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Properties of rat striatal D-2 dopamine receptors 
solubilized with the zwitterionic detergent CHAPS 
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The specific binding of [3H s iperone was determined in membrane preparations of rat 
striatum and following solubiization treatment with the zwitterionic detergent CHAPS. 

preparation using a Sepharose 
column resulted in two peaks of specific [3H]spiperone binding, the larger component had a 
Stokes radius of 7 ~ 7 n m .  CHAPS treatment of rat stnatal membranes results in 
solubilization of the D-2 receptor in an active form. The D-2 site appears to be a 
glycoprotein of high molecular weight. 

Brain dopamine receptors can be divided into those 
linked directly to adenylate cyclase (D-1) and those 
which are either negatively or not directly linked to 
thitenzyme (D-2). A variety of sub-classifications of 
this latter receptor population have been proposed 
(agonist and antagonist sites; D-2 and D-4; D - ~ H ,  
D-2L) (see Seeman 1980; Grigoriadis & Seeman 
1984) but there is no clear indication of whether such 
binding sites represent molecular entities which can 
be defined as true receptors. 

The striatal D-2 dopamine receptor may mediate 
many of the clinical and behavioural effects of 
neuroleptic drugs (Seeman 1980). This receptor can 
be identified in-vitro by the specific binding of 
dopamine antagonist ligands such as [3H]spiperone. 
The molecular characteristics of the D-2 receptor 
remain unknown and a necessary prerequisite for 
appropriate study is the solubilization of the receptor 
in an active form. Solubilization of the striatal D-2 
receptor sites identified using [3H]spiperone and 
[3H]sulpiride from canine (Gorissen & Laduron 
1979; Leff & Creese 1982; Templeton & Woodruff 
1983), bovine (Kuno et a1 1983; Hall et a1 1983; Lew 
& Goldstein 1984) and human brain (Davis et a1 
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1981; Berrie et a1 1983) has been achieved using a 
variety of detergents. 

Initial attempts to solubilize D-2 receptor binding 
sites from rat striatum using digitonin resulted in the 
solubilization of a site exhibiting a high affinity for 
[3H]spiperone (Gorissen & Laduron 1978). 
However, neither dopamine agonist nor antagonist 
drugs displaced [3H]spiperone with high affinity; 
only structural analogues of spiperone were effective 
suggesting this to be a spirodecanone site (see 
Leysen & Gommeren 1978). However, when spiro- 
decanone sites were masked using R 5260 a high 
affinity dopamine receptor binding site was revealed 
(Gorissen et a1 1980). More recently, the zwitterionic 
detergent CHAPS (Hjelmeland 1980) was shown to 
solubilize a specific [3H)spiperone binding site from 
rat striatal membranes that resembled the membrane 
bound D-2 receptor (Lew et a1 1981). Thus the 
binding of [3H]spiperone to the soluble receptor was 
displaced stereoselectively by the isomers of buta- 
clamol and by nanomolar concentrations of dop- 
amine antagonist drugs but micromolar concentra- 
tions of apomorphine and dopamine. 

We now report on the initial characterization of 
the specific binding site for ['Hlspiperone in CHAPS 
solubilized preparations of rat striatal tissue. 
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M A T E R I A L S  A N D  METHODS 

The mitterionic detergent CHAPS (3-[(3- 
cholamidopropyl) dimethylammonio]-1-propane- 
sulphonate) was obtained from Calbiochem. 
[3H]Spiperone (16.7 Ci mmol-1) was supplied by 
Amersham International, wheat germ agglutin- 
ultragel by LKB and Sepharose CL4B by Phar- 
macia. Dopamine hydrochloride, noradrenaline 
bitartrate, 5-hydroxytryptamine hydrochloride and 
guanosine triphosphate (GTP) were supplied by 
Sigma Chemical Co. The following drugs were 
employed: 2-amino-6,7-dihydro-1,2,3,4-tetrahydro- 
naphthalene (6,7-ADTN; Wellcome Research Lab- 
oratories), (+)- and (-)-butaclamol hydrochloride 
(Ayerst Laboratories), cis-flupenthixol hydro- 
chloride (Lundbeck; Copenhagen), haloperidol and 
ketanserin (Janssen Pharmaceutica, Belgium) and 
(+)-sulpiride (Delagrange, France). 

Preparation of striatal membranes 
Female Wistar rats (150 k 10 g; Bantin & Kingman 
Ltd) were stunned and decapitated, the brains 
removed and the paired corpora striata rapidly 
dissected into 10 volumes of ice-cold 50mM Tris 
(hydroxymethy1)aminoethane hydrochloride (Tris- 
HCI) at pH 7.4. Paired tissue from 10-20 animals was 
homogenized using a Polytron homogenizer (setting 
5 for 10 s) and centrifuged at 48 OOOg for 10 min in a 
Sorvall RCSB centrifuge at 4 "C. The resulting pellet 
was resuspended in 10 volumes of the same buffer 
and the process repeated. The final pellet was 
resuspended in 270 volumes of Tris-HC1 buffer. 

Soluble preparations 
Initially striatal membranes were prepared as des- 
cribed above except that tissue was homogenized in 
10 volumes of ice-cold 50mM Tris HCI buffer 
containing 1 mM ethylenediaminetetraacetic acid 
(pH 7.4; Tris-EDTA). The final membrane pellet 
was resuspended in 10 volumes of ice-cold Tris- 
EDTA buffer containing 5 mM CHAPS and 1 mM 
dithiothreitol (pH 7.4) and left on ice for 60min. 
After this period the resulting mixture was centri- 
fuged at 180000g for 60min at 4°C using an MSE 
SS50 centrifuge. The supernatant was carefully 
removed and retained on ice for the assay of 
solubilized receptor sites. 

[3H]Spiperone binding to membrane and solubilized 
preparations 
For the determination of specific binding to mem- 
brane preparations, aliquots (900 pl) of the final 
tissue suspension were incubated with Sop1 of a 

solution of a displacing agent or its vehicle and 50 p1 
of a solution of [3H]spiperone. For the determina- 
tion of IC50 values a single final ligand concentration 
of 0.1 nM was employed. For kinetic analysis six 
ligand concentrations from 0.01-1.0 nM were used. 
Specific binding was routinely defined by the incor- 
poration of 3 x l o - S M  (f)-sulpiride. This was 
justified in control experiments (not presented) 
where displacement of [3H]spiperone binding by 
(+)-sulpiride was maximal at 3 x 10-5 M;  Eadie- 
Hofstee analysis of data suggested a single site for 
specific binding of [3H]spiperone defined at this 
concentration of sulpiride. All samples were exam- 
ined in triplicate at each ligand or displacing drug 
concentration. Samples were incubated for 10 min in 
a shaking water bath at 37°C following which the 
reaction was terminated by rapid vacuum filtration 
through Whatman GF/C filters over Millipore 3025 
manifolds at 50 cm Hg vacuum. Filters were washed 
immediately with 2 x 5.0 ml of cold buffer. Filters 
were then placed with 5ml of Packard ES299 
scintillation cocktail and left overnight before count- 
ing in a Packard 460C scintillation spectrometer at an 
efficiency of approximately 45%. 

For assay of the solubilized receptor sites, aliquots 
(100 pl) of the solubilized striatal membrane prepa- 
ration were added to microcentrifuge tubes (1.5 ml) 
that contained 300 pl of Tris-EDTA buffer, 50 p1 of a 
solution of [3H]spiperone and 50 p1 of a solution of 
displacing agent or its vehicle. In some experiments 
the Tris-EDTA buffer also contained 120 mM sodium 
chloride. For the determination of IC50 values a final 
ligand concentration of 0.35 nM was employed. For 
kinetic analysis six ligand concentrations between 0-2 
and 8nM were used. Non-specific binding was 
routinely determined by the incorporation of 3 x 
10-5 M (+)-sulpride; specific binding was defined as 
total minus non-specific. All samples were examined 
in triplicate at each ligand or displacing drug 
concentration. Samples were left on ice for 2 h after 
which loop1 of a solution containing lO%(w/v) 
activated charcoal and 2% (w/v) bovine serum 
albumin was added to the samples and mixed. Free 
ligand was adsorbed onto the charcoal, and the tubes 
were centrifuged at room temperature for 1 min 
using a Beckman Microfuge B to produce a charcoal 
pellet. Samples (200 p1) of the resulting supernatant 
were added to 5.0 ml of Packard ES299 scintillation 
cocktail before counting as described above. 

In some experiments, both soluble and membrane 
preparations were preincubated at 50 "C for 
30 s-10 min and then returned to ice before the assay 
procedure for [3H]spiperone binding. In other 
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experiments, soluble preparations of striatal mem- 
branes (0-7 ml) were filtered through Millipore 
HAWP 02400 0.45pm filters under vacuum. The 
filters were washed three times with 0.7ml of 
Tris-EDTA buffer. Specific [3H]spiperone binding 
was then determined using the filtered preparations. 

Gel filtration of CHAPS solubilized preparation 
Samples (7.0 ml) of the CHAPS solubilized striatal 
membrane preparation were placed in Visking dia- 
lysis tubing and dialysed against a 500 fold excess of 
Tris-EDTA buffer overnight at 4°C to remove 
excess detergent. The procedure was adopted to 
decrease the possibility of the incorporation of 
soluble receptor sites into micelles. Sample volume 
was reduced to approximately 1 ml by further 
dialysis against polyethyleneglycol 8000. The result- 
ing solution was applied to a Sepharose CL4B 
column (1.5 X 88 cm) previously equilibrated with 
Tris-EDTA buffer at 4°C. Solutions of standard 
proteins (aldolase, catalase, ferritin and thyroglobu- 
lin) of known Stokes radii were applied separately. 

The column was perfused with Tris-EDTA buffer 
at approximately 15 ml h-1 at 4 "C and the eluate 
collected in 100 drop fractions. Fractions from 
solubilized preparations were examined for the 
presence of specific [3H]spiperone binding as de- 
scribed above. The protein content of samples 
obtained using standard protein and solubilized 
preparations was determined by the Bio-Rad protein 
assay technique (Bradford 1976). 

b is the amount bound, Kd the affinity constant, B,,, 
the amount bound at infinite ligand concentration 
and F the free (unbound) ligand. 

RESULTS 
Exposure of striatal membranes to 2.5 and 5.0 mM 
CHAPS increased the percentage of membrane 
proteins solubilized but at higher concentrations only 
a slight increase was observed (Table 1). The specific 
binding of [3H]spiperone to the soluble fraction also 
increased markedly between 2.5 and 5.0 mM 
CHAPS. Specific binding of [3H]spiperone remained 
stable between 5.0 and 20 mM CHAPS but at 40 mM 
specific binding was no longer measurable. The 
specific binding of [3H]spiperone (as defined using 3 
X 10-5 sulpiride) was routinely 6 7 0 %  of total 
binding. No specific binding of [3H]spiperone was 
observed when similarly treated preparations of rat 
cerebellar tissue were employed. 

Table 1. The effect of varying the concentration of CHAPS 
on protein solubilized and specific [3H]spiperone (0-35 nM) 
binding. The results are those from a sin le experiment 
which was erformed in tri licate at each C%APS concen- 
tration as &scribed in metgods. 

Concn of '70 Starting Specific [3H]spiperone binding 
of CHAPS protein (a) pmol (b) fmol 

(mM) solubilized (g tissue)-' (mgprotein)-1 
2.5 8.6 0.526 102 
5.0 23.1 1.96 141 

10 23.8 1.95 136 
20 24.5 1.89 128 
40 27.7 0 -0 

Adsorption to wheat germ agglutinin affinity columns 
Samples (7.0 ml) of the CHAPS-solubilized prepara- 
tion were placed in Visking dialysis tubing and 
dialysed against a 500 fold excess of the Tris-EDTA 
buffer overnight at 4 "C. The resulting solution was 
applied to a column (0.9 x 16 cm) containing wheat 
germ agglutinin ultragel previously equilibrated to 
Tris-EDTA buffer. The column was then washed 
with Tris-EDTA buffer at approximately 10 ml h-1 
until no further protein was present in the eluate. 
Tris-EDTA buffer containing 0.15 M N-acetyl-D- 
glucosamine was then passed through the column to 
displace bound protein. Samples were examined for 
specific [3H]spiperone binding and protein as de- 
scribed above. 

Data calculation 
A computer curve fitting program (minimization of 
weighted sum of squares by an iterative process) was 
used for calculation of the kinetics of binding by 
fitting'to the equation: b = &,,,/[I + (Kd/F)] where 

Following filtration of the CHAPS solubilized 
striatal extract through Millipore HAWP 02400 
filters the specific binding of [3H]spiperone was 
identical to that obtained in the initial preparation. 
This procedure resulted in a 98% recovery of binding 
sites. 

Preincubation of striatal membranes at 50 "C for 
up to 10min resulted in minimal loss of specific 
[3H]spiperone binding. In contrast, preincubation of 
a (5-0 mM CHAPS) solubilized preparation led to a 
complete loss of specific [3H]spiperone binding 
within 5 min (Fig. 1). 

Kinetics of specific [3H/spiperone binding to the 
soluble and membrane preparation 
Specific [3H]spiperone binding to both membrane 
and soluble preparations appeared saturable and of 
high affinity (Fig. 2A, B). Computer curve fitting of 
the data (Table 2) revealed that the apparent 
dissociation constant (Kd) was increased about 
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Tirndmin) 

FIG. 1. The effect of reincubation at 50 "C for 30 s-10 min 
on the s ecific bin& of [3H]spi erone to membrane 
(0.1 nM) (b) and CHAfS solubihzef(0~35 nM) (+) pre a 
rations of rat striatal tissue. Specific binding was definefa; 
total minus non-specific (in the presence of 3 X 1 0 - 5 ~  
( f )-sulpiride), each performed in triplicate. The standard 
is presented as percent of total specific binding. Standard 
errors are within the size of the points. 

ten-fold following solubilization. The density of 
specific [3H]spiperone binding sites (BmaX) following 
solubilization was approximately 28% of that found 
in the membrane preparation. A similar percentage 
(23.1 f 0.5%) of total membrane protein was 
recovered following solubilization. 

Drug displacement profile of the membrane and 
soluble [3HJspiperone binding site (Fig. 3, Table 3) 
Specific [3H]spiperone binding to the membrane and 
CHAPS solubilized site was stereoselectively dis- 
placed by the isomers of butaclamol. In the mem- 
brane preparation there was an approximately 5000 
fold difference between the isomers but this was 
reduced to a 1250 fold difference in the CHAPS 
solubilized preparation. Other dopamine antagonist 
drugs (haloperidol, sulpiride and cis-flupenthixol) 

Table 2. The kinetics of specific [ ~ H ] s  iperone bindin to 
the membrane and CHAPS-solubilizef preparations o f  rat 
striatum. The kinetics of binding were calculated by 
com uter curve fitting (as described in methods). The 
resuis are mean f s.e.m. of at least three independent 
experiments, all performed in triplicate. Non-specific 
bindin was determined by the incorporation of 3 x 10-5 M 
(f )-sufpiride in the assay. Experiments were performed 
with six different concentrations of [SHIspiperone (mem- 
brane, 0.01-1 nM, solubilized 0.2-8 nM). 

Membrane Soluble % 
preparation preparation recovery 

K n  (nM) 044f 0.007 0.525 2 0.02 - 
B,, (pmol 

B,, (fmol)- 
(gtissue 1) 20,622 1.62 5.88 2 0.51 28.5 

(mg protein)-') 362.1 228 .4  445.1 238 .6  - 

81 

b/f 

I 

0:2 014 016 0:s 1.0 
Free [%Ispiperone (nM) 

B 

. 
2 4 6 8 1 0  

Free [3H]~piper~ne (nM) 

FIG. 2. Saturation analysis of specific [3H]spiperone binding 
to (A) the membrane and (B) CHAPS solubilized prepara- 
tions of rat striata. The data shown is from a single 
experiment; non-specific binding was determined with 3 X 
1 0 - 5 ~  (2)-sul inde, specific binding was defined as 
total-non-specilc. each performed in triplicate. Inset shows 
Eadie-Hofstee analysis of the data. 

also potently displaced [3H]spiperone binding to 
both preparations. Dopamine and ADTN, but not 
5-HT or noradrenaline, displaced [3H]spiperone in 
both preparations. Ketanserin, a 5-HT2 antagonist, 
displaced [3H]spiperone binding in both soluble and 
membrane preparations in high nanomolar concen- 
trations. 

Most drugs showed a lower affinity to displace 
[3H]spiperone binding following solubilization. This 
ranged from a 60 fold loss in affinity for (+)- 
butaclamol to a 5 fold loss for cis-flupenthixol. 
However, sulpiride was more potent in displacing 
[3H]spiperone binding from the CHAPS solubilized 
site than from membrane preparations. 
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The effects of sodium ions and GTP on the displace- 
ment of [3H]spiperone binding 
The ability of (k)-sulpiride to displace specific 
[3H]spiperone binding to the membrane preparation 
was increased approximately 10 fold if NaCl 
(120 mM) was added to the incubation buffer (Table 
3). In the CHAPS solubilized preparation the 
affinity of (+)-sulpiride for the site labelled by 
[3H]spiperone also increased by almost 10-fold if 
NaCl (120 mM) was included in the assay medium. 

The ability of dopamine to displace specific 
[3H]spiperone binding to the CHAPS solubilized 
preparation was not altered by the inclusion of GTP 
( 1 0 0 ~ ~ )  into the incubation buffer (Table 4). 
However, in the presence of sodium chloride 
(120 mM) the inclusion of GTP (100 VM) caused a 
small but reproducible decrease in the ability of 
dopamine to displace specific [3H]spiperone binding. 
Under similar conditions in the membrane prepara- 
tion the decrease in dopamine affinity was 3-4 fold 
(Kilpatrick, Jenner & Marsden, unpublished obser- 
vations). 

Sepharose column chromatography 
The CHAPS solubilized striatal preparation was 
applied to a Sepharose CL4B column following 
concentration by dialysis. Elution with Tris-EDTA 
buffer showed specific [3H]spiperone binding to 
elutegin 2 peaks (Fig. 4). The major peak (71'/0, 
fractions 29-35) eluted between the peaks obtained 

Table 3. Affinity of drugs for displacing 3H s iperone 
( 0 . 1 4 3 5  nM) binding to membrane and C k A k '  solubi- 
lized preparations of rat striatum. IC50 values were defined 
as the concentration of drug giving 50% displacement of 
specific binding. The results are the mean of at least 3 
separate experiments each performed in triplicate at each 
dru concentration. At least 4 different concentrations, of 
eack drug were (from 10-9-10-4 M for soluble re aration 
and lo-11-10-5 M for membrane re arationr. 8andard 
errors of the mean were all within ! O x .  

IC50 (nM) 
Membrane Soluble 

Drug preparation preparation 
+ -Butaclamol 0.56 20.0 

-Butaclamol 2660 25 500 
0.60 19.7 

cis-Flupenthixol 5.1 16.7 
f -Sulpiride 1750 230 
f -Sulpiride (+NaCI) 158 25.5 

125 886 

I-1 
i l  
Haloperidol 

ADTN 
Dopamine 6600 47 OOO 
Noradrenaline >10-4 
5-HT >10-4 
Ke tanserin 170 1200 

-log concentration 

FIG. 3. Drug dis lacement of [3H]spiperone (0.35 n M )  
binding to the C H h S  solubilized preparation of rat striatal 
tissue. The data shown is from one experiment, each point 
is the mean of triplicate determination carried out at each 
concentration of displacin drug. Total binding is calcu- 
lated after subtraction of %ack round counts (A) (+ 
butaclamol; (0) cis-flupenthixo8; (0 , (+)-sulpiridef (+I: 
ketanserin; (O), (-)-butaclamol; ( 4 ), dopamine. 

with thyroglobulin and ferritin. Comparison of the 
K,, of this peak with the line obtained by least 
squares linear regression obtained from the K,, of 
proteins of known Stokes radii (thyroglobulin, ferri- 
tin, catalase and aldolase) gave a value of 7-7 5 
0.28nm (mean k 1 s.e.m., n = 3) for the Stokes 
radius of the [3H]spiperone binding site. The minor 
peak (29%, fractions 19-26) eluted near the void 
volume. When compared with the original non- 
dialysed CHAPS preparation 66 f 3% of specific 
[3H]spiperone binding sites were recovered from the 
Sepharose column. 

Wheat germ agglutinin affinity chromatography 
CHAPS solubilized preparations of rat striatum were 
applied to a wheat germ agglutinin agarose column 
(Fig. 5). Following washing with Tris-EDTA buffer a 
retention of 37-8 f 2.0% (mean f s.e.m., n = 4) of 
specific [3H]spiperone binding sites was achieved, 
which were subsequently eluted by the addition of 
buffer containing 0.15 M N-acetyl-D-ghcosamine. 
15.7 f 0.35% (mean k s.e.m., n = 4) of protein was 
retained and subsequently eluted. Therefore the 
[3H]spiperone binding site was preferentially 
retained on this affinity column, resulting in a 2.4 
fold purification of the receptor. 

D I S C U S S I O N  

The data reported in this work suggest that solubili- 
zation of the dopamine D-2 receptor identified by 
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I Stokes radius (mn) 

Fraction nurnbei 

FIG. 4. Se harose column chromatography of the CHAPS 
solubilizeipre aration from rat striata. 100 Drop fractions 
were collectef and assayed for [3H]spiperone binding 
(-) and protein content (- - -) as described in the text. 
Marker proteins were chromatographed separately under 
the same conditions. The inset shows the K,, of the marker 
proteins plotted a ainst the Stokes radius (nm). The K,, 
was calculated as 8, - V,)/(V, - V,) where V, = elution 
volume of peak, V, = void volume of column and V, = total 
volume of gel bed. In this experiment a Stokes radius of 
7;2 nm was found for the specific [3H]spiperone binding 
site. 

the specific binding of the [3H]spiperone from rat 
striatum may be successfully achieved using the 
zwitterionic detergent CHAPS. 

Clearly it is necessary to confirm that the detergent 
treatment results in the production of a soluble 
receptor preparation rather than a suspension of 
small membrane particles. Solubilization was con- 
firmed using criteria described by Laduron & Ilien 
(1982): (a) the specific [3H]spiperone binding sites 
did not sediment after centrifugation of the 
detergent treated preparation for 1 h at 18OOOOg 
in a low density medium (Tris-EDTA buffer), (b) 
specific [3H]spiperone binding sites were not 
retained on small pore size filters, (c) the greater 
thermolability of the ['Hlspiperone binding site 
following solubilization, and (d) elution of the 
majority of specific [3H]spiperone binding sites 
between two soluble proteins (thyroglobulin and 
ferritin) following application of the CHAPS-treated 
preparation to a Sepharose column. 

The specific binding of [3H]spiperone to  CHAPS 
solubilized preparations was saturable and of high 
affinity, accounting for some 6&70% of total bind- 
ing. The use of CHAPS resulted in a 30% recovery of 

membrane bound binding sites for [3H]spiperone. 
The results compare well with the use of CHAPS to 
solubilize dopamine receptors in other species 
(Templeton & Woodruff 1983: Kuno et  a1 1983), and 
with the ability of CHAPS to solubilize [3H]spiper- 
one binding sites from rat striatum (Lew & Goldstein 
1984). Other detergent treatments, such as cholate 
plus sodium chloride may result in higher recoveries 
of [3H]spiperone binding sites of approximately 
5&60% from bovine tissue but we have not found 
such treatments effective in the rat (unpublished 
data). Compared with other detergents, the high 
ratio of specific to  non-specific binding in the 
CHAPS solubilized preparation is an advantage. 

Table 4. The effect of inclusion of GTP (100 VM) on the 
abilit of dopamine to displace [3H]spi erone binding to 
the ?HAPS solubilized preparation o!rat striata. IC50 
values and Hill coefficients were calculated from Hill plots 
of the data. The final concentration of GTP used was 
100 VM in the presence and absence of NaCl(l20 mM). Each 
value is the mean ? 1 s.e.m. of at least 3 independent 
ex eriments each carried out in triplicate with at least 10 
digerent concentrations of dopamine ( 10-3-10-7 M).  

Hill 
IC50 p~ coefficient 

- NaCl -GTP 47.0 f 3.0 0.91 f 0.03 
+GTP 47.6 2 4.0 0.85 ? 0.08 

+ NaCl -GTP 51.8 f 3.3 0.97 f 0.05 
+GTP 69.2 f 3.0* 1.05 f 0.05 

* P < 0.01 compared to absence of GTP, Student's 
r-test. 

Previous attempts to  solubilize the rat D-2 striatal 
receptor using digitonin resulted in the solubilization 
of both D-2 sites and a high concentration of 
spirodecanone sites which masked the dopamine 
receptor. In contrast CHAPS treatment does not 
appear to result in a similar degree of solubilization 
of spirodecanone sites. Thus, a variety of structurally 
unrelated dopamine active drugs, including the 
specific D-2 antagonist sulpiride, displaced 60-70% 
of the total binding of [3H]spiperone to the CHAPS- 
solubilized preparation. The involvement of a phar- 
macologically select site was shown by the 
stereoselectivity of displacement by the isomers of 
butaclamol and the close similarity of the rank order 
of displacing potency for a range of drug compounds 
to that observed in the membrane preparation. 
Dopamine agonists showed a lower ability to dis- 
place [3H]spiperone binding than antagonists. These 
characteristics are compatible with the solubilization 
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of the striatal D-2 receptor identified by the specific 
binding of [3H]spiperone. In addition, no specific 
binding of [3H]spiperone could be observed to 
solubilized proteins from cerebellar tissue, a region 
that is known to be almost devoid of dopamine 
receptors (Seeman 1980). We have recently demon- 
strated (unpublished data) the interaction of 
[3H]spiperone with its specific binding site on the 
CHAPS-solubilized preparation to be reversible. 

n 
160 

.. 
120 'r 

E 
m - 

ao 3 
40 

Fraction number 

FIG. 5 Chromatogra hy of the CHAPS solubilized striatal 
preparation on a wleat germ agglutinin-agarose affinit 
column 0.9 x 16 cm). 300 dro fractions were collected: 
S ecific [Wtpiperone binding &-O) was determined on 
4& pl samp es of each fraction. The volume in the assay 
was corrected accordingly to 0.5 ml. Specific binding was 
defined as total-non-specific binding (in the presence of 3 X 
lo-5 M (+-)-sulpiride) each performed in triplicate. Protein 
determinations (H) were erformed as described in 
the methods section. After no krther protein was present 
in the eluate (fraction 5) 0-15 M N-acet 1 D glucosamine 
was added to the elutin buffer (Tris-ZDTA) to elute 
protein which was bounf to the column (fraction 6-9). 
Control experiments revealed that N-acetyl-o-glucosamine 
had no effect on the [3H]spiperone bindin or protein assay. 
The points are from a single experiment wiich was repeated 
3 more times with similar results. 

Most drugs showed a decreased ability to displace 
[3H]spiperone from its specific binding site following 
CHAPS solubilization. The alteration of drug affin- 
ity was reflected by an increase in the KD for 
[3H]spiperone binding to the soluble preparation. 
The decrease in receptor affinity was observed 
previously for the D-2 receptor solubilized from 
other species using cholate plus sodium chloride 

(Hall et a1 1983; Berrie et a1 1983). Presumably this 
reflects the perturbation of the receptor environment 
incurred during detergent solubilization. An alterna- 
tive explanation for the decrease in receptor affinity 
might be that CHAPS treatment leads to a partial 
denaturation. However, in recent experiments we 
have utilized [3H]piflutixol to label CHAPS solubi- 
lized D-2 receptors and found no change in affinity 
following solubilization (unpublished data). SO it 
appears more likely that the loss of affinity observed 
using [3H]spiperone relates to alterations in receptor 
membrane environment. 

An apparent exception to the decrease in drug 
affinity was sulpiride which showed an increased 
ability to displace [3H]spiperone binding following 
CHAPS solubilization. There would appear to be 
two likely explanations for this change. Firstly, 
sulpiride is poorly lipid soluble, so some lipid barrier 
may prevent the access of sulpiride to the membrane 
bound receptors which may not be present in the 
soluble preparation. However, it may be that the 
different temperatures at which the assay for soluble 
and membrane bound receptors are carried out is 
responsible. Thus sulpiride displaces specific 
[3H]spiperone with greater potency at 4 "C than at 
37 "C in the membrane preparation (Kilpatrick, 
Jenner & Marsden, unpublished observation). The 
affinity of typical neuroleptics such as haloperidol 
and cis-flupenthixol is less dependent on temperat- 
ure. Some changes in affinity do occur between 4 and 
37°C but the order of potency remains largely 
unaltered. It is necessary to assay the solubilized 
receptor at 4°C rather than 37°C because of its 
greater thermolability compared to membrane 
bound receptors. 

Ketanserin, a 5-HT2 antagonist (Leysen et a1 1981) 
displaced [3H]spiperone binding to both the mem- 
brane and soluble preparations only at high concen- 
trations (10-7-10-4 M). Recently, CHAPS solubili- 
zation of bovine stnatal tissue was shown to result in 
binding of [3H]spiperone to a 5-HT2 site (Wheatley 
et a1 1984; Kuno et a1 1983). Indeed, in the present 
study a small component of [3H]spiperone binding 
( 4 0 % )  was displaced at low concentrations of 
ketansenn (10-9-10-7 M) (see Fig. 3). This may be 
[3H]spiperone binding to 5-HT2 receptors but a 
similar small decrease was also observed with sul- 
piride. Clearly no major 5-HT2 component is 
revealed by ketanserin displacement. Indeed, 5-HT 
itself and noradrenaline did not displace 50% of 
specific binding to the solubilized preparation even 
at 10-4 M. This suggests that [3H]spiperone binding is 
mainly to a dopamine receptor and not to 5-HT2 or 
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( Y ~  sites with which [3H]spiperone also will interact 
(Seeman 1980). 

The routine use of sulpiride to define the specific 
binding of (3Hlspiperone to both membrane and 
soluble preparations ensured only dopamine recep- 
tor binding sites were investigated. Indeed, Eadie- 
Hofstee plots of specific [3H]spiperone binding to 
membrane and soluble preparations were linear, 
suggesting a homogeneous population of binding 
sites. 

In membrane preparations of rat striatum, sodium 
and GTP are implicated in changes in the affinity 
state of the D-2 receptor population (Grigoriadis & 
Seeman 1984). The interaction of sulpiride with its 
receptor is highly sodium-dependent. The effect of 
sodium ions to increase the ability of sulpiride to 
displace [3H]spiperone occurs both in the membrane 
and CHAPS solubilized preparation. In membrane 
preparations both sodium and GTP are required to 
maximize the conversion of D-2H to D-2L states 
(Grigoriadis & Seeman 1984). It would seem that in 
the soluble preparation sodium chloride may allow 
the reassociation of receptors with the N-protein 
(Rodbell 1980). However, whilst the sodium shift of 
sulpiride displacement was maintained, GTP only 
altered dopamine displacement of specific 
[3H]spiperone binding in the presence of sodium 
ions, and the effect was small. The explanation for 
the relative lack of effect of GTP in the soluble 
preparation may be in the extent to which coupling to 
the N-protein may occur following solubilization. 
Alternatively the affinity state of the receptor as 
controlled by sodium ions may be a critical factor. 
The ability of GTP to shift agonist displacement 
curves was reported previously for dopamine recep- 
tors labelled with [3H]spiperone solubilized from 
bovine striatum using CHAPS (Kuno et a1 1983). 
However, other groups using different detergents 
and striata from a variety of species have not 
reported this effect (Gorissen & Laduron 1979; 
Lerner et a1 1981; Hall et a1 1983). Why GTP shifts 
are evident following CHAPS solubilization is not 
clear but might suggest a functionally intact form of 
the receptor in such preparations. 

It is possible to assess the Stokes radius of a 
protein by examining its retention on a calibrated gel 
filtration column. Gel filtration of the CHAPS 
solubilized preparation showed the eluate to contain 
two peaks of specific [3H]spiperone binding. The 
major component was of a lower molecular weight 
(Stokes radius 7.7 nm); the minor component of 
higher molecular weight eluted near the void vol- 
ume. What these different forms represent is not 

clear but the higher molecular weight peak might 
represent an association of receptor with other 
proteins. It is conceivable that the aggregation of 
receptor sites may have occurred during the column 
procedure. So interpretation of this data must be 
guarded. Indeed, while our findings are in agree- 
ment with previous estimates of the molecular size of 
the D-2 receptor (Kuno et a1 1983; Hall et a1 1983), 
others have reported much lower values (see Goris- 
sen et al 1979; Lerner et a1 1981). 

A wheat germ agglutinin affinity column will bind 
carbohydrates containing an N-acetylglucosamine 
moiety. The ability of N-acetyl-D-glucosamine to 
elute fractions containing specific binding sites for 
[3H]spiperone from a wheat germ agglutinin affinity 
column suggests that the rat D-2 receptor is probably 
a glycoprotein with N-acetylglucosamine in its car- 
bohydrate moiety. This is in agreement with findings 
for the D-2 receptor from bovine striatum (Abbot & 
Strange 1984) and in a recent report by Lew & 
Goldstein (1984) for rat D-2 receptors. 
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