Characterization of High Affinity Mg2+ and
Polyamine Recognition Sites on the NMDA
Receptor Ion Channel Complex
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Abbreviations : DA10, 1,10-diaminodecane ; DET, diethylenetriamine ; EDTA, ethylenediamineteraacetate;

SH-MK-801, *H-(+)-5-methyl-10, 11-dihydro-5H-dibenzo [ a,

d] cyclohepten-5, 10-imine maleate; °*H-TCP,

SH-N-(1- [2-thienyl] cyclohexyl)-3, 4-piperidine ; NMDA, N-methyl-D-aspartate ; PCP, phencyclidine
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*H-TCP (49.7Ci/mmol} (New England Nuclear, Boston,
MA, USA); PCP (EEFSRESM, KR); A<r v, =2
nIvv, Frlbyvyv, 7L v, 1,10-diaminodecane
(DA10) (Sigma Chemical Company, St. Louis, MO, USA);
DET (Aldrich Chemical Company, Milwaukee, MI, USA)
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Fig.1. The effects of spermidine and spermine on the Mg**- and L-glutamate-induced *H-TCP binding. Concentration-response
curves for Mg?** (A, B) and L-glutamate (C, D) were determined under the control conditions (open circles) and in the presence
of 1 #uM (closed circles), 3 M (open triangles), or 10 uM (closed triangles) spermidine (A, C); and 0.5 uM (closed circles), 1 4M

(open triangles), or 3 M (closed triangles) spermine (B, D).

Results are the average of triplicate determinations from a

representative experiment that was repeated 4 times giving similar results.




BEAME Mg REAEIL RV 7 S VRSB O%H 2

BERREA L (1),
. Mg LV AR I LT > THBE s *H-TCP &
BlEHLTDOT7 I /BOBR
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bARVTIVTVRT=RALDOHADIEF S Mg X5
H-TCP #AFIMEANTABELA—TH 1.

Table 1. Effects of polyamines on Mg?*-and L-glutamate-induced *H-TCP-binding'?

Modulator Condition ECsx
Mg Control 11.443.14
+Spermidine (3uM) 9.37x1.75
+Spermine (1M) 8.53+1.75
(M)
L-glutamate Control 229.9+£51.3
+Spermidine (1uM) 39.6+ 2.2 ﬂ*
+Spermine (0.5uM) 39.2% 2.5
(nM)

! Extensively washed synaptic membranes were incubated with 5nM *H-TCP and various
concentrations of MgSO, (1-1,0004M) in the absence or presence of either 3uM spermidine or
1M spermine, or various concentrations of L-glutamate (0.01-1004uM) in the absence or
presence of either 1M spermidine or 0.54M spermine. The ECs; were derived from linear
regression analysis of Hill plots. The binding assay was performed in triplicate.

¢ Each value represents the mean+SEM calculated from four experiments.

* Statistical analysis was performed using Student’s t-test.

* p<0.05

Table 2. Effects of L-glutamate and glycine on Mg**-and spermine-induced *H-TCP-binding®

Modulator Condition ECq (uM) Ratio
Spermine Control 1.58+0.15 1
+L-glutamate  (10uM) 0.48+0.08 0.30
+Glycine (10uM) 0.68+0.01 0.43
Mg 2 Control 11+2.1 1
+L-glutamate  (10uM) 1.9£0.6 0.17
+Glycine (10:M) 8.4+1.1 0.76

' Extensively washed synaptic membranes were incubated with 5nM *H-TCP and various
concentrations of spermine (0.01-100uM) in the absence or presence of either 10uM
L-glutamate or glycine. The ECs were derived from linear regression analysis of Hill plots.

The binding assay was performed in triplicate.

? Data from reference of Hori et al., 1930

* Each value represents the mean+SEM calculated from more than three experiments.
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Fig. 2. Inhibition of polyamine antagonists on the Mg**-in-
duced °H-TCP binding. The effects of increasing
concentrations of polyamine antagonists, arcaine (open
circles), DA10 (closed circles), DET (open triangles), and
putrescine (closed triangles) on the °*H-TCP binding
enhanced by 100 M Mg?* were determined. Results are
the average of triplicate determinations from a represent-
ative experiment that was repeated 3 times giving similar
results.
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Table 3. Effects of putaive polyamine antagonists on
the enhancement of *H-TCP binding by Mgt* '~*

Saturating Condition Mg*(1002M)
Antagonists ICo (WM)  Hill Coefficient
Arcaine 6.80+0.11 0.94
1.10-Diaminodecane 10.7%2.54 1.15
Diethylenetriamine 14.0£3.32 0.68
Putrescine 53.81+6.73 0.67

! Extensively washed synaptic membranes were
incubated with 5nM °H-TCP and various concentrations
of putative polyamine antagonists (0.01-10004M) in the
presence of MgSO, (100u4M). The ICsx were derived from
linear regression analysis of Hill plots. The binding
assay was performed in triplicate.

? Each value represents the mean+SEM calculated from
three experiments.
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Fig.3. The effects of DET and putrescine on the Mg**- and spermine-induced *H-TCP binding. Concentration-response curves
for Mg** (A, B) and spermine (C, D) were determined under control conditions (open circles) and in the presence of 0.1 xM
(closed circles) or 1 uM (open triangles) DET (A); 1 #M (closed circles) or 10 #M (open triangles) DET (C); 3 #M (closed
circles) or 10 #M (open triangles) putrescine (B); and 10 M (closed circles) or 30 M (open triangles) putrescine (D). Results
are the average of triplicate determinations from a representative experiment that was repeated 3 times giving similar results.
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TEIRVT7 I TR O
1eM L-Z v 2 3 VERIC X » THIBE iz *H-TCP #54 %t
THERIVT I VT VvEIT=ALOHRIT, FORBC L -T2
BCohhi. T4 vk DAL B EHREN I *H-TCP &
EhTECIMHI L2, DET &by vt L- g 3 v
B AIZ L - THIB S hic *H-TCP 42 2wl c & i
Mot L-Zvx 3 vED *H-TCP #& WM EA MH+ 2%
HONERFIL, TArad v (IC=0.51+£0.037uM)>DAI10
(IC=0.73+0.137uM)>DET, 7t L v & v (ICx>50uM) T
@o 7 (%4)
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Table 4. Effects of putaive polyamine antagonists on
the enhancement of *H-TCP binding by L-glutama-
tel-—Z.

Saturating Condition L-glutamate (1uM)

Antagonists 1Csy (M) Hill Coefficient
Arcaine 0.5140.037 0.65
1.10-Diaminodecane 0.73%0.137 0.94
Diethylenetriamine >50

Putrescine >50

! Extensively washed synaptic membranes were
incubated with 5nM *H-TCP and various concentrations
of putative polyamine antagonists (0.01-10004M) in the
presence of L-glutamate (1uM). The ICsx were derived
from linear regression analysis of Hill plots. The binding
assay was performed in triplicate.

? Each value represents the mean=SEM calculated from
three experiments.
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FLLESHEIN: (R 4B). ZHIZLETOHRED L X1 —FKT 5
YD THote. ML LA >, DET 27 aA vtk s
‘H-TCP #5&RIMMOME b BEKIEEICRITS €1z (K 4A).

VI. L-L I BEETICRTBRARIL IS ICL > THIS

&7 ‘H-TCP BEICHITBIRYFTIL T 424022
rFOBHFE

AYTIVTvEIT=A | ORBLENHEELI BMTT 54
B, 1M L-7L % 3 VBEETTASL § VIC K - CHIE
Wio HTCP HEEA~D 7 vR T=RA  DHREAHRH L. A
NIEL-ZNs s VX » THIBEhic *H-TCP #é&%
EHIEMEE, 1uM OBETCETORRGREL R L. —F
1M B EDBEED A~V 3 /3B *H-TCP &% 1l L
7o (K 5A).

ETDTVEI=A MNIBEDOERDIHLOD, 1xM L-7
AR IVEBFET DAL ¢ vOREBRE S, EEFHEH
W7+ i (R 5AD). ¥RV TIVvFIvEIT=X}T
5 10uM DET & 10uM 7+ v o > vid, HBOASL I v
FFETOL L D8Y LA D L= ¥ T LK AME L
Moto (K 5A, 5B). —F T 10uM 744 v & 10uM DALO
IR E TRCETHEAIE L (K 5C, 5D). 7AoHhag v
DALO I & » CTHRIZR N AHBO LN, 73 7 BRREY 7
VEBDT A=AV RFAETORERA VNV ERETHD,
MHEDOMENT 1M L-7 4 2 3 VB *H-TCP &&RIB R
T ATERBEHREHC LI b0 EE2bht. UEDER
B, 1M L7 A2 s VBERETFTOARL $ YIZ X 5
‘H-TCP #5& WM Re MG+ 7514 v & DAIO D& 5
2, b DET 7 bbby v v THELREER I DRV
DTHDH I ERRLTWI.

B
o Control
1004 0DET1&M
A DET 10uM

o
o
1

3H-TCP Bound
(% of control with L-glutamate and glycine}

o

100

o
o
-
)

[DA10] uM

Fig. 4. The effect of DET on the inhibition of the L-glutamate and glycine-induced *H-TCP binding by arcaine and DA10. The
effects of increasing concentrations of arcaine and DA10 on the *H-TCP binding saturated with 10 M L-glutamate and glycine
were determined in the absence (open circles) and the presence of 1 uM (closed circles) or 10 M (open triangles) DET.
Results are the average of triplicate determinations from a representative experiment that was repeated 3 times giving similar

results.
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% 3

[. B8 Mg* BEELRY T I - HEEEIORRER
NMDA HZ st AEOBIELX RETT2 Mg™ &, A~ 3
SV, ARV I VEWSTER YT I VORBEEHBM OO
T *H-TCP #HERICTHRE L.

ARRIZEWT, AL I VERARL IO VIR LICBRE
FRTCBNT, L-7AF 3 VB X » THI S s *H-TCP
EAZHMNY (additive) WM I ¥ Tz, Z ORI
Ransom & Stec @ *H-MKS80l #&EBTHEILAAL I VD
L7723 s vB~NDOHREOC—KTHLOTHD, £V 7 v
B L-ZNx s VERESEM L IZ R AE ML E N LT *H-TCP
HETFBMLTWA I EERLTWA.

—J, 1uM A-ov 3 vl 0.5uM 201 3 vz Mg* O
B L7 *H-TCP A H HMencm 2T e, KhEVER
EThHH3I MBIV 10uM DAL s 2vE 1 uM BIV3
UM DAL VT, IS X BT A ot ZORERIT,

>
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3H-TCP Bound (fmol / mg protein)

0 T T T T
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i

ERLEREYVT i vE LAz i vl TEBd bRl X
5ic, BOKEMAIIERATA 7 T =R PAURTHEERE X
ETFRLADBO0THS. TOERLELTKL LS5 TRL,
Mg &Y 7 vDd-o *H-TCP AWK LT 2 kxR
PEELTOWATEEAEZLNE. Ticbhh, Mg BED
HIMCHENA * v F v VRV STEMLI N, D7D Mg™ %
TRV T S vOMFERMES X v B LT, IR D
H-TCP #EA&DHEMFFAELTCLE > A THS. The L,
IVEBREORY T I VAT THMWHRARD bhich -
oL HETES.

DL B, Mgt Y7 3 vat H-TCP &4+ RIT %
DIH AR ICESHAENTHNRE 520, K1 ORERE:
SITBONC e bt o, MEFLVCEELRIFLD -
T NMDA BZABEAEOBEYRWH T L 3ERATE
7.

BEAE Mg BABIERY 7 vRESHAOEMRICOW
Tk, TEEREEERC LI 2MANGO0EESA TS

B
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Fig.5. Effects of polyamine antagonists on the spermine-induced SH-TCP binding in the presence of 1 uM L-glutamate.
Concentration-response curves were determined for spermine in the absence (open circles) and the presence of 10 M (closed
circles) or 100pM (open triangles) DET (A); 1 #M (closed circles),.3 #M (open triangles) or 10 M (closed triangles) arcaine
(B); 1 uM (closed circles) or 10 #M (open triangles) DA10 (C); and 10 uM (closed circles) or 100 #M (open triangles) putrescine
(D). All assays were carried out in the presence of 1 uM L-glutamate. Results are the average of triplicate determinations
from a representative experiment that was repeated 3 times giving similar results.
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Sacaan & Johnon® 3RV 73 v 7 v 2 TR FEIATHD
FAHAVH, AL IO vE Mgt DD *H-TCP #4&#
B RAEANCHE T L2 RE LTS, ZOBRITA
L3Py e Mgt BRI UEF T H-TCP a4 fiBTsz
FRLTWA., L, TAAL VYRRY T IvTvEd=R

FTHHZERRTAREDRINTETCEY, ZOKRLE
BAHDORHMBBINT LS. T hA v ORESHEEIC O
TR ERTS.

Wong B3P A= 3 vk Mgt @ *H-MK801 &A1 st-3
HEBABIMTH B L |E LT 5. kinetics DEERD HIT,
SH-MK801 56 % 7213 *H-TCP #& i B\ TEERE D Mg 2
HAERELMEEEOMALEMI R LVIOBEREEIL
CTLBY Ffr —HTANL T 2wt H-TCP 4 mEE 4 1
MBI RHEELHAVERDILEVIFERIBLLTY
A% Wong HOHE - Z 2R Lz kinetics D&V, R
RIS VOHREE Mgt DTN ERRFITELLOTHBE
Erbhb.

AR TIL, L-7 Az s VR ) v v EE FTO Mg &
A3 v D H-TCP RE~DOHREBH L, MEOERLR
YA Z LA TE 7. Ransom & Stec® Dés Lz AL § 2
iz kb *H-MK80! & # st LT o ECo fEIE, 10uM
L-Znz i vVBEETT3.0M THbH, 10uM 7V >~ v i1
TT6.2uM THote., KABEOA~L I ViIZ LD *H-TCP &
BN LTD ECy X, 10uM L- 7V % 3 VEBBFEET T
0.48u4M THbH, 10uM 7V o~ v IFHET T 0.68uM TH - 7.
Ransom & Stec'® #45 Lz ECy fHIZHSWT AL I O
12 X% *H-MK801 #EA 3% ECy [HOABEH LA &
A, WRBRAI0M L-Z v x 3 vER D 1M Y v v =
1:0.20:0.2THhhEADHERLEBE-HKTEIDTH-
o, ZhABE, L-ox s vEL 7Y v vn, *HTCP #&%
FMT 2RV 7 I VORRELRBECEDTVH I EERL
Twab. —FT, Mg¥ 12X % *H-TCP #4#Emcy LT
ECu fEDDHZDAEH LcEZ A, MR +10uM L-71 2
SV HI0M Y v =1 :0.1T:0.76TH-7-. 2Dk
51 Mgt 12X H-TCP #BARIBCR LT, 73 VEICL S
%4 (modulation) DREIE S Z 213, S Mg &4%
M L-Z 2 vl 7)o vt O Ric > BEXTEMX
NTCOBHBIERRLTWA, B, W7 ¢ /B & A4
NABETH 72KV T I VRSN ERL - TWB I &M
L, BEAM Mg” ety 7 vREAER LIRS
T TH DAL REL TV 5.

LR U B@iA ISRt A A, Mg AL s vtk
5% %2 DH-TCP #HANMhRicw LT 751 v, DAIO,
DET, h Lo vdWwattRY 73 v7vEa=RA NOHE
RELE. E2TORYV T s v7 v & =2 ML, 100uM
Mgt & 1uM A3 Vi - THIBE i *H-TCP #a%
BEKTHECSESICMEL, Lrhd7vat=x izl 584l
BOOIEFE, ARHMOBETIIA—Th-7z. ZhbORE
12, Mg & x-r 3 v *H-TCP #5&HBEh R S0 L 28
FTRBELTWDAHENERETALDOTH7.

RIVT I V7 varaT=AMTHB DET &7 Ly v vkl
W Mgt A s v *H-TCP AR ROMEgLR % X
LI Lk h, MHERET 2=2 b ORRICK LEAH
FflZR LTz, DET 1KY 7 3 vEEAIBAL~ D BIRI

OEAMT v E T2 P ELTERTAZERDY, ThBOD
R Mg 0 HTCP fARMIER R A Y 7 3 VA HH
CR—EABCTRE LTS, FdBEEREERAD S
ZEERBLTVA, Zhiz, ERLAERLIARTEbDT
BB, ZOFBEOWTRDOBILELETS.

Williams BMi#Y 7 3 v *H-MK801 & ORISR,
T bV vy BRERIICERTAERAYBE LTS, XER
EEWTS, TPy v vBRY T 3 VEESRMICHEARICE
BT AREIEOLITWA. & Z A, Sacaan & Johnson® it
AR I OVIZE > THIMEI e *H-TCP At LT b
Ve Y YREFEETHCHB T HEL LTV B, 1,
Schoemaker H5# DAL I VRARAL I PV ER UMM L FH
;T HE XN TS Heifenprodil OFESERICEB T, 7+
L v ¥ v *H-ifenprodil DRE-SERAIIC L BRIMS Hicic &
WHOBELRDONRA. kiR LiBEDOBE L AEREROM
DFEL, BEERCHCOALEEROBE OB\ VCERS
HLDELHERZINSD.

KPFFEDOLRTIE, BEMKPEEL TV H-TCP #4%
BT IHNREDEORE LB IW L 5D BEOHFEER
EMALTED, BE 10ug HY4% RIS 200u]l TL v+ o
Ry g VET- TS (T bER S0ug H2%/ml). %4
Williams & & @8I E A T5xg H%4/ml & 3L BEER L6
LT3, —F T, Sacaan & Johnson (ZEE 200ug H2/
ml &L O BGEENMBECTRRL TR, NEEHE? I+
Ly v D *H-TCPREANDHREY T AT Y » 2IZBHMiLT
Wi Z EARBEEI D . Schoemaker & DEEE GBI ELHE 43
femot, ZOX5C, BEXT Ly vy vOHROKEIIZIE
WRBEHEL TR OB LERDS. M5BT, 1M
L-7nz 3 vEBO I L7 *H-TCP £4x LC DET & 7'+
Ly v U BETOHGISEL R LD, BEFETHHRAKED K
V7 v T AR ROcd EE L bR,

FrkdBE, Mg 1wk H-TCP E&dBucs LT 3/
B X BBHMOBEIES T L, RN Mg &aman
LZng s vEgEZ) v umbRE-BERXTEBEHIA T
HIERRLTW ., B, @7 37 BhboBHARRE
ETHotef YT § VAL E RIS 5T B Z e b BEM
P Mg* SBT3 VRSN E TR B TH
Dulged RE LT, —HT, DET &7 b Ly v vid
Mgl &£ A1 vIc kB H-TCP 4 OB B s LEA
MEIHIE R LT e, Zh b O#RE R Mg @ *H-TCP £ &4
BMSRNARY T VR LA AR CCRAL T
Bh, ERREELGEENAD D Z L ERE LTk,

IHBEOHRTAHEELHET LR 200MRBEL HR
B, —OREEE Mg AL ERY 7 3 vRATLIRSE
BT R AIMATIED DD, RV T I vFTvV/EIT=AHL
COEBENHENNELL WD EVWEBRTHS. $ 55—
1, Mg &RV T 3 ViA—EAE N LT *H-TCP &% R
WA, Mg wisHy 73 vgaBuonie Ly, L
INEIVEBRET VUV VIRE 5 TR STEMAEEIND X
5 75X T conformation BWE(L TR EWSHIRTH D . HE
DFEFITEZIL WS ORD B R, KER»HLFOTHERELE
ETAHZEIEETHS.

S8, B Mg KEMALERY 7 I VEEEBNOE 4
X LBIRE DB e 7 Y2 T=A M- ERT, T
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I. 4>R—AF7IT=ZAMELTDT7ILAALL

TARA L, AUL T OV RRIEL - *H-MK801 #& %
‘H-TCP #AXEERE®ICHFITEZ NG, £V 7 I vig
BWEALANDEANT v 2 T=2 L LTEBIRTE PO,
LBL7Ad4 v, AR vRARNLI SV oY
7 I VOFFETFTCEBWTE 2, *H-MKS01 % *H-TCP D#
EREEEMH LT AZ EARERA IS I - TE
o, TOBRSIELTL, I{ERLTHIeREERCEET
DRAWEARY 7 I VIR THEMERETAEL TP N DHDH—
FT, TrdA viEY T 3 VEESHREADS v ARA—R T d=
A b (inverse-agonist) &+ B AIFEM:E HIEH I ATV 5%, BB
FETWT Vv A v OFRBEZIENELE BT AR EI R
Tb.

FTTThhA vOERBRENERAY, £ 7 I vORRHS
OFEAMT v EI=A s EENBDETHE, RV T 3 vEEH
DA v AN—AT7 T=2 + L8R A DA DA LB LT
B LA, M, A vA_A—27d=x L}, }ETHT7IT=2
FER-BAICERL, L 722 o3 OMBEELR
T HBELE%RT .

AEERI BT, T4V EDAIO R I MO L-2"V % 3
VEAHHRIB L 72 *H-TCP A% BEKFHCSESIHIEI L.
SBHE DET &7 F Lo & VIZRARIENIRD Hivich -
. BERAEENERCBVTHRAEEEREIADOLTE
D, ARNLVIVIEFETREBWTT A4 vE DAIO
NMDA & 27V vizXkAHh Vv b (current) % DET 7 ¢
Ve v I hEMCHESIHILREY 235, ChboRE
BT Ah4 vOERM DET £ b, LA DAI0O LA UEAT
BOLIEETFRRLTWSD. LI, TAiafvndHY 7 viE
HBETFTCLAMML-ZV % 3 VBBIZ X » THE I iz *H-TCP #
BERREECIMEI LI &k, A v R—A T IT=A THDARE
MESTEHETHEHRTHS.

TAHAvE DAIO X L-2z s vERE Y VIt T
BRI X hi *H-TCP #at T iHL, £omED
HIZ R DET € X » CTHE U CTRE I, Zh 5D
Rix7ng ve DAL OIfIZ R DET O AL & [A—
AL, T7ebhbRY T I VEAFMENLTRER LTS L E
ERBLTWS. M TAERX LA s v AL 3 v
OB R LAAGEHERA%ZRL, Lk DET 7+
Vo v VORKIRIRE L LTELLHVLDTH -7 (K5).
ZDIBCINbLORERIL, TS VHESHICRY T v
TwvarIT=AID DET kv, LLAKY 7 3 VRESHA~D
A YVR—=AT7 A=A MTHBDAIO LR UEAEY D - TWBZ
EERFHRLTWA. XBIZ, Sacaan & Johnson MHEER S AKE
BRCEE L Mg 1w X % *H-TCP &a MBI RE T A1 v
RHEI Lz 213, 4 vA—R7 T=2 } & LTOMEIERK
IBLDEHEIh, ZOKRIL Mg™ LRV T 3 vORKSE
HAOHEREYM LD Z LIZBEU TRV EELORS.

= E
NMDA MZHEA & v F +» VA VEEBOBELY R T5
BRI Mg BAMERIOHEY 7 3 VSO 2R
Raptw, Mgt, BV 73y, Y73 v7vaa=A Bl
U7 3/ BEOHEERAY *H-TCP BAERITTREL, UT

i

DHRZ B,

1. BBEDRY 7 3 Vit Mg* 12X 5% *H-TCP &3 %
I Z R T edy, I EBBEDHRY 7 3 VTN
H7e *H-TCP & oEIIBdbbhish 7. —F, Mg¥ &
X% ‘H-TCP #AFMOBAL R D, SEKRHN LBEDE
V7 s v L7z 3 vERIZ LB *H-TCP #& 0B 4mn
FCmI e, Zhix, BU7 3 v L-7 A g 3 vigRs
BERAL L IZRTL B EA R/ LT NMDA RS REE A4 R
LTWAZERRBLTWS.

2. 10uM L-Z0 2 3 vERE 10uM 2V v i3, *H-TCP #
BEFBT DAL vORMELrHBEECHENE®S -k
T, L-Z 2§ VERZ CH-TCP &8 % fli3 5 Mg OBF%
YUV I DERCEIBEMIET W, Thi, B
Mg* RERBMAEY 7 3 VBB LRI AHMTCHD Z
EERTRBLTWA. ¥k, BAMRI T I VT VEAI=X T
HBHDET &7 vy wid, Mgt & AL 3 VIZ X - THIB
Ehic *H-TCP A% ELbLHEANcAEl L. T hix,
Mg B3RV 7 3 YEEEIM RN LT *H-TCP #&a2HL <
WA ERFRBELTWS. ZhALOMEKTARERET, Mg &
KV 7 3 vH NMDA HEZAGEAEOBIEL AT 01,
A—BFEN LTV LWATEREEZ R THDOTHS.

3. 7AHAvEDAIO L, 1M L-Z A& 3 vg, 100uM
Mg? & 1uM AL 3 vIZ L TR X A *H-TCP #& %
BEREERCHE L. Thofflogint, 8o DET
IhECLDTH -7z, 10uM DET 1%, L-7vx 3 vigk 7'y
vz kB H-TCP #AoRBENHTHAT A4 v &
DAI0 DRREELIWMBI LT, THHDORRIL, TAHA v
2ADAI0 LB UFERERHEORY 7 3 VAR AD A v A= 2
TIT=RAMTHB I EERLT V.

LAED#ER? S, NMDA BZEEA v v VRV EAEE
ORI, 73/ BOARELT Mg LRV 7 I YIEsTh
AMERTVAZ LWL st LndEh S5O FREH
7 (FEA AL DB E 2« Rz b, EVWKEERYRIELD-T
WBZEBRLT W, ZTDX 5RAFEDOKERE L, NMDA
REZRENFRECEEH 2L  ORFCLREWC, PREEMNCH
ETA Mg ERYT7 I v FORECHEBICHEE LTVWAR
EMErRE L T,

E: | B

FrkrswilEs, g, BAEHYE L ¥ LGRAHRERAR
FEYHEM B RARCHBELYRLET. 3bk, BHEOHEHEELE
¥ LB B R A P eI B P TR ER S et 2R R, WL
AFTPRA, BRERTLKERPRGAIET R A&, R
WA B AR ERBE R AR R e B R A L T
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Abstract

In recent years, a specific subtype of excitatory amino acid receptors, the N-methyl-D-aspartate (NMDA) receptor, has
become a primary focus of attention because of evidence suggesting that it may be involved in a wide range of both neuro-
physiological and pathological processes. The NMDA receptor is thought to be a receptor ion channel complex containing a
number of distinct recognition sites for glutamate (and NMDA), glycine, (+)-5-methyl-10, 11-dihydro-5H-dibenzo [a, d}-
cyclohepten-5, 10-imine (MK-801) (and N-(1-[2-thienyl] cyclohexyl)-3, 4-piperidine (TCP)), Mg*, polyamines including
spermidine and spermine. This study was designed to characterize the high affinity Mg* and the polyamine recognition sites
regulating the NMDA receptor ion channel complex. Using *H-TCP binding assay, the interactions of Mg*, polyamines,
their antagonists and amino acids were investigated. Spermidine and spermine at 1 2 M and 0.5 x4 M, respectively, but not at
higher concentrations, further enhanced the Mg?*-stimulated *H-TCP binding in an additive manner. Unlike Mg*-stimulated
*H-TCP binding, both polyamines at concentrations examined produced additive enhancement of the L-glutamate-stimulated
*H-TCP binding, respectively, indicating that polyamine and L-glutamate stimulate *H-TCP binding by acting through dis-
tinct sites on the NMDA receptor ion channel complex. On the other hand, both L-glutamate (10 « M) and glycine (10 4 M)
increased the potency of spermine in enhancing *H-TCP binding to a similar extent, while L-glutamate increased the potency
of the Mg* enhancement much more than glycine. Polyamine antagonists, diethylenetriamine (DET) and putrescine, inhibit-
ed the Mg™*-and spermine-induced *H-TCP binding in a competitive manner. These conflicting observations indicate that
Mg* and spermine are unlikely to share the same mechanism for enhancing *H-TCP binding. Furthermore, these suggest the
possibility that Mg* and polyamine modulate the NMDA receptor ion channel complex acting at distinct recognition sites,
that is, a high affinity Mg? and a polyamine recognition sites. Additionally, arcaine and 1, 10-diaminodecane (DA10) inhib-
ited *H-TCP binding induced by 1 xM L-glutamate, 100 xM Mg* and 1 4 M spermine in concentration-dependent manner.
Their potencies were much greater than that of DET. DET (10 M) attenuated the inhibitory effects of DA10 and arcaine on
the L-glutamate and glycine-induced *H-TCP binding. These indicate that arcaine functions as an inverse-agonist at the
polyamine recognition site as does DA10.




