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FHEENMEAAZ D ) R > v F T ARG
B9 % Healt D E A

wofE AN -

(52FF 2009 4F 11 H 2 H)

F B

FHEBWIAEE I, SRR % 2 "B ORI (Ed L RE) PEET 5. #EEIE
TR B sz [&WMEK MO, F7RRILEZ D CEW (F R OER) OXEE
HoTwad, ZhoORMILIZIE, WL LY F TARKDO=2DFAS 22 (51
BZM) . #EATIE, SO ERSEEIZSI) BT WERBE 2> T 2. SR
WEHIIZ oI BINLRERAFET S (5 1 WS o FETIIFETPNC A B H
FEZSTHFEL, BREEZEEL T, BERWE (oM7) 2ol 08
HLE OB A 13 v) ICHEET S (51 INEBHR),

WA AT 20U E CEZ G SR TSR E € L ORI T IR A
WE v P77 r]) Eato i vd— CiiEy) oWipuk, SN co—E 0)1I:$J§JE\
rERL, REBIIEB T2/ 4 F v ANVeMESEL, ToRRE L THM M
MISEATEES Bo ZOBMISEIINETIZFEI S 5 BROBMAKGNEA F > F v AVI2L D
iz 2 ), BB T 2 iR E O E A2 5 GEHIZRES %),

SLERIZ BT 2 EBEMD L < A, TLWEINZBIT 2 BMISEBAEO L < A2V T
EIZRED, ASCTIIRMIE 2 5 55 R MREHIE~ D ¥ F 7 AfRE, FFI2) KR T F TR
HHLTREDHERZIED o

RIS & B AZR C R EMERH

WA ORI, SR A 4+ > F v 20 (FI2, F U A4+ [Na']
HEBIEDLGA AT AN) BHEIHLTWD, ZOBA T 2 F ¥ 2 )VORMIEIEINIZ
453 % ¢GMP (cyclic Guanosine 3°, 5’-monophosphate) |2 & - CTHlfHIE L2 728, cGMP
RIFMEA T v F v 2V EBIFEN TV D,
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covees HBNUSFY oo BT cocses

B1RH FHBWMPEGRBROPMEEAZTEOLLH

BHEBI Y HEAAIIE L, SR DR DR L RO RIS I N D . ENENOHEMILIE
ILE, PETR Y F T AERD =D DN 5 7 b0 N HEE & L THIEST 5 DI ,%ﬁW&T%
5O%Wﬂﬁﬁuﬁgﬁﬁﬁﬁ LI EEN, Eﬁﬁkéﬂﬁbfwéo_mﬁbﬂiﬂtW%ﬁ

HEREWE DAL L T Do BT CIEMB PN IER 12 T RASE P ATE D, _ﬂﬁﬁﬁ
ﬁuiﬁﬁi&oTER%L%mﬁbfw%o_®HM%(WWME®%Ema§#Uu&w>
FEHEE (B T2 ) BEIELTWD,

A OHEIBIZBNTH, HWEOSRIIENY, PSS AT2—2 v (GTP#ESY ¥ /57 8) i
P> 7+ A7+ VT AT T — t@ﬁm*dmm‘%wéw X, ¢cGMP @5 GMP ~D1L5ZE1L)
L) OV SAHEIT S B o FAIIBAVE O TG IR 3G R A 4~ F v 2 v (cGMP K
FMA T F X 2N EBMENT VD) HFEL ,_®%¥ZW@%Wiﬂ%W®cGMP ko<
flff N Tn5b,

WiE, ALENIZIZ S RO cGMP 2SEAET A 7280, TREBEIZEET 2 R UH A+ F ¥ 2 v D
%<ﬁ%ﬂwﬁk§éoy®%4ﬁ/%v%w%ﬁtfﬂ (IfR) MICTRAT B F N oA >
(Na') 2%, #UIa% Bl S5, ZRIECHTZN O cGMP KT 5 & Z0F ¥ #Vid
%%L,Na@ﬂ%ﬁ«@wk#ﬁ@&%wi%k#%tbﬁﬂ%dﬁ%@#éo

W, A OSMEINIZIEZ & D cGMP MFETET 5728, TREBEIZHH T 2 &
AT FXANDELHHITREL Do ZOMA F ¥ F v 2 V% CTHME () HIC
AT A Na 2%, #ME%Biomse2 (1212, Haynes & Yaw, 1985; Pugh & Lamb,
1990, 1993; Watanabe & Murakami, 1991; Kawamura, 1993, 1994; Picones & Korenbrot,
1994) (%1 X&), ZORSBIIHMEO Y F 7 AKKICEBT L2V 7 L F v 2 )%

—[hD —



FHEB YRS D ) R > 2 T AR b T DA

EHEALS 2 W IHIFIN A VS 54 F > (Ca®') R S ORI~ OR I 2 L, KL
W Ca’ ieff% 1A8¢5% (Bl21F, Krizaj & Copenhagen, 2002). = Ca’ i 525,
3 F T ARK D SARAEE 2 S5, FAID, FHEREEICH 2 BOMILA Ca® i
JE i10'7$£f*? AR, MBS S & AT A F v AVOTEEA AL EIC L) 2o
FEIE—&1210 PRREF CRAT 5,

ﬁﬂ%#t%#vy%ﬁék,ﬁwguﬁméﬂ,:ﬂm&ofbin?l—yy
(GTP #E& % Y282 H), W T 7 A7+ VIAT T —EIEMAL 5, ST+ A7+
IATT7—¥lZ cGMP 253k L, TOREORTEIHL, 207D, HEZELEA 4T v
FOVIERZEL, B ESR S 50 ZORE, TNV T LAF X AVHEERIIETNL, Y7
AR D OMFARFEW R S L CidEl+5 (681 KNEH).

BAROMRENE : JILEZI VB

H HALFIE D ?Eﬁfxfxl%% L L COEEZHS TW00Er 2 HET 5121E, OZ0
LA E DR RIS TR BT 5, QZDILFWEDOEGRAPELET S, @Y F T A
R R OK ==y k=t @T(ﬁliﬂi’fﬂa%ﬁ‘rﬁﬁ‘% O Z DAL EHHIENT L o THREEED S
B EN5G, ORI & o Ty F T AGRMIEIEA T BI0E & [ CINED 2 DL FWE 0
HizkpERsN, WISEORERTFINE A 4 VeS0T 5, R EOBEMETLE
Wb, TNHOHT, FIZO, @O bPICOPEETHLLEEZ LN TV 5,

BUMfE (RRAk & SE1E) SRR T 2 M mEW RIS L, FRROL@% TR T 5 &) % FEER
MR EHRON TRV, L, O~G@IZH L TUIHHEOFERIHE SN TV D, GI
DWW, Y F T ARK GOSN 27 —MIBICEHT L7V I VT 2 AKR—
=MD 7y I U EREEL,IZEINL, TOWREEZTITAZ ENMEIN TS
(Sarantis et al., 1988; Tachibana & Kaneko, 1988; Eliasof & Werblin, 1993; Eliasof et al.,
1998a,b) (555 HBHE) . @IZDWTiE, Ayoub et al. (1989) AL ETHAIZFIT LT
CHFEHAR D > F T AMKN LTIV Y I VDI S TWw5b Z &%, 72 Copenhagen &
Jahr (1989) 7 NMDA (N-methyl D-aspartate) Lt 7% — (A 4 »F v RZVEAEE 7V &
IVRLET Y —o—MH) 2R L CORREHAED S F TARKNS Vs I VIR
ENTVDZERFEH Lz, ®IZD\WwTid, Murakami & Takahashi (1987), Miyachi &
Murakami (1989) % L C Takahashi & Mukrakami (1991) %%, & & 7 Vs I VEEIC
THRENBLBMICEDONIEEMDA—FH L TWEZ EZHLIZL, JEISED AN S
HENDL T NS I VBEOEBICL > TEREINLZEEZHLA2IZ L7,

FRE®, @B LU 2emE 2 RS 5 &, SMile GEEEBE) 2ot sh
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BAFHZEWE Z 7V Y I VIRTH D I LT LD X%\,

RABEAD > F T R EHE

AU I8 AL © & 5 SO 20 © NZKFRRE &by 7 A2 L Clidg L
TWh o MBI IL 2B E OO IZ X » TR S 2 R L, R~ SLh ST
12 & o Tl MIGE 2783 ON BORUSAMING &, W DIRE /Xy — >~ %27R:3 OFF B AUSANL D
RIS TS (Werblin and Dowling, 1969; Kaneko, 1970, 1973, 1979, 1983;
Saito et al., 1978, 1979a, b; Saito & Kujiraoka, 1982; Kaneko & Tachibana, 1982; Saito &
Kaneko, 1983; Kaneko & Saito, 1983; Saito et al., 1984; Saito, 1987) . LD AUAGAINL D ,
FOHIERNZET 2 A LT b, SBEHHRLHONIGE ML S OEFEN R > -7
A A77 (Ishida et al., 1980) (2 X > T, F7ZHFHELEBONICEIIAFEHILD S O BEER
%7 A KNI (Werblin & Dowling, 1969; Baylor et al., 1971; Naka & Witkovsky, 1972;
Toyoda & Tonosaki, 1978) IZ& > TSNS EEZ LN TWD, A, RE2 AT
LEN) (IS, TeHE, WM E ) TIERHEARHSRO=ME (525 W) SR 4EH
ko—1EH (DT 25, FoOEEE LeVE Clddgke L Tififisko s
FN—HEF (H5HWVIEFEEH) PEFFAET S (Tomita, 1965; Stell et al., 1975; Burkhardt,
1977; Burkhardt & Hassin, 1978; Murakami et al., 1982a, b; Witkovsky et al., 1995) .

AL 3B & O OFF I AU# AT 1213 KA (Kainic acid)/AMPA ((RS)-a-amino-3-
hydroxy-5-methyl-4 isoxazolepropionic acid) H 7V I Y RL 7% — (£ 4> F v )V
W7 VE I VRV Ty —o—F8) »5, F72 ON BAUSHAZIZ (X APB (2-Amino-4-pho-
phonobutyric acid) &S VY I VEEL LTS — (REFAEE vy I VLT Y —0
—fHH) HEIL, oL 17y — I 3WEO 5 RO BAIGEZIZ S - T
W5 (Murakami et al., 1975; Kaneko & Shimazaki, 1976; Slaughter & Miller, 1981; Shiells
et al., 1981; Attwell, 1986; Attwell et al., 1987; Nawy & Jahr, 1990, 1991; Shiells & Folk,
1990, 1992a, b; Yamashita & Wissle, 1991; Villa ef al., 1995; Sasaki & Kaneko, 1996) .

TEEEHEENY) (FBE, WAEBZ L CREE) ofEIZB T, SUiIEAKEE,> S B D
T4 =N 7 vF TR (EEEOLF Y T A) 24 LTI E T 22T - TB Y,
AU S SN A MR REWERE 2 HEH L T b, SORED 74— Ny 7 2 F
T ADS, BN O DS AEE R G I D IR E 7 & ONIIK AN O BOR IS 2 O TR B
HLTwsEE 25N T3 (Tomita, 1965; Werblin & Dowling, 1969; Baylor et al., 1971;
Naka & Witkovsky, 1972; Stell et al., 1975; Burkhardt, 1977; Burkhardt & Hassin, 1978;
Toyoda & Tonosaki, 1978; Murakami et al., 1982a, b; Witkovsky et al., 1995) .
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R > T XHER DR

ML Y F 7 2RI SN B A L, 2 OB 1285 R o Hk 2225 )
B F TR (LY FTA) LTwd GE2RBM). ZoliAz, HATIE Pedicle,
Z L CHKTIE Spherule &FFATW 2% (Dowling & Boycott, 1966; Kolb, 1970) . #fkod >
T T ARKIZE, B Pedicle DFFEDTHRE ST 5 (Pedicle D#iE, HIEN T O
FADRLE S 5 W IZEREIC L > TRE L) 2O Pedicle 1213 =D OKFEHIE & —D o BUHAM
fa (F12, ON BORUSHIE) OBLIRZGES A D AKR N T4 7 FREELZEHRL TWwE (82
ZR) . ED T F 7 AHEKIZIE Spherule 75—2d B\ T OFFAE L, AUBHMIAGL & K EHIAL

Ei: 3%
SFTR
&R

YRV FTR

R—Y I Oo¥r o3y

L\ (8 o

k 0 / \% %

£ %%
s i
B

E2M $#EYF T RIEEKDBEA

BHEEN I O HEAR & 45 R I CSURBGHIIE & SRR [ A 2 I3k & 3=
K1) O F T A (LEYF T A) EEAICH . RO Y > T ARKIZERA (L
FAH) FL v ) PIFEIEL, FERMEME o JFaicbkER s mizL, 57
ZHAE LTV Do SHED Y F T ARG F T AR UPEEL, S NHEEG 2 iz
FEWEOWMEIZES L TWwWAEEZ SN TWES, Y F 7 AR DIEMIZIE ON BB
DOBHIRZSEDS, T 72 ZF ORI ILHEARACERIL OBIRZSEDS M E L, Whwd b5 A 7 FHiE
R LT\ 5bo OFF BIAUGMIALIE, FAAGBLALD ¥ F FAMKTY F 7 A H#HK L T b,
COWHEANR—Y NI v s ay (HELNIN—F VT y 7 ) EIFATHRSL, TONR—
TV x 7T a s ilyFTA)RAIFLL v,

— BB —
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DZOFTONPENENOBIRZSGE % Spherule WIHEL TWb, TNHDYFTRIZBNT,
AP SR SNy I VRIS T AR ZIRE L, ARSI oK ZEiE 12
BT LY FTALET Y —I2HE - AL, 41/%v%w®ﬁ%%éﬁoﬁﬁ%/%7
AR D g AN TIZAREHIN & AU ORBHIRZE R O R E | B 2 ALEDSFEO S, Th
(T S 7R R =Y E AN O 2SI FE T B 72O IR A H B Z & R LT
%o BIZAL, HETIEY F T AKKOBULR 2 SACTHIBOZSE (L 7% —) £T 15~20
nm, FZAUEMLOZER (Lt 7% —) $T40~240 nm THLZENHELNTWD
(Dowling & Boycott, 1966; Raviola & Gilula, 1975; Rao-Mirotznik et al., 1995; Calkins et
al., 1996) . Z 0 X5 i 7AE, KL AL O NG E DL E EAY) LHEEREH] 12
BEL TV LD

B3N YFTRUKRCOEE (ZKkTA A—)

HERIZIIBHLD Pedicle 25, F72BMEIZIE—DH 5\ 1E DD Spherule 23fF
LTS, SNE TOMERREZEIL, MO Y F T ARKOME L =K
T (GIR) A A=V LTIV (COMIE, BEEA A= L), ¥ FTA
HROHIENIZIEY FTAVR S F 72N (P F 7R KRBl iz
F T AN E R L7 T AN DS, F YT T ARKRORAZ X

TRAEA ORI & BUBAMIN) OBEIRZSE DA L T\ b,

Sterling & Matthews (2005) 7 K DHEFIZ L 5 &, ¥ 7 A K IHMIEAT
PlitEEZ B LTWD, ¥ F 720K AR LREEICME L, EhLH
30~35 nm, & S1E 200~1,000 nm, Z L CTZOESiE 1,000~2,000 nm 2%
o TOYFTA) R HEKER 5 nm, £ 24 40 nm ORI REHERE 022
HAHY, TOXIZTFTANIIE L T D, 72, ¥ FTAV KON
WSO F T ANRDFE L T b,

— b6 —
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A B

FTRINA

Arciform density

FAXK VRV FTRENTIHRMEMEREICRAT 525

BIMSEBIZRICL A L, B > 7 AREOMIEPNIIEZ Y F 7T A ) RAZES N F T Ak
g & MR L CTW B Y T AMNADSEO b b, SORIE, ¥ T ARKEOMILAREE 2 Tk
ToA A=k LTI %wtoA I TR RANER NI T T ANEATHBE G &
KOVEMTHIWTH D) ICEAE L, ZTONEDTH L MRmEWE LM T 50 FORETRT
;5K,v%fx»%ﬁv%fxuﬁy@t%MWﬁwﬁu%ﬁL,mbtﬁﬁLfWﬁﬁE%E%
Wt 2 RSN Do M E BE L7o/MNEBOBIE T Y R A =Y 2% KT, R TYF T AN
JoEE LCHMH ENS GROREITHIWTH S), /2, Y F TAVRAAZEDI NI F T AN
fapsit 2 %075 & M EE L Cvb 3 7 A/NAYIE - TSl @tét%x%ﬂfwéo
F T AN R ANEDPNT Y F T ANEIETE G EOMREWE ST S N T 5 L HENSND D, 3
LTV Y+ T AN EW EA T mE TN T 00EREIARHTH L, Zo7z0, K
KD F T ANEBNDIRENZ &R % DT 720 B v F T AR VIZEIN TS Y F T A/NIEBE
wﬁﬁ%b,:n%mvffxmﬂu%ﬁ%%mL%ﬁ%&@ﬁ&%%ﬁwwmu%téo

HHINE > T A#EK (HEAD Pedicle & #:ED Spherule) 1ZIEFRE 2 MR NRE &Y (2 )
TANKY) Dbz, ZOMAROILTFY FTAZKEZ) R v FTALEIFATYS (£
i) (53 B LU 4 SR o HEATIIRAATRLSMNC & BUEMIE (3212, OFF RURUREMIE)
EDYF T AFEMDROOEN, INEXR—H )T ¥ 7 3 (Basal junction) &5\
N—H)a %2+ (Basal contact) EIFATWA (Lasansky, 1973) (552 SH) . #44K12
ER=F VT ¥ 7Y g POFEEHRE SN TR,

HRIZEMERED L &

FHEBY) PR DALY T AT, ¥ 7 AR K OMNEA T R ) B AT

—[pN —
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WENT2Y F T 2NN LE (10~100F2E) fF7E L, MK Ca® EEED RN 2 o/h
faasHilafE & fe L CNEY (MimEwE) 2fiistc> 2 EmohTtnsd (BRI,
Schneggenburger & Neher, 2005). Z#%, B (Exocytosis : =¥ VA F— )

EMES BICEL T, ¥ 7 2/ME DM SE~NORE) (7 2nr—ay)—~
M~ OE (K &2 7) ~iitidEiiat (794307 [AVF—ZHET 58])
= T AN LMD E B & v ) — O #EEZ ML 2 EBHIS TS (]
z1%, Wojcik & Brose, 2007) .

T ANEOREIIMIEE L F CRE_ERETTETCw b 720, MlEEE AL ICHET %,
COREIIMBEOBEEREZIETS I EICL o THATHZ ENTETHSL (Bl21T,
Innocenti & Heidelberger, 2008) . @& 723+ 7 A/MIOfEIZ Y 494 +—2 X (Endo-
cytosis) Z#ET, VY FTANMIORLE LTHAHENS, T ¥+ 7 2/pMaoFEiid/hMatk
TNEIVERN TV AR=Y — (ATP AT 0 b R TR LTV Y I Y EREHLD
AL R T VAR=F =) BRIL, CHDBTNVY I VBEMIFICIY AL, ZOMT PR
R —HWEEET A1, 7o by Ok#FEAFY [H']) S/AMENIZIYATND Z L2505
NTw5b (Flz21E, Liu & Edwards, 1997; DeVries, 2001), 2D X 912 L T/NNIPIZELY A
EN/TNVY I VBROEREE, 100 mM 12 ET 5, BMBO Y F T ARKEKNL TV Y I Y
BRASH S s L &, FRCH b ENs 720, B LTINS ERIELT 2. 20
FRMEALIL, BV AT X RAIVIEHRZINZ 5 2 LM S Twb (Barnes & Bui, 1991;
Barnes et al., 1993)

BMIED > > T AMKOEFHEMEGTEIIILZHO Y+ T A/NEPBIgE S, ORI
Lo THRZEWEDP L SN TV DL ZEPMR B0 72720, TR TR OB
FTAEELY, TFTANIHEIE Y F TR R L) R RN E SRR H 1
% (k) (Heidelberger et al., 2005; Fox & Sanes, 2007) (% 3 XI5 L U4 4 KZHH) o

BMATA Ca’' (S & 3 WiREE M E FUH O HI4)

MM D > F 7 AERIITEMARGEE L BV > o AF v 2 VDB L, N zE
WRERHIZARTT K Tdh 5 Ca” OMIBBAHEHKRD—> L % > T3 (Heidelberger et al.,
1994; Mennerick & Matthews, 1996; Llobet et al., 2003; Zenisek et al., 2003). ZDH IV
7 AT ¥ AOVOTEELEIE —60 mV X O BigmElice b, KRB X OB 81T 2
DEENZEA RN N— L TWD, HEEREETIE, LIV T AT v 2V K
T8N EDOY Ty NPRRLZEMENT VWS, INHDOH T 2=y b (alD
subunit & %\ & o 1F subunit) % HW72IEREIZLY, T F T2 K2 OET OME
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TEBIZLBANT T AT v A UDPERFLTHEIAL TR I EPHEIrOLN TS (B2,
Wissle ef al., 2003)o 71V AF % R VPSS, MHNICH D Ca®' I (BI2IE, W
H/NEMR) 205 DR b MK Ca®" HIMIC &S LT\ A RS HE S Tw b (Krizaj
& Copenhagen, 2002)

BRSPS B S5 4 2 Ca™ v H—2d ), THUC Ca®' pEET 5
CEICE o THIOMIAMEE 2 £ E 2 5N T b, HANBIZBT 2K Ca® B & i
(EEWE ORI OBIRIIRS THGHTH Y, BIEYF Ty 73y (5237 H) 2 Ca”"
=L LTHRBEEL T b Ll ST % (Thoreson et al., 2004; Heidelberger et al.,
2005; Rabl et al., 2006) -

ZHETIZ, GABA (y-Aminobutyric acid), —{bzE#, N—/ 83 2 LT H » Wikl
DANY T AT ¥ FAOEEIZHET LHT- L L TG SN TS (Bl21E, Murakami ef al.,
1982a, b; Djamgoz et al., 1996; Hirasawa & Kaneko, 2003; Witkovsky, 2004) . Z 415 (27l
Z, TNV I VEBRAGPRBRERA 4+ F AV ENALTHMBOAI VY 7 AF v 2V %
B+ 52 L LR ->TE7 (B 2L, Koulen et al., 1999, 2005)

DRV FTRENT BV FTRE

I TR R L, MY T ARERICH BN E TH L (53 IXBI), E T
MIETIZY F T AR OWE R L T A 72 OBRIROMEY & Lo 51 b A, Ml
WCIXFHifEE % 49 % (Sterling & Matthews, 2005; Dieck & Bandstiitter, 2006) . > 77
AV ARSI TEE ICAE L, FAEH 30~35 nm, &S 13 200~1,000 nm, # L T#
DO E1E 1,000~2,000 nm (2 &5 (21X, Sterling & Matthews, 2005) . 2D F 7 A1) K
AN 2> 5 200 nm FRERENLCB ), 2 OMIC Arciform density & MHEN 2158 05D 5
(FEIXBI) . T 7AVKRY2HKEH 5Snm, &S 40 nm OFFEAERE &Y 0 22
Y, TORIZYFTANIPMNELTWD (BEH L, BULERIES>TWE LT T A
M) o OV RYDIBIZIIEZHD Y F T ANERFEEL TS (BZ5 L, Bt fiz
THEL TV Y F TANL) . ¥ F 7TA) R ORI IEH S LTV, TE
VR FTRAHRT 25 5% OWE (¥ 7378 ; RIBEYE, CIBP2, CIBP1, BARS,
KiF3A, Piccolo, RIM1, Bassoon, Munc13-1, ERC2, CAST1 % &) L E R0, HEE
HEFE->TWS (B 21X, Schmitz er al., 1996, 2002; Brandstiitter ef al., 1999; Muresan et
al., 1999; Dick et al., 2003; Sterling & Matthews, 2005) o

HR D) R 2 F TR BT HMREREOMIEICIE, AaltdZonTat AN
B LTWD ZEPHLNT WD, B—F HIZHE I ) BNICE L 2 M ZEZWE OB,

—[h9 —
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ZLTHEFEHIER LA L 2 WEEEWEDOKH TH S (Thoreson et al., 2004;
Heidelberger et al., 2005; Innocenti & Heidelberger, 2008) . ] 7" 1 - A DFFAHIAHTH %
A, E-FHIE Y FTAYRCEDIN TV L Y F T AN, FEFHIEY ST
2) R UEINFES D 2 F T AN Ry O FICEE SN BOR % L Twb &
s GE4H A ),
HHEENY) PRI R DILE Y F T ATIX, ¥ F T ANLOBE» SO E To—

MNP RAH S NTWAHDY, VRV TV F T A TOMBARE LR O L < AIZB L TIER
WA %,

DR D FT AL 3R EME DO

¥ F T AN R IZFEH T 5 Kinesin motor protein KiF3A 1, ¥ F 7 A/NMa & Ml fEAS It
WCETRBEISEL720ITREEL TWwb LE2 5T (Heidelberger et al., 2005; Sterling
& Matthews, 2005; Dieck & Bandstitter, 2006). L2>L, ¥ F 7 Z/NEDRET 5 720 D
B, 2FNHNEZL T TAVRAHFEL R D DI, Y F TRV R OKMIZIZE
BokiFIREREPEO N, DY F T ANMIOBEICHEKRL T L LI SN TV
(Rao-Mirotznik et al., 1995) .

AR, Y FTANMAR Y FTA) RO LERBET L L) @HrBET AR HiE S
TWhe YFTANBPYRY EZBEITA2DOTHIUE, Mk ATP HEPRATNL, &
AN, MIENO ATP % 5 EMED ATP-yS IZEH L T, MEmEMmEoite s 70
¥ A3y ZIZBLIERRD 5 v (Heidelberger et al., 2002), Z OfERIE, ¥+ 7 AN
PEEHL TR nh, HEVIEEOBEIC ATP ZLEE L, ZRBL TS, F72,
M OZM 7 Ca® Wi LA, BToYF72NE%E 1 ~2 3 ) BUAICHIcE 2
EWHE SN T 5 (Gilbert, 2001) . Z OMFREGEWERULOM X, ThE Cliidsh
TW5 YT 7T ANNLOMBHNBEIORE L ZENPITBL TWE, INOEZWETLE, V77
ANERITF T AR O il TRENL, MEEEDE IO L Twb EE R

B L v

SFTANEN L F T AR D LEEBEL TW5 &) RIS Z L\WE, #i7z dlas i

n, MEhho 5w b (Glowatzki & Fuchs, 2002 [NWEATMEOY) Ko v+ 7 AT
Parsons & Sterling, 2003) (564X B &), >+ 7RV KO EiZdh b+ 7 A/NalEL:
AL, R MR E R 2 TTREIC T2 L W TH L, TOFTIEY T T AN
fa3) R D E2BE§ 502 20D, B ZEIezy 7 ANBIZED X H I L THr
TR MRRAEEWE D TE SN L Oh, HDHVIEVF T AR FEBIZFELTWE YT TR
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N ED & IR =W D B Dh, R ES L ORMPH L, Lz, O
B L < ik, IO AN TIEE <255 Tw % (Scepek & Lindau, 1993;
Lollike et al., 2002) o

YRS FTRICE T B F T RNEDENEE

BURINL X REE LCBA0A8 L 7- R IS B 720, COMZ VY 3 VAR LT TWwb, &R
(BHEHILL L) ORFERD 2 IEHEEE2S) OHF T, 2OV y I VEORBREIIERICR S S
EDTFREND, INEEMITHAELE LT, Heidelberger et al. (2005) (Z—2D V) K
FTAZBWT I HEIZ20~80D Y F T A/NEARH EN S 2 £ 2HWLE TV b RETIE—
DDYF T AN K DI, 3,500~5,0008 2D > F T ANEDS,  F 7HEETIR1,000~ %
TRRED Y F T A/NIDFET 5 2 L DHEE ST 5 (Thoreson et al., 2004; Heidelberger,
2007) L2oL, ¥+ T ANBOEDPETO4 — & —TREIEGDRICHET 22 122D
INEH ) 7Ol BH e Y+ T A/NBORIE - TS UIEE %5, EBE, ¥ F TAMID
M - WTCIEC, BURBER LN T35 2 EAHL 227 - T & 72 (DeVries, 2000;
Heidelberger et al., 2005)

BB HARRSR DL Y F T AIZB VT, ¥ F T A/NMIORIE - fiFElz T K31 b —

WCEDERESNDZEDHELNT VDD, VRV FTATIELY FH A b= A2
MO T E 2 ZADE OFIE - TG L TWVBEEZLNTWE, LiL, ZOLLA
WZDOWTIEBH L2 5 T e,

> F T RERD 5 DRI ENE DRRE

SR sl Sy I VR, ﬁ%%@&%ix%k&%wzili~ﬁﬁ(“
) 7RI —FE) \ZHEBT LNV I VEEN T Y AR— Y — % L CHIBEAAN LD GA
DT AR (MRS oIS Nns, HMBICEET AV I VNS U AKR—F —
WL TR AENAZ VY I VB, 20FF L F T ANNINICTES R, THozo
fEibNbEEZLNTVWD (FEARA BLUES I%%oilﬁ—MW’ﬂbﬁinf*
W IVERIZZVE I UARBERICL o TV E I VITEBREN B, MV &k s
bo ZOTIVEY I VIITHOHMIIZID AT, TV I VERERBFERIZE T VY I ¥
BRICAB S NVAREEWE E LTSN EEZONTWE, 203 25 —M%EiT
7NV I VEBEOTARERE, TV I VEE- VY I A 2V EER (555 KZBR),
cDNA 70— = 7 & ZIUIHED BT L D, THAEMO 7 VY I VR T v AR —



Rk

SFTRINGE
LRI 510

Trssm -
FSRR—5— o i Tnssy

o RR—4— Jnasy
AR

>—Hlra

ES5X MMBEISMELAETILE I CBOKE

MDY F T AR (Y F TAVKR A ZEE L) oSNz vy 3 UERIE, iz S
NGEBRICAET A 2 27— (7)) 7THlleo—FE) ICBIL7NVE I VBN VAR5 =1
Lo TR AEN, MRS (V5 7AMB) oA sns, SRR AT VS I VR
TFTANERICTE SN, HREEINLEEZONTWS, I 27 MYV AFN7 VS 2
UERIE, TVE I VERBFEICL TNV I VICEREN, FOBRIVEY I ViR L CHIE
HUZEREEND e COTNVEY I IHAIIICISE T 5 70V & 3 VEgERIC X - THIBPIZELY sA £ i,
TNE I VIBERBEEOBEICL > TNV I VERICAT SN, MRREEDE L LTy T AN
FHEND, ZDI 25 —MENTLINE I VBROFARRGKE, SVvy I V-7V 0
£ 7 EER,

— I HEFHOT T 5 A4 TS, EAAT1 (Excitatory Amino acid Transporter 1 @
m%), EAAT2, EAAT3, EAAT4 % LC EAATS & @4 241C\ % (Kanai & Hediger, 1992;
Arriza et al., 1993, 1994; Fairman et al., 1995) #&iZTIE, 25 QNIRRT
EREIET 2T 2 FEDEA SN, WEMMRICEBLT 2078 4 TOREERY 75 4 7
OEFFEVEDSFEIZH XS5 CTw 5 (Rauen & Kanner, 1994; Rothstein ef al., 1994; Lehre
et al., 1995; Schults & Stell, 1996)., 452, bF 7% > 3wy FHEEICB W T 20
T TOI, VS I VNI Y AR=S —H T8 4 TOMMEE KB (EAATI 13312
227 —MfEIZFEE, EAAT2 133 27—, #iMile, AU s 7~ 20 Mgz ssH,
Z L CEAATS 133 = 7 —fifila, BUflle, MEMiiE, 7~27 ) »fle & iEEiimics831) »



FHEDRESANL O ) R > 2 > T AR § S it O A

ASMZENTWAS (Eliasof et al., 1998a, b)o + T 74> 3 a w7 LIV o BAE B HEfiE
WZBWTh, RO NVY I VBN T U AR=7 —=DPHHIEICEEH L TWwWA 2 e 6
Twb (flz1X, Tachibana & Kaneko, 1988; Pow & Barnett, 2000; Hasegawa et al., 2006) o

mE DS %

THEBIWAEE T, M CZAE S N BUBRHING % #% TR S (mb D,
BN HARRE (REETMIEOEER) & Th GE—RBUEHPIRK) ~NefmiEsns (BETE
v, HHITE— B —~ R [ — KRR R] Th b)), 2F D, M
BECBWT, 7y I VERISHEIERREOREV — + 2 T 2 sl (MR & AU
M) OMRMmEWE L L b Twb,

BHEEI AR R I B ALY F T AL B ) M CIIHMIAR L I 2 AU &
VRV FTREMEINDHE, Y FTAPFIEL T D, 2O F T ADEENIRIZTES)
ZIRBR STV 2\, RGN 2 R E M BB G- L Tw b L B2 6T b, BT
&, YFTANEBTF T AR DO EBET L0007, Fi#ELTWAL YT ANIIEE
DI L OH ? FMIEICEE L7z T ANEOES ED L5 IZEIR (=
Y RYA b= ADWEE) ENLDOMN?, HEIIOVWTORRPETL L ). FWNHI &
2, VRY T FTAICEGTAWE (5 287 ) OFEASHRVTBY, SBINnoWE
DIFNTDSY T T A K2 ORERREINCED S 2 & 2R L 72w,

il a3

RERHET T BT, VRV YT T AOME TR T 5720, MY -7 A#EK
D=t GLAE) BIROVERE A7z T OVERGEFRE T, £ < OWFFERm 0 Gt L B 2 B
BxGATTE5 LM, ZOFMEZERISENTT S o oEEEFRICER 2 2#E %
T bo SHIZ, B3RS BB, FRZRFEIHG S 570012822 LTS -
ZRRICERTHEZERT 5,

50 B X ®

Arriza, J. L., Kavanaugh, M. P., Fairman, W. A., Wu, Y.-N., Murdoch, G. H., North, R. A. and Amara, S. G.
(1993), Cloning and expression of a human neural amino acid transporter with structural similarity to the
glutamate transporter gene family, J. Biol. Chem., 268: 15329-15332.

Arriza, J. L., Fairman, W. A., Wadiche, J. I., Murdoch, G. H., Kavanaugh, M. P. and Amara, S. G. (1994),
Functional comparisons of three glutamate transporter subtypes cloned from human motor cortex, J.

—[TB —



B R —

Neurosci., 14: 5559-5569.

Attwell, D. (1986), Ion channels and signal processing in the outer retina, Quart. J. Exp. Physiol., 71:
497-536.

Attwell, D., Mobbs, P., Tessier-Lavigne, M. and Wilson, M. (1987) , Neurotransmitter-induced currents in
retinal bipolar cells of the axolotl, Ambystoma mexicanum, J. Physiol., 87: 125-161.

Ayoub, G. S., Korenbrot, J. and Copenhagen D. R. (1989), Release of endogenous glutamate from isolated
cone photoreceptors of the lizard, Neurosci. Res., Suppl.10: 47-57.

Barnes, S. and Bui, Q. (1991), Modulation of calcium-activated chloride current via pH-induced changes of
calcium channel properties in cone photoreceptors, J. Neurosci. 11: 4015-4023.

Barnes, S., Merchant, V. and Mahmud, F. (1993), Modulation of transmission gain by protons at the
photoreceptor output synapse, Proc. Natl. Acad. Sci. USA, 90: 10081-10085.

Baylor, D. A., Fuortes, M. G. F. and O Brayan, P. M. (1971), Receptove fields of cones in the retina of the
turtle, J. Physiol., 214: 265-294.

Baylor, D. A., Fuortes, M. G. F. and O’ Brayan, P. M. (1971), Receptive fields of cones in the retina of the
turtle, J. Physiol., 214: 265-294.

Brandstiitter, J. H., Fletcher, E. L., Garner, C. C., Gundelfinger, E. D. and Wissle, H. (1999), Differential
expression of the presynaptic cytomatrix protein bassoon among ribbon synapses in the mammalian
retina, Eur. J. Neurosci., 11: 3683-3693.

Burkhardt, D. A. (1977), Responses and receptive-field organization of cones in perch retinas, J.
Neurophysiol., 40: 53-62.

Burkhardt, D. A. and Hassin, G. (1978), Influences of cones upon chromatic- and luminosity-type horizontal
cells in pikeperch retinas, J. Physiol., 281: 125-137.

Calkins, D. J., Tsukamoto, Y. and Sterling, P. (1996), Foveal cones form basal as well as invaginating
junction with diffuse ON bipolar cells, Vision Res., 36: 3373-3381.

Copenhagen, D. R. and Jahr, C. E. (1989), Release of endogenous excitatory amino acids from turtle
photoreceptors, Nature, 341: 536-539.

DeVries, S. H. (2000), Bipolar cells use kainite and AMPA receptors to filter visual information into seoarate
channels, Neuron, 28: 847-856.

DeVries, S. H. (2001), Exocytosed Protons Feedback to Suppress the Ca’" Current in Mammalian Cone
Photoreceptors, Neuron, 36: 1107-1117.

Dick, O., tom Dieck, S., Altrock, W. D., Ammermiiller, J., Weiler, R., Garner, C. C., Gundelfinger, E. D. and
Brandstitter, J. H. (2003), The presynaptic active zone protein bassoon is essential for photoreceptor
ribbon synapse formation in the retina, Neuron, 37: 775-786.

Diek, S. tom and Brandstitter, J. H. (2006), Ribbon synapses of the retina, Cell Tiss. Res., 326: 339-346.

Djamgoz, M. B., Aguilo, R., Greenstreet, E. H., Reynolds, R. and Wilkin, G. P. (1996), Histochemistry of
NADPH-diaphorase. a maker for neuronal nitric oxide synthase, Neurochem. Int., 28: 283-291.

Dowling, J. e. and Boycott, B. B. (1966), Organization of the primate retina: Electron micrscopy, Proc. R.
Soc. Lond. B, 166: 80-111.

Eliasof, S. and Werblin, F. (1993), Characterization of the glutamate transporter in retinal cones of the tiger
salamander, J. Neurosci., 113: 402—411.

Eliasof, S., Arriza, J. L., Leighton, B. H., Kavanaugh, M. P. and Amara, S. G. (1998a), Excitatory amino acid
transporters of the salamander retina: Identification, localization, and function, J. Neurosci., 18: 698-712.

Eliasof, S., Arriza, J. L., Leighton, B. H., Amara, S. G. and Kavanaugh, M. P. (1998b), Localization and
function of five glutamate transporters cloned from the salamander retina, Vision Res., 38: 1443—1454.

Fairman, W. A., Vandenberg, R. J., Arriza, J. L., Kavanaugh, M. P. and Amara, S. G. (1995), An excitatory
amino acid transporter with properties of a ligand-gated chloride channel, Nature, 75: 599-603.

Fox, M. A. and Sanes, J. R. (2007), Synaptotagmin I and II are present in distinct subsets of central synapses,
J. Comp. Neurol., 503: 280-296.

Gilbert, S. P. (2001), High-performance fungal motors, Nature, 414: 597-598.

Glowatzki, E. and Fuchs, P. (2002), Transmitter release at the hair cell ribbon synapse, Nature Neurosci., 5:



FHEDRESANL O ) R > 2 > T AR § S it O A

Vi

147-154.

Hasegawa, J., Obara, T., Tanaka, K. and Tacihbana, M. (2006), High-density presynaptic transporters are
required for glutamate removal from the first visual synapse, Neuron, 50: 63—74.

Haynes, L. W. and Yaw, K.-W. (1985), Cyclic GMP-sensitive conductance in outer segment membranes of
catfish cones, Nature, 317: 61-64.

Heidelberger, R. (2007), Mechanisms of tonic, graded release: lessons from the vertebrate photoreceptor, J.
Physiol., 585: 663—667.

Heidelberger, R., Sterling, P. and Matthews, G. (2002), Role of ATP in depletion and replenishment of the
releasable pool of synaptic vesicles, J. Neurophysiol., 88: 98—106.

Heidelberger, R., Thoreson, W. B. and Witkovsky, P. (2005), Synaptic transmission at retinal ribbon
synapses, Prog. Retin. Eye Res., 24: 682-720.

Heidelberger, R., Heineman, C., Neher, E. and Metthews, G. (1994), Calcium dependence of the rate of
exocytosis in a synaptic terminal, Nature, 371: 513-515.

Hirasawa, H. and Kaneko, A. (2003), pH changes in the invaginating synaptic cleft mediate feedback from
horizontalce 1Is to cone photoreceptors by modulating Ca”" channels, J. Gen. Physiol., 122: 657-671.

Innocenti, B. and Heidelberger, R. (2008), Mechanisms contributing to tonic release at the cone photoreceptor
ribbon synapse, J. Neurophysiol., 99: 25-36.

Ishida, A. T., Stell, W. T. and Lightfoot, D. O. (1980), Rod and cone inputs to bipolar cells in goldfish retina,
J. Comp. Neurol., 191: 315-335.

Kanai, Y. and Hediger, M. A. (1992), Primary structure and functional characterization of a high affinity
glutamate transporter, Nature, 360: 467-471.

Kaneko, A. (1970), Physiological and morphological identification of horizontal, bipolar and amacrine cells
in goldfish retina, J. Physiol., 207: 623-633.

Kaneko, A. (1973), Receptive field organization of bipolar and amacrine cells in the goldfish retina, J.
Physiol., 235: 133—153.

Kaneko, A. (1979), Physiology of the retina, Ann, Rev. Neurosci., 2: 169-191.

Kaneko, A. (1983), Retinal bipolar cells: their function and morphology, Trends Neurosci., 6: 219-223.

Kaneko, A. and Saito, T. (1983), Ionic mechanisms underlying the responses of off-center bipolar cells in the
carp retina: II. Studies on responses evoked by transretinal current stimulation, J. Gen. Physiol., 81:
603-612.

Kaneko, A. and Shimazaki, H. (1976), Synaptic transmission from photoreceptors to bipolar and horizontal
cells in the carp retina, Cold Spring Harb. Symp. quant. Biol., 40: 537-546.

Kaneko, A. and Tachibana, M. (1982), Retinal bipolar cells with double colour-opponent receptive field,
Nature, 293: 220-222.

Kawamura, S. (1993), Molecular aspects of photoreceptor adaptation in vertebrate retina, Int. Rev.
Neurobiol., 35: 43—86.

Kawamura, S. (1994), Photoreceptor light-adaptation mediated by S-modulin, a member of a possible
regulatory protein family of protein phosphorylation in signal transduction, Neurosci. Res., 20: 293-298.

Kolb, H. (1970), Organization of the outer plexiform layer of the primate retina: electron microscopy of Golg-
impregnated cells, Philos. Trans. R. Soc. Lond. B, B258: 261-283.

Koulen, P., Kuhn, R., Wissle, H. and Brandstitter, J. H. (1999), Modulation of the intracellular calcium
concentration in photoreceptor terminals by a presynaptic metabotropic glutamate receptor, Proc. Natl.
Acad. Sci. U.S.A., 96: 9909-9914.

Koulen, P., Liu, J., Nixon, E. and Madry, C. (2005), Interaction between mGlu8 and calcium channels in
photoreceptors is sensitive to pertussis toxin and occurs via G protein By subunit signaling, Invest.
Ophthalmol. Vis. Sci., 46: 287-291.

Krizaj, D. and Copenhagen, D. R. (2002), Calcium regulation in photoreceptors, Front. Biosci., 7: 2023-2044.

Lasansky, A. (1973), Organization of the outer synaptic layer in the retina of the larval tiger salamander,
Philos. Trans. R. Soc. Lond. B, B265: 471-489.

Lehre, K. P., Levy, L. M., Ottersen, O. P., Storm-Mathisen, J. and Danbolt, N. C. (1995), Differential



B R —

expression of two glial glutamate transporters in the rat brain: quantitative and immunocytochemical
observations, I. Neurosci., 15: 1835-1853.

Liu, Y. and Edwards, R.H. (1997), The role of vesicular transport proteins in synaptic transmission and neural
degeneration, Ann. Rev. Neurosci., 20: 125-156.

Llobet, A., Cooke, A. and Lagnado, L. (2003), Exocytosis at the ribbon synapse of retinal bipolar cells
studied in patches of presynaptic membrane, J. Neurosci., 23: 2706-2714.

Lollike, K., Lindau, M., Calafat, J. and Borregaard, N. (2002), Compound exocytosis of granules in human
neutrophils, J. Leukoc. Biol., 71: 973-980.

Mennerick, S. and Matthews, G. (1996), Ultrafast exocytosis elicited by calcium current in synaptic terminals
of retinal bipolar neurons, Neuron, 17: 1241-1249.

Miyachi, E.-I. and Murakami, M. (1989), Decoupling of horizontal cells in carp and turtle retinae by
intracellular injection of cyclic-AMP, J. Physiol., 419: 213-224.

Murakami, M. and Takahashi, K.-I. (1987), Calcium action potential and its use for measurement of reversal
potentials of horizontal cell responses in carp retina, J. Physiol., 386: 165—180.

Murakami, M., Ohtsuka, T. and Shimazaki, H. (1975), Effects of aspartate and glutamate on the bipolar cells
in the carp retina. Vision Res., 15: 456-458.

Murakami, M., Shimoda, Y., Nakatani, K., Miyachi, E.-I. and Watanabe, S.-I. (1982a), GABA-mediated
negative feedback from horizontal cells to cones in carp retina, Jpn. J. Physiol., 32: 911-926.

Murakami, M., Shimoda, Y., Nakatani, K., Miyachi, E.-I. and Watanabe, S.-I. (1982b), GABA-mediated
negative feedback and color opponency in carp retina, Jpn. J. Physiol., 32: 927-935.

Muresan, V., Lyass, A. and Schnapp, B. J. (1999), The kinesin motor KIF3A is a component of the
presynaptic ribbon in vertebrate photoreceptors, J. Neurosci., 19: 1027-1037.

Naka, K.-1. and Witkovsky, P. (1972), Dogfish ganglion cell discharge resulting from extrinsic polarization of
the horizontal cells. J. Physiol., 223: 449-460.

Nawy, S. and Jahr, C. E. (1990), Suppression by glutamate of cGMP-activated conductance in retinal bipolar
cells, Nature, 346: 269-271.

Nawy, S. and Jahr, C. E. (1991), cGMP-gated conductance in retinal bipolar cells is suppressed by the
photoreceptor transmitter, Neuron, 7: 677-683.

Parsons, T. D. and Sterling, P. (2003), Synaptic ribbons: Conveyer belt or safety belt ?, Neuron, 37: 379-382.

Picones, A. and Korenbrot, J. I. (1994), Analysis of fluctuations in the cGMP-dependent currents of cone
photoreceptor outer segments, Biophys. J., 66: 360-365.

Pow, D. V. and Barnett, N. L. (2000), Developmental expression of excitatory amino acid transporter 5: a
photoreceptor and bipolar cell glutamate transporter in rat retina, Neurosci. Lett., 280: 21-24.

Pugh, E. N. Jr. and Lamb, T. D. (1990), Cyclic GMP and calcium: The internal messengers of excitation and
adaptation in vertebrate photoreceptors, Vision Res., 30: 1923-1948.

Pugh, E. N. Jr. and Lamb, T. D. (1993), Amplification and kinetics of the activation steps in
phototransduction, Biochim. Biophys. Acta, 1141: 111-149.

Rabl, K., Cadetti, L. and Thoreson, W. B. (2006), Paired- pulse depression at photoreceptor synapses, J.
Neurosci., 26: 2555-2563.

Rao-Mirotznik, R., Harkins, A.B., Buchsbaum, G. and Sterling, P. (1995), Mammalian rod terminal:
architecture of a binary synapse, Neuron 14: 561-569.

Rao-Mirotznik, R., Buchsbaum, G. and Sterling, P. (1998), Transmitter concentration at a three-dimensional
synapse, J. Neurophysiol., 80: 3163-3172.

Rauen, T. and Kanner, B. I. (1994), Localization of the glutamate transporter GLT-1 in rat and macaque
monkey retinae, Neurosci. Lett., 169: 137-140.

Raviola, E. and Gilula, N. B. (1975), Intramembrane organization of specialized contacts in the outer
plexiform layer of the retina. A freeze-fracture study in monkeys and rabbits, J. Cell Biol., 65: 192-222.

Rothstein, J. D., Martin, L., Levey, A. 1., Dykes-Hoberg, M., Jin, L., Wu, D., Nash, N. and Kuncl, R. W.
(1994), Localization of neuronal and glial glutamate transporters, Neuron, 13: 713-725.

Saito, T. (1987), Physiological and morphological differences between on- and off-center bipolar cells in the



FHEDRESANL O ) R > 2 > T AR § S it O A

Vi

vertebrate retina, Vision Res., 27: 135-142.

Saito, T. and Kaneko, A. (1983), Ionic mechanisms underlying the responses of off-center bipolar cells in the
carp retina: I. Studies on responses evoked by light, J. Gen. Physiol., 81: 589-601.

Saito, T. and Kujiraoka, T. (1982), Physiological and morphological identification of two types of on-center
bipolar cells in the carp retina, J. Comp. Neurol., 205: 161-170.

Saito, T., Kondo, H. and Toyoda, J.-1. (1978), Rod and cone signals in the on-center bipolar cells: Their
different ionic mechanisms, Vision Res., 18: 591-595.

Saito, T., Kondo, H. and Toyoda, J.-I1. (1979a), lonic mechanisms of two types of on-center bipolar cells in
the: I . The responses to central illumination, J. Gen. Physiol., 73: 73-90.

Saito, T., Kondo, H. and Toyoda, J.-1. (1979b), Ionic mechanisms of two types of on-center bipolar cells in
the: II . The responses to annular illumination, J. Gen. Physiol., 73: 569-589.

Saito, T., Kujiraoka, T. and Toyoda, J. (1984), Electrical and morphological properties of off-center bipolar
cells in the carp retina, J. Comp. Neurol., 222: 200-208.

Sarantis, M., Everett, K. and Attwell, D. (1988), A presynaptic action of glutamate at the cone output
synapse, Nature, 332: 451-453.

Sasaki, T. and Kaneko, A. (1996) , L-glutamate-induced responses in Off-type bipolar cells of the cat retina,
Vision Res., 36: 787-795.

Scepek, S. and Lindau, M. (1993), Focal exocytosis by eosinophils—compound exocytosis and cumulative
fusion, EMBO J., 12: 1811-1817.

Schmitz, F., Bechmann, M. and Drenckhahn, D. (1996), Purification of synaptic ribbons, structural
components of the photoreceptor active zone complex, J. Neurosci., 16: 7109-7116.

Schmitz, F., Konigstorfer, A. and Siidhof, T. C. (2000) , RIBEYE, a component of synaptic ribbons, Neuron,
28: 857-872.

Schneggenburger, R. and Neher, E. (2005) , Presynaptic calcium and control of vesicle fusion, Curr. Opin.
Neurobiol., 15: 266-274.
Schultz, K. and Stell, W. K. (1996), Immunocytochemical localization of the high-affinity glutamate
transporter EAACI, in the retina of representative vertebrate species, Neurosci. Lett., 211: 191-194.
Shiells, R. A. and Falk, G. (1990), Glutamate receptors of rod bipolar cells are linked to a cyclic GMP
cascade via a G-protein, Proc. Roy. Soc. Lond. B, 242: 91-94.

Shiells, R. A. and Falk, G. (1992a), The glutamate-receptor linked cGMP cascade of the rerinal on-bipolar
cells is pertussis and cholera toxin-sensitive, Proc. Roy. Soc. Lond. B, 247: 17-20.

Shiells, R. A. and Falk, G. (1992b), Properties of the cGMP-activated channel of retinal on-bipolar cells,
Proc. Roy. Soc. Lond. B, 247: 21-25.

Shiells, R. A., Falk, G. and Naghshineh, S. (1981), Action of glutamate and aspartate analogues on rod
horizontal and bipolar cells, Nature, 294: 592-594.

Slaughter, M. M. and Miller, R. F. (1981), 2-amino-4-phosphonobutyric acid: a new pharmacological tool for
retinal research, Science, 211: 182—185.

Stell, W. K., Lightfoot, D. O., Wheeler, T. G. and Leeper, H. F. (1975), Golgfish retina: Functional
polarization of cone horizontal cell dendrites and synapses, Science, 190: 989-990.

Sterling, P. and Matthews, G. (2005), Structure and function of ribbon synspses, Trend. Neurosci., 28: 20-29.

Tachibana, M. and Kaneko, A. (1988), L-Glutamate-induced depolarization in solitary photoreceptors: a
process that may contribute to the interaction between photoreceptors in situ, Proc. Natl. Acad. Sci.
U.S.A., 85: 5315-5319.

Takahashi, K.-I. and Murakami, M. (1991), Reversal potentials of color opponent responses in horizontal
cells of the carp retina, Vision Res., 31: 1159-1165.

Thoreson, W. B., Rabl, K., Townes-Anderson, E. and Heidelberger, R. (2004), A highly Ca’ " -sensitive pool
of vesicles contributes to linearity at the rod photoreceptor ribbon synapse, Neuron, 42: 595-605.

Tomita, T. (1965), Electrophysiological study of the mechanisms subserving color coding in the fish retina,
Cold Spring Harb. Symp. quant. Biol., 30: 559-566.

Toyoda, J.-I. and Tonosaki, K. (1978), Effect of polarization of horizontal cells on the on-centre bipolar cell



B R —

of carp retina, Nature, 276: 399-400.

Villa, P., Kurahashi, T. and Kaneko, A. (1995), L-glutamate-induced responses and cGMP-activated channels
in three subtypes of retinal bipolar cells dissociated from the cat, J. Neurosci., 15: 3571-3582.

Wiissle, H., Haverkamp, S., Griinert, U. and Morgans, C. W. (2003), The cone pedicle, the first synapse in the
retina. In The Neural Basis of Early Vision, pp. 19-38, Springer Verlag, Tokyo.

Watanabe, S.-I1. and Murakami, M. (1991), Similar properties of cGMP-activated channels between cones and
rods in the carp retina, Vis. Neurosci., 6: 563—-568.

Werblin, F. S. and Dowling, J. E. (1969), Organization of the retina the the mudpuppy, Necturus maculosus.
II Intracellular recording, J. Neurophysiol., 32: 339-355.

Witkovsky, P. (2004), Dopamine and retinal function, Doc. Ophthalmol., 108: 17-40.

Witkovsky, P., Gabriel, R., Krizaj, D. and Akopian, A. (1995), Feedback from luminosity horizontal cells
mediates depolarizing responses of chromaticity horizontal cells in the Xenopus retina, Proc. Natl. Acad.
Sci. U.S.A., 92: 3556-3560.

Wojcik, S. M. and Brose, N. (2007), Regulation of membrane fusion in synaptic excitation-secretion
coupling: speed and accuracy matter, Neuron, 55: 11-24.

Yamashita, M. and Wissle, H. (1991), Responses of rod bipolar cells isolated from the rat retina to the
glutamate agonist 2-amino-4-phosphnobutyric acid (APB), J. Neurosci., 11: 2372-2382.

Zenisek, D., Davila, V., Wan, L. and Almers, W. (2003), Imaging calcium entry sites and ribbon structures in
two presymaptic cells, J. Neurosci., 23: 2538-2548.



