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* 2 OFF ZUIUBMiR D 7' v & 3 vIBIEE W BT 5158

SRRFEZDBERERE (EHF TR —E£2)
A S S

Hoodx = L bEMUCEER OFF BXUBMRD L-71 2 s vERICH T ABRIEE Y v 7275 v 72 AVTHE L
7z. OFF HRBMROPREENRFH Y HF oML BRLEA L. B~1196EOREMRO 5 b 119@EIA BB &
—46mV CRFLIBE /L2 S VERCH L THRAEOBERIEE R E U, 7% § vk 5 RS IR O S0
SHERREFTRIEI s, 1 =VEBE a7 373N M FRdF v S5 AF LAV 4y —ATa bt VER
(a-amino-3-hydroxy-5-methyl-4-isoxazole propionate) 1%V % 3 VR G LB EU L fEAE R L. 100uM @ 2-7
3/ -4-R A%/ E§E (2-amino-4-phosphonobutyrate) ¥ X 0% (IS,3R)-1-7 § /-4 4 2 2 _vF v -1,3-C A A E > A
{(1S, 3R)-1-amino-cyclopentane-1, 3-dicarboxylic acid} 3 BEHRISE X BRL Lich o7, 100uM D L-7 225 F v i
(L-aspartate) 8 LU N-A #/1-D-7 225 ¥ v (N-methyl-D-aspartate, NMDA) 1%, EHREIZ 7V > v &z Mg 1+ v %

BELTL, BRIEEXE Lo, 1M ULED 607 /- T-=baF) 24y v-2 3004y (6-cyano-T-nitroquinoxaline-
2,3-dione) X7 N & I VBBODIERCHRETI Lz, ZV 2 I VERERIETAF + AR T A D VEBA 4 VITH LIEVEIRE %

AL, Na', K7, Cs* 8L Ca wxt LFEEHERL:.

T OFEEHEDOIT P Py Po: Pa=1:094: 1.32: 057 T4 »

fo. X T OFF BEMRAD 7v &2 ¢ vEZAEIZ NMDA B8R -cit7cd, E-NMDA BThb, 7AH VLB +

VEN LEVCEREOE B RTEELLNS.

Key words L-glutamate, off-type bipolar cell, non-NMDA receptor, retina

BHROX T A IEEL Y F T ARN LT k=~
THHREMEC KM EZEINDE. JOEELXLLLT
LOREMRL D BHIhIUREEYET, TOHEIR K
=2 —RUYDRBEBCHKALESREETS. T 1BEHOM
BREZWEICH TS Y+ 7 A BMACEE RO BIE & -
TRILB DL, v+ 7 ARMKE 55 ZREOMREEYHIC
W AN TN EFNRED D THIHEELLNAT VA

L-Znx s vEBIEMR L D B 3 h A MEEENE L LT
BRABBEIRTVA, Fux 3 vERTIEMEZ 2BEOIE
BXERTHIEDHMOAT VS, Thbb Iz i vEgc
£ T ON BIUEMNIZ 858 L, OFF MIUEMAILE 5 &
T35 ON HRBHEC R TEOILEDBFIILTO L5
WHAER TS, A8 3 VEL 2-7 § /-4 Ak Bl
(2-amino-4-phosphonobutyrate, APB) 12 B ¥: D # 2 L8 H o
NEIVBRBEHRCEAL, GEABEDSVTHRAR Y = AT
T-EDH Ay — FHAFEERERE I, Mg © cGMP #E
DA B itk b cGMP REMF » X ADEL, F
DRER 7V 2 ¢ VENL ON BB OBET 4w A X ¢ 5.
—J OFF HIUEMIC 35\ Tt IR D cGMP 13- F DI &Iz
BETIRIEL, TAVHIV VY g 9 9HICBNTI LR VR
BAFvs s FAVREZEBMFHAL, Frar2HOIe5.
TORR SN2 VBT OFF BISUBHIT O BIRH 2 HA & ¢

VT 6 A28EH%A, P THE9A 4 AZE

BNz & OFF BTEAILL ON FUREHIlG & 1
S BUDHERTINE I VEBICIEET D EEL bR D.

Villa 53X L2k 2 OFBMBIR Ty F7 5 v TERE
WTIARIVERZ I AINE R B L:. 220 RBHkO
90% Lk 2% ON BOF S REMR TH - 7o DT, FEiZ ON HR
BARR DT 21T, OFF BUSUHEMIAQIC B US40 12 iR o7
Shich o APRICK - TIEEE O B 21 5 54
fahbE1 OFF BIUEHIA~DE B EEY & h 3 fes -+
ALEXEMELT, HE L7 OFF BIEGHRTO 7L & 3
VBN LB TIEE Ry F 2 5 v FERGTHT L.

MHEELUH S

1. F BEIUBAERAER O 8

fEE 1.0~1.5kg OF 2 a3 vz, LT O RIBHRER D
{EBliEIL Kaneko B 0 fEIc# U, L FE LEASE
BLRTLTHIDICEHY 2 1 BREREIRE L 2gic=—F 1
WA L > THBL, EHEXBHAILEBICHEBLRHE L.
BEFEDfHEWE100% O, # AWK L7z Leibovitz ® L-
1555 #1 (Gibco Laboratories Life Technologies Inc., Grand
Island, NY, USA) TEEVIR LERE Lz, M L cMRERE FRE S
THYL, BEREEHL100% 0, ¥ 2% B L1 Leibovitz
L-155c@ Lic, FrOBEE Y RO L L7CER dmm D%

Abbreviations : AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazole propionate; AP-7, DL-2-amino-7-phosphono-
heptanoic acid; APB, 2-amino-4-phosphonobutyrate ; Asp, L-aspartate ; BSA, bovine serum albumin; [Ca®*]o,
extracellular Ca** concentration ; CNQX, 6-cyano-7-nitroquinoxaline-2,3-dione ; EGTA, o-ethylene glycol-bis
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L, ZOMEF ERITHE L, BEF2EBIC100% O,
HARBRL1228C D Leibovitz O L-1585 I 5 ~ 15847/
ml @22 4 v (Worthington Biochemical Corp., Freehold,
NI, USA) 1 -%o%1 v fEHE(L 8@ B 7212 0.lmg/ml o L-v
A7 A v (Sigma Chemical Co., St. Louis, MO, USA) %% 7=
BEFEWIC20~500 R Lz, Z ORIEERRIZIZI00% O 7 A
TRIAL. BIETAHEME RS vOBEIZ 1 v OFES
CIGCCHREI L, DWCHIER% 3CD 0.lmg/ml D>l
#7 N7 v (bovine serum albumin, BSA) (K 1U{k2, Xk
BR) % &% Hanks ¥ [135mM NaCl, 5mM KCl, 2mM CaCl,
ImM MgCl,, 5mM HEPES, 10mM 7 ¥ §, lppm 7 = / —
Ay F (BB, HE), pH X2 INNaOH 2 X H 7 4K H
¥] c3mEsE L, BREYRG. DXCRBREICA -2
A2 A LR 1.5mm DAY -2y } T
BEACHLARL, MEYERE L. BEL-MRoBER
10ul 7 VT — +H 5 AKERLA0FEDOERTHEKR L, #
BEOEARESEHERL, TOEREETRAY - ER, b T
OHLANERXRAGS L. EFARCHA-F7A%0 3%k
<} Y5 4 v o (Falcon, Oxnard, CA, USA) DRE®ERY = v
Fs3Y VA (type A, Sigma Chemical Co.) THEL, FIIH
HEI W HMIROEEEE A L. RICER LR RER+
OMBEBOLELHETEHDT, ThICESWTHIT 5%
FWROBRZHAMT Lic. BEIN LY S AmCESEIL?
e, #9185 COEBABRFCHE L. WEERTE
ORI TRE (CEBR G EBIR L T hicE e 5 Mfie ik & Bk
REE) I hASHHER S h,

I. B&BH/EFHE

FERIZET A VF 4 v B AHESSTEMEE Diaphoto
TMD (BEA X%, ER) KBEBEL, EHC I VHEHHEHK
0.1mg/ml @ BSA %41y Hanks WCHER L. Milax g
FEMNDLEEBRE Lic. LTOFIETIEMBOREER»RIE L
fo. By 7 2B lREEC M X2, 100mmH0 D
ErBpHS A ABERICEL, FHFA—av—Av2@Blz. kI
B UL ARDEE RS S ABBRIE 2D 20X ik
INT T AR LTV 2 EOMBEN RN, WY S
ABEANEMEASSE L. Thhbbh—tAera v Ty
¥ o V= g v (whole-cell configuration) 23§ bt iz, FO%k
EBCTHEMEEL, BEREXLHELLY. Bhrs ABROE
izt A vy 7 A% BHE 10mm, R 5.5mm) 55 A%
BIEEE PY-6 (AU, R®W) CHI&MEL, AR 1.2mm, AR
08mm D#F 5 AERMEH L. RICHNEHREIES PP-83 (K
) T, #IRAEDOPREME A VRO e — & — D THk(L X
¥, AL TEIC L > THEIRYI YT ABERE L
fo. LEBIRAMES 100um &ieh X5 fhESE, BREAE
W F DHERE S ORI L — 2 — 2 BB XS, BEMALT
Fl&Hot. 2EBOMBAOEIC e — & — I T B & T
HETCEBEMOERYAMTE L. KPR T Y 5 2
BROERMSNLE 3um, AR lum &7e5 L 5 BMMEXRML
o, A T ABEPOREN LR OMBE 120mM CsCl %
fzi3 KC], 0.5mM CaCl, 1mM MgCly, 5mM 5-=5 L v 7' )

2=-ERA (BT § /= F =~ F) N, N, N, N-mugefg
[5-ethylene glycol-bis (8-amincethyl ether)-N, N, N’, N'-tetraa-
cetic acid, EGTA], 10mM HEPES, 2mM Na,ATP (Sigma
Chemical Co.), 0.1mM Na;GTP (Sigma Chemical Co.), ImM
Na-cGMP (Sigma Chemical Co.) TH»H, I N®D CsOH % =13
KOH TE®D pH 2\ 7. 2172 L 5 WCHRE L. » UV ¥ A B0
M2 BT HERTIIEL PV v 20RbhICH{bEv Y 2%
i, 75 ABEEHY Hainks RICB L, RO/ Ny
FABBARLYEDLEET, FOBBBHIT 20MQ T5 -
Tz, @ROREIVEMRIE ST, "—n ez vy ¥,
V= o VERBCHBEAO S & VIBE LRI K T ABERD
BROA 4+ v BENPERBCGET SO 2 5 HYET 2
ZEMDY, AFRTR A —AEra v Ty Fab—v g vE
B 2 B L ThBRIERBIE L.

BANF S ABBILIERSTEREEL L CEZ-2100 (HAX
B, AR L8R Iht, BECERINLERT IRy v
T anF—Fe—sx7 ;3 L& — FV625A (NF +—%, 5
FAVYITR w7, BR) ZBokBE~vA 72 v -z
PC-980IRX (HAER, HF) KEBfHT 7 re s —F2 20
T ADX98 (/7 A, WF) CFU XA EBCERR
n, "= FFL ATARELDRI. 7402 =DHy b 47
RERIEBYF 2N ERTEEDY VT v 7 BENCE
ETHIIICHAM L. BEFEEOHIMEIT PC-980IRX & %h
R e 7 2 a0 —7 5 v 7E#3E DAX-98(H 7 —FA) T
fileotc., F=217—-2AF — v s v VAX3100 (Digital
Equipment, Maynard, MA, USA) TUE It TNEBEE L
Ti3 140mM NaCl, 1 ¥EX % S LEBICER LB —ELE
BEEAGI. #hy 5 ABE L FEEBOKRMEMIECH
EINTEL?, AR TRBEEME T - CTHIEL TER
Lic. BB&RITERE (19~22T) Tfflebh i, BIE IR BEE
8 R LIPS T LAz,

M. FERWCICERRSHE

LAz s vigr bV o s (FIUE3) RBESKEBECAR
-y P ODERERICEEERELYAVTESE A,
a-7 3/ A K eFFLERFAL ALY FH Y- A TR
# v B (a-amino-3-hydroxy-5-methyl-4-isoxazole propionate,
AMPA) (Sigma Chemical Co.), # 4 = v B (Research
Biochemical Inc., Natick, MA, USA), N- 2 #F,L-D-7 285 F v~
B (N-methyl-D-aspartate, NMDA) (Sigma Chemical Co.), 7'V
vV (FXHIER, KER), L-7 A5 % v (L-aspartate, Asp)
(FYEfER), (IS, 3R)-1-7 3 /- A 2 m_v 5 v-1,3-vHN R
& v LB {(1S, 3R)-1-amino-cyclopentane-1, 3-dicarboxylic
acid, 1S,3R, —ACPD} (Tocris Neuramin, Bristol, UK), APB
(Research Biochemical Inc.), 6-v 7 /-T-= b v/ F 4
v -2,3-¥ 4 v (B-cyano-T-nitroquinoxaline-2, 3-dione, CNQX)
(Research Biochemical Inc.), DL-2-7 3 /-T-sh Ak I ~T &V
f# (DL-2-amino-T-phosphonoheptanoic acid, AP-7) (Research
Biochemical Inc.) 8 X" Cl 4 A Vv OBBICH oA xRV A
AR VB (FEAEE) aEEREcRE s,

EBELRBDETRERERS 100MQ L7125 X 5 ICEHMOER

(B-aminoethyl ether)-N,N,N’,N'-tetraacetic acid; [K*Jo, extracellular K* concentration; [Na*]o, extracellular
Na* concentration; NMDA, N-methyl-D-aspartate; PKC, protein kinase C antibody; 1S,3R, —ACPD,
(15,3R)-1-amino-cyclopentane-1, 3-dicarboxylic acid; Vh, holding potential
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B 0lum UTFRLAFSAER, PRIZIM D L-Zrx 3 v
B M) Y ABREED, Xy  ORHEMROET LS
N GESITERE O (50~200msec) D#/NERE (1~—35nA) %
WL, YA VBERFMCEE L. €y b bD IR
23 VEBORHER/IBEELTADT L —+BH (3~5nA) %

ERN L, ERETIRIAR I VBT PV v ABRERL
T O 10~20um DNy PR LD 20~30um BE
L, €%y D 5—tmEPHWEBET ANV Y 2V Fa—7F
EFRNIEORNRATSHaA LR VIZERL, SA2ALSVHAOE
J1% 0.4kg/cm* PR L7cER 5 R L BBV 7T L - THIE

Electric valve

v

Pressure ejection pipette

0.4 kglem?® N,

Examined cell

Mineral oil

Fig. 1. A schematic illustration of the pressure ejection system. The pipette, the inner diameter of which was approximately 10
um, was filled with Hanks’ solution containing sodium glutamate. The pipette tip was positioned to each bipolar cell away from
20~30 pm. The opposite end of the pipette was connected via a mineral oil-filled tubing to a reservoir of mineral oil. The
reservoir of mineral oil was positioned below the level of the recording chamber lest L-glutamate should leak from the pipette
into the vicinity of the bipolar cell. Pressure of 0.4 kg/cm? was applied to the oil reservoir, for controlled amounts of time, to
eject L-glutamate. ’ ;

Solution lI

\EE

Solution 11 Solution |

Drain

Solution |

Examined cell

Fig.2. A schematic illustration of the microflow system. The reservoir of solution was positioned about 20~30 c¢m above the
level of the recording chamber. This figure illusratates solution switching from solution [ to solution I. To switch from
solution I to solution II, the tip of tubing was manually moved from reservoir | to reservoir I. During the translocation of
tubing, a small air bubble was sucked into the tube. Thus the flow of a new solution was identified visibly. When the air
bubble reached the peak of the U-tube, the electric valve was briefly activated. In this way the leading bubble was pulled out
to the outlet.
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Lz, €y b X DOEHDORHEEZEFCdE Ry MTIZEI
BEIE (10mmH0) 527 (K1), SEERE (K2) ¢, #
BEROHEMEH,PILET = v 3 — & D 20~30cm &\ B
Brh, EHERUTEHOF . ~ 7 0—cEF I h, 28
F o v A—IZHA LY. UEHOF o — 71342 2.0mm, I
Bl2mm DRV =F LV F . —TTTETED, UEDEML
AR 120um, £ 5~Tmm DRV =5 L v F o — 7 VR
BNTED, BRF = v - ORAKE LTHEIELL. &
BICELDF 2 — 7 OEMITMRE 0K Imm B BICE
mi, F . — T RO ELERR SR EE YD X5
FiFbhic. UEMF . —704 5 — By BRHAL7TE2NLT
WE|R v R L. EREEBR I 2R ICEL Bk
KRUFHS . ~7OMMEP RS [ HOEBIRBL, BT
BicF « — 7 ADNKRPBK ] BRI OMICABDT, %
DKFEPUEMSF . —TORMCE L EEER A ALVTE2Y
20msec B Z LW X W EHE‘EI N, ELHITEEF = v
R—HICHATHENER | bBE LI AR D -7,
BREKBDETRIRLIAEC SV E I vBBRlAC R 5 CE,
DORMICEETEADT, ZheBHRIECRIFNLRED
SR L UEEEAOBITNCH . ERSIESKEECA
DhB LSBT —F7 7 7 b TICEH% NS
BB MRCEETESDT, ZhEMEEMOWEITH
o, BHERERRZF = v A -HOLVCEET—EDOBED
EHr L TEHERANEL R, 2BOEHIZETELDT,
ThERE-ILEHER L2 I VBBSEBOY 7 24 D%k
BT

BN FERIICR L3 UERs - — T2 AT eb
h, BORERE L2 L, BRF = v A-HNOERKEDOE
B ECHICTAIDICHIERDOR Y F 4 V2l ATV LA
DYV IEVAT ¢ v HOFRERL &€, TDHEBRCITES

F = VA~ NOERBDOHES 0.15ml & Lz, EHREIZRY

ART 4w 2RV L DEFERWCHR IR, EREER
0.6ml/min TEFF = v A —HOEDOTHRIIIH | FELEL
fo. BERBOBEREBEIRATICL, LBF = v - OB
BOREDIBREFMUTH .

Fig.3. Solitary bipolar cells dissociated from the cat retina.
(A) Rod bipolar cell. (B) Cone bipolar cell. Note the
difference of soma size and axon length. Scale bar, 10
um.

SO &S Tt T TRIERIA BT 10~30 H TIx i o
HREOELERBDieh o7, L LEBBREOES 255 -
AT EWC IR OfEE & BRI RIS L. g
AW REBREIZ116E TS - 7. RBICRE LicF — 2113
L oMl L ORI LDTHS.

V. Fr 2LCHTIEAF 2 ORMBEBEOEHE

Ts L VBRHBEMLT B F ¢« AT BEA F v 0y
HIF @M 2 KD B bz, FRAADOE «D A + v BRER I3
TREEE LTHEEMERDIY. &1+ vV OHENBBM
ZhBDORDIWEER &

_RT 2Px [X],
™ F 2Py [Y],

I DEH LAY, Ca® OMNMEENIT
Emv=B‘I In 2ECa [cal,
2F Pcs [cs],
L OB LAY, Erev IMEEMEXEL, X, YRIAVOR
H, Px, Py BFERFHhOA + v OFE, TIMRSEE, RiT
SEEE, Fii7 7,55 —ER/ErET.

E

B #®

1. BB OKREEM S IE
FHEEOMEYERAEL, FEOREBMBAOEEML»
—46mV ICEE L HA1iE, 100uM DFEHEI Rz N £ 3
VBTN ) T ABEICH LR EOBRIEE R R L RERR
BRELTEMEO 5 b 3R FELL., ZoREE OB
BwR LI SRR A & BRI S %R & /b » - SUEHR
LKk L VBB YR - Tt (K3 A, B).
IoTREMaGEE GV EEY FOTEBMATZ BRIR L1
R, CHRTETD - B DO 5 H54%H 100uM D 71 2
IVERF MY Y A LTS X BRGEY R L.
71196 O FUBHAD 5 5, WEME —46mV ZEE L
TeBETI, ERESE IR 100uM DA R S vEEF LYY
2t L1I9@OMa»r NE & BEfIEE xR L, OFF IR
BTtHrsLHEL, Zhb0fMlax e B 7.

I. OFF BWEMROISILY I L BICHT IRE | BE-

v

OFF BIWEMROBEEM % —46mV CEE LI RET
1~200uM D7 N2 3 VEEF PV Y AR ETE S L. B
AATRT IS, a2 vEEA L HTHRAEERIZ S
A2V b)Y AORBECKELTHEAL, BOEYRER
2~3M TH o7z, HABIL 100uM O 72 3 VERF F U Y
LIZL - THEEBEINABEROKEZI X | L LTERED I LA
SVERS PV Y AT ABROMNNLKE IR RT. K4
BOLSIEFRIEEILZ L2 3 vEEF + ) v AJEEDREMC
o TSFEHBRICHEAL, 100eM OZ A & 3 vEF YT
A THEFML7:. Kd i 12M <, Hill #5031.8TH -1

MAAWTRTIOCEREO S LA S VBT Y U A
(=5pM) Tk, e L 2B OMECHBIEA bR
Mots. LOBLERBREDILE I vBF Y v s (2100M) T
ZNE I VEEF MY Y AREEIC S b b TIREOIRES
EFL, BTORB L5 ZOFEERIBESRENETI VLY
ey LicEar, ToBERcEDohi (BT A). 2hid
MRAA DA + VIBEOREINC X 5 4 O Tikin < BERFIC &
BLOTHBHLEEZLND. o LITIEEOARS & THEH
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Fig.4. Glutamate-induced current in isolated off-type bipolar cells. (A) Currents induced in an isolated off-type bipolar celt by
various concentrations of glutamate (5~100 M) applied by bath application. Holding potential (Vh), —46 mV. The timing of
glutamate application was indicated by horizontal bars. (B) Dose-response relationship of glutamate-induced current. The
average (O) and standard deviation (short vertical bars) of the initial peak amplitude ratio measured at —46 mV were obtained
from a group of cells, a number of which are indicated 'in parentheses. Data points were fitted by least square method to a
Hill's equation with a coefficient of 1.8 and Kd of 12 uM.

sl

IZO pA

50 msec 5pum

Fig.5. Spatial distribution of sensitivity of an isolated off-type bipolar cell to glutamate applied ionophoretically (—35 nA, 50
msec ; brake current, 5 nA) at various regions of the cell. A pipette filled with IM L-glutamate was positioned within a few
micrometers of the cell membrane under visual control. Holding potential, —46 mV. Pipette tip positions were indicated by
arrows. Transients in responses are capacitive artifacts by ionophoresis.
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Kainate 20 uM NMDA 100 pM
ReEE—— [ —— 40 o
A AP A e, i
W APB 100 uM sl
SE— &" .
‘9;
AMPA 100 uM g |
Asp 100 uM .‘g'_ 20
W e
HilAris iy o <
o
Glutamate 100 uM 18,3R,-ACPD 100 uM
ST
1

lSOpA
1 10
2 sec Dose(nC)

Fig.6. Effects of glutamate analogues and antagonists on isolated off-type bipolar cells. (A) Responses to 20 uM kainate, 100
#M e-amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA), 100 M glutamate, 100 uM N-methyl-D-aspartate (NMDA), 100
#M 2-amino-4-phosphonobutyrate (APB), 100 uM L-aspartate (Asp) and 100 #M (18, 3R)-1-amino-cyclopentane-1, 3-dicarboxylic
acid (1S,3R,-ACPD). Each chemical was applied by bath application. Horizontal bars indicate timing of chemical application.
When NMDA or L-aspartate was applied, the extracellular solution contained 5 #M glycine and no magnesium ion. Holding
potential, —46 mV. (B) Effects of 1 uM B-cyano-T-nitroquinoxaline-2, 3-dione (CNQX) on the dose-response relationship of the
glutamate-induced current. Glutamate was applied ionophoretically. Peak amplitude of glutamate-induced current was plotted
on a semilogarithmic coordinate. The dose of glutamate is the product of intensity (0~—35 nA) and duration (200 msec) of
ionophoretic current in the control extracellular solution (Q), in the presence of 1 uM CNQX () and in the control
extracellular solution for washing out ((J). Brake current, 5 nA. Holding potential, —46 mV. Data points were fitted by least
square method to a Hill's equation.
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__I5O pA
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Fig. 7. Effects of holding potential (Vh) on glutamate-induced current. (A) Glutamate-induced current at different levels of the
Vh. An isolated off-type bipolar cell was superfused with Hanks' medium. Recording pipette was filled with the solution
containing 120 mM CsCl mainly. Holding potentials are indicated to the left of each trace which has been shifted vertically by
an arbitrary amount for clarity. L-glutamate was applied ionophoretically (—35 nA, 50 msec; brake current 5 nA) to the
dendritic region. Transients in responses are capacitive artifacts by ionophoresis. (B) The relationship between the
glutamate-induced current and the holding potential plotted from a different cell.
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OHEBNIIFALTH-enbTHS.

M. L& IBICHTIRSHONH

OFF BENBMEOEHMALDO /v & I VBT 5 BE My
FRBIHIZ, BEABEC L - THIROKRAIZ 7L & 3 v
BrEs L, TOIRELRN (0=13). I5KFRT IS5
N2 VEREPREBERICE S LB, RO KELAHER
BERELRT. MRBMEC v 2 VERRRE Lt
12, REGBWIEERBLh. o L idlRsmTcEs
Thizyrg 3 vEEKEE LT, OFF BXEMAE D & b kS
OB AL (BRRREY) TINERER L L2 RET 5.
RPEHBERIZ I N £ 3 VBRI E LI BETIIGEIRE S
hishofz. P EX b OFF BREMc B Cr sz 3 vig
T A RENNR OB EIRRERTED EEL LR
5. RS RIZI3ED OFF NGB L.

V. YL I BRBEOHTRAT

OFF BB D 7V & I VRS BEDOY 7 2 4 TR RE
THIDIZ, LTosNz s VERELWE & ENELERLS
L (n=13, B 6). &4 =Bk (20uM) & AMPA (1002M) i3
—46mV B B L OFF ZUSUEMBI P @ X BIRIG
BERER LM, 100uM O APB, Asp, NMDA % & 08 1S, 3R,
—ACPD TIZWFRLIEERE Ui o7 (B 6 A). Asp &
NMDA # #5332 iz th b oiEic NMDA 33 516
BEWRTH70 v GuM) ik, NMDA w4558 %
45 Mg 1 A vERELE.

CNQX 123E-NMDA Bl 7' v 2 + VRS BBOREANERET
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©
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HBh, 5uM D CNQX #EERBE LixAbrAx I vEELYES
KEENCE S LicBaiz, 274 2 @ vEc s A I5EII3E
MEIEhtz, 1M © CNQX #EFE L LB oz s Lis
Mo T BRI N 2 3 VEIC T B IEEDIBIBIZH50% 1
AHEh, Fr 5 VEAORE—IBEHEE 1M © CNQX @
BECLHT, IVEBREOHCBTLE (B6B). M D
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Fig.8. Effects of extracellular Na* on the glutamate-induced current. (A) The relationship between the glutamate-induced
current and the holding potential recorded at extracellular Na* concentrations ((Na*]o) of 135 mM (@), 45 mM (O) and 2 mM
(A). Na* was replaced with choline. L-glutamate was applied ionophoretically (—35 nA, 50 msec ; brake current 5 nA) to the
dendritic region. (B) Relationship between [Na*Jo and the reversal potential. Na* was replaced with choline (@) or sucrose
(A). The number of examined cells are indicated in parentheses. Shaded line represents 57 mV/decade.
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Fig.8. Effects of extracellular Ca** on the glutamate-induc-
ed current. (A) Current-voltage relationship of the
glutamate-induced current at extracellular Ca?* concentra-
tions ([Ca*Jo) of 2 (A, @) and 10 mM (QO) in the
presence of high [Na*]Jo (90 mM). The responses were
first recorded at 2 mM (A), then at 10 mM (O) and
finally again at 2 mM [Ca*']o (@). Ca** was replaced with
choline. L-glutamate was applied by ionophoresis (—35
nA, 50 msec; brake current 5 nA). The effect of
extracellular Ca®* was reversible (@). (B) Current-voltage
relationship of the glutamate-induced current obtained at 2
mM (@), 15 mM (©) and 50 mM (A) extracellular Ca*"
concentrations ([Ca’*]o) in the presence of low [Na“jo (2
mM). Ca® was replaced with Tris*™. L-glutamate was
applied by ionophoresis (—35 nA, 50 msec; brake current
5nA). (C) The relationship between the reversal potential
and [Ca**]o. The average (@) and standard deviations
(short vertical bars) were plotted. Ca®* was replaced with
Tris*. The number of examined cells are shown in
parentheses.
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Fig. 10. Effects of extracellular K* on the glutamate-induced current. (A) Current-voltage relationship of the glutamate-induced
current at extracellular K* concentration ((K*Jo) of 5 (O) and 256 mM (@) in the presence of low [Na*lo (2 mM). The
responses were first recorded at 5 mM, and then at 25 mM [K*Jo. L-glutamate was applied by ionophoresis (—35 nA, 50
msec; brake current 5 nA). K* was replaced with Tris*. (B) The relationship between the reversal potential and [K*Jo. The
average (@) and standard deviations (short vertical bars) were plotted. The number of examined cells are shown in

parentheses.
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L-glutamate-induced Responses in Off-type Bipolar Cells of the Cat Retina Tsugihisa Sasaki Department of
Ophthalmology, School of Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med Soc., 104, 529 —540 (1995)

Key words L-glutamate, off-type bipolar cell, non-NMDA receptor, retina
Abstract

L-glutamate-induced current response was studied in isolated off-type bipolar cells dissociated from the retina of young
adult cats. Bipolar cells with morphological characteristics for off-type cells were selected. Current responses were recorded
from these cells by the patch clamp technique in the whole-cell configuration. In 119 out of 1196 screened samples
glutamate induced an inward current (holding voltage, -46 mV). Sensitivity to glutamate was highest at the dendritic region
of the cell. Kainate and « -amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA) worked as potent agonists. Neither
2-amino-4-phosphonobutyrate (APB), L-aspartate (Asp), (18,3R)-1-amino-cyclopentane-1,3-dicarboxylic acid (1S,3R,
-ACPD), nor N-methyl-D-aspartate (NMDA) (all at 100 pM) was effective even in the presence of glycine and in Mg*-free
solution. The glutamate-induced response was antagonized by 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) at the
concentration of 1 uM or higher. The glutamate-activated channel was a cationic channel with low selectivity to alkaline
metal jons. Na*, K*, Cs" and Ca™ were permeable through the glutamate-activated channel. The permeability ratio of some
cations was Pna: Pk: Pcs: Pca=1: 0.94: 1.32: 0.57. These findings suggest off-type bipolar cells have a non-NMDA receptor
channel permeable to alkaline metal jons with low selectivity but do not have NMDA or metabotropic receptors.




