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SUBAIR & R R OXERIBIC i B INEOEY: &’ U
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ERERI~D >+ T AGEER BT S LE2 LR TV B,
KEMB T BRI & & b HMBEOMRKRE T+ 72k
BT 59, L-saz s VEBIRME L b KH SR 2 0RE
BEMEL LTUELBHRIATV2, | BEOMREENE T
VT AGRMIRDS R D INE R R T O Y 7 A O R
CENBINT HEENRILBIDTHDEELONS. ON
WXl 7 A2 3 vEBRRAEIE 227 3/ 4k Ak BB
(2-amino-4-phosphonobutyrate, APB) T 2 = & 2\ # & X
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B2 R ENIENMDA MOZThHBZ LB LM L. MBI
KRS IT 5 20 2§ VEAREBIIZ 7 = AT N-2 &
A-D-7 A5 ¥ v (N-methyl-D-aspartate, NMDA) & &
JE-NMDA HAEFAET S Z L AME I TH 0™, JE-NMDA
HOZFET BB LREIATHL B, afBEE VT
TORRBUC T 2 BAELITKEAIQ it LC OFF 3%
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{EBEEIL Kaneko 5" 0kt Uic. MEYBELE»HE
BLRTK T2 DB ERH | BEEREIEL L e —F
WA L - THREEL, BHAHR S ELICERYH L.
REKBE DA EWE100% O, 7 A% @K Liz Leibovitz @ L-
1555 #8 (Gibco Laboratories Life Technologies Inc., Grand
Island, NY, USA) T# W LBRZE L7z, i L-IBE 2 RES
THE L, BEKEEBE100% O, #¥ A% ESR LIz Leibovitz ©
L-158Esic @ Lic. ML L, Z OB 2R L
To. MBEAEZEBIZI00% 0, # A% FERL7228CD Leibovitz
D L1585 5 ~158 A /ml @ 2,84 v (Worthington
Biochemical Corp., Freehold, NJ, USA) 12-8,¢4 v {E#(L X
BB 0.lmg/ml @ L-~ A5 4 v {Sigma Chemical Co.,
St. Louis, MO, USA) % jinx 7- BRI 20~504 BB 8 Liz.

Abbreviations : AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazole propionate ; AP-7, DL-2-amino-7-phosphonoh-
eptanoic acid; APB, 2-amino-4-phosphonobutyrate ; Asp, L-aspartate; BSA, bovine serum albumin; CNQX,
6-cyano-7-nitroquinoxaline-2, 3-dione ; EGTA, 5-ethylene glycol-bis (B-aminoethyl ether)-N,N,N’,N'-tetraacetic
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10mM 7 Fe8E, lppm 7=/ —A Ly F (BEEESE, B,
pH 12 INNaOH iz & b 7. 41z38%] T3 EKGE L, BREYR
Wiz, DERRBECA - LB A R EHME A LEREY
15mm DRAY -y b TEHMCHLAKRL, Mt B
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0.lmg/ml @ BSA #<&7s Hanks ¥ CHED L7z, A% lIE
RZLERRE L. K" EAKOFETHR—LELra Y
7 4 ¥ 2 — 3 v (whole-cell configuration) #8727, & —

Fig. 1. Solitary horizontal cells dissociated from the cat retina.
50 um.
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[5-ethylene glycol-bis (B-aminoethyl 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.) THH, 1 ND CsOH Tt* o0
pH 2\T.2)kie b X5 wiB L. MWV > A BREemy
Hanks i@ L, LEOB/IY 7 ABENRYED B,
T OBEEEFITZ 20MQ TH 7.
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REBESEF V2V ERTAEDY VY v 7 BERCE
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V=T Fu SRS DAX-98 (/) — 7 R) THREEFEXEHML

(A) A-type horizontal cell. (B) B-type horizontal cell. Scale bar,

acid ; NMDA, N-methyl-D-aspartate ; 1S,3R, —ACPD, (1S, 3R)-1-amino-cyclopentane-1, 3-dicarboxylic acid; Vh,

holding potential
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., F=2 X 7—2AF - g v VAX3I00 (Digital
Equipment, Maynard, MA, USA) TAE X hic. FEEEE L L
i3 140mM NaCl, 1 BEXR %S LEBICESE Lol —EbE
BEYAVE. BT 7 AER S REEROKMENZEICI
FERTRDY, AHTIEBME THIZE - CHIE LTER
Lic. BRI (19~22C) Tfifsbhie. JlE 3 Mmin s ik
SRERILAPICRT L7z,

0. EFWCICERHESHZE

L-Znz s VB ) v e (KU RBERKBERAR
ey P L HDDOESRES SUREEREIC L > THEShic.
T 373N A FadFvE5-AF A4V — 1T
#+ v B (a-amino-3-hydroxy-5-methyl-4-isoxazole propionate,
AMPA) (Sigma Chemical Co.), # 4 = v B (Research

AMPA 100 uM
Asp 100 uM+Glycine 5 uM
i}
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Asp 100 M
R

Pt il P

w Glycine 5 uM
[
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Kainate 20 uM
R

APB 100 uM
S
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18,3R,-ACPD 100 uM
]

NMDA 100 uM+Glycine 5 uM

S o

2 sec

Fig.2. Current responses to glutamate analogues from
isolated horizontal cells. Glutamate analogues used: 100
M @-amino-3-hydroxy-5-methyl-4-isoxazole  propionate
(AMPA), 20 uM kainate, 100 #M N-methyl-D-aspartate
(NMDA) with 5 uM glycine, 100 #M L-aspartate (Asp)
with 5 uM glycine, 100 4uM Asp, 5 #M glycine, 100 uM
2-amino-4-phosphonobutyrate (APB), and 100 #M (1S,3R)-
l-amino-cyclopentane-1, 3-dicarboxylic acid (1S, 3R, —ACPD).
Each chemical was applied by bath application. When
NMDA or Asp was applied, the extracellular solution
contained no magnesium ion. Horizontal bars indicate

timing of each chemical application. Holding potential,
—46mV.

Biochemical Inc.,, Natick, MA, USA), NMDA (Sigma
Chemical Co.), 7'V v v (FO¥HiZ3E, KR), L-7 A5 ¥ v
(L-aspartate, Asp) (FIX#3R), (1S,3R)-1-7 3 /-4 4 v Ry
7 v-1,3-C AN B Lig {(1S, 3R)-1-amino-cyclopentane-I,
3-dicarboxylic acid, 1S, 3R, —ACPD} (Tocris Neuramin,
Bristol, UK), APB (Research Biochemical Inc.), 6-+ 7 /-7-=
g% J &4 ) V-2 32 F v (6-cyano-T-nitroquinoxaline-2,
3-dione, CNQX) (Research Biochemical Inc.), 3 X O'DL-2-7 3
7 -T-s R A&/ ~7 2 v (DL-2-amino-7-phosphonoheptanoic
acid, AP-7) (Research Biochemical Inc.) 2 BEERECHE X
iz,
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BB TH o, DTFRRLAET — 22 3ELU EOM L v
Bohic.

V. KFHEBEOHERNHEE

F B 2 BEHOK RN RE I TR, 10
R ERFATOCART, 5 1 2REVEEYH OB TH
29 AMRESRGERREYFHD, sEcERL, BEIR
ATQZ L TH VS DiFkRiEr L, il cidic
EREL, MRERTIFRCERT 5 & OBME™ 1R > THRH
TPl SEHLE.

X &

. RFEMBEOTERRE R

AMEBH EROFREENEH L VD ABKEHTE L (K
1), KB CTIZARNE BLRAI LB IVSEIBEEL 2K
FARIRO BRI IZHBRIBD ORI -0 T (K1 B), AR
R ERCHPRTEIC Uic. BHE L KRR 8 BRI L s
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(1004M), NMDA (100uM) 3 X 0% Asp (100uM) 1 —46mV 12
BEEA X EE L oK Pl a2 EREELERL L. Asp
& NMDA % 5T 38Ttz b OEEIC NMDA x4 5
ISELXHMTA Y v v (5uM) iz, NMDA iz#32IHE
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—ACPD TRV h GIEERAE Uied o fz. Asp (100pM),
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DFEW 5uM O CNQX % Hanks WML, Fha i
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Fig.3. Glutamate-induced current in isolated horizontal cells.

V. L& 3 B s DHmE

KA D 7' & 3 vERIZH T B RERIF L BT+ B lnic,
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BT 177.5£67.4pA, n=4; OFF % W #1 fz T2
65.4:18.8pA, n=5) (K4 F). BREBC 7V & i Vs #
S LB KFRHR TR 5 Rt & 5 R EIRED S
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(A) Currents induced in an isolated horizontal cell by various

concentrations of glutamate (2~50 M) applied by bath application. Holding potential, —46 mV. The timing of glutamate

application was indicated by horizontal bars. (B) Dose-response relationship of glutamate-induced current. The average (@)

and standard deviation (short vertical bars) of the amplitude ratio at a membrane potential of —46 mV were obtained from 3
" cells. Data points were fitted by least square method to a Hill's equation with a coefficient of 1.0 and Kd of 23 xM.
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Glutamate
e i

Off-type
bipolar cell

Horizontal cell .

ISOpA

2sec

Fig. 4. Responses from an off-type bipolar cell and a
horizontal cell to 300 4uM L-glutamate applied by pressure
ejection. Note the existence of desensitization only in the
off-type bipolar cell. The timing of glutamate application
was indicated by a horizontal bar. Holding potential, —46
mV.

BERBEIE KB I DS BUIEEN B bR, RO
RIEBHOKFEMETLEL NI,

VI. Y8 I BEIC L DEBHRET( LB OME
LAFCR7n s s vBBR I AEBROE LR 72 3 VERIG
BEMETD. /A2 VBIEEOHEEMN 2RO iz s
R I VBIEE LB L OBRE R, 2 B ACERR
DTN E S VBIEEIRIEDIREDK S MIE-NMDA HEAtk
EBDLEELELZLRBDT, EEMY —T6mV 2 5EDHE
CERFENCZ L X 100uM D72 3 VBT + U Y AHE Y
KEMIZERELTED /A2 § VBBIEERTIE L. GiF
B xR X R BECBMEREROI F v F o AN I DE
FRREET DD HEHFEMEEL I ictk, BEERIKEL
7B 100uM D2 3 VEEF MY v A B R K TERRIZE
BELTEDI N2 I VBIRERRE LIz, —46mV X 0 Bi%
A EEM 2R L Ba It /A 2 1 VEBIEEIR RS
WAL, 0mV ECIHERED LR LD, & hEDFE
BETRHAAZEREEY R L. R6ICRT X5 ICREENM
# —56mV X DBRWEBAICRIE LB EC T O & 12Ed
L, BELBNOBRIIS I EE0ETELYRL:. HRE
fLiz —1.3£15mV (n=4) TH o7z, BRE»SH Mg 1+ v
BRELICEETLRBOBE - ILE I ELN.

_]50 pA

100 msec

Fig.5. Spatial distribution of sensitivity of an isolated horizontal 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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Fig.6. Effects of holding potential (Vh) on glutamate-induced current. (A) Glutamate-induced current at different levels of the
Vh. An isolated horizontal cell was superfused with Hanks' medium. Recording pipette was filled with a solution containing
120 mM CsCl mainly. Holding potential is indicated to the left of each trace which has been shifted vertically by an arbitrary
amount for clarity. 100 gM L-glutamate dissolved in Hanks’ medium was applied by pressure ejection. The timing of
glutamate application was indicated by a horizontal bar. (B) The relationship between the glutamate-induced current and the

holding potential plotted from a different cell.
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EULfER% R L. 100uM © Asp 35 XU NMDA %, #
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BEECEULERER L. 100uM © APB % LUt 1S,
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Abstract

L-glutamate-induced current response was studied in isolated horizontal cells dissociated from the retina of young adult
cats. Horizontal cells were identified by their morphological characteristics. Current responses were recorded from these
cells by the patch clamp technique in the whole-cell configuration. Glutamate induced an inward current in horizontal cells
(n=25) voltage-clamped at -46 mV. Kainate and a-amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA) worked as
potent agonists. L-aspartate (Asp) and N-methyl-D-aspartate (NMDA) (all at 100 puM) also worked as potent agonists in the
presence of glycine and Mg*-free solution. Neither 2-amino-4-phosphonobutyrate (APB) nor (18,3R)-1-amino-
cyclopentane-1,3-dicarboxylic acid (1S,3R,-ACPD) (all at 100 uM) was effective. The glutamate-induced response was
antagonized by 5 UM 6-cyano-7-nitroquinoxaline-2-3-dione (CNQX). These results indicate that horizontal cells have both
non-NMDA and NMDA receptors, the non-NMDA receptor being dominant. Desensitization to glutamate observed in off-
type bipolar cells was not seen in horizontal cells.




