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NMDA 24K, i 40 8 IR Gk P 1A 188 1 ] LAE %
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FIHRTRIE, FHT X5 NMDA SZARNE 5 () 25947558
e, BV R I R B 0 e 43 0 LT & 1
NR2A. NR2C. NR2D #I NR3 W 547 ) NMDA %%
(NRISE R
2.2.1 NMDA Z{RIF R FE 37

WHIRILE) NMDA AR Pl —Fh3g 4 bk
PR, 1EH T NR2 WA BB 2R A0 A1,
WREPHERA —EWEHAE 1 o— R
PR FERAT S, Hohr —J& (R) -APS. (R) -AP5
5 NMDA ZARNIEM s e ST AR
WAk, KRB E AL, 2y hak2 B )
(1) NMDA SZ AR50 XM APt B —E
R, WAFE RS SHEF 0 NR2A >
NR2B > NR2C > NR2D, {HEATS5AF W E LR/ S
2 SAARN ONF 10465, £ 1D, BIbAHE
FeX 5r NMDA 5244 177, W A% Bk 2 M i e ok
A AR T8 R 52 PR 1 NR2 E B (R LT 41
IR, CILRES WA, E SRR T 4561
10 NMRIERRIRIE R FELRSF o« AR, B =4k
AR )57 (three-dimensional models) , #7874

[F) NR2 MV A7 B4 A A s A G AFAEAE I LA A
P e MRk . X IR R A TR SR 45 &
PL RN FAL A A e BA XA [F NR2 ME A7
MSRAOEREENE, W RE/MILEY) PMPA A
(R)-APS5; 1fi K4 FAA RS HUAIRnT LA d i 25 (/] 3L
NSRRI NR2 WP ERAIEHEE, 41(R)-CPP Al
(R)-AP7, ‘EAI TN NR2A FIFH I Az X T4 NR2D
(% 1) B, Novartis 2wl Wl (9 1k &4 NVP-
AAMO77 & BEA B RIERENEN 5 — M5 4 R b
5, e EPRE BRI NR2A W AT o Sl (KA GTIRIE,
Z N NR2A LA (R B 506 NR2B W SLA47
3R 100 £5% HZ S TR, BRI A
P2 AR 10 f5 224510, B4, bRt
Ff5 NR2C Fil NR2D W HLA [) NMDA 5241 5134
R, B, EHFERET NMDA 2k WRE
G REHURIIBE TS TR QI — e (3R D,
Bk LA b T I & RIATT afl HE 4 T 2 R 4 5 e 1)
s, WEKIMEMER T H RS S0 S0
FTAPEREPUR, (BRI B G A
PEo X FER IR YER T NRL WAL H
RIREE A, T NR1 P47 20 i NMDA 3244 Bt
WM. BT, & GluRS MV BT 1K N\ BERSZ Ak
(B MR BRI R B, K KR IT & S
T HGE R NMDA 5244 F HE R 5 571
WA, BUAIZSZ R BAT L oAt 2 B 45 89 52 14 AH
BRI RS R 7 5

%=1 NMDA ZRE S MR HIH AT B 13 145

Ki(uM)*
Agents Bingding sitt  NR1/NR2A  NRI1/NR2B  NRI/NR2C  NRI1/NR2D Selectivity Limitations
(R)-AP5 NR2 ABD 0.3 0.5 1.6 3.7 2A=2B>2C=2D
(R)-AP7 NR2 ABD 0.5 4.0 6.0 17 2A>2B~2C>2D
PMPA NR2 ABD 0.8 2.7 35 42 2A>2B~2C~2D
(R)-CPP NR2 ABD 0.04 0.3 0.6 2.0 2A>2B~2C>2D
NVP-AAMO077 NR2 ABD 0.006 0.06 0.01 0.04 2A~2C>2B~2D >Poor selectivity
PPDA NR2 ABD 0.6 0.3 0.1 0.1 2D=2C>2B~2A [ (<10-fold)
7-CKA NR1 ABD 0.6 0.2 0.1 0.6 2C~2B>2A~2D
5,7-DCKA NR1 ABD 0.03 0.05 0.2 0.09 2A~2B~2D>2C
CGP61594 NR1 ABD 0.4 0.04 0.2 0.3 2B>2A~2C~2D J

K values determined from the inhibition of NMDAR currents recorded in Xenopus oocytes.
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TE FFL A 208 2 A HL R OB ke R, AN BRI 3
NMDA ZZ R[N RE AL, 5] Gt BRI 7 2 2R R e
(PCP) FIGUREHR LA K PR b R F (1 26 4RI 4x W)
il (£ 2) o MimEEErE NMDA 52 44 B 5
dizolcipine (MK-801) , X} 4 NR1/NR2A F1 NR1/
NR2B VB4 [f) NMDA 324K BV E I s 51
NR1/NR2C #1 NR1/NR2D ¥ ¥i4i7 () NMDA 344,

RIS I ZE AR LN, 2028 10 5 (R 2D .
WA, Z R AR B AL 52 A T T B A

A, Wk argiotoxin-636 1 N'—JFEE (L) —
Kl . X LCIEIE P A0 5 NR1I/NR2A B¢ NR1/
NR2B 47 [ NMDA 32445 S BHImFE L, ¢
54 NRI/NR2C 5% NR1/NR2D WV #£7 [F) NMDA
SR BHIE A 3 50 152 220 L i H AR B
T 3 BELI 7056 5 45 NR2A 8% NR2B WV #7 [) NMDA
TR BAIEREEBER, Bt 2 —R R mE
1) NMDA SZ/RBHW 7 SR170 ] H {7k ik, X8k
1 0 T L DT 7710 7D 2 ) 2 A v oA e s U411

% 2 NMDA 5138 & PR B 37 930 B 3% 3% 140

ICsp(uM)at —60 or —70 mV*

Agents NRI/NR2A  NRI/NR2B  NRI/NR2C  NRI1/NR2D Selectivity Limitations

Mg** 20 20 80 80 2A~2B>2C~2D

PCP 0.1 0.1 0.2 0.2 2A~2B~2C~2D

Ketamine 0.7 0.5 0.5 0.7 2A~2B~2C=2D Poor selectivity

Memantine 0.9 0.8 ND 0.5 2A~22B~2D (<10-fold)

(+)MK-801 0.01 0.01 0.1 0.1 2A~2B>2C~2D

Argiotoxin-636 0.009 0.005 0.46 ND 2A~2B>>2C~2D

N'-dansyl-spermine 0.3 0.3 16 13 } -50-fold

*1Cs values determined from the inhibition of NMDAR currents recorded in Xenopus oocytes or HEK cells.

% 3 WEGEF MR NMDA ZRZTHmEIzC7.
ICso(uM)*
Agents Bingding sitt NRI/NR2A NRI1/NR2B NRI/NR2C NRI/NR2D Selectivity Limitations
Zn** NR2A NTD 0.02 2.0 20 10 2A>>2B>2C~2D Partial antagonist
>100-fold (maximal inhibiton ~70%)

1 glutamate affinity
Low ‘efficacy’ on NR1/2A/2B and
NR1/2A/2C triheteromeric
receptors

Ifenprodil NR2B NTD >30 0.15 >30 >30 2B>>2A>2C=2D Partial antagonist (maximal

>200-fold inhibiton ~90%)
Ro 25-6981  NR2B NTD >30 0.009 ND ND >3000-fold 1 glutamate affinity
CP 101,606 ND >30 0.04 >30 >30 >700-fold | Low ‘efficacy” on NR1/2A/2B

triheteromeric receptors

*1Cs values determined from the inhibition of NMDAR currents recorded in Xenopus oocytes.
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2R B 1 FE 2 R r AR S I S e
T4t F BT NMDA 32 {&¥)4 —4~ N K4t LIVBP
CRER, mRaER, QAREGEED X,
ST WY 6 B FS B E T LIVBP B X 3 LA 4k
(R 38, AT ol Ay S0 B PR A g3, G s 1o
HTES FRETHEAMAER MM RN, Fibe
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SARPANEIE R 90% . | T/ EE 1
NMDA 5244 e of FE26 i Th e & 220111, PR Ix
ToPAS 584 BEL T 7] 0 20 B0 4 R M A I DK 24 ) e B v
WHAE—E R
2.2.4 NMDA Z{REBEBRES A

UL FTIR A S5 B T Ak, i A e
SR R GEAEFH 53 4b— 847 25K 7T NMDA 3244
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2) LA A X R AR R T (B 1, AL 3) .
HE AMPA S2 4R, IE07 Af LGS 4571 1E F IR AR A4 18 5,
PUBZNY L0 Al E AL S R S €L/} 10 S P U Sy
B3G5 A DX TR BEL T3 750 465 B X1 A R ohe sk
/> AMPA AR i SR TE 1) 235 tHT NMDA
ZARFI AMPA ZARBEN 456 X 1 451 B A 1R SR 1)
FRFE, IR NMDA 5244 AR Bh 7 45 & X 5
W GEAE A — AN BAh, T
NMDA ZARR /> BoR Bt eRe e, BIILTE RIG3) )%
TR FRnE A e v T4 8 NMDA 243
B4 A X ARSI i AR A4 i Callosteric
modulators) . JAF—/ N HE T NMDA Z4AIhRE
(7 1T REAFAE T BB R 46 & X s iy B2 Il

(H 1, A5 4) o 7E AMPA 24k, XAXIRAFLE

#H GYKI 2K (E3e P AMPA SZARFESLHD Fidt
7, WEIEHHI AMPA 32 L8k 10 HE 35 4 Mg
P, PRIAT D ERR LA AT 1E T NMDA %2 4ki%
A1 DX SR K R AR B A 22
2.3 =Bk NMDA Z{RHI 4B 4514

AU TH YA 19 NMDA 32442 15 th NR1/NR2 7
PSR 2B S DU SR AR, BIAEIFL CNS N 43 A i
J~o Il NMDA SZARMZA R NR1 #k, NR2 I H

PERERT LM A —Ff, Ry UG PR, tHFf NR2 T
A7 NR1 LT 20 NMDA 824k, 434 1l
W Z AR, WAEAE T HIM Y NR1/NR2A/NR2B
A7 N AFAE T/ i NR1/NR2A/NR2C 4407
o BRI, HEHRHT, Hatton F1 Paoletti Bt N H 3
DRl 74 1 24 B 2 5 v (R ge & W, 547 NR1/
NR2A/NR2B (1] NMDA 52 AAV 38R P H St 44 1B R
BT DL BRI AR R s R S
FIRCEA R 20% ;5 1M1 NRI/NR2A/NR2C W HLA
(] NMDA 52 ARMER AT LUl 857 8 2 BT, ok
ZSE R AR LA W AR B 1 1 T
BRI, LA H 60 BT A 24 B 2 T HR R W] R 58 4 B Wt
1 NR2A 3 NR2B W47 ) NMDA 5244, gy
BT AR B . PR AR AR AE X 4 NMDA
AR S BA R Z MIHREI R, HETJRA
T A S REE R INLIX 43 0 B = P A A L
o FEARSZEG WA, NR3 WV EA7 AT L NR1 A1 NR2
WL £55 TR NRI/NR2/NR3 = CFf) WA
i, RIS SRS AR 1 ) BE R R I R
K7
2.4 NMDA ZF 2R LEME RFIRMAVATHESR

T NMDA SZ24&5VF 2 i D RE 3R AL
5%, IR NMDA 5244 U281 g VR 22 5905 VA T8 45
24, B2, NMDA 32 4A7E DAy Rl F o HoA 24
R, IR T s R RS I NMDA 52 44
WL S, MR T R, RARBMEATT
OTo Mk (b RERR M) PHEIRAT MR
9o CHMAS: AR R0 7 20005 ) LU SS,  3mT BA
ST A IR KRR, 5 AT BRI 4
AL 80 AEARAT 90 AFEARK I NMDA Zkf5Ht
7, P B3] DU SR Gy X s, A T
HERZMEIER (nLh. IdiZmEshi k) mR
RERFH TG IR o 48 SRS HUFmD AN R0 A7 1) 3
PEPE T LUK BRI RIE R, Bk, L NMDA 54
SR P A A AR RS PR H T 9T S F R
I H R
2.4.1NR2B I i ¥R &5

WRTHTIA, 2518 NMDA 2 AR FUH il F 2L
HIRE AN TR, A1) TR
PEAEH T NMDA 44T B R Pl B w5 e &I
fICEIEH B NMDA SZARRE B2 SR I A AT 4
W), CAWEH T 547 NR2B WV 547 1) NMDA 244 N
Ko (ESLIREMMR [ CAFSE, NR2B EFIER
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PR A w2 A SRR RO e Ui 2
MR KPR E, NR2B EHFMERT
FIAAE L L—2 BB N A 1 B 3L
Fo S NBHEOZ, A, M=
NR2B EFEHEREHN], AR ARERE NMDA
ARSI R R, SR NR2B 4
PUAIEA SRS 2 BN, ] DL R
ol AR AP ERIE . 95 A% NR2B SRS
Fl e AR KL R, BE) B A A R e
MATFIWAR, XFEZE T2 fEA T hERG
— PHETE I A O IE R A, AN ARG B IR
Wk B B T e pHE T NN, B, X2k
B UR E 25 M R [R] 1) NR2B G B e i sn &
L, AEX SR 52 15 B R Y B AT W B P
M e
2.4.2 NR3A T B {if Ay #0

WA, NMDA 524k R ERIBTE PR A R
GNIMZTC b, RN A BAR b ik . AR,
BARHT TR, NMDA S2AAMAFAET B 4
Ji, T B AETE T E R > S A i . 2D 5 RE
AN B AR CNS IR eSS . WF9X R I,
W2 MBI GrAERNMREEERD w5k
DS A BE T R BRI A, AR 2 LT
BT E RGO, WIS FRERG. b
WAL RVERIAGIE . DAERII AN, X Rl Ay 2
JEHT AMPA SZA%/500 N B8 S2 A IR0 - it
TR, DT AN MY L BE R A7 (E NMDA 52
A, AFLEE M M I BE B F A Re SE A P RE A 1Y
NMDA 243 il e g B i i b, 68y
1) NMDA 52 /4 0 5 |85 B F R i 4 530
BEMHI . NMDA SZARFEHUF AT LABH (145 2 AR
FEFEXT R Al 5 R R BE A B B R E . BRI,
XL LW, BENS NMDA 24k B AT 54t
NMDA Z A R BB IERE, $ER3 e A [
AL . AU R RN, BESH NMDA &
F & ) NR2C F1 NR3A WHLAY, HEAIT ST 244k
TG AN REA AN M AR B e 7 BT RHLIT . Rk, &1
NR3A FI NR2C W FAA7 ) NMDA 32 44 i3 1 F 0
FHG A BH LR 4000 () = ZEIR YT R A H AT ARG
T NR3A WA [ 25 BR 2R g 2 b, R
WA PR g A 1 75 SR RF NRT WA R
B oAV AAHEREG A, XETRR,
NATRT LA A NR3A (R Bt RS B . 4R,

NR3A SHEBAGIER SRR, WENA
TRIEAN SR 650 159, X5 AR, fEARI
NR3A WV A7 ] fedle A JEE T 2R R ok vE 4 5, B
wTe S Rmg S TR E IR ER
SR ) SR NR3A SEFEMERS S 4 A IRIARGTT
B
2.5 NMDA Z{RTF1EBIERML
2.5.1 NMDA SR 25

— A, NMDA 244 F 20 AT 7E AT 2 40 fu i
SRR . FEXS AT AT TG, NMDA S22k 3 24510
TER SR (R S fid J M5, L 32 B4 AT 78 5 i i 3503
X (postsynaptic density, PSD) . {HIT R KW &
7R, NMDA SZAEAMUAETE T 5l G e, IBAEAE T 5
b ETIE . A A T 585 BUA X, 16574 T PSD
) R B AR S Al M B o 57 T 5 5 0% X LA 1)
NMDA SZARBEFR A 5l 5 NMDA 44, #5881
S fit J5 B0 X L NMDA 32 44 % B hy 2 fi J
NMDA %1% (perisynptic NMDAR) , £ W AR
5 filsh NMDA 324K (extrasynaptic NMDAR) .
IR I, SXfimAt NDMA B2 4R R B T2 4
LG 2T OF DACRTRTcy P 5 T I R =S e
DA K 5 i 31 4 S MR 1) i+ A 200 S fuh A A7 A
NMDA 52 4 1) e B 451] 5 2 /I o J2 T8 40 1 LA S A0 1Y
JEEAR L AN 03, AR e 20 L, NMDA 3244
AXAETE TS AR o 4059 1 S Ak i s 5 ke 2> i
BRAEREIT, XLEZ AR RIS ST =l
JEE IR AT R, KRR B 4 22 R A 5 fih
V) B v PO X L2 AR BESUR IR, TR R
GABA AESHIME P A4 28 70, NMDA 524k 2250 41
TR0 i o A AR S SR (¥ NMDA
AR5 Sl A ) NMDA 2R [R], e 134 AR
REE PR PE S R TS, WP Dl aed B 1
RRAMARED (uncaged glutamate) [ 777257 IX L
NMDA SZ AR IS U 5 R iE . NMDA 32 ARR 7T
oM T WA s, EAFE TR b, A
T I 40 3T A R /> 5% i S 4 Y, 3 e A 11
NMDA  SZAATE LA 20 i B 2 B R M 45 1T 3
HAARFTFMETCLA,
2.5.2 RAAFFARAMINE NMDA Z 1k

AR, A0 T 541 1) NMDA %2
KT L [ NR2B 1 NR2D W8y . 763 55
HITIRIFIX, 18 NR2B-NMDA SZAKFS B35 55 1
[l NMDA 324k BLIfL /N2 EE A R ) NMDA
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S AR RN S 2, IX & ] NR2B-NMDA 3%
W2 A7 AE TS oh o /NI 1) 5 7% 35 4 i g
o CAl XIWHEARNNE L, C&UFsE4 NR2B Al
NR2D 7547 (1] NMDA SZARAEAE T 547, ok
IR CAL AR TG BRI 40 i 14 45 e A % ik
HBA Ui AT DL OE X A7 A, I e 7 R T DL g
NR2B . FA F 6 26 754 LT 70 T LT *S) . Tovar Al
Westbrook 1F 507, EE:FR #0200 |, #4 NR2B
ME LAY ) NMDA SZARAFAE T 5 Al /AL . 2 NR2B
WA HAS AN AE T SEMIANBAL, s NR2A
PSR L R A Tl o BTSN, Sl
A7/ NR2B ¥ 947 £E NMDA SZAKEGE J& (15 55
A2 e A TS AT B AR o e mT LA ad ik
PHRT 1 (rasGRF 1) PYsifi74: 8 (1 AP-2 (adaptor
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Structure and Pharmacology Properties of NMDA Receptor
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Abstract: Within the large family of excitatory ionotropic glutamate receptors (iGluRs), N-methyl-D-aspartate
receptors (NMDARs) constitute a subfamily which involved in refinement of the neural circuits during development
and various forms of synaptic plasticity. In recent years, increasing evidence indicates that different NMDA
receptor subunits confer complex physiological and pharmacological properties. The number, distribution and
subunit composition of NMDA receptors are not static but dynamic in a cell-specific and synaptic specific change
during development and neuronal activities. The bi-directional changes in NMDA receptors are the basis of synaptic
plasticity remodeling, and the abnormal regulation can lead to the occurrence of nerve - mental illness, such as
cocaine addiction and schizophrenia.

Key words: NMDA receptors, synaptic plasticity, receptor subunits.



