetain detergents (NAPS, LAPS and
PAPS). From the data presented in Table 1 it is
obvious that CHAPS was the most efficient solubil-
izer of D,-receptors among all detergents checked.

Yield of solubilization strongly depends on the
ratio of the amount of membrane protein and the
concentration of detergent, as illustrated in Figure 1.

Optimal solubilization was achieved with 0.25%
CHAPS at a protein concentration of 3.5 mgml~! of
incubation mixture. The receptor and protein re-
coveries are indicated in Table 2.

Examination of optimal conditions for membrane
solubilization showed that the best yield was ob-
tained by incubation of membrane suspensions at
4 °C with gentle stirring for 25 min.
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In Figure 2, the effect of combined detergents,
NaCl, sucrose and protectors of SH-groups on the
yield of solubilization is depicted. The addition of
sulphobetain detergents to CHAPS led to an increase
in the amount of solubilized dopamine D,-receptors.
Sodium chloride and sucrose diminished the yield of
solubilization, while protectors of sulphydryl groups,
as well as N-(+)-gluco-N-methylalkaneamide de-
tergents had almost no effect.

—log ICsg values for different dopamine agonists
and antagonists used in competition experiments
with solubilized and membrane preparations are
listed in Table 3 and corresponding displacement
curves are depicted in Figure 3.

Figure 4 represents correlation of —log ICsg values
for solubilized and membrane-bound dopamine D ,-
receptors. The correlation between values obtained
in our experiments for the membrane-bound and the
solubilized receptor was very good (a correlation
coefficient rof 0.962).

The saturation curve of solubilized D,-sites is
given in Figure 5. Analysis of this curve performed
by Eadie-Hofstee technique (Zivin & Waud,
1982) gave wvalues of 3.61+£0.94nM and

sl r=0962

—log ICso of membrane-bound rec.

9 1 1 L L 1
9 8 7 6 5 4

—log ICsp of solubilized receptor

Figure 4 Correlation between —log ICsg values of
CHAPS solubilized and membrane-bound receptors.
ICso values were calculated from competition curves
shown in Figure 3. 1 = Spiperone; 2 = cis (Z) flupenthix-
ol; 3 =(+)-butaclamol; 4 = fluphenazine; 5 = ergosine
methanesulphonate; 6 =haloperidol; 7 =chlorprom-
azine; 8= trans(E)flupenthixol; 9= apomorphine;
10 =metoclopramide; 11 =mianserin; 12=(-)-
butaclamol; 13 = sulpiride; 14 = dopamine. ICsq values
were determined as the concentrations of unlabelled
drugs which protected 50% of dopamine binding sites
against the binding of [*H]-spiperone (correlation coef-
ficient 0.962, s.e.mean about 10%).
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Table 3 —log ICs( values for various dopamine agonists and antagonists on the membrane-bound and solubilized
receptors
—logICsp

(membrane-bound —1logIC 5o
Competitor receptors) (solubilized receptors)
Spiperone 8.50+0.11 8.51+0.10
cis (Z) Flupenthixol 7.70£0.10 8.04+0.18
(+)-Butaclamol 7.66+0.19 7.77+0.14
Fluphenazine 7.58+0.12 7.4810.28
Ergosine methanesulphonate 7.45+0.14 7.22%0.18
Haloperidol 7.40%+0.22 7.10£0.22
Chlorpromazine 7.20+0.04 6.96+0.21
trans (E) Flupenthixol 6.10+0.12 6.00£0.30
Metoclopramide 5.50%0.11 6.00+0.22
Apomorphine 6.08 +£0.05 5.91%0.15
Mianserin 5.32+0.37 5.48+0.31
(—)-Butaclamol 5.07+£0.34 5.30+0.10
Sulpiride 5.13+£0.07 4.96+0.28
Dopamine 4.29+0.25 4.10+0.24
Clozapine 4.201+0.18 4.10+0.43

ICso values were calculated from competition curves obtained at 0.15nM and 0.9nM of [*H]-spiperone for
membrane-bound and solubilized receptors, respectively, and various concentrations of different drugs. Competi-
tion curves for membrane-bound receptors were analysed by two-site model to exclude 5-hydroxytryptamine

receptors.

1.74+0.26 pmol mg~! protein for Ky and Bp,,, re-
spectively. Corresponding values for membrane-
bound receptors were: K3=1.2510.10nM,
Bpmax=1.33%£0.17 pmol mg~! protein.
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[*H]-spiperone association and dissociation kine-
tics performed according to Weiland & Molinoff
(1981) are presented in Figure 6. (R), was deter-
mined by Eadie-Hofstee analysis of the saturation
data using the same solubilized membrane prepara-
tion. Association kinetics was analysed by pseudo-
first order kinetics and k; calculated from ks Was
(3.80%£0.46) x 10~ 3min~'nM~}, 4= 21.0+ 2.2 min.
Dissociation kinetics was of first order, k-;=
(1.66+0.17) x 102 min~!, £ =34.5%£4.0min.
Ky calculated on the basis of these data was
k_1/k; = 4.41 1.0 nM and this value agrees well with
that calculated from the saturation curve.

Examination of thermal stability of solubilized re-
ceptors (Figure 7) showed that they were much more
heat labile than the membrane-bound receptors.
Thermal inactivation of solubilized D, sites follows

Figure 5 Saturation curve of solubilized dopamine
rceptors. Aliquots (400 ul) of soluble receptors prepara-
tion prepared with 0.25% CHAPS were assayed in the
presence of varying concentrations of [>H]-spiperone
and in the presence or absence of 1 uM (+)-butaclamol.
After 16 h at 4°C 0.45% human gamma-globulin was
added and samples were precipitated with 30%
polyethylene glycol followed by vacuum filtration
through Whatman GF/B filters. Total binding (O);
specific binding (@®); non-specific binding (A). Inset
shows Eadie-Hofstee analysis of the same data. Each
point represents mean of three experiments done in
triplicate.
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6 Association (O) and dissociation (@) curves
for specific [*H]-spiperone binding to solubilized recep-
tors. Association kinetics: after solubilization under op-
timal conditions (0.25% CHAPS, 50 mM Tris HCI, 5 mM
NasEDTA, 0.02% ascorbic acid, 0.01% sodium azide,
pH 7.4, 25 min, 4°C) solubilized proteins were sepa-
rated by centrifugation (180,000 g, 30 min), 18 ml of
solubilized receptor preparation was incubated with
[®H]-spiperone (final concentration 0.9 nM) in the pres-
ence or absence of 1uM (+)-butaclamol at 4°C. At
indicated time intervals, aliquots of 400 ul were taken
and specific binding was determined as the difference
between total binding and binding in the presence of
1 uM (+)-butaclamol. Points are means of three experi-
ments done in triplicate; s.e.mean shown by vertical
lines.

Dissociation kinetics: 18 ml of solubilized receptors
preparation were incubated with 0.9 nM [*H]-spiperone
for 20h at 4°C after which at zero point, 1000 fold
excess of unlabelled spiperone was added. Aliquots of
incubation mixtures were taken at different time inter-
vals and specific binding was determined as described
above. Each point is mean of three experiments done in
triplicate; s.e. mean shown by vertical lines.

zero order kinetics and ¢ values were 15.0 £ 2.8 min,
121.7+9.1 min and approximately 10h, at 37°C,
20°C and 4°C, respectively. Corresponding values
for membrane-bound receptors were about 97 min at
37°C and more than 6 h at 20°C.

In order to determine sedimentation properties of
solubilized D,-sites membrane extracts were sub-
jected to linear sucrose density gradient centrifuga-
tion (Figure 8). Specific binding of [*H]-spiperone
was determined in individual fractions at 4 nM of the
radioligand. A higher concentration of [*H]-
spiperone was used in these experiments in order to
saturate most of the available binding sites, because
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Figure 7 Comparison of the thermal stability of sol-
ubilized and membrane-bound dopamine D,-receptors.
Solubilized membrane preparations were incubated
with 0.9 nM of [*H]-spiperone at 4 °C (O), 20°C (A) and
37°C (O). Membrane suspensions were incubated at the
same time with the same concentration of the
radioligand at 20°C (A) and 37°C (@). Aliquots of
incubation mixtures were taken at varying time intervals
and specific [>H]-spiperone binding was determined as
the difference between total binding and binding in the
presence of 1 uM (+)-butaclamol. Each point is mean of
three experiments performed in triplicate.
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Figure 8 Sedimentation profile of CHAPS solubilized
[3H]-spiperone binding sites: 0.3 ml of solubilized mem-
brane preparation (0.15mg protein) was layered on
linear sucrose density gradient (15-30% sucrose in
50 mMm Tris HC1, 5 mM NayEDTA, 0.02% ascorbic acid,
0.01% sodium azide, 0.25% CHAPS). After centrifuga-
tion (206,000, 17h, 4°C, SW 50.1 rotor, Beckman
L3_50 ultracentrifuge) tubes were punctured at the bot-
tom and 10 drop fractions collected. Fractions from two
tubes were pooled and 300 4l aliquots were incubated
with [>H]-spiperone at 4nM of the radioligand in the
presence or in the absence of 1 pM (+)butaclamol and
specific binding was determined. Marker proteins were
run simultaneously on separate gradients. Their position
in the gradients was determined on the basis of protein
content: 1=ferritin; 2=catalase; 3 =aldolase; 4=
bovine serum albumin; 5= ovalbumin; 6= chymotryp-
sinogen A.
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of the small amount of protein (0.15 mg) applied to
the gradient.

As seen from Figure 8, specific binding of [°H]-
spiperone showed two maxima, one in the first sever-
al fractions from the bottom which very probably
represents agglomerates of D,-sites and the other
which sedimented between aldolase and bovine
serum albumin, with apparent sedimentation coeffe-
cientof 7.3 S.

Discussion

CHAPS appears to be the best solubilizing agent of
dopamine D,-receptors, among all detergents used
throughout our studies. Under defined conditions
described in this paper, the yield of solubilization of
D,-receptors of the bovine caudate nuclei was 18.6%
or about three fold higher than the yield achieved
with digitonin (Madras et al., 1982). However, Hall et
al. (1983) using cholate-NaCl, solubilized 36% of
D,-receptors from the same brain structure. In our
experiments non-specific binding represents about
21% of total binding and the extract obtained was
rich in D,-receptors, as judged by the number of
binding sites per mg protein. Addition of several
sulphobetain detergents to CHAPS (PAPS, LAPS or
NAPS) increased the extent of solubilization, and
these results deserve more detailed studies. One of
the explanations for such an increase could be the
similarity in structure of these detergents to some
phospholipid constituents of the membranes. Work-
ing with bovine striatum, Kuno et al. (1983) solubil-
ized 26 % of the original binding capacity with 10 mMm
CHAPS and 0.72 M NaCl, while we observed a de-
crease of the yield of solubilization when the mem-
branes were treated with 0.250% CHAPS and
125 mM NaCl. This discrepancy of the data could be
attributed to the difference in the conditions of sol-
ubilization. Addition of 0.25% sucrose to CHAPS
also decreased the yield of solubilization, while
MEGA-9, MEGA-12 and protectors of sulphydryl
groups were almost completely ineffective.

D,-sites solubilized by CHAPS fulfil most of the
criteria suggested by Laduron & Ilien (1982) for
solubilized receptors such as: (a) high affinity to the
best ligands with binding constants within the nM
range; (b) stereospecificity, as a significant difference
in affinity for (+)- and (—)-butaclamol (more than
1000 times), as well as for cis (Z)- and trans (E)-
flupenthixol (about 100 times) was observed; (c)
saturability achieved in [?H]-spiperone binding ex-
periments; (d) reversibility; (e) chemical specificity
checked by different agonists and antagonists and (f)
correlation of —log ICso values for solubilized and
membrane-bound receptors. Besides these criteria,
solubilized receptors did not sediment during cen-

trifugation at 180,000g for 60 min, they were not
retained at small size pore filters (Millipore, 0.45 p)
and they showed decreased thermostability in com-
parison with membrane-bound receptors.

—log ICsq values calculated from the competition
curves obtained with different dopamine agonists
and antagonists on solubilized receptors are in linear
correlation with the corresponding values for
membrane-bound receptors (r=0.962, slope factor
0.96). This can be taken as the evidence that [*H}-
spiperone receptors solubilized by CHAPS retain
their native properties.

The Ky value for solubilized receptors was
3.61+0.94nM, i.e. almost three times higher than
the corresponding value for membrane-bound recep-
tors which was 1.25+0.10nM. Similar effect was
observed by several authors working on receptor
solubilization (Gorissen et al., 1979; Madras et al.,
1982; Davis et al., 1982; Witkin & Harden, 1982;
Kuno et al., 1983) and it very probably results from
the change in chemical environment of the receptor
molecule.

The Hill coefficient for the saturation curve
(n=1.221+0.02) suggests the existence of only one
class of solubilized receptors for [*H]-spiperone.
Shapes of [*H]-spiperone association and dissocia-
tion curves demonstrate also the existence of one
class of the receptors. Thermal stability of solubilized
receptors was much lower than that of membrane-
bound receptors and thermal inactivation proceeded
rapidly at 37°C (4= 15.0 £ 2.8 min).

Behaviour of solubilized receptors on sucrose de-
nsity gradients suggests either a heterogeneous na-
ture of these structures or formation of aggregates.
Similar results were obtained by several authors who
analysed some other plasma membrane receptors
(Sobel et al., 1977; Guellaen et al., 1979; Sherman-
Gold & Dudai, 1980).

Our results show that CHAPS represents a very
suitable agent for solubilization of dopamine-
receptors from the bovine caudate nucleus, yield of
D,-receptors is relatively high and these receptors
remain in their native form. Besides, CHAPS has a
high critical micellar concentration and is neutral
(Hjelmeland, 1980), so that further analysis of the
solubilized receptors either by means of ion-
exchange chromatography, or isoelectric focusing
could be performed. This detergent can also be easily
removed by simple dialysis. Earlier data showed that
CHAPS can be successfully used for solubilization of
opiate (Simonds et al., 1980) and dopamine recep-
tors (Lew et al., 1980; Kuno et al., 1983).

This work was supported by the Chemical and Pharmaceuti-
cal Industry “Lek”, Ljubljana, Yugoslavia, and partly by
Scientific Research Fund of Serbia.



References

BURT, D.R., CREESE, L. & SNYDER, S.H. (1976). Properties
of [>H] haloperiodol and [*H] dopamine binding as-
sociated with dopamine receptors in calf membranes.
Mol. Pharmac., 12, 800-812.

CHAN, B,, MADRAS, B K., DAVIS, A. & SEEMAN, P. (1981).
Assay for soluble dopamine receptors by the precipita-
tion method. Eur. J. Pharmac., 74, 53-59.

CLEMENT-CORMIER, Y.C. & GEORGE, R.J. (1978). Multi-
ple dopamine binding sites: subcellular localization and
biochemical characterization. J. Neurochem., 32,
1061-1069.

CREESE, 1., SCHNEIDER, R. & SNYDER, S.H. (1977). [*H]
Spiroperidol labels dopamine receptors in pituitary and
brain. Eur. J. Pharmac., 46, 377-381.

CREESE, L, STEWART, K. & SNYDER, S H. (1979). Species
variations in dopamine receptor binding. Eur. J. Phar-
mac., 60, 55-66.

DAVIS, A., MADRAS, B.K. & SEEMAN, P. (1982). Solubil-
ized receptors for [*H] dopamine (D binding sites) from
canine brain. Biochem. Pharmac., 31, 1183-1187.

GORISSEN, H. & LADURON, P. (1978). Solubilization of
[H] spiperone binding sites from rat brain. Life Sci., 23,
575-580.

GORISSEN, H., AERTS, G. & LADURON, P. (1978). Charac-
terization of solubilized dopamine receptors from dog
striatum. FEBS Lett., 100, 281-285.

GORISSEN, H. & LADURON, P. (1979). Solubilisation of
high-affinity dopamine receptors. Nature, 72-74.

GORISSEN, H., ILIEN, B, AERTS, G. & LADURON, P.
(1980). Differentiation of solubilized dopamine recep-
tors from spirodecanone binding sites in rat striatum.
FEBSLen.,121,133-138.

GUELLAEN, G., AGGERBECK, M. & HANOUNE, J. (1989).
Characterization and solubilization of the alpha-
adrenoreceptor in rat liver plasma membranes labelled
with [*H] phenoxybenzamine. J. biol. Chem., 254,
10761-10768.

HALL, J.M., FANKHAM, P.A. & STRANGE, P.G. (1983). Use
of cholate/sodium chloride for solubilisation of brain D,
dopamine receptors. J. Neurochem., 41, 1526-1532.

HARTLEY, E.J. & SEEMAN, P. (1978). The effect of varying
[H] spiperone concentration on its binding parameters.
Life Sci., 23,513-518.

HILDRETH, J.EK. (1982). N-D-gluco-N-methylalkan-
eamide compounds, a new class of non-ionic detergents
for membrane biochemistry. Biochem. J., 207,
363-366.

HJELMELAND, L.M. (1980). A nondenaturing zwitterionic
detergent for membrane biochemistry: design and
synthesis. Proc. natm. Acad. Sci. USA. 77,
6368-6370.

KUNO, T., SAIOH, K. & TANAKA, C. (1983). Solubilization
of D, dopamine receptor coupled to guanine nucleotide
regulatory protein from bovine striatum. J. Neurochem.,
41, 841-847.

SOLUBLE DOPAMINE D,-RECEPTORS 695

LADURON, P.M. & ILIEN, B. (1982). Solubilization of brain
muscarinic, dopaminergic and serotonergic receptors: A
critical analysis. Biochem. Pharmac., 31,2145-2151.

LEW, J.L., FONG, J.C. & GOLDSTEIN, M. (1981). Solubiliza-
tion of the neuroleptic binding receptor from rat
striatum. Eur. J. Pharmac., 72,403 -405.

LOWRY, O.H.,, ROSEBROUGH, N.J.,, FARR, A.L. & RAN-
DALL, R.J. (1951). Protein measurement with the Folin
phenol reagent. J. biol. Chem., 193, 265-275.

MADRAS, BK., DAVIS, A., CHAN, B. & SEEMAN, P. (1981).
Solubilized dopamine/neuroleptic receptors (D,-type).
Progr. Neuro-Psychopharmac., 5, 543-548.

MADRAS, BK., DAVIS, A. & SEEMAN, P. (1982). Compari-
son of soluble dopamine D, receptors from three
species. Eur. J. Pharmac.,78,431-438.

NISHIKORI, K., NOSHIRO, O., SANO, K. & MAENO, H.
(1980). Characterization, solubilization and separation
of two distinct dopamine receptors in canine caudate
nucleus. J. biol. Chem., 255, 10909-10915.

SEEMAN, P, LEE, T., CHAU-WONG, M,, TEDESCO, J. &
WONG, K. (1976). Dopamine receptors in human and
calf brains using [°H] apomorphine and an antipsychotic
drug. Proc. natn. Acad. Sci. U.S.A.,73,4354-4358.

SHERMAN-GOLD, R. & DUDALI, Y. (1980). Solubilization
and properties of a benzodiazepine receptor from calf
cortex. Brain Res., 198, 485-490.

SIMONDS, W.F,,KOSKI, G., STREATY, R.A, HTELMELAND,
L.M. & KLEE, W.A. (1980). Solubilization of active
opiate receptors. Proc. natn. Acad. Sci. U.S.A., 77,
4623-4627.

SOBEL, A., WEBER, M. & CHANGEUX, J.-P. (1977). Large-
scale purification of the acetylcholine receptor protein in
its membrane-bound and detergent-extracted forms
from Torpedo marmorata electric organ Eur. J.
Biochem., 80,215-224.

SOSKIC, V., TRAJKOVIC, D., PETROVIC J. & KIDRIC, M.
(1983). Distribution of dopamine receptors in bovine
nucleus caudatus. Period. Biol., 85, 133-135.

SPECTOR, T. (1978). Refinement of the Coomasie blue
method of protein quantitation. A simple and linear
spectrophotometric assay for < 0.5 to 50 pg of protein.
Anal. Biochem., 86, 142-146.

TAM, S. & SEEMAN, P. (1978). Neuroleptic receptor in calf
caudate, solubilization by digitonin. Eur. J. Pharmac.,
52,151-152.

WEILAND, G.A. & MOLINOFF, P.B. (1981). Quantitative
analysis of drug-receptor interactions: I. Determination
of kinetic and equilibrium properties. Life Sci.,
313-330.

WITKIN, K.M. & HARDEN, T.K. (1981). A sensitive equilib-
rium binding assay for solubilization of beta-adrenergic
receptors. J. Cycl. Nucl. Res.,7,235-246.

ZIVIN, J.A. & WAUD, D.R. (1982). How to analyze binding,
enzyme and uptake data: the simplest case, a single
phase. Life Sci., 30, 1407-1422.

(Received March 7, 1984.
Revised June 25, 1984.)



