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B, FEREWMOSHRFERLEEEOMINNIL, ZOEFBR THLH
—V T TAROERIEEOHEE . MiaEfORBELHREICAN T FL UL
SRR DL EN DD, ZLTATITIL, KERENES THY, v F 72
AR BT OME DL FRIRENE S Thh, =U N INfRBERE R R AL,
ZOERRIBVWTHEHEIND Y T T AEENRORHEEBOBEMELALINIL
7o RRICBITHEERBEMHRCELE > TODHDIL, ZVFIVEBREEIEY
TR THY., o-amino-3-hydroxy-5-methyl-4-isoxazolepropionate / kinate %!
TNEIVBRZFE AK-R) IZEDEIRRLS D BB T 7 2 1% E it (EPSCSs)
DEERT THD T T AMEEREOEROMTINL, B R T T AR ER
(spontaneous excitatory postsynaptic currents; SEPSCs) Z5C&#kL . #0345
FDETIRIE RS T 7 Mo ERROIEELL THW, SEPSCs DFHIRIEIL, 1
55 M O—BFaYe Mg*-free SMFIZIVIERL | HFRFERTOIRIELHTFANTH &
IR D DT, ZDEITY T T AMRERRORFRMEIRITD2<EL 1 Kl 30 43

P izl TR LT,
A/K-R O7 > F#T =X}, 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX)X%
O\, tetrodotoxin(TTX)% Mg -free SHFERICINZAAZETHRIRBNPEEINT
TEMD, ZOBBHRRIIL T T RAEBEKFLIZLOTHS, 72, N-methyl-D-
aspartate B/ VAL BEZ BIEINMDA-R)DOT 24 =2+ CH5 D,L-2-Amino-
5-phosphonopentanoic acid (D,L-APW)IZXD, Mg*-free §{485D NMDA-R @
[EMHAHELZLZA, SEPSCs OHIRITIZ b2 en>5 NMDA-R 257EMHE(L
T5ZLH SEPSCs OERICHATHOZENRBINT, IHIT, FU N IEFT
—ECZAETHILT, HRIIAFINT, ZOZENnL, NMDA-R OFEMHEIIZH
SRR IIN ST LD EFIZEY, ZoXrFF—EC (PKC) MEHILTHIENT



DIEFRITMIA THHZENTRIBENT,

B R ERRERTHHY 7u~F IR, RNA GREERITHLT7F
=AYy DY ZOMHEEE I =200, 15 430 Mg* free D EIIZ mRNA,
B EBPEFRICARENAZEDS SEPSCs DOHETRA I 4 DI DITMHETHD
ZEBALDER ST RV EARREREBRNR PIZ S 7anF IR EMA T T
A& MDD FIBIRENC S RV B AR ELT LA, FU NV EEREREL
ARLZ BN TO BRI ROFEN A ESNT, ZORBRND, DalEby T
TABMIBIZ BN TZOEBBRIINEH THLZ IV EERBITONTNHTLE
DAL ST,

EBIZ, FRICEREINTZ L I EHMALH OILE MR ER T LU CH
FRAMZ S T D RIREMEZ R BT L 72, Mg™-free SRHHIZEY, HBREFEL 0D
B, Z0O Mg¥ & & FoV iR EE L, 1ImM @ MgClL, iz CRE Ot
AT AR RICITRD I ICHREL . T R&EIME (CM)ELTZ, BlDE:
ZMO=2—a AL, A—IEBIEELITV., ZOCMERINT 5L, SEPSCs
DIFENEEIC LR L, MBERLLT Mg*-free ICLAHEBOFEEITORN
BEOTRFEMEEMMOERENO=2— 2 I EMU 2 BA 1T, BEENEI LN
LLHEEL T, ZOREI, OM RICEENBHE Tt Mg®free M L5185
BREIZL > TRHSNDZEZ R R T D,

Z0O CM 3B N7V AT AL TR SRR R o7 T e D,
CM ([ZEENHEEETIIF NI BHEOL D THHIENHALNER ST, F2, B
RIRT Y ARG EFOT4NE—T CM 240 HEL72LZ5, 50k-100k DEIAITIEMEH
HoTr, B NTE T ORI TN — B BE D FDOREINEDHILE
EETHE, HEEETFIIDRED 30k UL EDOREZBFFOZENREENT,

W, VTR T T AMBENRICE DD LI O OHERH D3,

w



AERRIZBO UL, BT FRSFPAIZ LD/ THIMAZ BRELZRIZBNTH,
Mg*"-free efth, BTN CM 1ZL-> T SEPSCs DA FEINASZENELINIAR
o7z, ZOZEIF CM HORFIZZ I 7ML T 22 L BRI B I 1
325287,

HNTFAF Yy C EDERIEHxRT—¥ C HESETHZO CM T
SEPSCS Diig%FE L7z, ZORERNL, CM IZEENLEFIE, Fo3oF% ) —
¥ C A EROREAIE BASERICEVEBI T2 803 RS, LR E % T —
£ Cid NMDA-R OiEMHALOEZ N7 E A FE CORBIZBEDOL FIREE m Y,
Fh, SIEAK LIRS R RO B A RERELRET CM A% Th,
SEPSCS DOIiRIBIZABITHEMLZ, 2028, CM FORFICEHHEMICITHH
BN TEDEMENBLELRNIEETRETHLD THD, UKL, Mg*-free
FARIC L DHEIROFBHEITIT, Mg -free RARHIZLRIERFBUCERENDTZL
BILATHTZ e fFETEE T NI, Mg*-free FHICIDERERDIEIRIC
IR ENDZ L R BH DT T T R E R ER F B METHY, Z
NEBRS DIDDERIBEERPMETHDHEEZDND, ZL /X EE Y
T T ABHBAZ BN THUHETH DS, BIU, HBIRICED T T T AL OHE M
N T T A BT (MEPSCs) T DFE R ORBINDZLENDLIDZ R E
HFIT T TR TE RSN, —EOFITHEERE L T 7 AR
YER T DAY 3L,

fEame L C SEPSCs DHBHIZIIZ L N7 EMEOILEMER T SN ZE D52
ETHY, ZORFOMHDIZDIE I NI EERBVLETHS,
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%1% i

EHME, RAMEICRRINDGV T 7 AEEDFEO TEHEHEE,
IR -FEOMRNRERLL T BB RSN TWIE R THDH, RIIEM
¥4 (Long-term potentiation; LTP, Bliss and Lomo 1973)i3iC 8 DRI ME
THHEVHE BB FE EEH2E HOLREIN T 5 Bach et al. 1995; Barnes
1995; Barnes et al. 1994, Aiba et al. 1994,), ¥£7-. EHHEFH L Long-term
depression; LTD, Ito et al. 1982)i3/NiXCTOIEEN T TR B o TWOBEEILA
DY, BEFE AT O ERNET VB REIN TS Ito 1986), LAL7R
Mo, NGOV F T AL TOERE IR THRESH, RS T Mo
BRI RE D TSN D DONITRIREL TRARE 3LV,

1. DT RERB OGRS

T T AMEEEEOFED LTP/LTD OARE THAHD, ZOAN=ALNIZR
EDIFRE =T T T XENLOIERHNE /N B FEROHEEL, 72/ aD
BER UIA7V 7)) el kA REREE e, T, NMDA-R Lib 72277
A, TRPH, FHV T TR (AL R F T R) OFENPRE SN (saac et al.
1995; Kiyosue et al. 1997; Liao et al. 1995), > 7 RAE OIERIFZNED LI
LIz CHRBITED, 772205, VALV 7RI, #iBET 5 AIK-R A
ENDZETER R T TA(T oAV N T 72 b, V7 ARTH
RADTEERE DGR ES B RIRL T T AENBERUTIZZ 812725, Liu Hid, B
B ERBE (VA RT AR B HE O NV EIVEBESEEBEES v -D-
glutamylglycine (v -DGG) ZHWT, FBE— T 7 RAELLIBITHT NVEIVER



IZRDYF T ABED, BAFIL TODNE I REHTL 72 (Liu and Tsien 1997), Z
DFER, INSWRIB DL T RE T E ROV T T AOF BEMICKREPLES I,
RbURERBIBEOL T TAERERF OV FTALIMNE, OV T RAEBRIZANT
TNEILEEREEAFIL CORWZEE TR TH D ThHD, LTP IV MEEME R ED
BRI DAN =R LLHOBHZLIC2D, LHL, Mainen HOHETiL, LTP 0F
HIZLoTid, AKK-R OBERFHEEERICLS EPSCs RIBDED #iffIIZE
LRhoTe, ZOZEIE, LTP ORBBUHW T T 7 RARTMROGEYE R &I
BALRF, F72, I FTRAB MO A/K-R O - BB E NEL TN L& R
BRIRIE YA (Mainen and Malinow 1997), OFY, $AL U R FTRADT LA
L MEZRE DFTLWY T FREALD RO FIREMEAS IR SN D, Kullmann 53
ALV F TR L, A AF =N =L 0 H L WA ZIRBL TN
(Kullmann and Asztely 1998; Kullmann et al. 1996), (L h 7R
NMDA-R 2N T 2BHOABEINDIL T TATHLN, BEINIZHREIL, 7V
EIVEBN T TABRIVIEAH T(RE AL — =) BEEOY T T A~ELT
NMDA-R Z{EMALT 2LV L THEATES, NMDA-R X A/K-R K07 43
YRR DEAER BN AIK-R PEMHLLARWIBEDI VIV BRTHIE
HALL1FA0 T NMDA-R EROABEINDLVIEETHS,

Fle, VFTAMEEOARGHEF AL T, bms F72iX 30ms ORHEMMRET 2
DOOREE B2 7-LED1% B D EPSCs ORIEL2% H ORIEOKREZZ BT
LT VT TRAMBIZB T LV T T ACEWEOKREHESER Pr)aFvHLE,
Hjelmstand 504 Tid, LTP X LTD ORI#Z TIO Pr i E{LLRd -7
(Hjelmstand et al. 1997), 512, Schulz HDOEWE Tk, T —R /UL R-T7y
U7 —3al (paired pulse facilitation; PPF) 28 LTP/LTD OFETE DL

WAL T ANEMT LU= 24, PPF O OBACITY F T AEROITEMEIZ O K TF



LT, FIERIOGEDE R EHRELFEIND LTP ORESITHENRDHDEN
D THo7(Schulz and Fitzgibbons 1997), ZiLHDHE Bid i HE AL D E(n)
DONE LTP OFBAEEL TWHZEE 7T, HL LTD A% LTP ¥ O3k EE
TRIA5IE, LTD Tk, ZORREFOR RBHFHINDH, LTD %, PPF ©
HiZ EF 950 T, LTD 1% LTP OB F RS TIIRNEERL TV,
LTP DA =X LU TR E RN E 2 DLWV ITREEB SR HDHID
WZEONDDNRL T T ZAENOTEREEE LTP OFRBLOBEEME THH, LTP O
FHiER 45 55T, AV ORIDEL/2Y(Rusakov et al. 1996), LTP 7% 24 K5
T ANNAY DIEEANZATETG (T T RBIEE AL T 7 AR EER~Ka A) IR DD
(Weeks and Petit 1997)EVOENH D, BEBRGEV O, BhFE — A A EDY
FTA5 LTP OFEIZEEN, — 2DV F T RABPER DL T TR ENS T,
EHER — BPIRZERBEE DT T T RAOEITIE DL, EVIHIBOT, A O H
B ZDHEEIRD P EDDLZE THRIBEMLOEE 2 DEWVOBERIES
T 5 (Rusakov et al. 1997), 2SN F 7 AEL OBV E R FIc L D8R
ZEROMELEROIBEIDHLH LN, 2L RDD, lRERFLEF 7R
FIEEME D B ML E B SN TVD, MR B R FICBEL T, I e Rk ® A
F (Brain-Derived Neurotrophic Factor; BDNF), =z —whrua 7 (-3
(Neurotrophin-3; NT3)7% LTP s5&E 52D #REER T (Nerve Growth
Factor; NGF) [3£72700 EVORER B EFR THH(Kang and Schuman 1995a;
Kang and Schuman 1995b), %7, BDNF T##L 7z LTP 12XV, v —H#/3—2R
N CEEE L LTP 1XFAZE (occlude) SH7RNAS, THXRFNE CHEEL - LTP
IFPAEINDLVIFERDD ., ERFIZED LTP 1374 XA-LTP O#ERFFEE3EE
DAH = A LEFOZE, Fo, IHIZ LTP QRN Trk-B HFLEK Y, HHLH
FiBxhiz BDNF-LTP (ZJVESND, ZOMRENRIDREREIE SR EST



BV, 30 43-70 55 LW HEE R Bl (critical period) 3 AL MAESIL TS (Kang et

al. 1997),

2. YU E LRI EBE

TNEIVBZREDOVBRE, LT, Ca I LviEHEFRfishoZ s
FF—¥ (PKC, CaMKI7Z2&) IZkDBInFHEE LTP/LTD OFREOEEMIT
DONTIHE, Bk & RER VRSN TED, RIE—DD BRI~ Thny,
EEBRICRV2ETE, MR, MTE OB TR, OB E NS SESERER
WV ELZTOLDLEDND, ZOHRT, ZoNIExFFT—BAPKANLT A7
Zv. 88 CAl MBI, R IREVLE Ok & AL TY T 7T AR R DEALIZ
BEL T, cAMP response element f&&4% /78 (CREB) 2 /1L CEE 5 EH%
FETHEIHEND S, Kandel 507 LV —F 1%, =7 AHE CAL BRI T,
PKA (ZIEfFL ., FHZ L VB G R E LBEEL2WH [ E (intermediate-LTP; I-
LTP) 355 L&1REL T D, LTP FEIITRITH PKA OKRFILLT, £9| BIE
#8 (Qate-LTP; L-LTP) DR IHEEFIZMNIE X 7B DY ke, I-LTP (ZHE
RITFAT 72— EEHEOME D A% E % ERL TV H(Winder et al.
1998), £7-. Huang & Kandel Hi, A7 b VED 2D ARTEMZ L%
F—E I (CaMKI)Z[HE325L LTD ZfHE 9525, LTP 13AEE 7. PKA %A
E9 5L LTP#AET255, LTD IFEELRNOEVIRERZ#H L %L 72 (Huang and
Kandel 1996), ZO#EFRIL LTP & LTD TR MIENERCERDPIBEIINS
AREMEE R CD, PKC, CaMK I iZ oW, ERICEREESCH OV VL
DEAWH LTP 12> TELTAIENHEND LI TV D (Barria et al. 1997,
Sacktor et al. 1993), CaMK II |ZE8L Cid, ¥4, Otmakhov H03E Xy hETR

DFIETHERZ RN T T AL E AL, CaMKI X LTP OFFE |



WATHIN, IS E TRV IEE /R L (Otmakhov et al. 1997), F7z,
PKC (ZEAL T, MIRSMCEEET D=/ h—F o E X —En PKC EHELFF
B, Zie LTP O EMEN FFEZIL TS (Chen et al. 1996; Ehrlich 1996), LTP
ExPRREYIZ /N LTD 12U Tik, Hartell <° Linden O#&EDIHIZ PKC, #
VRIEXF—E G PRKG)DOLEEMIIEEHRE 2> T H(Hartell 1996;
Linden and Connor 1991), ZD&NT, F 7 EHF F—BIT LDV BRIEDOHEH
RGO G, AL ERRICL THIIZR > TN,

3. 3NVEEHDLEE

I T AMRENRO BRI E L OBELL T BIEHIVITIEL Y
FTAMBEDLV IV E RO > THERF§T 2720 DF L R B E OB
JESEFESNTVD, ZOXRTEERIZET DRI OV T, ERARRPER
FEH FIEICE - THRBDHY, VT T AMrED R B ORFRRIB OL ZITx i T
BODENFITDOWNTHEE —FKE R Cuviany, 83, LTP 1Zi%, Ca* DAL
H—RERI7RIBIRIZ L DFREA, Z VBBl (Malenka et al. 1986) X°, #v/
NIBEEBRICEDBENE A HIFRMA DO Z>DHE 55 Malenka 1991;
Nguyen and Kandel 1996)&% 2 b3V TE2A3, BEZORFITBIRIZ/ > T5,
B Ex T — B OEARTEEIZ I AR O FEH LV R E (Malinow et al.
1988) R, WM DEICH D EARRERTH 7 = — AR FE T H5Winder et al.
1998) VO | IEBRH) RNWZ NI BEFUC LD BORIRRE | FLOBER
FLLBII A TUND, ZU /R0 B AR E WM D BIRIZ B\ CITE L AY7R3ERE D
— DI F T T4y —%7 (Frey and Morris 1997)& BRETHIZ L 774 A (Kang
and Schuman 1996)EV & THD, RIE L, SHRIEIZ Lo T T T AEMLIC”

T T T AT BTN RESIROEAETFEL-28 | OO DIEIEIE



RSN, Zha BEIEL CHIRE TR BRENTZ2 /0, mRNA BMEEDT 7
A EIN ALV D TH D, $BE 1. V7"7°X%B{j0>:‘<iﬁ{%ﬁ: CaMKII
2 PKA Y DEEERE, mRNAURY — LR E DS REBNERSN TR, &4
FIEIZ L > TRETZ X7 B BEEIZ LT LTP 2R BT VOIS T. 866
b LTP DY ARERMABATED, RETHZ LRI ERTCIHE BNWF I8
BB TEDN, ZhaRE§ 5845 L C LTP #i#% 20 49 ¢ NMDA-R @
P77 =yh, NR2A & NR2B 23—i@thic LR, FiE% 48 BEEfHECTE O LR

BRLNDHENIEDRHAH(Zastrow and Browning 1997)

in vitro TRONDBRDIERBR LT in vivo TRONDBRBHHIT T
P, MOBHES, ERFIE LOREOLDIZ, ZOMIIERBRONERHDD
BHRRTHD, HLEFERO—D>DORREL T, EROBRBEOELNIHD
WdD, in vitro THEXIRNIRH in vivo DEIREHEENELNRNTD, in
vivo TRISTHBERIELAC, W, U F PR EDRORBICE 53545
FaLOATY, MR EDFEMRT 21T In vitro DFRBEL T D,

INFTERTERIERBAZRICETIBROOILFIELOREEICE-T
BRE TRV RSO 00d D, FIZIE, VT T AEML O RE DL LR DB
BMEICBIL ik, A& TEORE T T T AN EBEL O OHEBREFHEL 74
I 720, ZHOL TR FEAE X CAVE R BB O 7 AL O BB LT
HEFERLOZONDTREMEDL DD, MM EL EE T FEBEL D OBROBRE
ZMZDIIE, FERROIIZTVEMABR RN LETHD, $le, REEBRHEZ DX
PNER AR RIS B OB BB ER L OOV TSN DDNIRE R BRE
THDHH, ZHT ATARERE W Tl A EEEASERRET L0
(R DD 72 MR IR CORBOFEH NI NI EL—RTHS,



LERRROITEVREYR G BFETHY, RLEICEHRECEYNZRETD
MBS R, 2O SR ERICHEEDRHD, ZDEINT in vivo DR TEIST
WHBRZZ JVEMREERTHERL, BN H LW REL in vivo DRIZT 4—
Ry 745 LITMBERER 7y F DB RE R B E Tt L CEAE T 22 DIIT R IEL
HLEMRIE THD, T, AFFE THWZ=UN IR KN EBES R R, KBIEE
BESTHY, VT T AMREDROFEICEE T FHEBEL BT
BRRFTHD, BT, VT T ARENRLRE T D0 FERETHOIE
WIS FREEE R RE RN T T T A EN R TM T D FELEIL, —DDRT
HBBAROFBEPORBE CO—EOEBEMRIT T 2R AT,



FE28 Mg*-free ZHICLS
27 RAMGEMER LM IERIRR OFER



B Jrm

Bliss HIZ&oTHID TR RSN =& BB 5 (LTP; Bliss and Lomo
1973)I3HE, WEOMHRIREHLL ThobbH b D ThD, VT 7A%E
ROWRIEH KPR Do TR T 2BE THY, /v I/ TU MU RV
HRCIOREREFAEL 2D O TIIETEES &7 7 (Aiba et al. 1994) 72L,
LiEE OBEMENHEIN TS (Barnes et al 1994), FfEHER CA1 THES
NOEHEMB LT, bolbBAMWREITHY . ZLOMARHD, ZOEHLICE
WTiE, NMDA-R (KL B E S RIBIN TD, BEEERNR. bLUT~TI
7 % ORYIEBFBIERBICLY, O F T ARMRO RS ESFHFEIL, Mg™IZ
&% NMDA-R DOENAKFRIFENSILT IS, NMDA-R i, Ca*iZxtL ., @&k

B\HEEZEFS NMDA-R 20 A L Ca’+ SIS R icER 2L T
ARENP RIS (Kauer et al. 1988; Malenka 1991), LTP 3 FRAAE I TAEAR
[EIEBMMTRICIVER %2 THLHR MRRIEENKTFEL T 7 AREPEA T DL
BEGITIE—RANZBLIEIND, BEIZBWThH, ZOHRZIELOHEMR A HE X
TNBR, Z D5 FHEBIIRTZH LTIV (Kiyosue 1996; Margrie 1998),

AHFFETHWIZ =D N IR RIS AEBERE 2 R IZB WO TIE, MR MO R KT
9. BREREIBEOCBRSR THH B XKML T T AR BERIBESIND, SEPSCsii,
ERERRLIIETLEE B RO THS E-E days I[TKFEL TEORIE - FHED
WAL, E'E days 16-17 TZE T 5(Kiyosue et al. 1996; Kiyosue et al. 1997;
Kudoh et al. 1997; Tokioka et al. 1993), SEPSCs |3 HEHIZ B 125+ 7T 8
Y, T T AMEEERETOIRTFOREREL TREDT vy EAZITIDITEL T
W5, £ZT, OO SEPSCs ZAMRBERT R RIZBITHL T 7 AMEEDEZREL
UTHRIT LTz, T T Ao EZ T DR L Tid, Mg* -free §:f4-% AV 2,



Mg*-free &3 Ca*F v RNV ZIEMALL THEHIRRD B SEEB 2 TEFL
L. ¥/ NMDA-R #EH(LTHIETIU T RIEME B EHI T80, EBEARTA
2ERWEZRTHEEINL TS Neuman et al. 1987; Psarropoulou and
Kostopoulos 1991), ARIZEW T, #EEHYZ2 NMDA-R BFEETHIELN, ER
AN, REHBRERIOREN TV A (Kiyosue et al. 1996; Kiyosue et al.
1997; Kudoh et al. 1997; Tokioka et al. 1993), FFFEDE—EXFELL T, AEBELS
BRICBITHERBAZOFEFTREEEZRIEL . TOBEBOSEAMITL I,

10



H2H MR ORI

1. =D MIREXKNO PR IEE

s 10 H(E10)DO=URENL KA IO HL, Ca*-Mg* TrED - BEiEE

% (PBS™) THEWV, BEEEZREL TARXT 2mm EREDYIFIZLE, 0.06% 7
2 (Gibeo £8Y), 10mM 7 va—R%E¢e PBS™H T 37°C T 30 4 HiEER LA
L7zDb, 8RR (R 1) THEER->T. NI TV ERELE, ZOHAFRAL
(FALCON -8 CEREeh» T 10-15 FE_y 7407 U T4 fEBES Y, 3bmm 7
4wz (Corning fEEDIZHIKRE B 5%10%cells/cm?® Tz, BERII2EH. 5
B2 ¥ (Im) A HL7-, R MIZHOUHARY —L - (Mw.300k, Sigma
B Ca—hL 7z, RY —L—-UPU 28 I 25 1 g/ml OEE T 1ml 32 A,
30 7ohb 3 RFHIFFEL CLTa—hL 7z, £, Bk T 3 Bl T, WEREL
TWBITV U ERVERE, 30 WLl EEIESH 70 0% A7z (Kiyosue et al. 1996;

Kiyosue et al. 1997; Kudoh et al. 1997; Tokioka et al. 1993),

11



.1 HRAL- R

B Eagle's MEM #Z#f  (Yamamoto and Taguchi 1992)
50% Earle’s minimum essential medium (Gibco)

40% GIT $5# (HAREK)

10% Fetal calf serum (FCS)

glucose 10 m M
L-glutamine 2 m M
NaCl 30 mM
CaCl, 2 m M
HEPES-Na (pH7.4) 25 mM
Sodium Pyruvate 0.5 mM
Na,SeO, 256 u M
Choline-Cl 50 u M
ZnS, 01 ¢ M
CuSO, 1 n M
Inositol 0.1 mM
penicillin 100 U/ml
streptomycin 100 iz g/ml
insulin 5 wpg/ml

2. J)T7REMAEE

ZVTBREERRBVCL, MO EE ~DEENTHFD70H, R —
L—YDc XA I oa— e TR, AkO@Y, K —L—Y 0w crk %
a—hL72t%, 2R BRI, SOICRKROFETL) —Ea— ez,
PRAAAL D, MBI T ORBELFAR THDIN ., HBEMBRIZERTFF
(SFP4 tfn4) % 400 u M ORE T 7z, SFP4 134T 7V 2 RIEORHRTE
F — 7 ThHHRGDEFIZE H., S-S ALV —FROSLEEEL FRHFL 12T
FRTHD, T/ EEEIFI% .2 1R (Taguchi et al. 1995), FEHIAT BB TIT, B
FIEH D SFP4 DREPHERFSND I SFPA AL T,

12



.2 SFP4 OT73/EEERF]

H-Gly-Ala-Cyls-Arg-Gly-Asp-Cyls-Leu-Ala-NHz

(Cys-Cys Mz S-S & %1ES, )

BREEPHFE
HRBE% 6-8 B B OMRMIE AV CERABRFMEREITo7, Ml
NHEOERMIFHEIL F— - A REEE AV TEMEZ-60mV IZEEL TV,
SEPSCs OZEALEMRITLUIZ, MV VZFEERIMNE ., BBNIROMAIL, LT DO@Y TH
S (mM),
S0éRS1E: 130 NaCl, 3 KCl, 2 CaCl,, 1 MgCl,, 10 glucose
10 Na-Hepes (pH 7.3).
Mg**-free FLEIMEIL. ZiLLD MgCl, #F&X, CaCl, % 3 mM (ZL7-,
TR : 130 KCH,SO0,, 10 KCl, 0.2 CaCl,, 2 MgCl,, 1 EGTA,
2 Mg-ATP 10 K-Hepes (pH 7.2).
AT AEME(GD-1.5, R oL, ERANEZ VN T 3-6MQ . SEiRER
1 mEEOL D% BV, VJ—;<¢J;E%<‘:7\73#&¥“ IFRRELIC 30 ms DA
FREEMZHZETRIELZ, YV —XEHIOEHEIX 37.8212.8MQ (n=72). A
HIEHFLOEYIEIT 1.28+0.98GQ (n=72)7Zo7, ZNHDMEREIEFIZ 20% LA
EEELI-HOIET —FEL TRALRD o T, SE&EIMERFITIE 26 M B 7uahs
v (PTX, FudtttB)E iz, MstES 7 A% EHRE 7 oy /L CHREEDOS T
TIMBEDOIIE B LI, VFRYR - Uxr7var R Ty VISR EE /TN IE
L7, 72, TN TOERITEIR (18-25C) TITo7z,
REIT oF - TRTT (BARNERR CEZ-2400) (2XY, 1kHz
Du—  NRTANF—2BLTH TV T EiE$ 1kHz T A/D B#L

13



(DIGIDATA 1200, Axon Instruments #t#l) ~N—YF ot a—%—
(PROLINEA MT 4/66, COMPAQ #-54) {2 B0 A A EHT L 72,

FEERRITITITES 10 B ORZ AV, 55RBA%ATE 6-8 H B OMBA Az, Z
DOHAM OB TIX Mg -free £{:12%H45 SEPSCs D RIMIZENRNZ I
HOMPLHHERBLIZ,

VI T RRZEORITIIE, T T RETMBE R L CHESNLV T T ARE
Tt (5B EPSCs) AT DI B3 FEMR ERA/OND, LA, FRICBNTUE
VT T AEMROERIZEY . RERZELTHREE S IR ZENEMHICH
HTHD, o HEBERFOT A2 DBIIIIVEFEIC T TR EEERD
BALE A CEDFENNLETHD, TZ T, Hi# EPSCs IZfRDHLOELT,
SEPSCs %37 M@ FTEOFRARZLL TH =, 3 EPSCs L0 —EiE%
R T D0, ZoOMABICFBLTASI$% SEPSCs (DA% B L THEITE
1To7. AFOEHEL SEPSCs DOFtARTESmS LL7, Z5L7 SEPSCs I35
FKL TS 2 HIRRIZIBD A1V — R0 TSI 7 RETHRES LIS AaRED
R KIZEALOTHY, 8 EPSCs [HISTHb0ThHELER LG, BARE
11T7RT,

HIRSL BB IMRZTETRIZ LY Mg*-free FREIMNRICERL . BREEIZEIY
BT 15 HTBETIECHBRZHUL 2), Mg™free £MHT. v F 7%
BTAARIC 3T Ca¥* Fri RV ZIEHEALL . £72 NMDA-R OENMKENE Mg*
1y 72139928 T NMDA-R OFEMHAZFIEEITEEIOND, ZORE, Mg™-
free FLESMRIZE - T SEPSCs OBEENEDLLRNE D, BUWCRFEE DT DHE
EBELROE DI, NMDA-R ORBBR+4rThHoLE R, BHILE,

14



1 BEEPSCIZHY A REBIL /-~ HRE MY 7 X % EW SEPSCs

Z DX IT2 MR AIZIEREL 72 A, @y R ETHIED U< i,
BIAIEREOIEENCL Y FEXI L OTH D,
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Mg2*—free Mg2+ EEL
SERINRICERR | ERERSNRICEMR

15 DEFE

2  Mg¥—free &cfEi2 X 5 SEPSCs 3D iEE
WIEREED SEPSCs % ZkL 72 %, HIFSNERERINRE BBVRIC L 0 Me> REREINE

WCERL 72, EREEICYY Bx C 15 oMBET S ECHEBLFEL -, THIINEK &
Mg? % S {e@E O/NRIZBEHL T SEPSCs % 308%L . FIHIREEDEIRL kL 7,
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4. #8/N EPSCs D fE#HT

VT T AMREOHTRN, VT T AMERNE B OERIZE o TRBASNDLD),
ST T ARMRDOT N E I B F R DREEMEDE R T 2 LI L DO R D70,
mEPSCs DT %1T 72, mEPSCs i3, JRAIEL TH—DOIF 72/ Mad B 5y
BHEIZE-TEIERISND EPSCs ThHY, IR E->TEDHEN EF 25745
(TIREDEEDOEREZTRRL, RIEN LR/ 720X 7 RGO 7 V23
B A DR R e 5, KRR TiL, ImM MgCl, & A 7ZRRESMNK
T3y EPSCs (mEPSCs) i3 lb RIS E D D72 | T AN EEETH D, €T T,
1uM @ tetrodotoxin (TTX), 25u M @ D,L-2-Amino-5-phosphonopentanoic
acid (D,L-APV)%&17r Mg* -free fL8kIMKRE AV T mEPSCs #iték L7z, 205
T, SEPSCs DR ISR LITHERFE > ThH D, EBROFIRIL, 1IICD
(2B H DOFRRESME T T SEPSCs ZER#KL . I TTX, APV #& T Mg* -free iC
FAMRICERRL T mEPSCs 58k LT-, 20, TTX, APV # & £\ Mg?*-free
FLERIMRIZEY SEPSCs DMZFHEL, Kl T, @F OFEIMEICERL T
SEPSCs Zii#kl THMPFEINILEZHRLLOL, HFUTTX, APVEZEA
72 Mg*-free FLERIMNE T C mEPSCs ZFE8k L7,
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B3 EBRR

1. Mg”-free 554+ SEPSCs [Zxf 9 5% R

RARICB T, BRI S T T ATYRAEITL . ZHUTHE->T SEPSCs
DEEINDINT2H(H.8A), BH 10 B B OO LEW HLU 7= I &
FAtE 6-7 B B TSV T T RERBET THEIHREIN TS (Tokioka et al.
1993)D T, ERIZIT E10 DEPLEVHL - ikHilaz 6-8 AMERLbO%
ATz, ZORHO SEPSCs D YIRIEITHIAZIZ L > TRRY, 50pA BIEML,
800pA ETHHEAIZHMLTIY, FH 222.2+31pA Th-o7=(mean+S.E.,
N=50 cells from 50 cultures), SEPSCs DA ELMIIZ LD IXS DV 03,
) 0.43+0.2Hz THo7-(mean+S.E., N=50 cells from 50 cultures), FC#kI
% Mg -free FRESMRICERL T 5L, SEPSCs OBEENEML ., BEEHOEN
B ORIENKEL o7 (K 3 B KA, ZOSIE APV IZE>THEE TS
DT NMDA-R »EET50DLEZ LD, Mg*-free £ T D SEPSCs $HE X
HAIZHEAKL, ¥ 1.02+0.3Hz Th-ol~(mean=S.E., N=50 cells from 50
cultures, Student’s t-test), Mg*-free SHFICELIEIZI > TEFEOELDAE
N2Wb DL, SEPSCs DIRIBHEFRADERZE IZ A LIRS DAL Do T, Mg -free
ZH T CIIERBEEL T T 7TAANBEENMICKBIND LI LT, RIMK
ZEEOLDICHERL CEESL 7~ SEPSCs %, fI#iiRED SEPSCs &HEIL T
RIENE &I KL, (n=8, Student’s t-test, 3 A B, 4,6), EHELZEIX
192.5+7.5% (meantS.E.) 7Z-o77, 7=, XTFREERLL T Mg*-free SLEINED
ROVITEE ORISR TETRL 2356 . SEPSCs DHIRIIFHEI N2 o7,
SEPSCs DIRIBDIFEHZE(LIEIL, 109.1£17.8% 7257z (n=8, Student’s t-test,
4,6), Z0 SEPSCs DRIBOIEKRIL, Mg*-free FLEIMNEABE OIMBRICHE
BL7-1%. 30 UL ERfEL . R E 96 SEOEMICO ARG ER L, T, K
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=V BIVFETH, 40 B EF-o72H 412 Mg¥-free SMRICEBRL 7261 Tl
SEPSCs #RIED EFIZALNRNZENE D o, ZIUTHIENERBIRE THD
EEZIBND,
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A -

3 SEPSCs HE5a0 A4

A. ETF2ERDON V—RZZo0MaN0 ORIFRHF TH S, 1 IXHIHIIREED SEPSCs,
01X, Mg¥-free £ T, ML, BH OREIMRICHEWE O SEPSCs DR TH
%, 1, D% &35 & AR T 0 SEPSCsIRIES#ERL TW5, -60mV I ICEBEREE,

B. EEOIEA, I, O, IIZEFNFNARKFTOEREIIHIGL TS, Mgt-free £
TCix, BFEROBOERRSPEAL TWAHZ & IIZHER, -60mVICEEREE,

C. Mg¥-free £MHT, BIEE T TOREEL D FEK,
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L
o
g '_/\o—c/.\":" - 100
s 2
E * * * E 0 5
o -~ 2+ >
< 0 mMMg o
E % 150 (15 min) .,6
100 o
c O 2
s 2 50~ £
(4] W =]
= n 01 z
0 6 29 35 41 59 65
B Time (min)
o
(-}
T » — 100
3 g ————o— o
_ 2+ Y 5
e g 2007 e ming o
s 2 150- — 5
c 8 100 g
g o 50 £
w =]
= 0 -
0 6 27 33 39
C Time (min)
Mg?*-free Control
0 min 0 min
81 107
4 _MWWVW
(2]
g 0 ‘ £
[ N (4]
S 29 min P 27 min
5 8 S 10
2 a2
£ 4+ .l l E Sh
= =
=z 0_ =z 0_1
0 250 500 0 250 500
Amplitude of SEPSCs (pA) Amplitude of SEPSCs (pA)

4 SEPSCs B98O T

A. Mg¥—free Sfhic k 5 SEPSCs #BRDARIFEA, T2 &Y 27 13, WIHREEBIC N

BHEIZERL TWHZ L BRT,

*FRRFEER, Mg % STl % O FEEIMNE CHEEFRL 7235813 SEPSCsDIBIRIZZ(LL 720,

C. SEPSCsDIRIEDMDEAL, EDO/RFNVIIEERE FEL 72b DT, HDO/FIITRR
FEBRE L TEREORSIMNETERL -6 O, Wb TERAIMNEIETR% D 57,

oy)
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2. SEPSCs IERBR R O MR BEREFHE

Mg*-free EC&AMKFIZ 500nM  TTX #H12T Na Fr /W EHELT
RO EBREZIT o7, TTX FE T T, U 7 AT OZ K BIH ST
SEPSCs 1AL BEIN T, 10-50pA BBE D EPSCs OABEINTZ, Zhb
IXBHEAEHIZED mEPSCs Thd, TTX 21272 Mg*-free FLékIMKIL SEPSCs
DHEREFEL o7, ZOHBED SEPSCs DIRIBEBDFHE(LEIT 106.6+
28% T, Mg*-free S{FDRI#E TH AREITRD> o7 (n=5, Student’s t-test,
5,6) o ZOFEEIL, Mg*-free ST/ NZIVEENEH T 57211 C NMDA-R 23%
L TEREBTHDZLI LT, I=T F 27 HO A CliEEE 5 &t 24
DIZAR+53THHZELERLTND,

¥72. 51 M CNQX % Mg*-free FRESMEHITMA TA/K-RZHE DL,
VI AMGEERITIFERECHEINTZ, OB AD . Mg¥-free £HFITEoT
SEPSCs 13##s 17807, SEPSCs OEHZLEIE 109.5%24.1% Tt
(n=5, Student’s t-test, 5,6), ZILHDFERIT, Mg¥-free KAFIZI-THES
% SEPSCs DAL T 7 ARTHEOFE KIS Y T T AEBNTEKFT5HD
THY AA RO BEACIZ LD T —T 4 T4 XNV RB G TIIRNENI T LR L

TWD,

3. SEPSCs M58~ NMDA B4 LAV BZRAEOES
25 4 M D,L-APV % Mg*-free SE&SMKIZHEIL . NMDA-R ZFHEL CIH
Wi EBREIT o7z, D,L-APV T Tid. A/K-R 24 L7, BEEEMEIRIED
KEN T TR EBIROANBEIND, D,L-APV 7#7E T T, Mg-free $&441Z
&% SEPSCs OFIIAES N, IRIEOFHE(LRIT 88.9£29.2% T, HAE
1 L7203 o7~ (n=4, Student’s t-test, X 5, 6), ZDFEEILZ NMDA-R 7% SEPSCs @

HRICUWETHHZLZRL TN,
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..5 —» — 80
o .\/\’“ﬁ“—c 40
T
S 0 £
= = 6007 0mM Mg2* g
+ TTX (15 min) e
g % 400 — 5
e O o
(72 o]
o 8 200- E
2 0 2
0_
6 31 37 43 61
Time (min)
s '—\/'“*/‘\o - 100
o
[
° 2 0
3 0 mM Mg ]
= + CNQX (15 min) S
s 5
3] 8 s
g o 200 - X1
o & =
= wn 2
0_
0 6 28 34 40 64
Time (min)
- —» [ 100
.——.\.____—H__.——-—_—_'.‘.\.
o 0
= 2+ 2
= 75— 0mM Mg 5
o — +D,L-APV (15 min) 2
£ ‘é_ — 2
® 50 S
e 9 2
o & 25- E
w 5
=2 0 Z
0_
0 6 29 35 41 61 67 91
Time (min)

5 SEPSCs &3 F 7 A FEEHKTEM

A. 500nM TTXIZL Y | #REIBREOTEERZ HEL 256, Mgh-free £iFIZL » T

SEPSCs #858IIFFES Wi h o T2,

5u MCNQXIZEY . A/K-RZHETSDH &, SEPSCsIIHETRL 2o 72,

C. 25uMD,L-APVIZLY NMDA-RZFHETS & | MREIFEENIHERI N T15ITH
0305 3, SEPSCs #RIBIZEEML 7200 72,

=
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N
3

Normalized Change

6 SEPSCs H~DEZFEA A2 F ¥ o RIIVHER D) E

ZNENOHES T 7 134 EBRD SEPSCs DIRIEFEHEDOEE % = S.E.)
ZRL TWA, TAFY RTIZZDIENITHL . BAERHD S O,
1. XIHREE, Mg» % AT BE OTEIMRCHERL 25 O0O=8),
Mg?"free S THLEL 728 D (n=8),
500nM TTX % & A 72 Mg?free SRERSMNR CHLEL 728 D (1=5),
5 u M CNQX % & A T2 Mg? free SEERIMNE THIEL 72 D (n=5),
25 u M APV % & A 72 Mg?free RLEIME CTHERL 728 D(n=4),

U1 &~ W
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PLEORRID, BB EROIINCT U F MIERIN - R E IR
WThY T 7T ARG ER RO RIS NSRS N,

4. JUTBREEBERIZE TS SEPSCs ERDFE

JUT MR F 7 RIEIRICFEBEINZ B 0o TODEWIFERLS D03
STV AHMennerick and Zorumski 1994; Sastry et al. 1988), =7 hJ IR KM
fEBEE R RL 7V T MRS R ORIEEE R THDDD, ZNOOZ VT HIRaA
Mg*-free 541212 SEPSCs HIRICMATHDORIREENDD, 2T, 7T ERE
HERREERLIE 7). ZORICEITHFEERZ: SEPSCs OEMFELMETL . 7
U7 BREHEFRRICBNTH IV TIRIEE R R LFERIC SEPSCs BMBZESN, TOME
ERCRIBIZA ARETRLN2NIENHREIIN TS (Taguchi et al. 1995),
Mg*-free 5 T35 SEPSCs D - BHEDEALS 7V T IR E RS
BT RSN T, LIRS, Mg?-free SRS TBERLE FMHBL TH
5. SEPSCs D AT EL BB NS ETORERIIZ VT RERBERO T NE, T,
UL, T T REML AR BT L5727V T MR FEE LR D I ERERSMNR DB DS
FDELPIATONTFER THHLEXLND, TV T RERERRIZANTE, Mg-
free MFIZED SEPSCs DHEMAFHFESNT, WIBOTHELRIT 1773+
20.9% (n=7, Student’s t-test, [X| 8) TH AIZIRBNIE KL Tz, B, Z7VTIR
RIERITRIT5 Mg -free 1255 SEPSCs B LER(192.6 £47.6%) 213, B4
TREENIRH 0T (Student’s t-test, P=0.07), ZOFERITXZ VT HIARILX SEPSCs @

BB IZ WA TRV R R T B DO Th S,

5. mEPSCs DZ 1t
SEPSCs OO B HMELRITT5720, 1u M TTX £ F T mEPSCs
Db E LT, mEPSCs 13 B R KHIC Lo TR BISNALZEZSNDDT,
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7 7V T BREEER

A EIOD7  SECAT TR SEPY (100 u MY I L5 7Y T IRERER R, Mo 2
[RIFEHE A TRl CTUhD

B.  EIOD7 alfoO=U kU KRS %R, BRIUERA 2 7 S8 T
DDONFEFRTED
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4 2]
200 -

z
| {100 &
w

0

Amplitude
of SEPSCs (pA)
3
o
=
mN

Time (min)

T TOTT T

I [’

50 pA

10 S

B8 7'V TKREEERBITS SEPSCs O HEHES

A.. 7V THRELEBERIZBITS SEPSCs RO REZEL,
B. 1. OD%#d25L AR OO SEPSCSIRIENEERL TW5, —60mVIZCEEEE,
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RIEDEALDSL F I REHBAD I NE I BEZEEROEL, HEOELH)HITY
FT AN O, CEDE R R HOIBE R L2 TED, SEPSCs
R mEPSCs OFBHRIBITHE BICE(LL 2D 272, mEPSCs DIRIED
EHEALEIT 98.96+7.0% Th oz, ZIUIXTL, TOMEL, HAITHEML, F
BHEINRIT 334 £47% TH-72(n=3, Student’s t-test, X 9,10), mEPSCs D%y
MEEDO—BIZE 10 (ZRT, £z, B— O 1 H/L 7GR T,
mEPSCs O H EYEEE L, T 1.06£0.1ms (n=48) CTh-o7-75, HEshFHHE
#%CiZ, 1.0560.07 ms ThoTe, HEREMHIT, T 2.06+0.10ms (n=48)73,
HMFHE %L, 24610.10ms T, HREEIRPoT, ZOLIIZ, WHEFERD
mEPSCs DEFITEAIZ R D o7, ZOFERM S, SEPSCs OHFEIARIL, v
TARMRBOZEEDOEAITE > TRILL DO TIIRL, YT 7 REMLOHE K (P
VUM F T RAOEMAE G ) LI EM B RILHERDOBERIZIDLDTHD
ZEBTRBRIND,
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T o in s ot st o v o ot

e s e s
| 10 pA
200 mS
I i, e
JU
\ J/V
H N

B9 I=7Fa7iFrRBLER (MEPSCs) fifl ]

A.  HEWRA FHET A FIOYEIREED mEPSCs (1), R Mg?—free S&FiC & 5 HEThEEE
#% D mEPSCs (1), B4 2% & BHFEIC 1T D mEPSCs DB KL TV 5, B gz
Ty, 1w MTTX, 25 1 M APV fZ7E T Ok, -60mV ICEEREE,

B. WHROILK, . MITAKIETDH. ERICH HER TRV,
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@

2 § 10l
S > “
2 S 081
) o »
s < 06 %
* 9 o
o 2 04 \‘0
g 1. i
= g 021 ol
2 S Qe
O 0.0 C—
30 25 20 15 10 5 0
Amplitude of mEPSCs (pA)
30- Before After
g Mean 8.96852 8.34897
g SE 0.302628 0.278047
o 20 Mode 8.205 7.595
f_’ Median 7.893 6.345
g 10 S.D. 2.096672 | 3.007539
g ] S\V. 4.396032 | 9.045293
2 Sum 430.489 976.829
0 Events 48 117
30 25 20
Amplitude of mMEPSCs (pA)
10 mEPSCs @ SEPSCs 38z ££5 AL EMT

HHREED mEPSCs D45 F .

Sow»

mEPSCs D #E i &,

30

HEIREEE % O mEPSCs D45 fi, AL L CTHOMDIBICE AR BILIE AL L2,
mEPSCs O BFEE#54i, HEMBE(O)E HEFE%(@).,



A HE

1. Mg"-free {1245 SEPSCs O ##%;EEMKTE RO 1SR

SEPSCs DSEEEN Mg¥-free Szl THIMT2ZLDREEL Tid, Mg
A DBRFEIZE S T T T RETRAD VLD AF v ZVBIEWELTHZERE
ZHD, T2, NMDA-R @ Mg 7 uy/ SREINAE T T 7T ARENIEILX
., HREEESEEEL 2260 E X OND, Ty MNEE CALCA3 FETHRESN
TWDTAMDABRD /N —AREKD APV D& 528> TNMDA-RSRESLE,
HE, HANIZOEENME T T2ZE08HESIL TV D (Neuman et al. 1987),
SEPSCS #Rigtg %, TTX,CNQX i2 ko TERE N EESN 2, TTXZMZ 780
Mg*-free SRAFICHIIEDBSILTODOM, B—V - BAREEIT o7 T T 2% M
FADBFE KL 2NGEE THIRIEDS LR LIRS o072 bbby T 7 A% M O3 k
IS FTLEMLETIIRNEE ZHN5, TTX 78 SEPSCs O#E#RAEL 720137
T AR DR KEMBIL, BRI+ 270y T T ARENS B ER ISR o7 T
DEFERTED, CNQX 1ZZDORTHEINLIINDY T T REEDON, EERAL
BThHHEEZLND AIK-R 2HETDIOT, REKDOY T FAEEBMET T2,
P~ T, T T ARTHIBE DR KB MMZ T I2DITZIN =D, AIK-R 2#HEL-EER
IRODMEILTER, LAL, ZRHDRERDD, Mg*-free 54 1285 SEPSCs
DOIRNE EFIIAA VRO EAE DT —T 47430 /L7 B TlE7e< | iR
DEENRFELIZL DO THHENZ D, Mg*-Free 54T Tk, BELOBEVETE
AR T 505, 2k NMDA-R 2SEMEALL ., EIZWALT DAT U HFTRAT
HZL2EB(E 3B), NMDA-R i34y AAF U FBBENEL, ZOFRAI LY
DA BN EREEREREL CREHIEEAFEINIZLNERE TR
HEXN TS (Abraham and Mason 1988; Kauer et al. 1988; Linden et al.

1988; Wigstrom and Gustafsson 1986), &KRIZEWVTH, SEPSCs #5812
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NMDA-RBEEREHZREZL QL LDEE X NS, Mg™-Free SLék/ME T C,
BEEEN LR L TH SEPSCs DT EY o7 DO BN BT, FE
D LERIZHEEADLT SEPSCs DML o7, Mg*-Free &4 T
SEPSCs AL 2035 72Dk, NMDA-R DHERERIICRIAL TVLARNED T
F2ROPEEZBND, ZORERY, SEPSCs O#EIZ NMDA-R 2UETHHIE
N N
i, =UNEBEBRICAWT, LTP BFEINIIENRESNTVD
(Margrie et al. 1998), = LTP %, NMDA-R JEEERI T, T 72 & HME~D
AN T AT TRASLBEELELR2WEDTHY, KR TEHEISN TV DERETHE
BRESER->TWS, —F ., B2 intermediate and medial part of
hyperstriatum ventral IMHV) #838%i23513% LTP |3 NMDA-R {£FHTHHZ
EBHEZNTNAH(Bradley et al. 1993), ZO LN BIHICKIT HHERFARICE,
"R AL BN FARERAL PR AR LV B OB FIEL TODTENRIRIN D,
AEEEDZTIE. FEFEIZ Mg¥free FHEEZHANTCWEDOTEEINDDIX
NMDA-R EHFRDEIRDH THD, BRERMETHEE EPSCs OFEMZHFAL T
RS IUE, RO OEIRPFHERINIDFIREMEN B D, FIZIE, > 7 RHi#
RN A DRI D N Ko T T T RABHBRIZE O SO BRIEB EMBSFFESN
LI DZA T HANIEIRIZE > TER-TEY, FNIE-THESIN
LY T T AMBRENROBALL BB ENEREN TS (Gerstner et al. 1997;
Markram and Wang 1977), ZO#E T, FREATARERIZB U CTHEAHT
RISAT T T TATHE, BRI FE LI T T AR B B85, — 57,
B ATITHU T 7T RT, BB R I EFEORIRIITL X
DLV, B E BT HEER0NITHEIET DI ENRENTND, £, #EE CAl
BT LTD 8o L% EE T, 1Hz OBEERI (low frequent
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stimuli; LFS) CidBEIN <A TENBR THoTD, T —R SOV ARBEE
% BV 20 (Kemp and Bashir 1997), $52:U® 100Hz T 1 #f., 3 hL1Y
DEMERIEE B2 TRB(TTAIV)IETHEINIZERNFESI N TN
(Holland and Wagner 1998), H5#% 5| XTI DE ST B E—OMRR
FRRIZIEEL QT FERS L7 iR Bl B ORI RRIC Lo T, 2 BOFERA R
EINDHENDZELE X DD, SRR BLELRRETHS,

EEOMBEER BT, 2O SEHREORDVICRTEROMRIEE S E
@& E L COBRERIER DD, —HIE 22U, B RBMEOMHRERS I AL
BBV T TARBICHKHATHDIERHFESINTVA(Chub and MJ 1998;
Mendelson 1994), ZDX57: B FEHEEN T, BAEIIIVITFETDHOTIEIRL,
BB DIER IR THBEBSNAZE N HEESN TV 5 (Berry and Thompson
1978; Eichenbaum et al. 1989), XbIZ, ¥EBIZRIT AL —F O B HARMFRTE
BRI EE THEHEVHHE (Winson 1978)%°, ZHL - BRI HE 7 —
VSREE D ZEF RIS BEN - AR AR AR I X LIRIREYIC LTP 2758 7 5% & (Yeckel
and Berger 1998)23H0 . WIEEDTEENI LRI EI B £ O KSR S

BHEN) RTHEERIR,

2. SEPSCs #3805 7H#Ra etk FFE
ZVT RO T AMEEA~DBEEZRET O P T, &, Linden HITk
HEEDBLRIR Y, ZOFFFTIE, /NEAEBERE R R OWTERRIMAR L) 7 e
WZEBUF T AMBEDOFEREE, T TS LTP #4451 Qv 5 (Linden 1997), 4
FTICh, ZVT IR R VAL BZ B EPFEL T eV OHEITH o2
M AEE R F TARERENIDEVIRE TR ZOIND TTHD, £72.
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Sastrey Hi%, ZV7HIHEA LTP B CHAERTEBEFERHTHE OO Re 8
HFEL TV D(Sastry et al. 1988), ZiUZxIL, REERICRWTL, ZU T /A,
VFTABRRICH B SIIH RS RIFSRNWIERNREN T, AR R M E
ERVWTCOWDED, ZVTHBRSFEEL QO R TORENR R —NIHIREHE
BSNTWBEELLND, 7V TN T T ARRICEERD DLW
(Pfrieger and Barres 1997) 5503, ZiUZE B #AE BV - HETH-T,
ARIZARWTHZ Y TIPS NAE 723, T FARRE X FT 5 FTRE
IR E TERVD, HoT-E LU THEER basal 725D THY, 7V 7SRRI
TRV T T AERRERE L CODENIB D TIIRNEB X B,

3. SEPSCs DIE5&IZ{#5 mEPSCs HED EF
SEPSCs DIRIEHEIRREDEELRFTT 5720 mEPSCs OE{bEfETL

Too =T F 2T AT O FIEITOLODREIN TDDS (von Kitzing et al. 1994),
LW I TR 0T, BEOTF T AEAHRD mEPSCs Z 4B T&72 0

& VT ARROMEE EORMLICE T OHERR SN RL TN RR~E A

TLEDORBEEND, BERBRIITAETHL1HTHD (Larkman et al.

1991; Lisman and Harris 1993), &> T, A#FFE Tid. mEPSCs D2 b5, 1R

1B% BH—F 7 REALC BT DB ENRBESHEORERE. MEL Y T 7T REA O

KT EEYERHEROBRENREELL TRAWSIZEED T,

SEPSCs DO#EEIFEINT-%D mEPSCs OEFIZE(ITRL, RIESHE
KU Ty UKL, BERBHLNICHE AL TWOBZEIE, VT 7 REMLOHE K,
LI EEDERHERDO LR BRI COBREMEN TV, RKIL O LTI,
VT AKBECR T NMDA-R OAEMEFF DAL U b F 7258, LTP %H,
W TEEZ R o7 A/K-R BFTET D8 E DT F T AL DLW HRE D
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H5 (Singer 1997), REERIZRVTHI AL UM FTAREET DL HE
SIS (Kiyosue et al. 1997) Z&) 5, SEPSCs HEHOFEIEICL, AL b
I T ARG DE R T T AL OB KNS EE TS AR DS,
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FEI3E JFFRAGEVFERIINERIFSR
cBIFBREY NOEFF—+
ROy O NOBEROEE
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H1E Jrim

EHEMOFE - BHRICEBEOZ N IEX T —EREo TV AFEHLIT
ZLRESN TS, IV LS INVED 2V MRS V% —F 1
(CaMK ), #>/7E¥% > —FAPKA), #L/37ExF—+¥ CPKC)» LTP
(Bach et al. 1995; Huang and Kandel 1996; Malinow et al. 1988; Nayak et al.
1996)iZ, #7378 %} —¥ C(Linden and Connor 1991)&% (¥ /X7 &% F—
¥ G(Hartell 1996)7% LTD i2BiooCBESTWD, ZNH0FF—E53 LTP
DBV OIS THLON, EFFRIZUNEATHDL OB BRI TN D,
FEFIINCS T TR RO, o T T T RARBRRIZ BT 27 %) —
YOEMENNETHHEVOBMELHSH (Huang et al. 1992), FET IR
A DOWEVPEEDHY | RIZBMLL TND, FERRIRO—21E, Fo 0 Ex T —
BOEFEIEMEIIZE ST LTP OMEFMEIERINDILVISDTHD (Malinow
et al. 1988), 2 /3% —EDIEEBNEHE~DOEE), N OFRRT 75—
BEDONFGRZEDIBALIKRBED AT A E 2 BRI D3 T 7 RRiE
DIEMZ B EREZ TV IRELDH D (Hrabetova and Sacktor 1996), ZD{REE
—ET2HDIT LTP 1Zff5C, PKC B4 R% %11 T PRM &V ) EREEMIREED
X —BILE T B85 3H 5 (Sacktor et al. 1993), 7z, LTP OFFHEIZL
Y. CamKII 2% H BV BRI B RHE LR IE~BATL, AVK-R 2V BT 5
LV EDH D (Barria et al. 1997),

L72>L. Otmakhov HIZEDIEDHRE L, ZORMICKTHRERTHS
(Otmakhov et al. 1997), ZOHFFE Tidh— VBV EEEIED BB O FiEE
FAVWCLTP #FE%IC CaMK I OFREAIZ S T 7 AR MENIINZ T5, CaMK
O OEANL, —EMSLL. LTP OH#EFFRIZOWT, TOMERLIAREDL )L
EHBESEHIEIR2D o7, ZIICKIL, R— VRSB S RIFEZ CaMK I 0
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FHEAZMA T 20 53%12 LTP FEREE MR 723561 LTP 132l RESn
7o

Zo R yxF—RBRL T T AR S5 T 55 0RELEL T, CREB (24o
THREISND Ca®KIFEOBEFRBRIZEDLLEVILDRHD, CREB 13, PKA
DIFH>, CaMK I, PKC 7212 ko ThiEtEbEn a2 M@ ESN T 5 (Dash et
al. 1991; Xie and Rothstein 1995), ZOL 7 AT = A AT, ZL /R0 EFxF—F
DOIEMALIE LTP OHERIRVETERINDZEIZRDD, Fo7ExF—F[H

EROHRBHERB THERNALLVIZEE B RO, FRERI—BLBRN—20D
JRR L35 TND, EHIZ, ITE, FEM MR ORE RS RAMHEIC 2o T, 1t
kF L RIEEMMEILHDIE LTP FEARFFMH LS T ZIFOREH T
T 2O I R BRI~ BITL TE TS, ZHULTZ RN D 1 CHBRTR
HOIXBATNZ L RIBEREVIBE TH D, T T AENLEEIZ mRNA O —
DB, FHFREICE > TEZTRFTICE L RIERERINDEVIRER TH D
(Kang and Schuman 1996), ZO{REE Tid, BZEDIFRDOLYEDBIIRNDTH Y
NNIBEDERPIESLONHEZN DD, Fo, LTP O AR BMEE T R %M
OHIECTHEATIENTED,

Frey O#E T, " F 7T 407 - 277 LN F MR AZ IR TR TO5(Frey
and Morris 1997), FvyMNEE CA1IZBWT, ZOOMI L RZHHF TR
I, FNZEIMSIL T LTP #3FE CT&, 20 LTP 137 =Y~ AT EDHERFFE (2
REf-9 BERD) ASPRESND, £ZC, £P. ANLTLIP 2FEL, Z0HL7=Y~
AV MATAN2NIET ZIARNEEZMZHE, ZOGEITHEFMHEBEESNT
LTP A3FEIND, ZOZENL, TEXRRIEID . " T T T A0 - Z " RERS
I AFCDIZ AN I TERSNIE L RIEBATI2OE T ICb e bEEZ LN
Do WIZANITT =Y AVUFE T CTEXRARNEL, 20 120 otk AFH2T
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LTP Z3:E L TH AT LdHEREZ RN HEENEEIND, OFY, Tag L
THb, 120 T2l Zo N TERIGEN TH U T TR~ AGES 20
7205, Tag OFMmiL 120 5 X0ENEVIZ LR D, SHIT, A2 THFPNTFXZ
HEZ LD 1-2 B i< S H1 A0 i (short-term potentiation; STP)ZF5EL T,
ATIITHEEL LTP IZXo TEEEZZITRV, JVBWT X XRHIF T 4-6 K
ERsR T2 B HILTP (early-LTP)ZFHEL 2358 AAJITLTPZ#HAE 5L T,
ZORE LTP 28 8 Refii L Efe<#eRrE A o7 LTP ICEHIND, ZOHRITIT
PKA &GO mRNA &3> COBRIBEEEDRH D EV O E D H D,

ZDINNT, LTP ORBBEIZ OV, FL 0 BX T —EBERL VI ES
R 8 NEHEITREB - TEY, LTP O7 =—XZBL ThiR 4 R0 H 5, AuF
FETIX=U N IRAEBERE 2 RICB T D BB OV TH, ZORE DO FHED
FEAT R AT,
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B2 MR UEBI

TRIBEXBRO K AERE IS E
HMIREBOFIELE 2 BE 2 Hiz R, HHOMEMRER 3 DHDICERLL,
ZOEME RWEBEE L. R 1 OEMERWTZSEEICBW T, Mlaok, EXAE
BRI RERERII T,

.3 AL ERIEAHER

45% Earle’s minimum essential medium (Gibco)
45% F12 (Gibco)
10% Fetal calf serum (FCS)

penicillin 50 U/ml

streptomycin 50 ug/ml

insulin 5 pupg/ml
BREEFMFE

B 2 ELFERR, 5RE% 6-8 A BomGHlr AW TEREBETRE
BAE1ToT, MRS OBERAMRREIT A— -2 REIETITV., SEPSCs OF
bZ BT LTz, K F v RNV DEBEZHERL . L0 /A XDV 2/ T20 .,
CsMS _R— 2D BB A V-, VW& IMROMARIZ. (in mM) 120 NaCl,
3 KCl, 2.5 CaCl,, 1 MgCl,, 10 glucose,10 Na-Hepes (pH 7.3) TH2, i#FE/Ei
Va—rua—2%Z T 300mOsm (ZFAFHL 72, EAROMEELIE. (in mM) 130
CsCH;SO,, 5 CsCl,, MgCl,, 0.5 EGTA, 2 Mg-ATP and 10 Cs-Hepes (pH 7.2)
Thbd, BFHEEIEIY 2—7u—RENZ T 295mO0sm (ZFHHi L7, £7z, SEPSCs D
B, TV bkHz ([T T, ST, 7Y 5T Tus T
(Axon instruments 58 OA XU MESFT 727 S0 VW THEN CHITLZ, A
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VRORRESR 20pA. AU OLSBERER Y — 27 D 10%E L THENTL 72, Z DD FE
WRITES 2 TS THA,

3. EHEMEER
K FEFEAZ N X 7= L SMNR A TET 37528 T, MlA b EL T, MfaH
W BB THDORHEEICT DD, A— - BAREETT) 15 SENCHLLD
PRERZINZ TRE, £01% SEPSCs ZFEkL . #IHNKEL L 72, S8 EZIRE
Hlz&te Mg*-free SEESMRICERL ., 15 S HIFFEL %, [BEAIZE oiisxkst
WIZEE#L . SEPSCs 50T,
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HIH KERR

1. SEPSCs DEEDEN\IEFF—EKFE

I =RV A=y FURIEXR T —EOHRKRABEERTHD 1-(5-
isoquinolinesulphonyl)-2-methylpiperazine (H7)iZ PKA, PKC, PKG, CaMK
0% 3ER RAICPAE T2, % CAL S CIid. H7 22 5ZL THE EPSCs O
RIE/NELIRDZEBTESN T D (Hrabetova and Sacktor 1996), Ziui, &
T ARRIRIZ BT T 7R E R EEEIER 750 0LE 261 TV D,
LURss | AMRBERERRIZR W TL, HT ICEDZ0 IR ER R OE TILS]
HRIENRD 0T, HT(10 u M)% & A TERRERSHE AL T 20 53 DFCHK T,
SEWIRIEDOZELIZ. 104.5+9% (meantS.E., n=4, Student’s t-test, X 11 TH
BRI T, Fo, B—OMRHRNAO/ELN R TIL, SEPSCs O3MH
OEFREIL, YT 1.8+2.97ms (meantS.E., n=43) Tho73, H7 & ACE
FABEBRIT L2, 1.9512.83 ms Thol, MERMHIT, FHT 4.056+
0.46%(mean+S.E., n=43)%%, H7 &4 i3. 5.2+£0.6ms T, W ILHBETR
H>o7-(Student’s t-test), ZD &I, H7 &It SEPSCs OEFICHKEREL
X727, HT (10 u MYTEEE T C Mg -free SEOBEEZBSLT-, HT BFET
TiZ. Mg -free $:f4:12 ko C SEPSCs DOHIRITFEIN2D o7, SEPSCs 1R
DEHEARIL 91+7.4% T, H&ZEIL72D > (n=5,Student’s-t test,
12A,0) . ZORERIIALINDE L 737 B % —E )3 SEPSCs DOHEMRFEICMAT
BHZEETRET D, RIT, EDZ R EFFT—EPHEREAZIIEAETHRETD
728 PKC DR RBEER THLAINTHAF L C (200nM) DOHEFRIZXTHZR
BRI LT, IVT ATV C HRNKRIOY T AMEEITIN L, EE RIT S0
o, AINTFAF CILkh PKC 2R RENZEELBED, Mg -free ST

SEPSCs D¥g58% 5| &R S0tz ZDFHERIL 8916.1%
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| 100 pA
5S

B 11 H7 #RAi# o SEPSCs @ #5145

A.B. 10 u M H7 #55a7 (1), # (II)? SEPSCs o #7151, {RIE. #H
{bIXAD U780,

S
N
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LTI
o T

| 200 pA
58

3 15
SO /’%/§
2 [
E(D
25 *
N ¢ 1.0- e
® O —
£ 3 t '
o a
z(% ]

0.5

0 10 20 30 40 50
Time (min)

12 FAX T —F¥HEAICL S SEPSCs HiRDHE

A. 10 u MHTFET TD, Mgfree HEEFRRT (1), & (D SEPSCs 0 #LH,
-60mV EA7EE,

B. 200nM BT 4 AFY CIEET TO, Mgh-free SMHEFRT (1), #% (D
SEPSCs 0> #FIfFl, -60mV EBAL[EE,

C. EHXT—EREANCL D SEPSCs HIRODOAE, *TEERRL L COEERZ X
72 Mg?—free e (O), 10 o M H7 F7ET (W), 200nM A V7 4 X F CTEFE
T (#),
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C. SEPSCs HRIBIZH AL 20> o7, (n=5,Student’s-t test, X 12 B,C),
ZOFERIX, Pkl PRC 1d, ZOMHERICUNATHLZEE TR T, LNLRKBG, il
OFFT—EBDOEEERETILDO TR BEOF T —BRRFHIIEEILTHE
ERVETHLAREEDH D, £io, U I AETHIEE MR TIEME (LN BRSNS
FF—BICERHDAEENELDH D, ZOZLIZBEL T, PKA, CaMK I ,PKG DOFE%E
#, KT5720, KN62 KT5827 DHEFRBIUTK TDRROMEL 2, —ELIHE
RBPBONR 0T, —DOEREL T, AR R R EROMBEEI LD
~NTRRFRTHY, MBI Lo THEBREROAN = A LBHIITEIZLNE XD
n3, Z0OH T, PKC ORE5T28EIIHEN—RIICAWLR IO THS
LWz D,

2. SEPSCs DERDA I BEEEIKFH

SEPSCs HERICHHY LV E AP LA THIDERETT 570, Zo /37
FRAERITHDL7a~F I8 1uM%E Mg*-free SREIMRPITINZ TEBR
AT oTc, 7a~FUINBMIIZIRZ T 5D MEEITTHDITHR—/V 'L
FBRALED 20 S3RNTTI7RAFTIREMA, FIZL7a~FUIRERE T T SEPSCs
ZEEKL ., LBIL 723580 Mg™ -free FEEDBD B 7a~F U IREMRA T HES.,
EHOLEMAAEFEL O TRBEOERREL CTF —F2BH L, v 7u~F IR
iX. SEPSCs ORIKRTOIEE, Mg*-free SR § ARSI ELY RIE SR
7zo LML, SEPSCs DE5RIIFZRICBAESN, SEPSCs RIBIL, —BANCH AR
W ER LD o7, FHELEIZT, 79.5£108% T, HAHE TR o7 (n=4,
Student’s t-test, X 13A) 72 >7, Fl  BBERERTHLTI/F /<42 D (8
nM)d SEPSCs D% RIARICIAEFL 72, FHEEIT 92.6£25.7% Th-o7-
(n=3, Student’s t-test, [ 13B), ZHHDFERIL 15 4RIV ) BRI
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THHY R IEERB TR, 2 SEPSCs DOHEFRICMIA THDHZEETRHEL
TW5, ERROERITI7a~F U INEMBENA DL M TSI FHS I E
DERA, T T AR, T 7 RA&EMA, 77 ML TITO TV 5D
FRMETHD, ZZ T, A=V BARGFEEZ AN THHIEEZR AL T, B&HE/EN
B 20 M O 7u~FIIREMATRE, Mg™-free EOHREMEHT LT, £
BRI 2 SDORRANG RIFHCFEEAE B, — 5 OO BB BRI DA Ia~F s
IREINA 5T EE OBBANKE LT, ZOZRMET Mg -free LHFICEVIERD
FELRLTLTA, V7a~FUIREMZ RN ERHIIZ BV TD A SEPSCs 0
WA FEINT, VT TARMBO Y L A REBIRICHELZHE .
Mg -free /1% > SEPSCs DL 106.98+6.0% THY ., B AT o7
(n=6, Student’s t-test, X 14 A), ZD &1L, D7 bb i 7 A MIRIZB T A4

B AR SEPSCs DEFRIZMA THOLZLE R THDTHD,
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>

> — 100
) 0
g omMm M92+ »
= 100 + CYCLOHEXIMIDE (15 min) E
E — _ I >
EZ TS -
2 50 - o
c 8 2
$E - :
=2 n 4
0- T T T
0 6 32 38 44
Time (min)
N — 400
[T
° 2 - 200
o 0mM Mg
o +ACTINOMYCIN D (15 min)
= ] (2]
ot 0 =
r = 75 %
5 & s0- 5
3 25 %
c @ 2
$§ O 2
» 0 6 30 37 52
Time (min)

13 Z U7 BEREICX D SEPSCs RO HE

A. 1TuMI 7~y RIZX5 SEPSCs 58D FHE,
B. 8u M7 F /<A Dizk s SEPSCs #iRDOFHE,

47



820 0
C U
3 21.8] \
E %1'6- /é
o ] §
0 ‘51.41
N 4
'-(% %1.2'_ E
ZO %_0.8'_ E
X
0 10 20 30 40 50
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© 1.0
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o)
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CTRL mgr H7 ~ Cal. CHX ACT

K14 TBHXTFT—EBOEML o7 BEKOMLEN

A, VTR BMRRIRES X BAEBEEICL D SEPSCs O HE,
VI TRBMRRIZ2 M 7 m~F IR 2 MR Teh O (OIS HEES s
Py, [RIRFECERL 72 @ O BBNIRE AWV 2 MR CI3sERAFES 1 (),

B. EAXT—BOEMl ¥ 7 BEROLENE, CallZh T+ ZF v C,
CHT v 7 ~% IR ,ACTIEET 7 F/ A DOBTHS,
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A B

1. SEPSCs DIEED A2 OB X +—EkESE

H7 233 7 ARRIBIZ AN CTH L 0 B F—BEAEL , ZOkE R
DT T AMREPNIFIESN B E OO FE R (Hrabetova and Sacktor 1996)<°. w24
NWIR—=)ZZXTNVIRE PRC ZiEMHSE IR IV T T RREB RS NDZ
EMT Mo EBRTHREZN TS (Reymann et al. 1988), LAL., AR TH
£z SEPSCs (X, H7, ROPHNT4AF CIZLVZORNE-HE N E
BB LD ot RURE T SEPSCs DO#EMMIIRETAHO T, FREARBZH
THRNENSZ 8T, =T N IEREER RN T, T 7 AR KRIZBT
DEIRGHT =D, TAART 7 Z—RBEDNRT VAR, FvhEZER>TN
LHRHHIENEZHLIND,

ANTFAF C ZRVTZERNL, SEPSCs DO#58IZITA 72t PKC @
EWAEBMETHHZLIREEND, PKC OFEMN LTP WA THAHEV I8
(TN0DBHD, — 21k, PKC 28 Ca® RIEFRNIH /2 o S CHIBEIERAL 2SI 0 Bfe
SNAEFREMII D PRM (ZEHSI, GAP43 REDEEZ R E %Y1k
35L D THH(Lovinger et al. 1986; Meberg et al. 1993; Sacktor et al. 1993),
LTP 0zFE %, PKC NE&ERT THD NF-« B #EMHALTHIEVIHELDS
(Meberg et al. 1996), RHIMELHER CA3 FHIRIZIITH NMDA-R FEEFHI72
LTP {22\ Tid, Ml PKC OMIRE~DBENS LTP 2o TRIAZ LN H
HFINTVD(Son et al. 1996), E7-. #EHIZEB VT NMDA-R 23 PKC &3
HOH AT 782 —BDONFL AL TR, MEOB G M OHIEEFT>TH5
VO RERDS Hrabetova HIZEVIRREIL TV D (Hrabetova and Sacktor 1996),
SEPSCs O RBIERPFRL NI EERIKTFL TV HIEEERHbEDE R
RIZBWTIL PRC BE VB ERICEEL CODFIREED BV, Ca® K TERYE

49



EFRBEAFL TS CREB 28, PKA, PKC, CaMK I [ZXVHIEIINADT, Z0D
KRN EAR THENW WD ELE 255 (Xie and Rothstein 1995), ZDZ &%
PKA, CaMKIH SEPSCs D581 oo TOD FIREMEB KRS L ThHDHEWHTE
BT,

2. SEPSCs DIERDE I\ E & RHMRFE

T raAFIRFIRY —bh5 tRNA OWEBEAZFREL, Z2 /S0 BARD
HREREEETS, T/F /w1 D i mRNA SFEZMAEL. &ELAET
Do ZOZDDH R EARRIAERD SEPSCs DHBZHETHLVIEREE
FFRR 5L, R FHETD 15 SV BEVREROF T, mRNA OFr
TR B R IY, ISV I EREREN TBIENE 2 bILD, Mg”-Free 5
BB Z 5 LIRSS HE, SEPSCs OREHIHIERITE IO -7 2eb,
OB EICHIEERMEZLELTILV) R TIORREXFTTOHLOTHS,
HWNZ ST EREN) B TIIRBTS B A REN I RetEL D0, T F
JeAvy D ORERRIIZNETEL TOD, LL, FaDE mRNA 2337
TADEEHY), —EEDT —NEMHERFTDDIZEIZ mRNA 26 /UICE->T
HRL TCOBEVIET VEIRET HIESL TED, ZOHRE XV TEERITTT
TRAEED BETIZB UV TEIDD, ZNEHERF T 072 DICIEF 72 mRNA SR
METhHD, o, TIF /)~ D WEWERARHHZELEZLNHD T, Lk
BIISHDIEHOBERZ AL COERDPLETHD, L1L, REZLNT
T EVE VR CH U B ERPE AL TR RSEE S EHmESL
TEY, BLy T T RAEALE DERBFBIZD D DREEVOBLA TS, MRE L
RZZRE DO RE~O Y E L TEOL OB HESN T D (Barinaga 1997), Zih
OWMELEFT L, 16 5 EVORREIT, BRI BE SR PR ThHD
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LW R D,

BRI BEROITONABFTICOWTIE, BENIRIZS 7e~F I 3N%
MR I EBROFERDD, D Eb T T 7 ABMBINIRIT D NI EERRPLAT
HBZEERLTNA, LU EOFERI D, NMDA-R 7360 Ca* iR AIZLYD, PKC 23
TEHELL TR T T RGBT F RO E AR EHE T DLV IR 7]
REMEEL THiIToND,
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F4F FTRAGEVROEEE
FRET S NI BAFIERBERFORER
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1M e

LTP ORI 7 AR E2E 00, BMAIZEDE DLW ZERIL,
RIZIZREP N TN RO IED—DTh D, #H CA1 TEEINS LTP i3, &
F 2% HMIED NMDA-R OIEMHALBSBETHLHZE, SHICATIBEMERHHIL
Wb, VP T AR LHATIE DR EWE SIS, TSy T AR O
CEDE BB M DLV RBMBRIBIN TS, I=T F 2 TR O R
IZh, LTP IZ o TUF T REL OB KT DL D8 E 138 (Bolshakov et al.
1997; Voronin et al. 1992), HITHREME OFELHEE>TEREZB I, &
BT, T I RRTBED T AL U b T A DEVREDE O HEE Lo C
HIEENEBALBME DLW E ML OEIZ LV ERII cEYEZ LR
DY FTADFELEZ LN TS,

B OWETIX, VT RFIE~ > F 7 AR ERMOBREZITMAT, &)
TAMBEDEEA DV T T ABMBIE OB EB OO ESILTND, FIAIE,
BBATAREFWZIZE T, —FDOAST LTP #8823 5o AS¢ LTD 23
FIERZAELALEVIHE (Muller et al. 1995)<°, /MK~ /L% = Hifa ¢ LTD A3
LM~ BT DI ENDHD (Hartell 1996), Fiz, HEREZ AV
HLOTIL, VT T AR ALV A L3 >OMEME (A—B—C) Ik Bl [E
BEAEIZIB\ T, LTD ok Ema gL, B~CT LTD #5%E45LA—B
2% LTD AFEEEIND GEITIHGHER) 2V o9b 0455 (Fitzsimonds et al. 1997),
ZOMITHERIT. SV BEBIMY T T AORTHESNL, v -TIEE
(GABAVEEWMEY FFACIIBES RV, 72, EOY 7 ZRTHERA2E DY
F T ABHBUNASN L TOBHE (A>B&A—C), LTD 1320 2D F 7RI
BT DL S 7 RETHEFEEGHR ; presynaptic propagation), SHiZ, 2 &

DY F T AEHIE 1 BT 7 ABHMIBIZATIL THAEE (A—C&B—C),
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MY LTD ME L7z O 7 A % Ma il postsynaptic propagation), Z
NHOHET, BHREE P OHEEEDINESES 7T e, T T A% a
SETHIRE ~ME DD WAT LRSS 7TV OFEE RR TS, ZOLERIL, EEH
BIYEME LN STRD S H R ZE BLHIE

ZOET, MBEAMEBER T OFEEE R T OMEIT LV EDEEIT
DNTIIFEAEREDN 72V, T 7 2B MBI ORI ~DW T ZME LU
T, 75% R B (Lynch et al. 1989)%° NO(Southam and Garthwaite 1991)7%2
ENE NGB THD, oV EHEORFEL I, RERFRH TN,
BDNF <> NT3 i, BB (K7 40 7) BEf TR 45 LTP 25| &I 428
HEIN WD Kang et al. 1997), L, XL 7 EHOILEE FITBIL T,
RERTFLUSMEEAERERRN, Xie DIT, VIFEEE T XARIEL 7%,
B H T EEOBERFER TP HINAZEEREL TODN, 5F0
HEHCE TR 2o T e Xie et al. 1991), vivo DFEBRCATAREAR%E
T EBRTIL, ZU RV EMERTFEEATEREHRE REICHE L7207 vy 25D
REERZ LY, ZHLE R T ORI B EA TN —D2DEH ThiEBbibd,
AFFFETIL, BB R ORI R ETENL T EHER T OFED T REES
BRETLT=,
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HB2H  EBMRHROEB &
1. ZTUNJEXROFKERES

FHIESH

2. ERAEHEHFX
EIEDR

3. &HHTREEN R (CM) DR

FE4 10 A B =0 R4 Y C. 100mm $52 LIz K RARRERE 51T o 72
16ml OREFIELZ AV, 2 HEE 5 H BICFESEMZ L IToT, TN,
35mm R MOFEEIEIZHEC, 7 BFEEORK, 16ml OF—/b /L FEEkHS
T 1 ERREL, BOSEIMNEEANT 5 SMBEL, RICEEHFNEE Mg™%
BERVFEEESNE 16ml LEHRL, 156 SIFETLIF TU T TR GEOERLH
|z, ZOZMEAHT 1 (conditioned medium; CM)ZHREL ., MgCl, % 1mM
WZRDINTINA T, FAEREOELK 15 1R,

Z0 CM ZE3EIL 10 KWL, 50k Da,100k Da OFRFRT A X% #
> Centriprep (Amicon #54) 2T 1500 X g, 4°CTD AT 30 5@ OLLZ, T
NEENRERDIRL , HBERMEL 7o, BERICEREN T CM OBZRIEL. 7ot
AZRAWBEOFHRO BRELTZ, BRELE 100 FREICEMEL-.

4. CM QR T 0
BHELT- CM ZREFEON 7T B (100 1 g/m) Iz 7z, SIRIZT 20
SHBELZOL, N7V (e s — (BERET 500 u g/ml)Z AT, M
TV DBERFIGER T S, CM ON TV S REME LT, JTBBEBRIL T CM
T NTV N TV A e Z—REEIRIZINA., FIARIZZEIRIZT 20 7HEF

BL-bOEFERLE, oo CM EfiEYE 50 ul Iz ize&xnR 7y
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v, NI’V A —DREREBEX, ZNENR 720 2.5 ugml, BN b

V7 A eEE—25 12.5 u g/ml ThHoTz,
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Mg%—free
RN EDORE

Mg¥-free E£#IZ L S
SEPSCs &34 D EEE

15 Conditioned Medium (CM) D Fg#&iLE
I LGRS IE BRTRIC L D Mgt —free ERARIMRICBHL | EWREIEICEIY B2 T 1550

BT ECHRE FEL 2, T D Mg -free FRESNRE BREL . 1 u M D MgClL % N
TRELGEINEE R A A MEICL 72, Z M BEL TERICAV T,
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B3 EERIR

1. CM IZ&% SEPSCs D&

HEERAHEL 7~ Mg*-free FREIMREZEEL., ImM MgCl, N1 CE&MEAF
TEEHL (CM) &L7, 200 CM 2 FEBRFIEICEER L FETREMEL ., 320 L
O FAIZ R CTINZ 72, CM i, BSN%4 5 4 C SEPSCs ORIEEH A2
L+ HXW72(Student’s t-test), CM &M 10 713 ECTRIBO L Fixizigtafil =,
CM (2k% SEPSCs O bRIZ, Fv iz CM OuyMIEIES &3 H o703,
120-200%D&FEIZHY, T 130.14+5.8% (=19, [X 16,17A,B)ThH-7, Zh
WXL T Mg@ % g AT B DRREIMEPORAE L ST IEZO5E
HIRRIZINZ 72 2% SEPSCs DFHZE(LERIT 99.4914.1% T, HAREKITR
23572 (n=5, Student’s t-test, 17B), Z D Bt Mg*-free £zl - T
SEPSCs D% #7HE 4 HMICHERA FHE T MO0 IBIER F 2 s T
WAZEETRE TS, 51T, CM IZL-> T—EBmAFHEL %, LHsMNEE CM
EEFIRODOTRIAL CEMFBERE T2V IR 2% Th IR R SN (X
17B), ZOFERIE. CM FORFIFEBOFEIMLETHY, MERARITIINE TR
WZEZaRL TS,

FEL 7 CMEZ RART P AXZFOETHEL., 77 F 830k LI, 30k-50k,
50k-100k, 100k LA L 4 53BN 5372, £ E @ CM O SEPSCs ~D3IR%
FRATUT- 25, AL ERIT, 30k BLTIX 97.515% (n=9). 30k-50k /% 97.96+
7.3% (n=7), 50k-100k i3, 132+5% (n=13), 100k 2L kiZ 103.8£9.7% THY,
50k-100k DL ZAIH &7 1EME S -7~ (Student’s t-test, [X]18), 100k LAt} lot

X o TIREFESELZ R TLOLH o, CM HOBFRES A 100k HTBIZHDHD
23, HLLIL 50-100k DOREXDOEFDIEFNIMEREFEELIELEZLND,
50k DIRFRT A XEN->ThH, 3 FOMWEIZL > TEDOBBYAXBREDLLDT
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16 CMIizk s SEPSCs H#3q o B {5

11X #HAdRBED SEPSCs, TiZ. CMZMx T 1041 D SEPSCs DE&gThd, 1. 0%
k4% & BAREIC T 0 SEPSCs IREAHE AL TV 5, —60mV IZEEEE,
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17 CM1izk % SEPSCs B45& 7 L7 5]

A. MiZX % SEPSCs DR DK, 1 X #EREED SEPSCs, 111X, CM%& Nz
T10% @%@ SEPSCs DERgRTH 5, —60mV I EEFEIE,

B. CMIizX % SEPSCs#Eia D &2k, CMIZ X % SEPSCs#E58(0), CMIZ X 5 SEPSCs
SRS, EIRICELY CMZ VL 725 O(@), XTHREBRE L TMg» % S5t
FRIMNEND AL 72 CM OZHEM), TEON—IICME IR 7-FfE RL . BB
23(0)., TE N @THS,
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Normalized Change
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1.3
1.2
1.1
1.0+
0.9-
0.8-
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0.6-

X 18

<30k 30-50k
LS 72 CM D35

50-100k

>100k

Control

TAZY A7k, Db T 2L CTEABERHDHZ & BT,
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CM HFOHEMEIEMERFIL, P7<Ed 30k L EDGFEEFFo TQNAIENRIEX
iz,

2.CM DAV BEMHRF

CM H OIESERE I3 72K 30k UL LD B FEEFFOZENREI NI,
ZOIINGTFEPRENEFIZZ B THLAREESEV, £Z2 T, CM F
DERFBEZ TG THHPEINRET T DDLU T D2 DDERE T o7, £7,
+ 7R BB EIER LT o> QO AIEZ R L CM %, 90°C, 20 /3BLHEL T,
ZOBMELT CM X, HEFEIEEE Ko7, BALE CM 2728580
SEPSCs D2 IE 94.3+8.9% CToH o7~ (n=5,Student’s t-test, X 20),

LI, NV AL CM 1338 FEE L Ko7, 100 1 g/ml @
N7 T 20 SHEIEBICTREL, XL TBHBLI-OBIZN TV HEANC
TRIGEARILEE T, ZOX LRI B RIEEL 72 CM # Nz 72L& SEPSCs @
EHZEALERIE 95.06+ 3.9% T 7= (Student’s t-test, n=5, X 19, 20), ZIIkf
L. SEREBREL TN TV N TV ERIDREHEIRIC CM 2R IREWE
BILTZBED SEPSCs DOEHZE(LEIT 145.13+114% T, IRIBIIH AT ML 72
(Student’s t-test, n=5, [X 19, 20), ZNHDFERD D, CM IZEEN TWHIERE
FESOEEL ORF BRI ARTEMETHLHEEFRIRRTOHDTHD,
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A

CM +
Trypsin+
Trypsin inhibitor
Trypsin digested CM

|100 pA I 100 pA
50 mS

50 mS

B CM +

Trypsin+Trypsin inhibitor

HF[ W{T

|100 pA
58

19 U PV EL 72 CM O RDOFENT

A, FNUTUUMEL 72 CMOEMAET (1), % (0)D SEPSCs @ #AIfF, D/ SRV
IR ERR, -60mV BAEE, .

B. RU U UMEEL 2 CM OEMET (1), #% (1) SEPSCs D #AF], o 31
IR EER, —60mV BALEE,
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20 ZERRAEL 72 CM O EhE O T

CM iz b SEPSCs 8D BREE(L, CMERNY Y bY U f B EH —
DIRATINZ THRBL /- REBRREHZ L 5 SEPSCsHEIR(O) kU 7T v MEL 72CM
(W), BEMS €72 CM (V). SHRERE L T Mg* & SLEINR D FHRL 72 CM D%
2 (&), THDO/N—{X CM % Nz 7~ HE%E =1,
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3. MBERTFLIV NN VEESHOBEEY

CM FOIEHRFBEZ I EMHTHY, 72 SEPSCs DOHEIRBFTIHZ
NIBERRIRTFT D, ZNODRERND, FTEZ R E A RIZE) CMAMELI,
s SEPSCs OHRIZMLA THHEWVIRIIE T2 THIEN TED, ZORME TR
AET 570, PKC BEA, KON #o XV EARBERFET T CM OiEHEE
R LT, BHEA BRI+ HRET DOEHEEITT HIDFR—/L B
BRLAD 20 AN B ERIZ FLEFIMNRITINZ 72, FIHRRED SEPSCs #5R8kL 7214 .
CM %Nz C SEPSCs OEALERIT L T2, ZDOFER, IV THAF L Clzkh PKC
ZHRELLKETH, CM OFMZEY, SEPSCs DIRIEITA AITHE KL, T
ZALEIX 144.8+10.9% ThH-o7- (n=5, Student’s t-test, X 21), PKC DORE
i3, Mg*-free RAFICEDHEMEAELZDT, ZNODRERELD, PKC OFEMIX
CM FOTEMERFZ M 572 DITHNEHESIN DT ENREIND,

Fio, FRRIZT7a~F IR THRIE A REBELRIICEBN T,
CM i SEPSCs D% 55E 7=, SEPSCs DOIRIEDFHIZE(LRIT 133.5+6%
T&H -7 (n=7, Student’s t-test, 22), UV EERIL Mg -free 1285
SEPSCs OBRIIIMIE THoTD D, ZOLENBLEINTZ /X 7ETE CM D
EHERF RIS ERZ L RIETHL, BLUIRFZ O DO TH DR REEN R
BEND, £, ZNHZDDERDL CM FOHERE 725 Mg*-free F£HFIZED
HIRICHATHY, CM ITEHHERBLZR D Mg*-free 1245 SEPSCs HHEBLLED
—EREL TEENTWDIERFREBEIND, ZNHDERDELHZK 23 ITRT,

4. JVTHBKREIEETTO CM OFEH
INECOERITTRCY) TR L RO RIEEERIIBO T
Tx7-, ZOih. CM R E RIFTONZ Y T THY . T RS TR
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B 21 200nM B AVERAF CHEETFTTDOCMIZE D SEPSCs Hig#k

A.  TIZHIEREED SEPSCs, Ii%. 200nM ANV T 4 2 F v CEETTCMAZMZ T 10
3% D SEPSCs DFL#RTH S, 1, O % tBd5 & BiFEIZ 11 @ SEPSCsIRIE A3t AL
TW5, 60mVIZCEEEE.

B. 200nM A NVT7 4 AF CHEETTO CMIZE B SEPSCs HE5ED RIFEAL,
200nM B VT F A F o CEEIET TO CMIZ X % SEPSCs #55(0), CM B X % #8
MOFEE (@), MERERE L T Mg» % ZLEHMNE G ARL 72 CM O ZEM),
THES ON—1X CM & IIZ T2 Bl % 7R 9,
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amplitude of SEPSCs
5

Normalized mean
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22 1uMI7a~FHIFNEETTOCMIZLSD SEPSCs H#51

A. T IXHIHREED SEPSCs, TiZ. 1 u M3 27 u~FII R EETFTTCMEMZTI10
DEDSEPSCsDFLFRTH D, 1, D% BT 5 & BAREIZ T D SEPSCs IR R L
TV %, —60mVICEBEFEEE,

B. 1uMIZ7u~xiIF FEETTOCMIZL A SEPSCs HETR D IRIFZEA L.,
luMIZa~FUIFFEETTOCMIZE % SEPSCs #838(0), CM BRIz L 5 1
BOFHYE (@), XEERE L T Mg & S He5sNE 5 FASL 72 CM ORI (M),
TE DAL CM & INZ 7= BFf % 9,
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Normalized Change

CM Mg*F CM
_ +Cal. +CHX  n=7 Control
n=19 n= n=7 n=8

23 CMITXDH#EBRD
BEAX T —FoOEMHlL #2837 BEBR~DIEEEFEE

Cal.+CM X 2000M ANV T 4+ A F > CHEETTO CM DR, CHXiZ1luM¥ 7
~F VIR GETTOCMDOYIBROKETHD , TAZY AT ITBLENHDHZ L ZRT,
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EEE AL CODFREMNTE TER, 22T, JUTHREEETT CM 0
REZBT LT, ERITEE ORI TH7 v A EEELRARICIT T2,
B JVTHREERITBEVTH CM i SEPSCs DIRIEZ# A S W7~ (n=4 X 24),
RIBOEHEEHIT 12751 12% Th o7, ZOFRERIL, CM FOEHER T
V7 % S ST EEHFRHRICERAL QOB IEERET D,
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Normalized mean

amplitude of SEPSCs

1.5-
§/
1.0 s
o 10 20
Time (min)

B24 7Y THRELEZERTOCMIZE A SEPSCs H#iR

A, TIXWIHERREED SEPSCs, ik, 7'V TREEERICCMEZ A T 1045%0

SEPSCs Dft#Th s, 1. NZEHETH L BRI I O SEPSCs #RIE A3 HE K

LTW5, 60mVIZEEEE,

B. 7V 7EREHERTOD CMIZE D SEPSCs MO BRRE(, THD/N—iZ

CM % N % 7 Rl % 7~ 9
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A B

CM 285 SEPSCs DIEFRIL, 5 S RREOLBE BV REHIRE T/RIY, £
7o, —EEBAFHEINTLE L, CM 2BV L THIETROL LIRSS,
ZORERIT CM FO#EE4K 113 SEPSCs OEsRE EI 5 EOMEL RET
W, ZNEHERFTDOIEFICLBELENDD DO TIIRNIEEZ R T, ZOIXR
BT, CM FOEFIIBIROFTENE TV EREBETH—FEDL S

THAELTEKLDTHLEZ XL,

| CM FOMRBHEIFEEFEFOR F NI I E N F ThAIEN MRS
iz, FERLEL T, BVEMT5ZL, 30k LI EORBHKRE ST EEZFEOIL,
FLUTHRERRFERIL, N TV ACEDE L RO E 5 RAEIC J0TEREE RO END
TR THD, BIE, ZOZNRIEHFERBBLURE T KT v BEA LML TV D,
Mg*-free §12d% SEPSCs RO R EIZIL, T AEMICIITAHHY
RIEPUBETHD, £l CM FHOERE FI135 7 G THY . Mg™-free 54
i2&% SEPSCs HHIZMHATHD, E5I1T, CM FOR FAHHEN - TidHs
BRI B A IR OFHEICMNE TR, TNHOREROMINIT, HERE 7T
T T AR B TH RIS ANV EERESNTHRIBSNDEWIRRRE T JEL
7200,

RHIEREFHFETORBIC IV RSN Z o 7 B OTEIER 71220
TIEHEVHRED 2D, Xie B, VXD RMEZEIZIBNT, TEXRAFRIZE -
THHEESN I8 E FOFELZHREL T 5 Xie et al. 1991), HbIE, 4 F& 3k
PATF. 8k-10k, T 50k LA EO4ENZ LTP B8 E MRS HDHZEE RNZLTERY,
ZD5H 50k YL EOLEICHFET DR FIFERKBIOR RN D 69k DF /UK
THHLEEHEL TND, BAERND, ZOX L _IBELSFRERLIZLEWOHRE I
RIZIRND, ZORFZE e n BT V7 Mo EE 5 ZEZL, PC12 Hfan
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REEBETAHESEEZFSOIENFELII N —THOREINTEY, BEEN
(Sastry et al. 1988), &RIZHRI1T5H CM FOERE Fi37V 7L NEFI08
FRICHER 97 2LV IR T, Xie SOILEEF LIZRRDFTREMES B DS, 2D X574
R EMIEBR A ISV T T RER R OPFED ER ORI o> THE
R CEZLIT20, EBRTEV,

Zo Ry EEDRF T T T ERD R LR T 50 DL THREERF 15
HiIFoD, Ir4E BDNF, NT3 BS#H & VB &ML LTP 2538352
ERRESNTNDR, ZILHb DA Tid, EPSCSs DRIE AL T—EL~b
TEIFITAETH 40 5 OFFEZEL, LTP I3 EEESEHINS(Kang et al.
1997), ZOREIL, CM R OIFEER FIZ L AHEREKIBIZRRDZZEE2EZ DL, &
DPEFIFZHLIZEEMO R E R F TRV ETREMERE, L, CM P o#ERE
F R RAREEEZ £ > CORNEITNZRND T, ZIUTS B R ETT ~&E3E
B THD,

HAER AL, BEDOT T T AN T T AEENEOECE BT 2B L
LTHAENTHD, Fia Tl ~72L 8D, IRESEOBIELDT T 7 A sk
BPEPH|ESNTRY, 2RO Tt A E 2 LB I LD TR
ERRLTELDbHD, BEDY T T AR TOVF T AMEEDROCRITEESFE
REBEE 2 EHTORE THLFTRENRHY, REBBEEN,

CM $hoEREFII7 V7 Mz S BRI ER 352803707
PREBERTAVWZER T RSN, ZUT RN ERFEER I 57559 —
DOOFREMELL T, ZUT MRS R MIEANSDDT 7 F NV ESITT CM &1
HLTWD AR DD, ZNERETTDI2IX, BTV TREERREZ AW
T CM ZFRETIITROE, SR IMHEEOENT Y T RELEREY KEBICER
TLUBENRHY, ZIIBIHICHEE CHD, LLRRh, YT REEEIZRBNT
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H Mg*-free 1285 SEPSCs DR AFHEEINDZE, CM FO#ME FiIZ
DHERIZNATHDHZEEHOE TEET I, ZOMBRT-37V 7 MEE»s5y
WS B AT ReMEIFAR Y,
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%45 %IIIHH:H

RIFRBERE R RIZB N T, VT T ABEEOIEERER TR ELAE &
ZEINDHTEPHERBINT, Flo, RRIZBWNTE, ZUVT7THEZBRELLEERICE
WTh SEPSCs DOHENHER CE72IE b, 2O XS AIEER 72 2 bid R Mg
WNTELTZ AN = AL ThAHEEZBID,

Mg*-free {115 SEPSCs O#IT, MR E BB OIES L NMDA-R @
IEHEILICRVEEE SIS, NMDA-R OZBRAIFHERIC LD SEPSCs R D AE S,
NMDA-R BEET2EMEROEIL, ZOHBEMIZ Mg*-free £ T TOD
NMDA-R DIEMEALRNETHAHZEERL TODR, +RETIHRN, Z0ZE
X TTX IZL DA EEBRNOHLNTHD, TTX EE FICRT 5 EREKHO AR TIE
Mg -free SHIZL THHERIIFBEINRD -T2, OB RIIL T T RIEE}IC
EAELTZH O THY, AN TR STV ARIEGEER LTP KNS 3550 ThoE
EZbib,

35612, PKC ZfRE 228 T, #BMIIfAEIN-24030, NMDA-R OfEtE
LIS AN ST DAT L D EFIZED, PKC OIEHE(LB3ERICHATHD
TENREENT, T, ZoT X —EBOEERNIRIERTDO T SRR EEE
BRIt 2o, ZOHEHRIL, L0 Ex T — BRI L2/ B0V B
G EX T —VBIE DB E R OREIZLDL DO TRVWEE DD, LA,
R RTOBELITBI ORI TR Ex T — B TE T A MB35
(A THDFTREMED B E TERVY,

BRI RRAER THHY 7u~F IR, RNA AR EXRITHHT7F /)~
Ay D HIOWREMAI=2EMD, mRNA, ZU 7B BRFRICEREINHZE
75 SEPSCs DFMAFI 4D DITNAE THAZERHAL) /2o, LY,
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TRABARAD BRI R IBEREBEELLESGED. Mg -&#i2L?
SEPSCs #HMIIHEIN, ZOMEID, Dby T 7RG MIZRB N TIO
HRBBITNIB THLZ T EERBTOIL TS, 72720, ZORERIT, &7
ARTHBRIC BT DHIRE L R BEMDLEEE R ETHHO TR,

VT T RAEAIET NMDA-R &ML T 528, Fo, D7RKEb T 7 A%
RN BNTH I BERBUATHHILEE 1 DL PRC OIFHELITT TR 1%
MIIZRITD Ca* K FHEDBIR FRBEEIC D> T B ATREMED ® V., PKC
23, CREB OEMHALIZE D> THEEWIHER, HEOCEHERFLEMEIL 5L
VOBELHY, ORI+ 05DV ZD, CaMKI, PKA BSZ0OHEEIZE S
THRREMEB IR TD,

SHIC, ILEEEBIEER F 2SS MI RS TV A ZE RSN, L
3, ZORFIIZ I EHEOEDTHY, D7ektd 30k LLEDOSFEEZFFOIE
DIFEFRS Tz, XTHRFERELL T Mg*-free IZLAEMOFTELITHORNGE O
SR Z M DEER MO = 2 — 2 AZEIU 2B A1, S EIDRNIENS, Z0
EF13, R EFHE T 2RBIC Lo THRIE A BB,

ZORFICLLERIIS T REOHBIERF TRIEL, Ty bETHREDD
LR RERF(BDNF R NT)IILHHEIRDZ A LRI — L TOBALHNTE R
TEEIL 7z, AR R FICEDERBLEITP oKD EL R RIB TRISL DL
%éhf%%@i ARICBITD CM FOWIREAF RIS LIZBERMORE R T Thb
AR DR EN D, Ll ZORF RIS L R B RIEEZFE-OFHE
HIZHY ., SHRESITIHENT T _ERETH D,

CM FOEHEE FITRRMRICERER LBV TREZRREZ AL
e EBRIZLVHER SN, BT TR SFP4 (ZX0 7V THilaE BRELZRICEB
Th, Mg*-free &, K T* CM 12X->T SEPSCs OEENFHEIND, ARITE
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Wi, SEPSCs #3812 28 e MBI L& CRBHIBICNTEL QB EE X BILD,

CM 7% SEPSCs ¥ HEIZL T+ THHZEWRENT-, TV T A
Fv Clzk? PKC FHESMAT TH CM (% SEPSCs D#EMEFHEL-, SHIT, ¥
Ia~FIRZINF B A RERELRET CM 21z Th, SEPSCs @
HERIIFBHEFIEE Th oz, ZOZEIE, CM FORFIZ LD RITIIFT RS 08
DERELBLELURNWIEERET5H, ZILIKL ., Mg -free RIFICKDHEEROF
BTIE, Mg -free FERIZZNIEPEFRICERINDIERMB THoT, Z
NHDOFERDS, Mg™-free FHFICIDEREBELORBBUTITMRIMN LS NDZ
PRI BYEDT T T AMBEDRRER T BLETHY, ZNEARTHDIIF
RIGEBBLETHLARMEREV, £, CM & ENARFiT, PKC 2/ &
RO BRI ERIC IV ERN T2 2L AR SN, PKC 12 NMDA-R OE#:
b2 F NI EERE TORBIZBIDD MRS E,

INHOFERITMA ., mEPSCs fEHT DFER. H3RIC o To 7 AEML O3
M4 LA REEDS RS NI, ZDV T T REMLOFE RIS T 7 AR O ZELIZEX
STHIERISNDETDHE, ZOFNTERRFII T 7 A% M TS v, —
BOMITHEREDELL T T 7T ARTMIRIZER T2 RN B A bILD, T2,
ST REML OO KRB, YAV N F T ARE /R T AL T TR
RIS NADZEIZE o TEBAIND LT HE, ZORFBEFEOF AL U T T RIT
ERT2FREML B OND, SHIZ, ITERENRZ VT T AM OV T R RE
RBACDIEIRR S | 2 HIZLEEZA LN, BEEFEEOAN=ANIEFETDF
BEMEL D, 20 CM FHOERFREL I EHR THEIEND, BT ME#HEZITT
R4 RFBBPFRETHLIELERDND, ZETHRDOREIZL > TEDOER#EF
BREZDH7E | ROZEREN R TXD,

=0 SEPSCs #iaE 0 A X % K 25 1277,
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NMDA-R Hi5

Ca it A

25 SEPSCs #5845y FiED E
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A3 B

A REATICE I AR L R F 2 BRIV EL -, ZTIZESHEIALEBRL
EFET,

BEEAZRITIT, O BENLRIXOERIZELE TR A RE T, ZHE,
CHERIBY. LOLBMELET, £, FIRAE IS TS L TR
BEARBR T3 AT FERT A M RE AT R O I QMR SE 41T, BA DD ERE THF
ROETOECOIVEBINCTIRE TS, RERFMZFENTTIWELE, VR
EBREHOBZHBETET, FLITAVEI TS WEL, BIEZL CWZEELEL
R —RREHR . AT LB L REFRITIT. FREBRTAAD v a ZTHE RERBHL T
BOET, MRAEEFIREO/NBAE—BZIR, BEVEMFZEEOHHMELEITITE
ICEEIRNBRE IRV TR A RIS TEE | SRICH VB TSV ET, FAOBEMIC
DEHOTTEVELZAB — AL, < OEEFE LITEH O ZLET, FiZ
TEARZ AL, RERBRPOSEMICHIY, RBFLL TEROBMMNL
B FE O TIZDZYD, IO RICELETHZ TTID, LB EFH
LET, ZORREITOICHETY EROEF BRI OZH o TN R IEEIC
B ET, BB ORERLEZF Lo TN AFHERBIEHLET, o, BD
RELLDBREBERICOEH > TN, LEBVHEBEEL KRR OFRFTHK
WREHILET, &BIZ 5 FRITOEVE A BROBBHEEICRVEL B EFRED
BT RN ET
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