Studies on the High Affinity Mg2+ Binding Site
on the NMDA/PCP Receptor Ion Channel
Complex
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propyl-1-phosphonic acid (CPP), D-2-amino-5-phosphonopentanoate (D-AP5) # & Uf 2-amino-7-
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3-dione (DCQX), 7-chlorokynurenic acid (7-CIKYNA) ¥ & ¢f 3-amino-1-hydroxy-2-pyrrolidone
(HA-966) DIERIZLITOEY TH-o7%. DCQX R L-7Vvy = vBBX U Mg”ic k3 ['H]TCP #&
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HA-966 2V ¥ > 8 X 1f Mg™ ic k- TiEM La 3 [*HITCP #& 2 AREMAIL 2228, L7
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Abbreviations : 7-CIKYNA, 7-chlorokynurenic acid; CPP, 3-((%)-2-carboxypiperazin-4-yl)
propyl-1-phosphonic acid ; D-AP5, D-2-amino-5-phosphonopentanocate ; DCQX, 6,7
dichloroquinoxaline-2,3-dione, ; D,L-AP7, 2-amino-7-phosphonoheptanoate ; HA-966, 3-
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[(*H] N-(1-[2-thienyl]cyclohexyl)-3,4-piperidine ;

NMDA, N-methyl-D-aspartate ; PCP, phencyclidine
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(Tocris Neuramin Ltd., Buckhurst Hill, UK);
[*H]TCP (47.8Ci/mmol) (New England Nuclear,
Boston, MA, U.S.A); PCP iz EF# RS HkAeH (K
R) & DiEMtEZT .
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WA) THREYA—ML, 20,000Xg, 2043, 4°CT
B - EEETo. Bohk kB £205E0ERER
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## (freezing-thawing) #1T\>, 3 EIED¥HE - EDLL
7o, BBwEs @R, 5SmM Triss-HCl B &%
(pH7.6) TREY 2 —F L, BIERE (—80°C) i
FL.

EERME, BEREL LBEELE, ERTRELL
#% . 204280 5mM Tris-HEPES E&#K (pH7.6) %
T 20,000Xg, 2053, 4°CT2EEBEE - &L
L, BeRBCHEL:.

2. [FH]TCP #&%ER

BEIES (BEE®10xg) &, 5nM [H]TCP 8 & U
B2 U BEORIERH 2 WIZAER L 3 5mM
Tris-HEPES &% (pH 7.6) T23°Ciz T 1K1 >~
Fam—yavll. 4 vFa—raryi3K)Fo
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Effects of L-glutamate, glycine and Mg* on [*H] TCP binding to rat
cortical membranes. (A): Effects of L-glutamate and glycine.

Frozen-thawed

and extensively washed rat cortical membranes were incubated with 5 nM
["H] TCP and increasing concentrations of L-glutamate (@)or glycine (A)

(0-100 2 M). (B): Effects of Mg*.

Frozen-thawed and extensively washed rat

cortical membranes were incubated with 5 nM [*H] TCP and various

concentrations of Mg* (0-lmM).

The results were one representative

experiment from at least three separate experiments each run in triplicate.
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BRE) AW, PEMN0.GUT 2 HAEHNICE S
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B #
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. Mg™id, 3~300u MOBEEGEFTIZ L- 215 3
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TCP & %#M&IL 7> (M1B). L-7 L% 2 >BH 5 \»
270 v i3 Mg* o [*H] TCP & REMRIZH L
THMEIZERL, ULhb, L-2 A% s VEld Mg®
TEE(an: [*H] TCP #8082 ZH IS

[3H ] TCP bound(fmol/mg protein)

FEOMANC 7 b ¥ (F2).
II. [FHITCP &&-xtv 2848 NMDA 74
TR b DEER

BEH NMDA 7> 9= bT5H3 CPP 8L U
D-APSix, L-7 V% 3 VB, Ly v Bk U Mg 3k
FETTO PHITCP R REEL521 B,
L L, CPP B & U D-AP5 i{EBED Mg* iz k-
TiEMfb a7 PH]TCP & x2E<ME L (™
3). Mg* ik - TEMkan PH]TCP H&oxt
7% CPP OHRRERENTH -7 (M4).

WL, 1gML-ZVg 2V, 1uMZYV Y rBE
U300« M Mg* iz & - TiEtEfbah s [*HITCP #
FZxT 2 CPP OFEffER #LLE L 7-. CPP (1 lpE
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Fig. 2. Effects of Mg* on the specific binding
of [*H]JTCP. [*H]TCP binding assays were
conducted with increasing concentrations of
Mg* in the absence (O) or in the presence of
104 M glycine (@)and 10 M L-glutamate
(A). The results are the averages of triplic-
ate determinations from a representative
experiment that was repeated three times with
similar results.
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Fig.3. Effects of CPP and D-AP5 on Mg?* stimulated [*H] TCP binding. [*H]-
TCP binding assays were conducted with increasing concentrations of Mg*" in
the presence of CPP and D-AP5 at concentrations of 1z M and 100 M. The

results are the averages of triplicate determinations from a representative
experiment that was repeated three times with similar results.
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Fig.4. Scatchard plots of [*H]TCP binding in the presence or absence of CPP.
[*H] TCP binding was measured in the following reaction mixture: 5mM
Tris-HEPES buffer, pH 7.6, 5nM [*H]TCP, 3004 M MgSO, with (@)or without
(O) 0.5 M CPP at 23°C for 1 hour. Nonspecific binding was defined with 30
u# M CPP. The results were from a single representative experiment from a
total of three experiments, each performed in triplicate.
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Fig.5. Effects of competitive NMDA antagonists including CPP, D-AP5, D,

L-AP7 and L-AP5 on the specific binding of [*H] TCP. [*H] TCP binding
assays were conducted with increasing concentrations of CPP (A), D-AP5 (B),
D, L-AP7 (C) and L-AP5 (D) in the presence of 300 M Mg* (O), 14 M glycine
(@) and 14 M L-glutamate (4). The results are one representative experiment
from at least three times separate experiments each performed in triplicate.

Tablel. The ICs values of competitive NMDA antagonists for FH]TCP
binding stimulated by 300 M Mg*, 1ug M glycine or 1u M
L-glutamate

ICw (# M)
drug control Mg glycine L-glutamate
CPP NI 0.42740.043 4.60+1.03 36.0+3.8
D-AP5 NI 0.626+0.187 5.76+2.43 27.31+9.2
L-AP5 NI 55.1£20.3 238 £53 449177
D, L-AP7 NI 4.16+0.70 16.2x5.2 818 +145

Each value represents the mean*S.E. of at least three separate
experiments done in triplicate. The ICy value is the value of the cold
ligand concentration which reduces the specific binding of the hot ligand
by 50% of its initial value. NI, no inhibition.
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Fig. 6.

HA-966 on the specific binding of [*H] TCP.

Effects of selective glycine antagonists including DCQX, 7-CIKYNA and

[*H] TCP binding assays were

conducted with increasing concentrations of DCQX (A), 7-CIKYNA (B) and
HA-966 (C) in the presence of 300 M Mg* (O), 1u M glycine (@) and 1x M
L-glutamate (A). The results are one representative experiment from at least
three times separate experiments each run in triplicate.

Table 2. The ICs; values of selective glycine antagonists for [FH]TCP
binding stimulated by 300 # M Mg**, 1pg M glycine or 1u M

L-glutamate

ICs (IJ M)
drug control Mg** glycine L-glutamate
DCQX NI 2.90+0.14 0.734£0.305 2.21+0.81
7—ClKYNA NI 5.6341.65 5.94+0.88 4.62+1.85
HA —966 NI 13.7£1.2 10.34+0.9 NI

The results are expressed as the mean+S.E.

for at least three

experiments each performed in triplicate. NI, no inhibition.
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mEIL7c. HA966 X, 7V v B XU Mg*izk»T
Ebansd [CHITCP &&= ARE G L 7228,
7Ny 3Bk 3 PFHITCP #aD@EkizstL
CMEIENCER L o, 7-CIKYNA i L-Z' 0
sV, 7YY ryBLU Mg*iokd PHITCP &
SOEME & LI Lz, MElOBREICEREYR
zp@EHEhRLo7. Mg¥ ok > TEMIEI S
FHITCP #&Ww X3 % 3BHEO SV v 7oy a=
ArOWMEHOBERLE TS E, DCQX & b &
Mot (F2).

& &=

ERFETHERAL L AMEE & OBES I, CH)
TCP #E g5 2 2NRAMRF, Mz L-7n
FIVERISY vy R Y ERETAENTEE - &
B, A4V Fa—ya > ZMATHE RS
Vo BERToTRBE SR, Z20BR, L- 71y
IVBIC L AIEMILOEER, BEQOREY DD 21E
KEL, £/, ZV Y 20T R LI KiBED
]G AT [PHITCP #AEHIEORENE L
otz TheDfFERIE, NMDA/PCP L& 7% —4
Ay F vy AVEEER BB Mg” BaHio0
BE2DTRE L Horl & DIME® Ol —5
T3. £/, BHRBEEHW NMDA 7> 9 T =2A T
% CPP, D-AP5 BX U' D, L-AP7 13, B0 #
gEenm L By, [PH]TCP #&cgEr5ak
Dol BRIV V7o 9T A VThHD
DCQX, 7-CIKYNA B X * HA-966 THRIL & 5 i
%ﬂﬁo Tz, UEBRTELAHETHBSLLER

, (HITCP #& i B2 51 o NEMHRF L £ 2
6hfb>% L-7NVE 2B s v o S ERWE
BER»S3+ABEEINRTOLE I L2 ERT 2.
Hori i3, Zo &) nBERERHER T2 2 izt -
TEEE Mg* 2 £ 3 [PH]TCP #aEtois
BEDREG D000 |7 T L D BRI RS, EkH»
BHIGNTVRBA AL F vy ANKIZEEL, BAK
Tz PHITCP #& %2 HET 3 Mg* #4850
O, AR 3 VBB S cBRESATO R LEES
TR RIS RETH - 2 EEME Mg™ Ha
UBTEET 2 2 & %8R-,

BT, BEMME Mg BEMI L 7Ly 3 L BES
B (5033 NMDA L 279 —) L7y v o &a
WL DBIEMEASRB S LT3 2 L IRBLT R E
DTHB¥. Lol KEBEME Mg B S8z 0%
BEOMEI 2 FHETH L. ARETIE, £TESR
Ml Mg™ &8I L 70 ¥ 3 o B & IR DHEER

(BrviZBEZH) HEBFzHS»IZT3HNT
EBEE Mg* 8L U0 L7y s @izt 3 *HF
TCP ®B&EMHIINT 2 HEHM NMDA 7> 9 o=
APDEEBIZOVTHERE L. ZO0HER, CPP,
D-AP5, D, L-AP7T DuW TR LM L- Vg 3 vEEIC
2 [*H] TCP BaEEblc LT ¢i <, BEM
tE Mg* BEELENT 2EHIIN L THBERE

HIHIL 7z, a5 icEBETNEZ L, WTho
NMDA 7> % I=2 }  BEMM Mg* &Rz
9% [FHITCP #a@Etibic T 2 Miglss L2
FIrBIckd PH]TCP HaEtEb o5 2 Mz
HEANTE0~200/F58 o2 Z L THB. ZDI ki,
WHRBEEHM NMDA 77 TR M EELZHNTE
7z CPP, D-AP5, D,L-AP7 %71 % 2 L B &AL &
DO L AERMME Mg™ BaiRanic st L T Btk
BETAILERBLTVLS.

i, NMDA v+ 7% —DRWSAEs NMDA 7
T= A MTH2 L-[*Hlglutamate iz & > TEZ s 1
25Dk NMDA 7> ¥ =R+ THh2 [*H]CPP iz
LAFERTHROINLVDOLOMTRER B LI REY
BENL™ %7 L-[*Hlglutamate 2584+ 2 2
O5FEIF 121,000Da TH D, [*H]CPP & &0
SFE209,000Da LHEL TIRBMIZNAEBENS
BRELHZY. ZhsDMAEE, BE&H NMDA 7>
F =R bpS NMDA 7 T= X ES A L B 25
MUEAFBL TR IARELZTHRL T390, BaN
NMDA 7> & T2 MBIV Y 3 v BESEHNN (B
23 NMDA v+ 7% —) v 32 [*H]TCP &
L0 DL AEBEME Mg™ FHEHM% T 5 PH]-
TCP #&ZBIRICIIBEIL 12 L WA RHE TO R
i, LRO¥RE2EXFT2MATHE 2T
<, EH, EEMME Mg BEMLORE, R
EBEH NMDA 72 ¥ = A MES I o EEER I
EOOTEELHERGIERA*E T2 2TRBLT
V3,

EZATRIE, luMOZ )y izt s PH]ITCP
BEDOEMA 50 MO D-APT7 (12 & - T2z 114
ENBLEMESNTLEY, KFRTL, RE LV
THOHEER NMDA 7 /57:1_XI\%)7U//
Lo TiEMiba s PHITCP &é s BEKENC
HL, Ly pgMA—5—0EET *H]TCP %ﬁ%

WIEIL 7. ZOREIR, BEAH NMDA 7 v
TZA D7) ¥ BEETMC AT 3 TN 2T
WL Twv3. L# L, D-AP5 D-AP7 ik, [*H}
glycine #E& 2 L TIZ50%RIHBOIME L g s &
Mmoozt DWENDH Y. AP5 3 [*Hlglycine && %
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oA T 20, ICoI 48y MEBBETH D, it
5. CPP i3 ImM rtLHBEETH > T b [PH]-
glycine H&%27T% Lo iEIL 2o b W3 RE D
H3% Fi:, BlowETiR, PHlglycine H&ilH T

2 CPP © ICy ik 1200 MTH -7z L1253, PA bR
RTEFEFKORET, BEHNMDA 75 T=2
FD Y Y SRR T 3 ERASERERTRL
TEEFRBLTWE. LEsoT, KFRTRVLEE
N7y izt s PH]TCP #&oEtHbicnd 3
BWEE) NMDA 7> ¥ 0= R b 0il&lIfER I MENT
HBAEEMEASEY . & 512, CPP, D-AP5, D, L-AP7
OVWTFNRL 7Y Y ik o TiEMEn 3 [PH]TCP
oyt M L2 ¥ 2 v B & 3 [PH]-
TCP #&DEHAICHT 2 & D 5 ~50f5H 1L &
WIEERBLNT. TOLIRBERIED LD BB
FBrizb0rBEEOLIATETHY, BEME
Mg ES8ar, L-7 Vg 3 vEBBEEM, 7Y v o
B DD ERSER £ & 5 THEMICRET 2
ZERBBETHS.

SEFNR: SEEORIRW YV Ty TR b
DIVYYBIV LZVy s Bk s [*H]TCP
EEOEELcN T2 MEEROBRELERORK
o) paphh—FLTWiz. —5, 2hd 3EED
Yy Ty TR bOBEAE Mg* SRR
T BER T AR REFE SR TLZL. K’
HLizwFho Vv o7y TR b EEREMNM%E
Mg* ®E&EME N L CiEMEbanz [HITCP &4&
L IEIL 7. BcEEHIR 2D, HEOR
e Y HA-966 1k -2V 7 3 L ERESEAIC
BEALEZLIHS T, VY itk > TERELR
n3 PCH]TCP #& L BZABEICERED Mg™ &
ko TEMLasns PFHITCP & zHlEL-Z LT
H5. IhoDBERIE, BEME Mg* BEHUOT
EREIVEIZLOTHEIEETRBLTED, &5
BB Mg* AL 7Y v o BERIE O
KEBRREERGERVEET 2 L2 EbE 3.

#& B

FEEI LR LIS v P ARMEEOEER N T
% PHITCP#&%#EL LT, NMDA/PCP L &7
F—AFF vy ANVEEEICE T 2EENE Mg™
HEEWMUOMEEHEENW NMDA 7>y T=A B &
CBIRESY » v 7 TR EALVTHRARLLED
3, BTOMRBES N,

1. 1uyMLZ7AF VB, 1peMZY Y&
300 M Mg* ic & - TEMkans ['HITCP &

BT AHEN NMDA 79 T =AM Th3
CPP, D-AP5 8 X U’ D, L-AP7T O EAR LB L2+ -
2, wFRO NMDA 7> ¥ T=X b b FNEhillE
e (HITCP Ba&EELErZ2CHHEI L. »
Fno NMDA 7o ¥ =2 h bIREED Mg* izt
% [H]TCP #&o@EHrRMMEIL, 2ol
Bk, Mg@*>27 Yy o>L-20y s vBTHot.

2. 1uyMLI7AFIvE, 1uMZVYrB:
300 M Mg* iz & o TiEH{ba s [FHITCP #
BN TABIRW VY v 79T =AMNThHS
DCQX, 7-CIKYNA ¥ & tf HA-966 OEF X AT D&
DTHo. DCQX X L-7 L% 3 VBB LU Mg*iz
X 3 [CHITCP f&Ekibicnds 2 MEhictb~T sy
vz koM tah 3 FHITCP BE 2B LY
MEIL 72, HA-966 13270 > BE U Mg* 12k -1
EMELa N3 PHITCP #& 2 EREEICHSIL 2,
L-Z7v% s iz k2 [FH)ITCP & OiEE{bicL
TiMEl R & o7z, T-CIKYNA i L-7' vy sy
B, ZVyrB L0 Mg itk > TiEHLERS
[HITCP #& 2 RBEICMHE L 7.

3. Mg* k- Tistfbkans PHITCP &K
T 2 iME %R &, CPP=D-AP5>DCQX>D,
L-AP7>7-CIKYNA>HA-966 QIEFTH - 7.

BlEp#EREE, NMDA/PCP v 2 7% —4 % v
F ¥ v A VESHICERIE Mg® BEMUNFEET
BELOHREBSERFTAHMETHY, R
LA NMDA 7 > % 7= R MMERERAI MR
b TEELHERSERE2E TSI 2Tl T
3. 85 UIBEME Mg* fEHMNSY v VEER
ez b BELHERGIEAR2ET 5 2 Lottll
sha.

E i

ez s Es, HigE, ARMHEBY & L2&RAY
EXHARGESHEAFAREKFICHEERLET. 3512,
EEOHEELEY £ L BRRENEER M EAENE
HEIPIREERSEREE, BRTIAERERBEEER
FERHLUABOC IS, T AEH BRbR g R E
ETECRBOLET.

BB, FAHXOBEEO-HIL, BITEERMERHEET
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Studies on the High Affinity Mg2+ Binding Site on the NMDA/PCP Receptor Ion Channel
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Abstract

Recently, using extensively washed rat cortical membranes, the high affinity Mg2+ binding site,
through which low concentrations of Mg+ stimulate [3H]TCP binding, has been found on the N-
methyl-D-aspartate (NMDA)/phencyclidine (PCP) receptor ion channel complex. In addition, it has
been suggested that the high affinity Mg+ binding site may have functional interactions with
recognition sites for L-glutamate (or NMDA) and glycine. In order to further clarify the
pharmacological properties of the high affinity Mg2+ binding site, the effects of competitive NMDA
antagonists and selective glycine antagonists on the binding of [3H] N -(1-[2-thienyl] cyclohexyl)-3,4-
piperidine ([3H]TCP) were investigated. Competitive NMDA antagonists, 3-(( & )-2-
carboxypiperazin-4-yl) propyl-1-phosphonic acid (CPP), D-2-amino-5-phosphonopentanoate (D-
APS5) and 2-amino-7-phosphonoheptanoate (D, L-AP7), inhibited not only L-glutamate-stimulated
[FHJTCP binding but also that stimulated by both Mg2+ and glycine in a concentration dependent
manner. All the NMDA antagonists tested, completely inhibited the [3H]TCP binding which was
stimulated by 1 «M L-glutamate, 1 M glycine and 300 M Mg2+, and most potently inhibited Mg2+-
stimulated {’H]TCP binding. The order of potency was Mg2+->glycine->L-glutamate- stimulated
[PH]TCP binding. Selective glycine antagonists, 6, 7-dichloroquinoxaline-2, 3-dione (DCQX), 7-
chlorokynurenic acid (7-CIKYNA) and 3-amino-1-hydroxy-2-pyrrolidone (HA-966), inhibited not
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only glycine-stimulated [*HJTCP binding but also that stimulated by Mg2+ in a concentration
dependent manner. DCQX and 7-CIKYNA, but not HA-966, completely inhibited L-glutamate-
stimulated [HJTCP binding. These findings support the theory that the high affinity Mg2+ binding
site exists on the NMDA/PCP receptor ion channel complex, and suggest that the high affinity Mg2+
binding site functionally interacts with the recognition site for the competitive NMDA antagonist in a
reciprocal fashion. In addition, a functional interaction between the high affinity Mg2+ binding site
and glycine site are also indicated.



