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WI1IE Fia

IR 2 IR BREE SIS LAEE TV D, £ OWEISRE /I E B2 SO (reflex
BRI R U TR 2 SRR 2p s S 7 — ) BN (taxis : SNV 3 L
T—EDHMEFF-T4TE)) IR0, RN OERE B EOKRR LS
LAEDEBHEDORUL TR EZRAE LA BITEN T 28R bDOTHL B2 b
Do ZORNZFRRIZLTND HDIE T Tho, BMITREDHEREE Z .
NRNEDOEREBE L, SHICHAEORNEZLTERELZANLREZSZTHA D
ZEAETHHEW L TITBI L TWD, ZNHDOBRRIIETHRAE > TnD EEZ
HNTWD, T OIEEOMRIEITITFEE & 28 OMEENR H 0 | FRIZ & ZE L
FORBOERIZIL WS EMHEN DN EEREE 2T D,

MIL LI IE D RERED M o > TV DY, THFMOREE, S F Y FeEITM OB RE
DR THRBEZEROEDTHD, b L. BHERBREFEFHRZR2 VIR FIZH- T
LEoT2BE, FEAEOIMITAZED Z LiITHkANWTHAS ),

FRLULIZEE I ICRRWICHLERIERERFFCEDL L LTH, RTOFREL
BELTOWAIRTIEARY, RBECIItx RfE DY, TOREHHOE SIZX
STHEIND, BIERED DA SNTAERE FLORERIRFF T 2 O K b IR
HFHBOEWVRELETH D, S 5ICZ OMEITTIEOMB RN RO ) 535
SNTAHFRIZT P RIEES T ~EDbN D, 2 2 TORBITEHEE L XN 5,
BIZIX, BOFEHEETORIMBERTE T —F 7 AE Y — LMFEINDE
bEEND, WRAREDFHAEZ T HROEFRE T4 IR A TH Lo 7%
RO ZETHD, SLICEHHMRAF SN REIRMREL TN, 2o
BITEH LR WRY —EEEZRL DO THDH, £ LT, EMEEEITIZOMEEIZ L
STHEINS, £7, S CRATELILHINRESHE GdiE &5
TRATERWIFESTE GEBMRFER) Pd o, FFEHBTLET. AEDOR
DHTHZOENDLINICVDYIFERTRADL ) LTI illEThHD, —H.
HElBlIRE IO, BRREEL oY - FRtETH D, B
BIIARTHATL VATV H LD akicEl+ 2B THY, =Y — Fid



&L MEEN % BE CHRBRLZEVHO X 5 2 EANRBROLIETH D, B
B EWRE, BICESHE - oY — FERE~BITT 2B E N KX
CFEHBLTWDEEBEZLNTWS,

M OKEEZ 2 CTHhD & EIC 2 FIEOMAR B Y | AR (neuron @ == —
o) CARREAE (glialcell : 77V 7)) 2O IILTWD, lx ==
— 0 IHERERIICBIE A FF o T2 RE R L, AWIZ Y7 A (synapse) & FEIEHL
DIEAENC L o THT~E I Oy N —27 2L TW5d, sREICED
STNDEBZHLIVTWDOUERIL, FEMEMnOZ < (3R (granule cell)
& HEARHIAD (pyramidal cell) EFRIEND =2 —a > D F v b T =712 X > THEK
SINTWD, IMOWEEZMA D & LI, ZhvbD=a2—a(llbdry MV
— 7 HPHRD T LI o THEDBEBED 5B ST D D TIE 2 Win e B 2
BID, FrlZ=a—a B LODRNY Thd T 7 A0 EBIENGEZ K
LTWAOAEMERNAHTHL B2 N, VT 7T AORMMIT S T 7 AHF
EVFT T ABEOMTT v R/ L 720 . MREEYE O &SR 5 2
CICE S THEMRDIBZENEN L LEZ D EEINTWD, £/o, VT FATO
ATEAYEIZ AT N K D il i 72 o AT Tl ANTEZITTW5S
PTLES 5y DRDIRZEE B RIZFTEMERNIER > TnWAHZ b oo TETWD, =
IT=a—a I oWTRTHD & FIRDO ATIENL T d % iR 2EE (dendrite)
DT T AT T DOMREILIE S T E~ETEITS & 2 DI LE DI
B OB T A L2 0 D 2580 LR, 202 sli=ma—a
AT SN BHOERIZT oD =2 —1 U THA S, ROMIBICEZ B
TWAZEEEWRT S, Z0O=a—0 r TOBFHEBEAICTHE L UIRZICHI S
NTNRNZ EHZN, LN UNEZBET 5720121, Y b U — 7 OfHE
MTHDLI=a—a rPEEOEREEDL IR A=A LTHA L, EBEIZ
DEIITFIHLTODLDONHALNITLILENRND D, L, RO TR
RHIRZE L AL SO 72 o T A BAL TO AR A A I = X AR L CHIRIZIE
7o TWRnoTe, A, 206 BAMER P B R BIREE 2 T I FIE OB 23
Fehe L, BRRZEE L F 7 A AL O TR I REIC 72 > TE T,



AWFFETIE, 2067 - ER L —PF =B L UV L=V —Z WV omET
= J R E L BRAERTFNFIECH LNy T 7 7 BRI X DRiekE
FABRDOED T LI X - THHRZEE E~D AT OFRFZERIEHALFIZ DWW T DX
AF I ADAT D Z EEFRIC Lz, ZhE THRZERITEMICAT S
TG R ZHURNB T D200 DL D EEZ LN TEEZR, FITOWZEIC X
5 ERIIRZEE B IR TR &2 R IVEE R 72 STV D 2 & s 41 Tuw 5 (Branco
and Hausser 2010), % 21X, S5 D CAL #EAMIL T —ARORHR Ik 23 BLEE M & 41
HilE ORI & EEALEE L TV D L 9 72 2 & A3 STV B (Hao et al. 2009),
7o, BRRZEEIZZ BRI > F T A AT IR ~ME 2 B 721 Tidze < ik
L A X4 2 (dendritic spike) & PEIZALD L 5 ZREEBIN L EHMOMLBIEDITHOIL T
% (Sjostrom et al. 2008), J7 [Al 34k il 2 72 L 9 Ze M O phfR Ei#lAa (ganglion cell)
TIE, ADNEWHRT DR RBIRER DT U U AR AL 7 BN [ETHNC AT
HZENFERITR o TR KT 5 Z & 23#HE 4TV 5 (Oesch et al.
2005), & HICHRRER O TN Z 5 2 & b~ 5TV % (Losonczy et
al. 2008; Frick et al. 2004), Z @ X 5 ITHPIRZGE 21T THIEHRLE DR S H 2 &
NEEERE S, AR OO R Z IR T2OIC—KES ZLNTED
EEZBNS,



W2E BR
2.1 BB OFEF SRR R

k5 (hippocampus) (3 RMMARIEEAEE O PIRIER CTHRIMN=E T A EEICALE L, S
{& (hippocampal formation) & MR 5D KA AD—HTH 5D, 50254 400
ERNCA 2 U T DR v —=x RFOME ¥ Guilio Cesare Aratio (1587) 73 U
VX MERICRIG T DR A RUNBELWEORIEN/LETND Z L2
YRS (Hippocampus) | &4 fHT BTz, FlZ OB LRI HEFEDO M
PLCnWbdZ Enn THEEDOFMA (Cornu Arietis) | & b IFFIENTZ, =, 7T AD
fi #5774 René Croissant De Garengeo (1742) WNEEDHHZ L H, BW-AE o=
T IOT EUMICHELZT [T A (Cornu Ammonis) | & b AT, %
DZFEDN ST A VU T OMRFELF3 Rafael Lorente de NG (1934) 23SfEURHIIE o fElek % 4
JAORKE I LN E CAL~CAL IZ7HFE LT,
WS OME LK 2-1 2R Lic, WBITHMEVEEZ LTEBY ., £y lXh iR
(septum) 72> & BAIFUEETES LN TS, R OFEdR 717 1% septotemporal i, K7
51 transverse #ifi & FEIEAL 5, transverse (278 - THEE 280 0 4 & & KERERD &
SIEEN RGNS, KOFRDOTFIZALNDLT VT 7 Xy hd C Z#ilc Lz
IR BN DT HIRE (DG; dentate gyrus) T 5, HIR[EI D 3= A1 X
HERIAMAD (GC; granule cell) THV ., # CRONMANGIEFVELS COLH 2
A< KISV CW A HEIKIE CA ThH D, CA4 2HAAE Y CA3, CAL, 1
FB& (subiculum) ~f5E < Z OFREIR O EE IR X HEARHMAD (pyramidal cell) 7> 5 %
Do TNEND =2 —u LML EHRZEECHZR (axon) 1Z—EDEITE
D WEHIIWE T HARREEGE AR L TWD, WE TR, HR, B
PR 72 & O KRIEEE D> D OAME MDA TIR0, #&#-E% (raphe nuclei) <CRE{IHE
Z B (ventral tegmental area) . FFEAEL 72 £ 0> HAGHEISE  (neuromodulator)
NEPED AT BZ T TV D, ZO X I ICRITE TORFEEHR E —HNEMED
HEMHLEVIAEFNTL D EZ 2 BN,



2-1 g5 =Gl

Hip: hippocampus( ¥ J& ), Cer: cerebellum( /)> i), BS: brain stem( Ji¥ &),
PP: perforant path(E#4%), DG: dentate gyrus(tIk[al), GC: granule cell(FERzHM ),
MF: mossy fiber(Z IR###E), CA1~4: Cornu Ammonis(7” > <& f4), SC: schaffer
collateral (> ¥ 7 7 —1I£%), F: fimbria(/55 %), S: subiculum(fEf5 ), a: alveus(7 /v
N7 A J&E), p: pyramidale(SEAHIIE), 1 radiatum(FERE), |: lacunosun(iEIRE),

m: moleculare(47 7 &)



2.2 RS DMER

MRS OB E1# 13 Ramon y Cajal ORFE2> S E1 HAL TV DM, FEIT T FEIC 722
STILRA SN, FRD DR 2 OIFHRIMEE#E G TUHE S e, IR
NEF(EC; entorhinal cortex) TE & b &AL, IENEFE 11 & 7> b B @ #R#E(PP; perforant
path) 241 L CHIREI 1@ T 7 ARG T 2, RGO sk Th 2 HiIk
it (MF; mossy fiber)ix CA3 BF O #EAMIAL DO BRIRZEH & > F 7 AFEE LTI |

SICHIRIEI Z#RH LRy o7 EC B D PP L bfEG LT D, Fio, BN
HED—FRD A X IREIFY  (dentate hilus) OERAAE (MC; mossy cell) -~ &+
L CHERIIa~ a3 5, CA3 D%y v 7 7 —MIFZ(SC; Schaffer Collateral)
o TCALIZAISND, 2D L & CA3 DHIIO—IILH & ORHIRIEE &
BLTVDEDT 4 — PNy ZEEZFR L T 5, CAL T CA3 LD AT
Ofiz, RANBHHEMEL LR OKRETOANEZITTEY (TA &R ;
Temporo-Ammonic pathway) 23 fF(E7 %, CAl DTS 5 %8> T EC IZRE
%o EC TIHR - TEI2F A RIMBE~ T2 LW O RIEIZZR > T\ D, i
SSARDEFNL & — F i ~2 72 SHKFEAI 72 DG — CA3 — CAL DRIFENEETH 5
& LT =3 7 A[mEE (trisynaptic circuit) & L X5 Z & 6 & 5 (Andersen et al.
1971), (¥ 2-2)
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WSO OHINIFIZ32H Y, 2B 1 OHIIIE CAL H 5N BB VRRE I K
B E I &~ 55 2 O ITEAHER  (longitudinal association bundle) % #%H
L CHIRHE S B-C R, MRz, & L C—EILRIEERTEFIZ, 55 3 OHIIX CAL
F 721 CAB B 2k U CRVE Tk OMUPRg, FLEAIR, SURRTZ, #i
IRTHR) SOnTEATEr~ & &N 5,



2.3 FLIBROMRREE

FEOEEL =a—m Ry N =/ R=a—a VR TEX D L CTEE
REZINHY ., Tk M (plasticity) &S, X OLEFEETH T
Donald Hebb 13 [ffifid A OEHZEHIE B 2R K IE L0+ ICH Y,
DIRL S LT MR < ZDFRKIZBMT HE &, WS ONDOREIWREE 2
IR AL — o D VITHE F O/ Z v, fild B 25k E5Mlan 1
DL L CHIFE A OZhERBEEINT 5, 1 &) G % 72 T 7= (Hebb 1949), = DKL
(BT D FEBRZARIITE S K FAE L, iy T T ANDDAT Lty T 7 2
D AR D FE K DRHIRZE L~ D YR T o 2 W RHIEEN BN DO X A I 71T L -
TAIWMENEAT DAL 7 X A4 I TIRIFME AT PE (STDP: spike
timing-dependent plasticity) 7%#% % (Bi and Poo 1998; Nishiyama et al. 2000; Tsukada
et al. 2005; Dan and Poo 2006), CALl ORFEHMIMLZ vy EPSP A Jj & A 31 7 38K
ﬁﬁﬁﬂ@:é@E%P@Aﬁ%ﬁ%kﬁ@:é%ﬁﬁﬁ%@%ﬂjﬁmmmm
potentiation) , F& k%12 EPSP O A1 A - 785 121X E###] (LTD: long term
depression) NHEZ D Z L VR éhfb\é(Bi and Poo 1998),

ATMEIE = 2 b v — L EPSP X L THIlE e £ D 0 EPSP DI 5RC78ES % 71
fliL TWDZENnbband ko, ATy T 7 2RZEO R YR ZEKIC
KXoTHIEFREZEN, TNZEZRREBEOELEEZEZOND, Lo TV T ADOE
b D Z LI K-> TRIBOS FEELMIAT 22 LN TE D, BHRZEEN
THEHHOZ X7 EEDEE 5 A REMEIEE < 225 #E ST 5 (Bodian
1965), 7 v MHERYIF DOEER T, CAL v 7 A~FRWFIKIZ X 5 FifiaY 72 L-LTP
olE I LIz, 20 1 FFHRICFEC=a2—1r rORlo 7 2 255 < fi
WMLTHZEDOYFTTATLLIPBEEEAZ L, S HIZTE-LTP 205 L-LTP ~D
DWEDVIXZ RITEEREN LY T T AANFRATHDL Z 2R LT,

D ORI LTP I3 F "7 A RIEKFRI TH O —IEPEOFTH] LTP

(E-LTP: early-LTP) EMEE 2, REEF DT v NEIREEERAAL T invivo T
DEBRTIZ, Z 7 EEMMER % 5 2 CTrIBEOERZIT S & LTP 28 3~4
RERRREE LSRR 72V 2 E R E SN TV A (Krug et al. 1984), ¥ v /37 '&



RARTFIE D% (L-LTP: late-LTP) b 15T v | EHIFE L REIGIE E O
PIPERER ST 5 (Frey and Morris 1997), ZHU 5 DOFEE NS Frey & Morris
I% synaptic tagging & capture model” & #2158 L 72, E-LTP 726 L-LTP ~E#i I 7z
BN D RN RO EALOMER L X VR BEEBITEFE T, 4 BRI %

THESINDHBECE RS NI Al X X 7 8 L FRIRIC L > TRk S iz
I T RIEEOZ 7 & ORI AR RIUREDROME 25 i 2T
EVWONETHD, ZOETIWICIKPUBEREITH L L THEIY 9D
ZENH D ENRHE STV 5 (Moncada and Viola 2007),

ORI 2 —a rOREIC L > TRIBIIIEREIN D LB 2650, H
U ATID AN S T2 720 TIE MR Z 577, Hebb ANZiE -~ 724k72 2 & NEEZ
HgWEAHPEITE Z 6700, EXAEHROERTIIEHEAM THL T Z X A
Hl (100Hz, 100 %) 72 & CRIEMEZE Z 92 LN FWRETH D28, EERNTIZT
& X AR ORIR AT N Z B2\, FEERDO N TIIBNIRZEE I 2D AT 5
A TEBIEEM N HI D . Z00 b Y I — & 70 0 MRS s R 23 BEE) L

WIMENE Z D Z ERERINTETND, Z0 MU F—3Fz0X, s
HERR STV D & 9 ZeifikZe e 56k (dendritic spike) 72 E3d 5, Z D KL 9 7okt
WEE D ANTIFERMEZFHRD Z LI L - T, FRIBOMRER DO A 1 =X AIZD
WTRICTE 2R & 5

AP Tl BRIRZEE DO AT L > TAIIBR R Y | S BIZEDOANTIY
— AZOWT BRI S22 & % kS O R 1Bl O JERL AL DO #HIRZE 2 DT
W 21T 272,



BIE WEOEW

3.1 AT

R BIRERLHIIR VIS D =3 7 AR O AN Y AITLE LT\ 5, FERLH
IZFEIZEC R E L TPP /A LT 7 AAT1&5%1T % (Amaral et al. 2007),
SMAE B AL AR 22k ~ PR BB A T FP AR 286 ~ 2 1L 2 MU SR e 7y
- JEDSMAI 2/3 NTHES L TU 5 (Wang and Lambert 2003; Nishimura-Akiyoshi et
al. 2007; Hargreaves et al. 2005), — 5 25H# « HAFMED ATI° MC 2B DR T
4 7T 4 — RN 71355 F O 13 ORI ZEEE ThE & L TV 5 (Jackson
and Scharfman 1996), Z iUz, ZIENORBRIEE ONLEIZ X > TR TR
RoTnDEZERBND,

TERIAIIIT ) 1B ORI 13 122 < Ok E > T2 K 9 12 HERE O $EAH
i L ITTERE AT B 72 D (Amaral et al. 2007), & 512, FERITIRVVENMN I X
S CTHERGIE O BT B % D F 7 2O EBRE IFK V- (Krueppel et al.
2011), ZAUE CRMRZEEITHIZ T T AA N ZMfgE~EAL TN T2 L5
R DHIVTWTZA, Bt TIERNRZGE 2N AR 72 BAL & U CRIBUE ~ T A {5 2
TWAHAREMEDN D Z & S & Ty 5 (Branco and Hausser 2010), #1213,
BRIRZGE 73 B D et ns O Ml R~ 5w GRODME) b L <ITMaA D & Yol 77
f G DPED) ORI 2 /3o DIEMHAGIZIRO T @R 2R d, £ 2T
(TR O IR T DISE TR AT D FF H3m M F AT L0 K&
<720 EBIZZEIUIN-A FL-D-7 A 37 F i (NMDA: N-methyl-D-aspartate)
ZRIRITAKRTE LT D (Branco et al. 2010), J7 a4 & £ - 7 BHIR 22 A 1%
BRIRZEE IR T D IE MM S ICHE BB 2 H > T L ATREER H 5, A=
TH LA CAL $EAMIRIC IS 1T D ReZE I A DI S IOV T L—H
— T U= TR K o CEEM L 7= (Yoneyama et al. 2011), L/ L7223 5
BHRZEE 721 Tl < — D DOBRIR IG5 I & ARGR IS W TEEARRIZRBALE L
TN TW A ATEEMED N H 5, (Branco and Hausser 2010), #HRZEECICIN - 7258 /)

10



PR NI R IR R A IR 2 R L T 5 7 o BRI O SR 2 o o )
ZATIBRE 2 RT ZERMOENT NS, L LAans, Mhifleiiz o
I E B | BT DR AE WA o TR 72 N1 E T3 & V) (Hargreaves et al.
2005), MHIRZERL /I % G T2 3T T AANTTHRE D FEAR A F = X L0Rhik 28t
[Zin o 7oy T T AANNBOMAENER, & L TBHMRZER S E~D A1 B DI #H
AN DOWTIERERHTH S,

3.2 BEFFRFEDORIER

Branco et al (2010) H23MEX 2 K D ITHIMRZGEDIRAN LB AL L Z 2 BN D,
Bl 21X, BRIRZEE T, RATAZRBHRZEERE bR b TW D, BHIRZEE 36
#~~7"F R(Ludwig and Pittman 2003), = N1/ B A RO R EE
[Kl-7- (BDNF: Brain-derived neurotrophic factor) (Regehr et al. 2009) X 9 72 i (&
fiE 2T 5 2 e TE D, £, BRRIGER R BENEZ S 2 &
& %1 5 F1CU A (Frick et al. 2004; Hardie and Spruston 2009; Branco et al. 2008),
HIT, BRRZEE ETO VT FRAAN EZB T TIEAR < BEEERYIC b EIFE L
AL TWD, oL, SERAEFER)BIMAU PP HIE & NI PP HI D AN T) &
A XU T B EZ T BRORERIHINE O MR TOIRE X, ANEFIZED 53—

BINE) Tholz, EHIT, 2T L —V—BMEHIC L2 72 I VT v
Ir— v T OEHRR O EBRN S I T SRR 2 LA, A
FRAR T OISE 1003 0 BIEINE & 72 - 7= (Krueppel et al. 2011), = @ X 9 7255 H»
O p R FERLAI A ~D AT II AT @RI COMAMER N A BT, #if L7
NI~ ATIE T2 L LT H 2O ITEMICNE S viiafk ~ s 5 vl getE
WD, F7o. CAL TOEBITHHIRIGE ~DZL I BT 5 e b 2 H s
I TND A, FERCHEIE T ool s 830 T ORI B 72 2 A J13 E ORRIZE
LT 22N HONTITIED STV,

11



3.3 WEHEHR

AW TIE, BRI O Sl S50 Tl Z 5 AEEICE B LT 21T -
Teo BIREITIZEL U T 4 — DR DG HAH BRI L O BHRZEE D 5l 2 DL
WZ AT EN D FRIERFHY - BREAIIZ b lRE SN TV 5, 2B ERITMR N E

51 8 O NRE > 5 NITEEAZ (MPP: medial PP) 43 V) FERLHHIE o> fhik 28
ArE(MD: medial dendrite), FEZEME HITRAEE SR 11 JEH S Sl Bk (LPP:
lateral PP) 7% % H1 L C kLA i o0 AMEIES (LD: lateral dendrite) ~#¢45F L T\ %
(Hargreaves et al. 2005), % L T, fERIMAOIT(7ES (PD: proximal dendrite) TiX
RERIHIAG D FE K 7> & DN RMAE 2 RE i L CHPIR[EIM (dentate hilus) o
WA (mossy cell) 725 R - T<L 2 FENIH|A X4 TV 2 (Jackson and Scharfman
1996), AWFITIL, LAED K9 7% WL & iR B FERL AR e o AR 22 0D 5 7 i35

ICHEH L CHZEMICRER D ANBED LI ITHA SN T DO EHR~D
FNmRT =Y TRB AR L TEREIT o7,

34 EBRE

EIRT =Y 7 =AU, BRIRZEE SIS EL O 2 SOk
AN LD EPSP NN DRIEIEIZ DN TERAM T 2 72 D 12 22 [ 12 3 70 2 3l
Wah Llc, BARRIZIE, DR a £ L2l LTEIRZERIZIh T ATk 2
ROGE~DANT WL 2 A4 IV T HREZ OO L, £ OREOIRE &7 L
M LT F7m. FORODTA D= RLAEZTRA - DOICEKBEREZ T T,

12



BAE MEEGE

KRIEBRZEI D 5 2 TORIEITENNRFEREMEESOFF A & TV,
PRl - H14-8

41 ERHEE

W EMEA T A4 213 Wister 7~ N(P18 - 22)&2 A L7Z, 7 v MMI7+—1
(Abbott Japan) 2 X > THRERE 2N, BT CaeidE T H LB 21T 5 72,
AT A AEARIZIEFME D 30°~40°F 5 LCHI0 H L, ERVES O mE sy fr
300pum DJE S TERR L7z, AT A AEARIL pH7.3 T 95%D O, & 5% CO, DI
AHATANTZ Y7 LaRnom Lz AT (ACSF: artificial
cerebrospinal fluid) (124 NaCl, 3KCI, 1.25 NaH,PO4, 22 NaHCOg;, 2 MgSO,, 2.5
CaCl,(mM))FFTHID L. [BIED =12 1 FELL L 30 £ 0.5°C o ACSF 1T
Vo7 L, EBROBIIEREZF v o R_R—~LB L, ZBRTEREIT-7-, T
FERIHIAAE DR EEMZ D722 GABAA ZHRKRDOEN K THLE 7 1 b ¥

> (Sigma-Sldrich) 25uM % T ACSF (21 X 7=,

4.2 FIEFE

RIS L — =B A WA~ A AL Teml T vy —Y TV AT
2 (Carl Zeiss t1) ZHWTITHo72, ZOREEFHINALN) I T—EHNTEZED
MR T =V TR P RE R IEE TH D, T — Vv TREO RS D
I3 1 ms T, #t pum BREEOREETHAVIRTEAR A > FE OB E)L Ims LI
PLF OPERE 2 £F - TV A (Kojima 2006), s —/L VR F 7 5 o TiEE T T
HWNHRIZ Alexa fluor 488 (Molecular Probe #1) % 100uM Nz /X F 27 Z 714
12 10 i S, BhkZEIE T v L —F— (488nm) A #H LILE S L
— P —BEMEE CHRRL L7z, AT 9 AT ACSF FUCHAEIREE DY 125uM & 72

13



% & 9 {2 MNI-caged glutamate (Tocris #) # Nz 7=, "L L7z fHRZ%E o)
WARA > M, BEIERE Ims OFHFET UV L—F—2RIF LT v Fr—T 7
XoTHEEND 1D gulEPSP X4 CHMELL T T, DO — 7 iR
1.5-25mV &2 5 X9l b—H =D MELZRE Lz, Bt Ims 7 > r—v
YT Ko TR SN D 72 X U BITAEBEME T TORISF T RN T
TARBRICHH S A5 702 I VOB L IZIEFRETH S, FEFRE (o XL
— =R BMGFF M RO L —F — R £ TORMTH L, KT 7
— VTV AT AORFIZE 5T 1 =0 ms TITHPEAA > ME ORI O
HEAY 0.5-1 ms 23035, < ORMORITHIEIFEOME TILZ D & 9 B3 A Ly,
&z T, WHRERETE, BREEZOMEICEDLDLT 1 2O R, TO
gluEPSP 13255 59, NMDA ZZRKDMEWI T 5 2-7 X/ -5-78 AR i Eifig
(AP5: D-2-amino-5-phosphovaleric acid) CFENLAKANE D )L T L F v KL DWW
O NFOERIMZE-> THRBEFMIZZDLRNI LERRESNTND
(Krueppel et al. 2011),

43 HETa k=

BRRZEEIT I 1T D INE EPSP OO IF 22 R KR4 2 G~ 2 72 80 1T T & 1 TSI 22
BT - 726 D LR~ % i L7= (Fig 4-1A), £, S5 e
] ~DFREE di. dy (dy = dy; 5, 10, 20, 30 um)IZ 3 5 57 FL D sitel & site2 ~ 2 > DRI
S1 & S,z L7z (Fig 4-1B), kIT, Jciamhikzetd (apical dendrite) 7yl 57>
O EEHE ds (ds; 5, 10 ) (LT T 5 site3 ~HIlIEL S 2 A Lz, 2 #ili% Sy 13 A 1R = (0,
510ms) TS 2R L, ZD% &Ml L2 &R LTWw5 (Fig4-1C), Bk S, (X
1XSy) LB (S5) DT HIMIZA# Line FIWL Sis & Sp3 & L TR, Sis & Soa 150 A
ST ~ORIIRAZ R L TWT, ZhE IN FREERT 5, Wrm (Ml o e
Jil1) D Sy & Sp X OUT Fll& LTEHRT D, MOXTHIMTHS Sp & Sy (Fig 4-1D
A) 134 % Branch Hili & LTRT, Sy & Sp0d S, @ EPSP DB — 7S Sy DFENLV
RKEL 2D I HITEFE LT2(dg, = 10 um, 1= 5 ms), <7 K L » THE S 72N EPSP
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B AR OMER RO Fig 4-1E 1R L2, FTORERCIEB W T, FERIE
PEIZSEH] (EE) EPSP (Measured EPSP) & S1 & S2 o HARHNE (Lo 2 KDl
W) % BRI L7 EPSP (EPSP linear sum) (FO#UR) @ v — 7 HD R &
S>THEAE LT,

4.4 FRHEHIE

YRS v IR PR AR AR O fRAR ~ /X > F 27 F 7 LRLEk AT o 1o, FiekEMmIT
Sutter Instrument #0077 —IZ k> THAME L, G 7~10MQ 1T D K oIz Lz, Ny
FNIIZIZLL T3 & £ T H(mM)142 K-glugonate, 10 HEPES, 10 NaCl, 2 MgATP,
0.2 Na,GTP, 0.5 EGTA, and 10 MgCl, (KOH {Z &= pH 7.2 %), %725
728, Alexa Fluor 488 % F#&HEFE AN 100uM 12725 K 9123y FIRIC T Fil
LNy F T T e LT, V= —T r— 7 OHIZ MNI-caged
glutamate (F~ ¥ > /N —NTORAKIREE DS 125uM, Tocris £1:) 2 ACSF 2Nz 7=,
F o, ek OB AN Z D 1201 GABAA AR DN TH 5 7
7 k% (Sigma-Sldrich) 25uM % ¥ & ACSF IZhl .7z, @7 OReskix e TR
—NEANyF T T OERBEEE— R TITole, HRIZEFHEMEZ T,
PRIZER TITIEWrEI T4 T ACSF FUTMATe, Ny F 7 T T DT 713 HEKA
#D EPC-7 2] L7z, REERICIT Ny F 7 T 0 7 % LT BR D LT 73-60mV
UTObDZMEH L, #FIEBRENMITERFTEAZ LT-80mV (225 K5I L,
WEINEITEHAY 7 &AL PC LT BkHz DA /RAT 4 v Z—% T,
> 7 L— b 48kHz TT VX AL L7z (Molecular Devices #: CLAMPEX ver.

9.2.0.11),

45 R HIE

2TCHOT—H X 1IkHz Da— X2 7 ¢ )L Z—Z%70F 7= (Molecular Devices #-
Clampfit ver. 9.2.0.11) , — D DHRAIL TOFEEKITIE TS BOIEEZ L L=H D
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Z1ODREE L THEM L, BIEATS50ms a2 ~X—ZX7 AL LT, ZOED
Hr LB A OmV & Uiz, BPIRZEE EPSP OINE O IR & 3 3~ 5 7212
measured EPSP & EPSP linear sum O 231 5H L7- (Fig 5-1E), #HICIZ T 7
A K& ANOVA % L7= (BEZE : P<0.05),

46 EB

B 1 : INE EPSP DZefiifk it

[FIF 2 AN & » TRBRL S 7N EPSP (Z 35 1) 2 S & JERR I ME oo 22 R ik
FEEZ D 7212, Line Jilif (Siz & Sp3) & Branch Hli (Sip, Sx) Z[EICA
FIIRE (t=0ms) TE UEEEE (dy, dy =5, 10, 20, 30 pum; d3 =5, 10 um) Thi L 7=,
S BT B IERRIE DS HERR S LTI EPSP D ABREIR ) B 43I i & C D PR
IKAEMEIZB L T H T,

Bk 2 : A EPSP DERZe K AFM:

SN%. EPSP IZ31F 28 L < IXFEFRIEME DR ZE UK 2 R~ 2 72
Line #I%4 (IN: Sy3, Sp3 & OUT: Say, S3) & Branch #ili% (1=0,5,10ms) %7225
g2 A X 27 Clal CBEEECI~<72 (dy, d2=35,10 um & d3 =5, 10 um),

EBR3: pFAI=RA KHEER)

BRIRZEE NI 1T D IMF EPSP DIEMIGIHED 531 A T = R L H R DT29DIT 2D
DOHEWTHE A ACSF IZMZ 72, OE Dl NMDA ZFEDT 2 I=A N Th D
DL-2-amino-5-phosphonopentanoic acid (DL-AP5, 100 uM, Sigma-Aldrich 1), % 9
O EDNTENMNIKEEI NV T L F ¥ DT 1 v 1—"TdH 5 NIiCl, (50 upM,
Hb¥) Tho,
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BWHEE HR

5.1 i EPSP D Zefk it

BRIRZEE ~DFRIRE 2 AT L - THIEE Z S DA EPSP OIERIBIEDH
BEAEFT D720, FIEREINE (t=0ms) THIE A DS IHEEIC H HA0E  (di,
d, =5, 10, 20, 30 um and d3 = 5, 10 pum) C Line §#% (Si3, Sz3) & Branch ##4 (S,
So1) Z R L7z, 911, 4 5.1 (2) THylE R 6 FEEREIC & 5 di = da = dg= 10pm,
1=0ms CTHIFL%E L 72K measured EPSP & EPSP linear sum % Ebik L 72, X 5.2A
TliE, ZNRZ4D Line FLTAT) - A CORIEMEEZ R LTz, X 5.2B 13570
WINDDENENDOHBETOANT) - HDBROBIEHEN RIS TN D, RN
B Sy A5 B Sedii 5 [ ~HREALE 2 35 LT T> TH AT « MO CHEE AT
D B L7 )y T2 (Student’s t-test, P < 0.05; dy, dy , d3 =5 um, Sy3: 1.11 £ 0.08 (n =7),
Sy3: 1.08 +£0.10 (N = 7); dy, da, d3 = 10 pm, S13: 1.04 £ 0.04 (n = 5), Sp3: 1.03 £ 0.04 (n =
5); d1, dy, d3 =20 pum, S;3: 0.97+ 0.02 (n = 8), Sz3: 0.97 £ 0.05 (n = 7)), %] 5.3 X Branch
I OFRIFFAP (t=0ms) THEERE (dy, d2 =5, 10,20, 30 um) ~FH%E 5 2 7=
BEDOANT) - HABRE /R L TWD, X 5.3A Tid, /IR0 b EALE £ TORE
BE2S 10 um (28155 Branch BT, A1OREZSICEADLLTIZEALED
measured EPSP 73Tl £41 % EPSP linear sum £V & K& < 722> T 7=, [X5.3B
ZZENZENTCOHRBECRB T DANT - HNBROE L DT — 2 2R LTV 5,
HEZOD DIEIEMEIL S pm & 10 pm THEFE S 7172 (Student’s t-test, P < 0.05; dj,
dy=5,1.24+0.06 (n=7) P<0.01; di, dp = 10 pm, 1.26 £ 0.03 (N = 69)), 20 um & 30
um CORPE TITAEZEIT A bR D -7 (di, dp =20 pm, 1.09 + 0.03 (n = 26); d;,
d2 =30 um, 1.02 = 0.04 (n = 7)), BEEEIZ X D IEEEOE N EZ KT 5 &, 5 um
&30 um, 10 pm & 20 um, = LT 10 um & 30 ym OEICAEEZN BT

(ANOVA, P<0.05) , Zivl, FEBEDSHEIL 2 18 TEBEIEIIIR 2 12 L
TWn5,

X 512X 6.3 Tl Branch #ili# (Si2; di=dy =10 pum) FFRIAED B3I A E TD
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HEECH D di (128 T DIEREEDIRBEHEFEN RSN TS, D7e< &% 100

um LU FISIEET B 40 p 8 Cld. & C OIS EPSP 134 & 2R R BN 4 FF -
T,
5.2 I EPSP D RFZefEkfF 0k

HN%E. EPSP IZ351T DM IENE £ 7o 1 XFERIEME D RFZE MR F I & e T D T2 DI
F72 2 R IR (t=0, 5, 10 ms) THyl gz~ & S FEREC & 2 A7 (dy, d2 =5, 10 pm
& d3=5,10 um) (ZF1F 5 Line ##4 (IN: Si3,S,3 & OUT: Sa1, Sz2) & Branch i

(S12, So1) & FAT L7z,

B Te RS IR e 2 FPE NS (t=0 & 10ms) Tl UEEEELIC (di, dp, d3 =10
um) 1T 5 Line I OFERNE] 5.4 ~ RS TV 5D

EFRELE K 9, LT Line B D Sy & S, Th 5 sitel & site2 1% Siz DN
B5LEPSP 78 Sps DANFLEPSP 1V H KEL D K HITEFK LT2.S13 & Sps(r=0, 10
ms; di, d, =5, 10, 20 pm) ORI H B ZIL 7208, S1 & Syl 1=10ms DR
DINELEPSP 28 S15> Sy L 72D K HITEFR LT,

IN FIAZ31F 2% 1=00r 10 ms DS T TS13 & S23 I K-> THiEE SN
B EPSP DI ITHERR S 223> 7= (S1a: 1.05 £ 0.03 (n = 23); S31: 1.04 £ 0.04 (n =
23); Sp3: 0.97 + 0.03 (n = 23); Sa2: 1.03 £ 0.04 (n = 23)) , OUT H\ZHIF 5 Sy &
Sa; DHIPLTIL, 1= 10 ms DRFIZIXIERIBITHER SN2 > 7223, 1=0 ms DFf
(ZIERRIEME SRR S 7=, 2 ZC, OUT SIANCIIT 5 Line FIECTH % Sy & S
ISR N D EPSP N %27~k L7= (Si3: 1.03 + 0.03 (n = 22); S3;: 0.89 + 0.07 (n = 4);
Sy3: 1.03 +0.03 (n = 22); S32: 0.86 + 0.08 (n = 4); t-test, P < 0.05) .

7 DR (t=0,5, 10 ms) T%EEEE (dy, d, =5, 10 pm) T Branch il
MOFEFIZX 55 IR L7T2,S1 & S, D site 1 & site 2 DALEIZ t=5ms DEED Sy

CEoTHEINDMEEPSP 28 Sy il ko THlEENHZENL D HREL 2D
X O RGAITERE L=, S & So1 @ measured EPSP 8] CH B 203 e & 7= (Fig.
6A, P <0.05,d;, dy=5pum) ., t=0ms OFFOFEEEA 5 um & 10 um [ 5 DA IC
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BOWTHMBICHAEZEN OGN, —F5 T, 1=5ms & 10 ms OFRIZITHEE
TR.SNR0 -7 (M 6.5A, K6.5B) (di, dy =5 pm: T=0ms, S1221: 1.22 % 0.05 (n
=7); =15 ms, Syp(large): 1.06 £ 0.08 (n = 7), Szi(small): 0.84 £ 0.07 (n=7); t= 10 ms,
Siz(large): 0.99 + 0.06 (n = 7), Spr(small): 0.98 + 0.04 (n = 7); dg, d, = 10 pm: T= 0 ms,
S1221: 1.19 £ 0.03 (n = 14); t = 5 ms, Syp(large): 1.04 £ 0.04 (n = 13), Sp1(small): 0.97 £
0.05 (n = 13); t = 10 ms, Sio(large): 1.03 £ 0.05 (n = 13), Sxi(small): 1.04 + 0.04 (n =
13)) , BHLBRIEWZ L2, 1=5ms Tdy =dy =5 pm @ Branch FIEL DA D 7
S12 & Sy D measured EPSP D¥EN=ICA T LN R o iz (X 5.6A) (P < 0.05),
t=5ms CTdy=dy=5um @ Branch ¥ TITENL ARG DEND R 57208,
Sip & S ITHERIEMIZITA B/, ZOREEIL, 5pum & 10 pm O 5T
OEEHECOEE EPSP 1L 1=0ms DA THHE L7z Z & 2R,

5.3 IR MDO Y F A I =X L

Branch Hill{ > N EPSP D EHRIZAIIENN L 72 N5 EPSP D LR /3 A o =X
LERETH0I2, 2 BEOF v F/VERKTH D AP-5 & NiZ¥BARZXT 7Y
r—a U SNTEREE T TR A G LTz, BT t=0ms Tdy=d;=10and
20 um OFEME T TIT o7z, X 5. 7A ITHEHE(L L7z EPSP ORFIZ b Z R L T\ 5
(4 —2 7L A : measured EPSP, 71 k7 L : EPSP linear summation), 7 ¥ =%
Nyayhr7ay h—0E5F T, 22 ha—/L® EPSP linear sum & %L L
T EPSP O#Lf 2 = #E( L7z, X 5.7B 1 d; = dy = 10 um DA TOIKELFD
FLWOERLTWD, ACSFIZ DL-APS /% 5127z > T, FHE— 7 DK
X X TET/INEL 257278, measured EPSP OIBMIEEIZBIZE S, 20 b —
WEETHNTHEETIR N R -T2, —H T NG T TlEar hr—L
it & H~SABRRAE OB 223800 28 L 7L (ANOVA, P <0.05) | Ni®* & DL-AP5
DM OG- T TiE, 0 REREAZ2BA R Hiu7- (ANOVA, P<0.01) (dy,
dz = 10 um: control: 1.24 + 0.03 (n = 47); AP5: 1.21 + 0.04 (n = 8); Ni*": 1.04 + 0.03 (n
= 9); Ni®*+AP5: 1.01 £0.02(n=5)), L2 LAMRS, d=dy=20 um DFBE, W
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NWOHEWFE O G T THHREBEEITZAR LN 0> 7= (d, dy =20 um: control: 1.08 +
0.03 (n = 26); AP5: 1.04 + 0.05 (n = 5); Ni**: 0.91 + 0.09 (n = 8); Ni**+AP5: 0.96 +
0.05(n=4)) (Fig.5.7C) ,
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HWOE B

6.1 XL

AHFZETIZ, BHRZGEICI T D RFZER AT DR G 2572012, kB
B OBHR GG ~EE T v r— U TV AT AEBEH LT, 2FEOT )
¥ (Line #113% & Branch #Ii%) %t L 7=,

ETHIOIC, 2 ATIDREFREFIFIC K - THE LIINRE EPSP (2351 2 FERIEIE
Z M L7z, Line JI¥4 % R ERE © = 0 ms Torlisins & R UHEBE (dy=dy=ds; 5
10, 20 pm) ~Jii L72%E . 3R B Sedm T I~ DRt 2 o L TH AT -
JBRICEBEZITR OGN0 o7z (K6.2) o ZTALH OREREN S ImEALRNRZEHE H>
S AR - T2 7 A~ DO BMELL T DA I L - TiFk sz in% EPSP
T Th o7, ZHITREICRE SN T INVEI VBT v r—y v
DFER L —F L TRV, TERHI(Krueppel et al. 2011) & B & O S 7K il iy
(Hargreaves et al. 2005; Jackson and Scharfman 1996) CHAF9E ST\ b, — 5 T,
Branch #il¥% % RfE]fE1 & © = 0 ms Tyl i & R UEERE (dy = d, = ds; 5, 10, 20, 30
um) ~E L7235, Sum & 10 pm ORFHEREE CITAEZN A O, Z DOIERIE
PEIZBRBEZBE L TS LIRA TN EL R oTe (K6.3) o T 6 Oif Rl 3 ri a
226 D43 10 pm LA T O A ) D EPSP #EA 1 Z [RIRFIZ A3 IS AT DS AN 2 & iR &
DT ENEMEND T EDRENTo, TDATIRAIT B R K- THY
5 S A7z, Krueppel etal. (2011) S 130617 > r—2 2 ZRIFIZ X % 2 ROBRK
ZER~D ANTJD EPSP #iA XML CIIMIE TH 5 Z & 3#E L7z, Branco
& Hausser (2011) & £ 72 EFH S JEIZBIT 5 2> /3— F A2 NXE[TOHNI EPSP
DORFEHEZHRE L TND, ZRHOWMEITT L /3— F A 2 FNXy TORRRZE R

BEIETHL Z LML TWD, LLRR L, %S ORI E L7
G 20 pm BLEBENTHY . k0 A= T, FLTHAOFELV H LY

< R L T e, g Of RIS & B W TERBRR 2SR HE A 130w B &
IREPRZE R ~DRIREA T O GBI TH D AIREEN & D, Eivl, BhkZek
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DAL=k A FEGTORE R E~OREES L < TIRE L7 AN XD
MR 72 BRR ZEIN T EPSP (I#IENINE 2 H9583 5 AIREMEN 8 5, A T 0l
SRE AR O BERE ds TOIERRIEIEO BBk AAPEIE Branch HIlJ CEHIl =72

(X16.4), N5 EPSP (Z351F DL 7 FERRIEIEDMBLLE S 4L72, MR DN B 3 I A
FCTOHEEN D72 < &5 100 pum LA T CTIIHIR S 72 FIE OIEFRIBED MR S
2o BRIR I FERIHAAG T 36 1T 2 R 28k oyl U AR 2856 & P A BshIR 28k ¢
AL DAL TEY, WS TEHAR—RATHAZ LRFEINLTND
(Claiborne et al. 1990), & > T, & DOFEFRN HANE EPSP 7 — & MIAZAH AT,
Z L TN E D BT - FALBHIRZERE ~D A T) 78 & Okk » 7o i @ALE 217 -
TWAHATREMENE 2 H 15, £ 180 pm BEALZ R CTOT — ZITRRRBEE O KSR
I s D% 72 E DHIBRIC L » TOE DB LT,

THRBITZ OWFFETIEL, INE EPSP OFEIAE E 72 1 X IR D RF 22 MR A7VE %
AR T DI BT 2 FIPATRIRG & B 70 2 BEEEIC 7 fill A i L 7=, Line #li4 L
7ZBRIZ, t=0ms T IN JA & OUT Flnalili /5 TONNE EPSP IIFFEMMEEL R L
7z (M65), L2rL, t=0ms @ Line i OUT J5[m TN EPSP I3 T
T& 7=, Branco et al. (2010, Suppl. Fig. 8) TlZ. > 7AiM DA &R
WTHEINTWS, 2 2 TIREE#EARMALIT IN R ofn% EPSP 1% OUT 5]
DENLY HEREL 2D T LiE X Tu 5 (Branco et al. 2010), % EPSP @
EFFI3F 2 LRIC T o7y, RIMER (t=0ms) 1THkx &9 TlEk, b
@ OUT F DI EPSP 1ML TH -7, # 0 DFEFR & OEWITFHR A (B
HEDE 0 1040 um, 2 ) K0 b X0 REA R U (BEEEGE © 97 £ 20 um (mean +
SD), 8-10 #ili) . Frx OIREIRIAIIG & 1308 > TR E#EARML TERZ1T -
Tl EMRENEEZEZBND, Fox DWFEIZI T 2T RO FIE IN 5D
SN EPSP CHENMNFRIZ =N 723> 72D TNMDA F ¢ RV TIE o T2, 72D T,
B ORTKITERT 5 NMDA F ¥ XL OIEHIC L > TR SNBSS 5 2
FEEPSP 5| &l 2 & 722> 72, —J5 T, Branco & (2010) (X IN J5[m, OUT J5
LN 72 5 723 F 7 ZTEPE T O NMDA F ¥ R WEMEIC X 2 R R L
7o fEd & LT NMDA F ¥ /L OIEVENINE EPSP Z#f L EiF| IN [\ & OUT
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J71E1 @ Line FPKIZ X 2% EPSP DNE/F-Z > Z L ZA[REIC L T\ 5,

WA, B DR S A X > 7 @ Branch Jilig23 i <= (X166) ., EftL7=&
512, Branch FIEL D S1, & Sy @ measured EPSP [l DOF B 7033 5 DT S1p & Sn
[Xt=5ms DAJ) « HAOWIRIZ L > THRE LTz (K 6.6A) . Z DEVIAR
RRRZEE DOV A RO ARE)E I & D REM: 2 & 5 (Rall 1962; Kubota et al. 2011),
ZOFEFILE5 & 10 pm O FEEECTOEE EPSP IZHB WV CT1=0ms TOHRiE 3 iz,
ZOZEF, WL ODOGEREI TR E R ATIFHEET D72 OIZIXFIRFED LB T
HHZLERT, SVMZD L DEEAOATNEFRIRFIC IR 2 E I B
BADRIFEEINDEDTH D,

BRRZEHLIC ST D EPSP DIEFIEME DILARIN 72507 A T = XL EH BN
THRDIZ, 2FEDT ¥ A= bz ACSF Nz Tz, @I TEICE
RLARTENE Ca®*F ¥ FVITHETE L. NMDA F % RV DBIIMEN T » T2, = Off
REGEITIR » T2 2 AN TI DI PEDFE R & DEEVTO & DIZIE NMDA Z 45T
& - 7=(Branco et al. 2010), & x L5 ATHEME & L T, Fex O EBROIERIE O Ca**
Fx XNVOIEHALTHY . 777 L TWIEEMB3ME-72 (80 mV) Z &
BT D, HREERAIE O BRI 2RI Ca®* T FUTNH LT D,
IHIT, FNLHDT ¥ VIR V/\“/I/’C“Yjé'fiﬂﬁ‘é(McRory et al. 2001; Aradi
and Holmes 1999) , Ca®™* F ¥ /L 2343 I s JE D I C [ A I L B s S T
EPSP IZEINDH Z LITHVED,

ORI A 0D R 22k | 308 SE AR AR D BRIR 225 & 13 RE R0 & S B A B AT
P F 72 5 (Amaral et al. 2007; Jaffe and Carnevale 1999; London and Hausser 2005;
Schmidt-Hieber et al. 2007), $#i2. T 7 AAIFHEEN DI AKE ZHIZ<L<TD
X 9 72N T OIRWVENIBEE MFEAE L T 5 (Krueppel et al. 2011), FERHRAE )
5O ThH 2 BEWRRHEITEE 225 CA3 ~EH LT b, —F T, EMAN
TIEBERMIA~DIZE A E DT T 7 A AT IR B 32T, BRI oo
D 90% LA SNy F- g O BRI~ 5> T 5 (Aradi and Holmes 1999;

\\\
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Buckmaster et al. 1992; Buckmaster et al. 1996), Z AUz, IR BRI &tk =]
FERHIIII R T 4 77 4 — Ry 7 ORI EZFFO XL 5 REUFHEERH D |
[EYFEEM: ] DI E L TH& R BTV % (Jackson and Scharfman 1996),
(R IR PR DR B LR (e R LA A o LR M A A 5 2 TREME S B D &
NS ST A (Jinde et al. 2013), 72D T, AFFE T R-2H - I e (iR 24
TOIEBIMES BRMRN G DR T 4 77 40— Ry 7 Z{EdE L, BRfii
~DANSOIEEVR— T DN H 5,
53 FJ8 LGS~ DRRIR I D AT TN BCE S 1 JE 2R & L, MPP %
Y A7 LT (Nishimura-Akiyoshi et al. 2007), PNARIN PN B2 0 T 72 i C &
2 2RI XBIMELL T TRk 72 U XX B Ve BN iR Eh &2 o — & B IR TR Y
tH9-(Alonso and Klink 1993; Tahvildari and Alonso 2005), L > CTAMFZEIZIS T 5 H
NLRRIRZEE ~ D 43 I [F IR TEEFE S D AT K D IERPIBMEIR, FRUVVEENLEGR &
FFORLIRZEEICRB W TIRBA S ORI B 22 L T\ T, FARFH#E (coincident
detector) & L CTEIWTWDRIREMEN DD, M T, ZEMIEHRIT PABRR S ~
XN TV 5 (Fyhn et al. 2004; Hayman and Jeffery 2008), &[R04 Tik, 4yik
SRIED DN T OIERRIEHEITZE M IEREZ SO TV D RN EZE 2 bhvd, —F
T, FEZE G T AL AR 22 i 125 > > T E Y (Hargreaves et al. 2005;
Yoganarasimha et al. 2011), Z Z CO ASFOIERIEHEITIEZE MG H b #R L T
WD HRREMED B B
Oy SRJEL A~ 2 F 7 2 N 0> EPSP IR 31T 2 IEHIEEIT NMDA F
IV ~DANSJHETRO X 5 72 E ) THRVEE BT FF 72 72V (Branco and Hausser
2011), L7 L. Fex OIERIBIEIC BT 2 38 ITHHR S T OIF@Ht & o/ o1k
SIS JED DN EETCHL I L EZRB LTS EEZ D, Fxld, 20
IRIEHEN R T 4 77 4 — RNy 7 PIRE AN ORIF R SR & LT 7%
ANTOFAEICEA L TEER@HE 2R LTWDH EELTND,
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Fig. 4.1 Experimental method and measurement

(A) Left: example imaging of a dentate granule cell filled with Alexa Fluor 488. Rectangular box
indicates dendrites selected for experiment. Right: selected dendrites with three glutamate uncaging spots
(1, 2, and 3), which are expanded in the rectangular box on the left. Stimulus spots S; and S, are divided
on two daughter dendrites. Scale bar: 10 pm. (B) Locations of three stimulus sites (1, 2, and 3) around a
dendritic branching point. d;, d,, ds: distance from branching point to stimulus site. ds: distance from
soma to branching point. (C) Pairing stimulation. S;, S;: single stimulation to sites i, j (i, j = 1, 2, 3). S
paring stimulation consisting of S; preceding S; with interval time t = 0, 5, 10 ms). (D) Two types of
pairing stimulation. Left: Line stimulations S;3 and S,3 consisting of a stimulus to site 1 or 2 and
stimulation S; to site 3. S;3 and S,3 with S;or S, preceding S; are referred to as being in the “IN” direction.
Sz and Ss, with Sz preceding S; or S; are referred to as being in the “OUT” direction. Left: Branch
stimulation Sy, and S,; consisting of stimuli to sites 1 and 2. (E) The measurement of the nonlinearity in
the EPSP summation induced by pairing stimulation. Upper and middle traces: EPSP time course for a
single stimulation S; and S;. Lower traces: measured EPSP for pairing stimulation (bold trace) and linear

summation of EPSP time course for S; and S, stimulations (gray trace).
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Fig. 5.2 Spatial dependence of EPSP summation in Line stimulation

EPSP summations induced by coincident applications of pairing inputs on dendrites of Line stimulations
(S13, S23). (A) Input-output relation between the measured EPSP and the EPSP linear summation are
plotted for when the pairing stimulus S;,and Sy; was applied with the time interval T = 0 ms and at the
same distance of 10 um from branching point to stimulation site (d; = d, = d3). (B) The ratio of the
measured EPSP and the EPSP linear summation was calculated as the input-output relation by Line
stimulations (Sy3, S»3) with the time interval T = 0 ms and at the same distances from the branching point
(dy, dy, d3 =5, 10, 20 um). There was no significant nonlinear summation of EPSP. Maximum distance

from soma to branching point was approximately 180 um. Values in (B) are given as mean + SE.
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Fig. 5.3 Spatial dependence of EPSP summation in Branch stimulation

EPSP summations induced by coincident applications of pairing inputs on dendrites of Branch
stimulations (Si, or Sy;). (A) Input-output relation between the measured EPSP and the EPSP linear
summation are plotted for when the pairing stimulus S;, (= S,;) was applied with the time interval t = 0
ms and at the same 10 pm distance from branching point to stimulation site (d;= dy). (B) The ratio of the
measured EPSP and the EPSP linear summation was calculated as the input-output relation by Branch
stimulations Sy, (= Sy1) with the time interval t = 0 ms and at the same distances from the branching point
(dy, d, = 5, 10, 20, 30 um). Significant nonlinearity was found for 5 and 10 um distances (ANOVA, P <
0.05), and the supralinearity gradually decreased with increasing distance. Maximum distance from soma

to branching point was approximately 180 um. Values in (B) are given as mean + SE.
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Fig. 5.4 EPSP summation dependence on distance from the soma to the branching point in Branch

stimulation

The dependence of the nonlinearity on the distance ds from soma to branching point was measured for
Branch stimulation S;, (d; = d, = 10um). Significant nonlinearity in EPSP summation is apparent.
Regardless of the stimulus site distance from the soma, supralinearity was confirmed. The increasing
ratios presenting nonlinearity stabilized at less than 100 pm distance from soma to branching point.

Values are given as mean + SE.
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Fig. 5.5 Spatiotemporal dependence of EPSP summation in Line stimulation

Line stimulations (IN: Si3, Sy3 and OUT: Sz, S3p) were applied at different timings (t = 0, 10 ms) and at
the same distances (d;, d,, d3 = 10 um). The stimulus sites 1 and 2 for S; and S, in the Line stimulation
were decided as such when the superposed EPSP elicited by S;3was larger than that by S,3 There was
significant nonlinearity in the EPSP summation at T = 10 ms, but not 0 ms, where Line stimulus Ss; and

Sszin the OUT direction showed sub-linear EPSP summation. Values are given as mean + SE.
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Fig. 5.6 Spatiotemporal dependence of EPSP summation in Branch stimulation

Branch stimulations (Sy,, Sy) were applied at different timings (t = 0, 5, 10 ms) and at the same
distances (d;, d, =5, 10 um). The stimulus sites 1 and 2 for S; and S, in the Line stimulation were decided
as such when the superposed EPSP elicited by S;, was larger than that by Sy; at t=5 ms anddy, d, =5 pm,
There was a significant difference between the measured EPSPs for S;, and S,;. Results show
supra-linearity of the ratio only at T = 0 ms for both 5 and 10 um distances. There was no nonlinearity at t

=5and 10 ms. Values in (A) and (B) are given as mean + SE.
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Fig. 5.7 Molecular mechanisms of supralinear amplification

The supralinear amplification of EPSP summation in Branch stimulations (d;, d, = 10 or 20 pum, t = 0 ms)
was measured in bath application of channel blockers (DL-AP5, Ni**). (A) Standardized EPSP time
courses (dark gray: measured EPSP, light gray: EPSP linear summation). (B) Significant difference with
the control condition at 10 um distance (ANOVA, P < 0.05). There was also greater significant difference
in the presence of both Ni*" and DL-AP5 (ANOVA, P < 0.01). (C) No significant differences (ds, d,) in

any of the application conditions. Values in (B) and (C) are given as mean + SE.
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