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Z, MEFRORICERNS LI E2HLPIC
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1. dopamine-RRA o) #ERERIIRET
1) receptor preparation OYERK

Sprague-Dawley i 7 v b (KE200—250
g) ZEFBEERL, TARLICBMERIMLCT,
R 2 ¥&¥E 7 )5 T receptor preparation % £
BL7., &8, BAEOEEIZ, FLETNT
I EBREL LT Lowry b DFEIVICHE S 12,

OP2 8 (3 hav FIT >+ 7 YV —a

iE) DYERK

De-Robertis & 7 J5 182 % I TR 2 105
BNki%0.32M sucrose FTH EYH 4 X
(Brikman Polytron PT-10, dial set 7, 10#
X2E) Lzt 22 FTRAREDFLH—
THEYF AL X (5 strokes) L, 900X g, 4
T 105 MEL, LiEZ351211,500X g, 4
TR LLE:, Z0nE (P2HE: 2
A EYT 7S —aE) %kipTris
E@a (50mM Tris/HCl &6, pH7.6) T
MEBLC, 11,500X g, 4C T07MHELL,
FNREZI0E5RD Tris BEETHBRL 2
{ 7 % receptor preparation & | C, Z#dopa-
mine-RRA (2 FW 7z,

@ET R —F (GHESE) DFEX

AR R & ERIC 81T 5 dopamine 5K
DFERANBDIC, RECEA—-F2FEHLL,
Z v b il % 1505 B ki Tris &1 # (50m-
M Tris/HCl &%, pH7.6) hThESF+ 4
Z (Brikman Polytron PT-10, dial set 7, 10
Wx2m) L, 852, ¥TRKEYFALHF—
TREYF+ 4 X (5 strokes) L72%%, 50,000X%
g, 4 CT204mELELELREN Tris &
wHmHCHEBEL, BHU50,000Xg, 4T T220%
HE L L T, ZDLEZFREDTrisRER TH
#i& L 72 § @ % receptor preparation & |7z,
2 ) dopamine- RRA

RRA ZHKKICDIF 12475 ZARBREF TiTX »
7z, RRA AEHEMIRI L L T3 Tris &80
(50mM Tris/HCl #&7&#, 12.5.M nialamide

B ' %

B L U°12.5uM disulfiram &%, pH7.6) #H
72, 0.5mlo) receptor preparation (200 ug
protein/tube), 0.3méod Tris B, 0.1l
#kl & 221388 % dopamine 7%, 0.1méo (*H)-
dopamine (specific activity 14.78Ci/mmole :
A IBEET . 5X107°M) L 2B L T, 907 RIkA
RTA > Far—}F L, SEKEAGE L —
H— L EME P —F—DGBICIE ST RTT
4 73— « R—,¥— (Whatman GF/C) % B w7
WEIEBHEIC k-7, Blb, £ %a—|}#%
ATV ABTTRAT A 28— ¢ R—03= | D)
TIRSIEAL, 3mboniky Tris 2w T2 M
BikL, 77R7745— ==}k Ay
STATNLTNICAR, PrFLr—F—%
MRTpAIF—ickYBEL:, 10 M
dopamine NHFFET & IEHFFE T T (*H)-dopa-
mine ¢ receptor preparation ~NFELSNER
RERESLL, SEREARNERL L.,
7z, FEMEEZRE CGBAICBRKICI Mo
dopamine NHFFAT THKATESHHER % JEiE
REBED L LTTRTOBREL LELIIVE,
butyrophenon ZNOHEMIRETH 2 (3H) -spi-
roperidolfiv> 7> RRA %z, (*H)-dopamines)
A4 i (3H)-spiroperidol (specific activity
20.0 Ci/m mole : H#iBE3.5X10°M) ZF\»
7>ftiix, dopamine-RRA & £ FfENFikic &
-7z, FEERENES & L Tix10~*Maspiroperi-
dol NHFETICBIT2HARRHEREZTRT
DFERP LELFTz,

HSE L triplicate TAT% » 72%, ZOEBHI
12%UTTHY, HRIZTXCEHETTRLL,
I, B4 4>z

Z v } Bk P:4E % receptor preparation
& L7#E# RRA 2BV, X Va—2Hic1ffi
DA A > (Na*, K+, Lit, Rb")iFaidx
#BEE25mM, 50mM, 100mM, 2B A A
> (Mg*t, Ca*t, Mn**, Nit*)EA 3 R#&
®E2.5mM, 5mM, 1I0mM&%3 k& 5icfB4
¥ (¥ ClIE) 22 TRRA 2474w,
R REHEA DR % K7 L T dopamine £5F4K
HARICNT 2B R AL,

m, 7>/ BEMHENE
7 v | Bl P247[H % receptor preparation &
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L7:#E# RRA # K\, 3f@%Hnthiol reagent
A% free o sulfhydril# % f£7# 4 2 dithiothrei-
tol (LAFDTT &89 ) B L mercaptoetha-
nol (LLIF MCE k8% ), & &< sulfhydril
# JE Ay block 375 & v Tv> Bp-chlo-
romercuriphenyl sulfonic acid (2L F PCMPS
LHET) FIRKRBESMM A3 k) IC assay
tube lcn2 T, ENLNHEE AR, KiT, E
52 3 #&3§ » thiol reagent ¥ 3= 7 - } RiBMP22
B %25C TI0HMA > ¥ a_—} L7zt &l
(50,000X g, 204) =& O FHl% BeifL, ik
&% Tris £ C H 8% L Cdopamine-RRA
PG VEERMREAS LB L 22, E5i2100uM
7 PCMPS & 7 - } Rijhx P2 4/ & #25C T15
M4 % 2~—}L, &bic Tris BHEHE,
F72135mM o DTT, %7212 5mMaHMCE#
HMEITEAL > X2x—F L, DWTHELL
(50,000% g, 204r), k% Tris BERICHE
#% L T dopamine-RRA #1774 WiEREEA %
Wt L 72,
N. v } hiRmEREIICEIT 5 dopamine

SFERNDGTH

BIRERL 2T v F ol - FHZTARH,IC
ENHL, oW Tl Glowinski & Iversen

 OFE R TABEH, REE RETH,

W, RN, B, RMOEEEYNHLT,
EFNENDIR £V A— } % receptor prepara-
tion & L T dopamine-RRA #2477\, Scatchard
SHOC LN T b REMEREENC 35175 do-
pamineFBFAENMER L & IS SHERE & LBk
L.

V, dopamine &%&4$ & U spiroperidol &%

.XPF 3::)

Tablel i2/R”§ & 5 & AP REIERESL
REIMME %3 k) icBRNBEL~6 8T
= 7 dopamine-RRA #(F 72 1%, spiroperidol-
RRA &) it AR, + v —H—DZBEEKEE~D
PHES A7z, #HEI log-probitommict ) v
—H—DREAR50%MET 2 BE (ICs0) T&
®xL7. 72, dopamine-RRA %&( Z 7 iispiro-
peridol-RRA &) TER DA L NI FEAEIZ D
TIRFNBIZKBREZ D2 2L, RENERD
BonbdZr EHERLR.

VI. dopamine %4k # & UF spiroperidol £7&
NP (4

Sprague-Dawley R 7 - b Bl P25 i %
sk Tris &4&# (50mM Tris/HCl £ % %,
pH7.6) THKxEs+4 XL, 15,000Xg, 4

Fig.1 The standard curve and cross reactivity of dopamine-radioreceptor assay.
The insert shows the same data plotted as Scatchard plot.
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monovarent | specific (*H]-dopamine divarent specific [*H]-dopamine binding
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] H I
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Fig. 2 Effects of monovarent cations and divarent cations on specific (3H)-dopamine
binding.
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Fig.3 The standard curve and Scatchard analysis of dopamine-radioreceptor assay in
the presence or the absence of 10 mM Mn*+.

CTC205ME L, ZDLELZI0B5RD Tris
BEHW THMEL /2 { »%receptor prepara-
tion & L THW/2, Z 7 receptor prparation
4.5mé ( 6 mg protein/m€)iZ, 0.5méNTris #27&
#H L <120.5n80) dopamine (B#ifE 1 mM)
(spiroperidol-RRA DA 3 Bk iBE1000 M

7 spiroperidol), 7.5X107°M ¢ (3H)-dopamine
(%721%3.5%X10°M » (3H)-spiroperidol) #

, &—@ +Mn*+

mz, XKPTIOFMA > X 2—} L72Mk,

Triton X-100 25010z, R ¥ —F—%HWT
4 °C T30 fiR#: L Tl Mk, 200,000X g,

4 C 60 M= L, L& 3ml#%Sepharose 6B
%74 (1 X70cmic applyL, 0.1% Triton X-
100 # & ¥ Tris 2@ (50mM Tris/HCl 42 1
%, pH7.6) THHL, 1nl$-O5EHRERL 72,
BBEHED S H0.IMZ LN FL—g—%
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specific [*H]-dopmine binding (% of control)
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Fig. 4 Effects of thiol reagents on specific (°H)-
dopamine binding.
A) Each reagents was added to the assay
buffer of standard dopamine-radiorecep-
tor assay.
B), C) Receptor membranes were treat-
ed for 30 min at 25°C with various rea-
gents at the concentrations shown in the
figure. Treated receptor membranes
then centrifuged at 50,000 X G for 20min,
and the pellet was resuspended in the
original volume of Tris/HCI buffer.
The binding activity of (*H)-dopamine
was determined in this resuspension.
A receptor preparation that was not ex-
posed to reagents but incubated in the
same manner in Tris/HCI buffer and
centrifuged for the same period was
used as a control.
MCE: mercaptoethanol, DTT: dithio-
threitol, PCMPS: p-chloromercuriphe-
nyl sulfonic acid

ZTCRAT =itk VHEERHEL, TiE
IWEBRDEH ~F— FHBRET L, 25
CR—nH 76 THROBMD—H—EB%
apply L TZ£ A volume #FA~X#ER LI
LT, THEZEBEEORPITFOGFHA X%
®EL 72,

RiCIMM e 22k H i/ v X aX—¥a >
REH IS Mot 2 /L 2BAIc 2w TLRE
BicLOmE L, Mn*™#FZET T Wik {tdopa-

mineZ &k & W 51k spiroperidolFHFE N T
HAXeRELL, AKFCHIY—< Y REFT
FFERT (170—70%) % A v CEME R HOMnt*
WE L EE LB L 22,

& R

1. dopamine-RRA o3yt
1) receptor preparation &

dopamine-RRA %iz 2T, receptor pre-
paration ¥ L TH 7 v } Al P2 4E % 100ug
protein/mé#> & 12mg protein/mé ¥ CTHET 3 &,
ZHUCHBIL TRREREZERICHEML 2
DT, UBETRTCHERIIZDERBT TH S
400ug protein/mé % HE L 72,
2) 4> X ax— 3 oM

FBRAEAIIRR & & bicmL 7228, KK
P THFENA > ¥ aX— 3 »TIHIZIZEX
2%, L% 1807 TIRAETH 72, &
- CHE# dopamine-RRA [k KH T05 1 TAT
iz,
3) pH

pH etz i3 B EHE & L T 200 mM
Tris &&w % Hv,, HClic £ ) pHEFEL 7=,
RRAHEAII pH7 . 4—pHB. 02 T2 1LE %
RL7zA, ZEICBETIIRHRREAIFL |
& -7z,
4) Rl

(3H)-dopamine % F L —#—& L, JEiZEd#kdo-
pamine #iE# ¥ L, RLIFRHFELOHT T v
| B &5 44k % receptor preparation & L 72354
¢ dopamine-RRA miZ#h# % Fig. 1 iR,
Scatchard #7459 5% &, Kd= 8 X107°M&
Kd=30%X10"%M & 2 o affinity constant %
BV NI FETLIIEHLIr L -
7. Fig.1127R7 & 7 i< dopamine ¢ ICsold#
300mM T, noradrenaline M5 X T IGHEIZ10%
UTTH-7e,
1) B4 4> nshE

2 v b Biif% P243i] # receptor preparation
& L 72 dopamine-RRA #Fvy, +2 7 AlC25m-
M, 50mM, 100mM &% 3 & HiC 1ENREA F
YEEML %A, H5Hvii2.5mM, 5mM,
1I0mM %2 &I i 2flinke4 4> 2iimL 2
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Fig.5 Regional distribution of dopamime receptor in rat brain. Values were shown
as means + SD of 4 animals.

Table1l Effects of various CNS acting drugs on specific (3H)-dopamine binding and
specific (3H)-spiroperidol binding to Ps-fraction of rat forebrain.

CNS acting drugs

ICso (M)

(3H)-dopamine

(3H)-spiroperidol

dopamine
neuroleptics
spiroperidol
haloperidol
chlorpromazine
pimozide
antiparkinson drugs
L-dopa
bromocriptine
amantadine
methixene hydrochloride
apomorphine
antidepressants
imipramine
psychoanaleptics
methylphenidate
CDP choline
antianxietics
diazepam

0.3
800
600

100
#*

800

0.5

100
0.002
0.02

1
1000

100

100

% : no effect at 1 mM
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BEORROESE, BANNRE LHET S
tFig2nkiick-7, Fig.2 #68bhl
& 71210mM > Mn* £ 10 2 72 358010 Fe REUFS

ARBELCKRESCLY, NROIMEC LML,

(3H)-dopamine # } v —H— & L, JEiZEs#do-
pamine 21E¥ L |, REEELEFL (BT
5¥ERNDH 5 Mot 210mM Iz 72384 &,
2 WIESEFNFNICDOWT dopamine-RRA %
i iER AR % Ko 72 (Fig. 3). Scatchard
ah 63 5L, Kd=8 X107°M & Kd=30X
10~8M o 2 D affinity constant # F3 3244
Byl (Fig. 3AL), Mot o FAET T
DX REFEA ORI ERAER A A A
2fEicimd 3= xic& &R L, affinity cons-
tant IAETH B Z EHHBAL A2,

M, #>,c7BEHENE(Fig 4)

3 #&¥H o thiol reagent, DTT, MCE s L v°
PC MPS 5 #%lE 5mME % % & 9 I assay
tube iohmz CH#EMREREC &, DTT L UM-
CE #* dopamine N REEE % M9 5 i st
L, PCMPS (i:iz dopamine NG RAIES %
BE& 7z, Scatchard 73#7ic & 3 & = o PCMPS
NFHFIL affinity IC i3 HEET, HABLOK
MLz tictksbntBbniz, Zonw
bH W 3% thiol reducing reagent ¥ PCMPS#)do-
pamine SEE~ANMEHNENER #4515 BB T,
INbLNMAELEERETL >, Fig. 4-A
{2 dopamine-RRA ¢ assay tube ic5mM o
thiol reagent# AN HENERMBEAZ Rz
LT, BEMBOBA & FEBKICPCMPS T
REIEASIKRELLY, DTT, MCE c k0§
REGEEEH/NE { % » 72, Fig4-Biz[FkEnthiol
reagent & 3%z 7 v | ik P24l % 25°C T304
HA4rX¥a~x—FL72% Hbick)EHZ2%
Witl, g% TrisiRiaicEM&R L T dopa-
mine NRFREMESE R LN T, DTT, MCE &
hED KL, PCMPS (it ) B ROKES
BRE S FTHENEAZERICE > TS
ZEhrE & . Fig 4-C [3100uMa> PCM-
PS & receptor preparation & % 25C T15%-H
4>%a—}L, &5 Trisi@HHE /2125
mM ¢ DTT % 7213 5mM o MCE # &L T
BHIC157MA X 2~X—}FL, RWTHELL

wiE % Tris #EHRICERE L ¢, dopamine-
RRA 21T WRRHRHE 2 A1 LDTH B,
PCMPS o dopamine #41m#ERIZDTT,
MCE %) thiol reagent |= & ) pfIR -7z,

—f%lz, dopamine PN D§E» RRA 7%
&, £FEo thiol reagent (V1L L SAEMKEL
IR LER 2R I 4 22 b 5§, dopamine-
RRA 7m3f4izix, vhW 3 thiol reducing rea-
gent ¢ PCMPS 3Rz f#ith s b sz, Bis,
PCMPS 14" SH EiIC/ER L 2B R TH 5
¥ nig, thiol reagent ¢4 % DTTZ 7212 M-
CE 2@BIcHNT 52 itk - T, PCMPS »
ERO—IBILEM LW LRI NBIETTH S
%%, Fig. 4ic;jL 72k 51z, PCMPS /4RI
INLNEEIC L > T HEEINT, BESN
BHBAIIKEVWEZTH), PCMPS nidRAYHE
AN KIERD SH ZEUNNEICERL &R
THBI EnRBIN:, —RKICESBERI
SH #n A% & ¥ carboxyl iz & /B 2 WHE
MHTRE I N TS, = PCMPS 7 dopa-
mine % KT A AVER »° carboxyl B~ E
HAomigdEz oniz,
N. 7 b PikfgER &EiC 81T 5 dopamine

SHEERD G

EBRFENEHICBRRZFET, 7 b pikw
B EEic BT 5 dopamine S B54k D434 # Scatch-
ard S & 0, EEMGEEAEA L RN
HAEAL & 1o o TrEmET L 72 (Fig.5). 2h
L9 H, ERRICHEFEM Y dopamine S£AK &
LTORBERICIrPbYISH->Tnd eEZ LN
5 SRR OBIT R EH* 1.9 p-
moles/mg protein, #4{&A2.25p moles/mgpro-
tein, #i¥A°1.35p moles/mg protein, #§ & »¢
1.2p moles/mg protein, # K T %8 #* 0.75 p
moles/mg protein, B%&H%0.2p moles/mg pro-
tein Th - 724%, /P, FHTIERIELES
Bz oY, ERAMEEEAL 23
bz,
V., dopamine #%& k15 & 1~ spiroperido]l &%

:N2F 321

(®H)-dopamine % } L —#— ¢4 2% dopamine-
RRA RicBWTC, Fr—H—D#EE& %50%MH1E
T 5 iR RER R #BE(ICs) i3 Table 1 i
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Fig. 6 Distribution of solubilized dopamine
receptor (A) and solubilized spiroperi-
dol receptor (B) on gel filtration of Se-
pharose 6B. Receptor membranes
were incubated in glass vials with
(3H)-ligands in the presence (
or the absence (--------- ) of 1 mM un-
labeled dopamine or 100 ;M unlabel-
ed spiroperidol.
Vo: void volume

&% & 5 Ic chlorpromazine {3100M T% 1,
butyrophenon F# haloperidol 3 L UF spiro-
peridol i3 £ N £ 41600uM, 800.M ThH -7z,

¥ 72, apomorphine ) ICs0{3500mM  dopa-
mine ¢ BOTHEWEXREG %L, L-dopaii 2
«M, bromocriptine {2800,M T# - 7z#%%, Table
1l it RL 722 ERIZ & EXRIE2RS
-7z, —F, ((H)-spiroperidol % } v —3
— ¢4 3% RRA I2HVTid, spiroperidol B 5
7 ICs0i3 2 mM, haloperidol ¢ ICs0i3 20 M,
chlorpromazine ? ICsoid 1 4M & 5&WER G
HHT RS b LTz HY, dopamine DRIt ix
0.5%ic ¥ ¥, apomorphine } RI%TH - 72,
%M, dopamine-RRA T&{ XK t#% R &
7z \» imipramine, pimozide, methixene HCl
LR IGHERSD & 7z 4%, iizdopamine-R-

A —
A
g g
-~ 3
Z x
X <
£ 3
B
Vo
6 ) 12 E
X
8 !
< 4 -8 2
g £
S 24 L 4
o v y v 0
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fraction number

Fig.7 Distribution of solubilized dopamine
receptor in the presence of 10 mM
Mn*+*(B). Receptor membranes were
incubated in glass vials with (3H)-do-
pamine in the presence ( ) or the
absence (--------- ) of 1 mM unlabeled
dopamine.

Vo: void volume

RA XK E#RL 7 L-dopa IC i3I IG
BEHonhhrotz, BEnk i, $ilwkE
ERENRXTIGHEIREL C B> Tz,
VI. dopamine %%k} & U spiroperidol &%
[ X2Lik-2(4

(®*H)-dopamine # + L —%—& L7z RRA%
&, (3H)-spiroperidol % b L —%—& L72RRA
RENFNIZBWT, dopamine, spiroperidol,
haloperidol, chlorpromazine %% f& X
EHEZINTNNRXRIGEI R D Z Ld b,
(®*H)-dopamine % } L —H— ¥ L723580EHA
L, (8H)-spiroperidol % + v —H—¥& L7234
DNEBRERLZ TR LEEZ LRG0, &
SEERNMERE L DELIARS DI, £F
WETNHELLFFH A X0k A A%, Fig
6-A (371t dopamine ZFEHKNEFH/ €5 —
#5155 void volume |25 X # % fraction
number 33+, 549 2 DNHLEIC peakhEEDHSL
#, 1mM o dopamine HFMIc & ) I E
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3z kLY, fraction number 339 peak #»*
dopamine &4 A4 L B b, fraction num-
ber 547 peak (2K K% (*H)-dopamine & B
bni:, Fig.6-BlcRmy Liic, »w—7—&HA
DEHEAL L B L T T A XE258ET 5 L,
#2075 (Stokes’ radius 5.0nm) T& - 72, E#
i Fig. 6-B iz {2 spiroperidol £ HFAEN B 5
—> ®RTHY, void volume 28| X% & frac-
tion number 36 & 54 2 DNDALEIC peak ATER
B 51, 100uM o) spiroperidol MMz & 9
peak M| N5 = & & D, fraction number
367 peak HispiroperidolZFF A FESY & B b1,
dopamine RFARNFHAE L FRIC L THFHA
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A study of dopamine receptors in the rat central nervous system
Part 1. Biochemical and pharmacological properties of
dopamine receptors.
Yasuhide YAMAWAKI
Third Department of Internal Medicine, Okayama University
Medical School, Okayama
(Director: Prof. T. Ofuji)

Until recently, it was widely accepted that neuroleptics act by blocking the dopamine
receptor. Many investigators have done binding studies in vitro using [3H]-neuroleptics
as ligands. However, recent studies on rat brains suggest that [3H]-neuroleptics label
not only the dopamine receptor, but other receptors as well.

In this study, the cross reactivities of numerous centrally acting drugs in dopamine-
radioreceptor assay were different from those in spiroperidol-radioreceptor assay. Manga-
nese enhanced the specific binding of [3H]-dopamine dramatically by 300 % even at low
concentrations, although manganese did not influence the specific binding of [3H]-spiro-
peridol. To differentiate dopamine and spiroperidol receptors in the rat brain, I solu-
bilized these receptor molecules by treatment with detergent and examined the molecular
weight by gel filtration. As compared with the elution volumes of marker proteins,
the approximate molecular weight of solubilized dopamine receptors were about 200,000
dalton (Stokes’radius : 5.0 nm) in the absence of manganese, and about 400,000 dalton
(Stokes’radius : 6.1 nm) in the presence of manganese. Moreover, manganese was found
in the same fraction as the solubilized dopamine receptor. However, the molecular weight
of the solubilized spiroperidol receptor was about 120,000 dalton (Stokes’radius : 4.3 nm)
in both the presence and absence of manganese.

These data suggest that manganese couples specifically with manganese-free dopamine
receptors, and that this manganese — dopamine receptor complex may have a strong
capacity to bind dopamine. On the other hand, the receptor activities of spiroperidol
were independent of manganese. These findings suggest that the site of action of spi-
roperidol is a receptor different from authentic dopamine receptor.



