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SBELFICBITAKF Y VALVDT 7% NERIZ L B FRES

SRR RS R R EE R B ROt IR 2 5
(RS © IRFEF)
(FEIT © W —KHdR)

o\ B o=

BEFEICBIAKF vy RAVOIRETOELRFENSIE, YHFAREERICRERTAIRI VY7 & Y AKBRTH
o7, ZOKBERE, Y70tFd s+ —+F (cyclooxygenase) FEHORERTH S 7 7 A — b (fenamates) DHfasi#51
LoTKT 5, BE, AEREBREOCE, 07z FA— ML TEELSW 2 KERFHEET S Z Lo s hi. &
git, AR FEMEOKEREFEL, 79 % N8 (arachidonic acid) & 5 VI3 & DAMEWI & 5 KF v ¥ 2 VHEIO
RESEMNE L. BESEARBRINAY LA, HEVIEHRRCBY TARBEOBISHR SN e A, S, AELRE
Wi R L7, HEEL, 2HEOY AR EFMEARO bRz, Thabh, HECE LV ERRII & & 452 MR
W THo7. WEE5 MK EF) Y7 VRIS THBRL, Sy F 277y TEEAVTHR-VEVERENEL:. 74/
BEEEICEEEOKERFRIL T, 1000, BEMMOIBKERTHY), ROBHSBIRECREELLE. 20X
EMKERE, MERABCBLTI NS RBL TV, 2201%, TEHEL LW 4 RO EKERTH 12,
COHEHKERE, ToFA—MILDBAL, YMFTELA (diltazem) Ik W HEBISRB IS, vHFHMEEED
Kar¥ryy AKBHICHAREZ L bNE, ERMKTEEE, MIRA7 7% FYiE G~10,.M) 2 X )WL 7
SERVEBHAr— FOREL LY 2 WEOIRIEEETH 5700 3 M4 L 1~ (palmitoleic acid), V) / — VB (linoleic acid),
1) /L5 4y 78 (inolelaidic acid) % ¥ b FREDF ¥ » F VIR A A L2 e n, 77 % FUBRARET v > 2 VIzE
LT, SHEiEEttasledmgsng, 755 FUme LRk, REECKERCEMmcEBLZ. e b
BEEEIIBWTIE, FEEEEREROOMRh ok, TIFFUEE Q0 M), AV AL VEBLUY 7 —VEIC
FoTiERLEN: /4 THOERIE, +10mVE ) BREOBEM TCHVIERERAEZRL, 2OEMBINVFTELIZL-T
BEEShZok, —F, 100 M7 5% FUEIE, YVF7ELCIYVHESNLIKERZAS . $4bb, e}
AR B T ARREKERORHEISREENS,

Key words potassium channel, corneal epithelium, arachidonic acid, fatty acid, patch clamp

IRERDRIVE DIFIRECTdh 5 AEIC BT, LEMIE, B
MY - AEF RGOS S IRROMEE S L CoREEY,
F 7R A F VRO L o THBEOEWM L T
5., AELEMAEE, $7HET, MlasR, B8, oL, B
KEF, b, HEOCBRELELD. Zofliayr 17 Vo#R
Bz, MR cAMP, ¢cGMP, 1 /b= VEE
(inositol phosphate) DA EY, CailfEL LM T, il
RERAFT Y F X 2 ANZEBA T Y OMBRA~DORE LB
E43EE250TWAYY, iE, Watsky 523, s AR
FEIZBVT, BEBEOBICKTF ¥ ¥ VIEEITEET LS
EREELL. COKF vy RviE, %, Rae DR V—
THRE LI FABELEORI Y T2 5V AKF Y v 2L
THY, 7F*F EE (arachidonic acid) # X5 —F - ¥ 71

FROISEILA 21 B2A, FRISFIZA25H%HE

F % L4 — ¥ (cyclooxygenase) FREFDMEHR & LTHMORT
W37 rF A— b (fenamates) (2 & ) IEM L& B0,
Bockman % Wi, itk b AR EEMRIZBVWTD, 72T
— Mo X DB L s B KB OFA S LA, IR
AVEIyVARF Yy ANTHIPEIRHETH .

TR NVEEEED A F v L RAVCHEHERERLT, Th
RIEHAL S5 2 LTl CIE SR TRRY, B% <O
Bo4 4y Fv yAVHFRESRTWED, 0, 7%
FUBAHMEmICE A4 4 v F % v A VIEHOHRESRESN
TWaBW, =L, IhFETIZ, TI% FU8, FORBEY
H BRI AIE L A + > F v 2 3 VA~ORHERAL
IR,

KT, 7 BLOe MRS K EEERIC BT,

Abbreviations : 4-AP, 4-aminopyridine; Cn, membrane capacitance; DMSO, dimethylsulfoxide; Ex, equilibrium
potential of potassium; ETI, cis-5,8,11-eicosatrienoic acid; NDGA, nordihydroguaiaretic acid; R, series resistance;
TEA, tetraethylammonium; TRAAK, Tandem of P domains in weak inward rectifier K* channelsrelated arachidonic
acid-stimulated K channel; TREK, Tandem of P domains in weak inward rectifier K channels-related K channel
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K7 v v 2 VRO KER) 2FEL, $5IITTFNY
e85 & DN RIBR > KO R 2 1.

R EFE

1. &%

tast & BER T A EEREY ¥4V, 135 mM NaCl, 5 mM
KCl, 10 mM HEPES, 10 mM 7 Va3 —2A, 1.8 mM CaClz, 1
mM MgCLO#R L L, pH%NaOHIZT74 SRR L7, B
S 7-BEDK, Cs*, FFIZFNTrEZTALLLT Y
(tetraethylammonium, TEA) # &oMllasLEHIE, FNHDIE
Wil A HEHE ) O S LRICINA THB L7205, 20BNz 1L
S REE O NaCl% i U7y o Wi & vz, Ba¥ %
St A TR (L) o A B EERE ) ATV R LB
L7 47 3/ ¥ ¥ (4d-aminopyridine, 4-AP) % & tri&Fiflid,
NaCl & 4-AP L OEMRIC L o THBLL 7248, ZOBEpH £ 741
BoDICHCIEMADLEN B2/, INVFTELA
(diltiazem), 77 % FUBE, 7 5% FUECHEY, 77%F
CEECHEEEIAER, MOIRIE®E, YAFVANERYF
(dimethylsulfoxide, DMSO) %7:13 4 % / — L& FEHE L2H
MRS L LT, —20CTHAVIE—80CTHRFL, EBRD
PLRTIC ZOBERAE ) 7 VISR L, $_ToREEE L
TDMSO & £ %/ — LOEREDOREEENETNERTO2,
QINLTTHY, THOIEF—ILEVERICHERL 7.
4T OFIBSEIL OIREIE % 288 + 5 Osm/LIZFRo 72,

oY~y bRTEERIE, 30 mM KCl, 83 mM K-7 3
% — b, 5 mM HEPES, 5.5 mM EGTA-KOH, 0.5 mM CaCl,,
2.0 mM MgCLO#E e L, #OpH%EKOH T7.2IC5E L7,
T OWBOBETIE244 + 1 0sm/1Tholc. ZORENRY A
FEMEHE, B L OMEEE LSV OK ES S, NernstOR %
FAVTEE S A EHRM 2 K ER (equilibrium potential of
potassium, EQ) 13— 86 mV T o7z, F—I&s$yF (whole
cell patch) T2 2~4 mM ATP MgiR) %, #fL/v» F
(perforated patch) HETIE7 ¥ &7 ¥ ¥ B (240 pg/ml, 1%
DMS0) # ¥~y FAFEMICMAZ, T_RTHOERY PATK
BT I 74 07— GLER02,m) Ik Y i@d L.

WS e AL, 135 mM N-XAFAD-Z7 ¥ 3 ¥ (N-
methyl-D-glutamine) -CI, 5.0 mM KCl, 10 mM HEPES, 3.0
mM EDTA-KOH, 10 mM V2 —X, 3mM¥ A7 4>, 10
mMZ V¥ F4y, 10mML (+) - 7AIVEXER, 1.0mM ¥
%] ¥, 0.2 mg/ml/$/S4 > (Type ) O E L, FOpH%E
NaOH T74Z8E L7,
NaCl, KCl, L (+) -7 & 2V E ¥ BRI CKF), o
UL FRT > 7~ (Sigma, St.Louis, USA) " HHEA L7z,

1. MpansoRE

1. "UAELERE

ARMTAER BV CERERCHB Sy v QR
%, EHISKICTES L, 305 LMICHisEE~EA L. RS
2BV, ARPLHOSEAES£5~8mmEOKEET
PIYHL, FAABLVRZHE - - REL. AREEEE
BR%, 04 VR EETAMBSEEERICIOTHERL,
SNTI%DY VIET VT I v EEET AERE) VS VERIC
3B LT/ Y ORIERELSE:. RRICARKFEE
He) YL I0AMR L. HELESHEEENLSITS
DR 2 ~3HEHYELS. MO, B¥E20~305

DI OMERIERAE LA, EHY) VARSI L 7
M F R E 4TI TRIEL, 24RMDIPIICSEERIZH W
7=

2. b MAKLE

FISEF IR BV CAESHEFER OB, URERERS
KNSR SL, FHRED ICAE AR ESEELL. &
e, LRoY S AEEEEROSHEE REETH o W
s hAEEEIFEICEETARICE, FOBEICHULMA
FEES. , e MAREEEMHEEMICERTAZ EIEER
KESEMERNVGHREASIIBVTERI2ZEI ALK
M,

. #ME0%E, &R

#0.5 ml O HEEAE ERMRERE F = ¥ S PFUCAR,
S OMBATERLTATA FHFAHESTLETIO~20
SEE BV, Y LS VROER Y RE L. L
50 mliEgt > ) UHELLF 2 —TERWT, BRETTH
A3 mOFEIITF = w8 — iV, F o N —TAD T
WA 0.5 mUT RIS £, WEIHERE»SF 2
— 7% L TR - PR L . Fx r S—HO#FR ORI
P2 — T OGP ERE LA Ay F R VT 28RS
7.

V. k=L e niEics

2y F ARy MZIRA T AMNVE BF150-110-10 (Sutter
Instruments, San Rafael, USA) # fi\vy, 7875 4 RACFH Y
Ay b 75— P97 (Sutter Instruments) 12T E~Ry MEMHER%E
B 7, Yy MEFERL~3 MO Th o7, Mlulkidik
DA FrF vy AR TLER, ThbbF-VEVER
REHGET Ly F Iy TOREL LT, TiRO LI gL
Sy FED BV A= LSy FiEE BV Bty FiE
@7l Tid, 7 A7 ¥ Bx £TDMSO 2L (1.5 mg
7 v k7 LB/ 2541 DMSO), ZOMEEIEHEE Ry bH
HITTHRIRL, RO T > F7) ¥ v BIREE240 pg/ml & B72.
DT yERFILYBERF YAy PAREREHER @TC,
READ) WREEL, TERL To IREMUIRICER L. 7%
F1) L Yy BAFAMaEI MR s & XA F—L 2 — )V (T
DOFELVEETH S, EoT, FTTREMIRLLT ¥ FT Y
SUBEEFLVEREEy PHEERITLANRSIILT
200~ 300 xmEBIL, KVWTT¥RT ) ¥BEFLERY b
R ey MEBASTE L. —F, F- oSy FE
(169F1) Tik, EHEY~y FHNAHETIZ2 ~4 mM D ATP Mg
1) Rk, Eoty FAICIRER L BmOTM 2 5/ CHmO
B EFE L

Ny FERy OB, Ny FrFyTHT T EPC-8
(Heka, Lambrecht, Germany) Z it L T2 >~ Fa—%—
Macintosh (Apple Computer Inc, Cupertino, USA) V7 7 =
7 — Pulse + Pulse Fit_8.11 (Heka) (= THIfI L7z, Z OEMRE
FHIZY Ny MRS ERIRAT ¥ T THIESN, a¥E
z— ¥ —WEICTEE L. FEERICEHE - ELEE EP-
2 (WP Sarasota, USA) & Fiv 7z,

R L%, EhictyFExy bEYRY MRLY
—TEEEL, Ry MRERF U A—-OERBIELE. &
AP, R—LEUVERHFORELRLTAET, BE+10mV
DEFHERFIZ L > TERENBER (Y — VT A MER) %
gL, T, TOEBIFOICHEL, Y-VFAMNER
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MBI E 2D Z L # MR L. kK THRISZHEMEE Eclipse
TE300 (A A%, WE) TCvI7uv=tal—%— MP285
(Sutter Instruments) Z4R(EL, ¥y MREEZHYE T 5 AR
AR OMIAE S, B85V - LT A PEROIR
BALEEENAERy M HIIKEE ORI REL S
LETEEFI0CAML), ThbbFFF—L L —LAHRLNM
BET, ERy FHICEAIZEEL ST & s S &7,
Z0%, BTO28) OFEICL Y s— VeV REDREE
PR L 7= FTEI/SyFETIE, 7y &7 Y YBOERIC
E 0%y FEOERESHSIIKELCRBET, ThabBER
v M B XUy FREIZHET AL (series resistance, Ry) #°
4 ITRP LTI MQBLFIZ A 5 £ T, 0% 10 ~ 20 S RIEHE
L7z, —7, s— Lt/ 3y FETE, E65ZE~Y FARIIK
XREEEFMT TSy FEEZBER LA, JIERBERD S —
VT A NERPEERY - 7 2 HT AW ERIZENLT S Z
ko THEREE N,
FOH, BEMEF—10mVH 20 id— 70 mVOREFEMLL S
B B HIBTEM I ERER IS¢ A BN EEN 7D Fa—
WA FBCER G+ 50 ~ — 60 mV OFEFPT, 10 mVF:
1B & T, 5~ IGHMEICTREE e, ThHRL L
WMEMIZE ) EREN L FNFLOERITHRBAIFIZZE S 2
TERAGHETHE LA
FERADRBOBIZIE, BREFEEET—-10mVE L, +40
~—110 mV O FEH TEFIRICEN I BT 70 ba—-L %
Hw/e,
TRTHOEHRITIER 20~25C) FTTIiTo7-.
. BRER S L URIEEORN
Yy MERIZBIT A M ER IR AT 10 mV T
HN, TOEIZLoTRBAEZMIEL 2. WEMOHEB R~
SERGE, BEEFAY 7Y 27 —ThH5IGOR Pro
(Wavemetrics, Lake Oswego, USA) & Hi\ 7z,
V. F+ > ZAOFREE(L & IEEME(E
BEEMEKEEICEOTE2F v > 3V IEH UK (closed
state), BV 7-IK7E (open state) & 5 W iZ ARG M {LIRTE
(inactivated state) DV T NHOREEIZH D, K TIE, RHEME
{EIREBIZE 2@ % AFEMAL (inactivation), F72H U7zIREZ
E5BEZIEEMAL (deactivation) & EHL, ThHEREAL
7=,

] R

I. 92AKEER

1. MROFRE

HEtsho ABFRARO ) 6, BLE L H0NHE
&, BEICZLL, B0~ 15 mOEKKROHIETH - 7= (K
14). —7, BEEET2HER EEIERO 28 E) ol
fa b bz (M1B). MRBEATEC, HEHRIKE W (20 xmbL
by SRR MBRRE L SNERL LRI L. EBuC
Hva7z206f0 7 S AE LMD S &, FHAKOMALIL 4818,
ERIROMILIL 158 TH - 7. FALROMIEIZ, TR Lo
YRIZA 2 AR EEERMEICEUL Tz —J, ko
Ma7s, AREEORTERME, Bl BEMBOVTIC
HRT2PIETRHETH 5.

2. BRAEHEZENNTA—F—

R, L EA & (membrane capacitance, Cn) 1, BEAEKEER

tH

Fig. 1. Photomicrograph of isolated bovine and human corneal
epithelial cells. (A, B) Bovine corneal epithelial cells were
clamped by a patch pipette. Bar, 10 zm. (A) Round cell. (B)
Columnar cell. (C, D) Human corneal epithelial cells obtained
from a 14-years-old keratoconus patient. Bar, 10 pm. (C)
Round cell. (D) Columnar cell.

PHEEEN, /Sy FETIE, FhEh3s £ 14 Mo, 14
+ 4pFCHotz =37). —F, F—ti/y FEE (n=169)
Tid, RITBEHFIOMQLUT Th o', HERKIFER ORI
EBIHETELNT (<013)H), CoR EMICEIETEIL
ERTHETH - 7=, i) v ¥ VR T o ¥ EREN
(Vo) 13, MRS (n=48) Tid—30.6 = 9.5 mV, ERIAHME
(n=158) Ti¥—21.3 £ 8.8 mVTH ), HFEEIFRDHLNL
(student¢ test, p = 2.2 X 1079,

3. ke~ Ve VERK

TVABERIZBWT, EEME — 70 mVOREFEMLLS0
mV & DBREMICE THME s &, BEL L bITFmE
VEEADTEAIIE o728, ®o ) EWETAERBES LM
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Fig. 2, Representative whole cell currents expressed in the
bovine corneal epithelial cells. Families of whole cell currents
were elicited by 200-msec voltage steps ranging from +50
to -60 mV in -10 mV increments from holding potentials (HP)
of -70 or -10 mV. The Current-voltage (I-V) relationships are
depicted for the cell (bottom panels) with HP of -70 (@) and -10
mV (Q). Current amplitudes were averaged between 100 and
200 msec for the I-V plots when HP was -10 mV. For the IV
plots in the case with HP of -70 mV, the peak amplitudes were
measured when the inactivating K' cuwrrents were activated.
Otherwise, steady state current amplitudes (180-200 msec)
were used.

P S A ABRORNDSE L - 7B & ASREE S N7z (2).
CDBEBROWERF v A NVOREHULICHET L HDOTH
A, —7, EEMY—10 mVIZBRET S &, Bk B
T X o THREEALT BB EHE ST, Mo/ 4 X
HOENDER o BRIRSOANFBHES L. /4 XHROR
DA ER 5 RBHRESE, HORFEMICITENGRT, RNE
L AwERNER Ch o7z, T, v oA EEMIcE
VT, 2O RLG 2HEES, Thabb, AHELERS
OB ERPEMICREBH LTV EEZ LN, Thb2
FFOBROKE ST L o THRE o TV,
4, FIEHALK Bk 0 B & A B SR R
— 70 mV DRFEMAD S + 50 mVADBEMAT v FI2L D #E
HBENE—7EKA500 pALl L (J—7HiEER L, Fi
944 =+ 333 pA) D 4018 DAL TIE, RIFHALERIENZ &,
R ER IR T E AR E o (H3A). H
BOREMALE IR X 206 O MM+ 144 [BIZER0 Sz, TE
PEALERIE, BLZF—30 mV &) BHOBMTIHEE{LT 2440
ZBEHRTHL22 L0, BEMMOMKS v > &) (voltage-
gated K channel) |ZH3kT 2 Z & DRSS L. ZNHFKEGR
THBI L ZHRAT LD, ZOBRRESOMIEEME LT
@!Iﬂ<il'1f\f' F9, BEEERRO T ARG ER % EH
, EAREICELAER, $2bbNEEIIETLRND
fa Lﬁﬁzu%ﬁ%ﬁéﬁé &, Fry AVOIEFELICE ST
— VERABESNS (D3B). FOF—-LVER L EFBEM
& DEEDPS, FoVBEROMEZERME RS/ (X3C). 3ED

BT, MIEEMIE—-704 £ 05 mVTHY, Ex(— 86
mV) IS LT, RIS, 140 mM K % &4 2 Ala s
T EZH0mV) 12BWT o, MER M ITEAEM L 72 (=3,
13 + 42mV) (M3D). ZhbOERENL, ZORFEHLHLH
EK A+ 2 BIREOBEWF v+ AV ICHET 2 2 2 AT L
7z,

KL B L.
I

Gt
Vi — Ex

Vi AL, L VB 2 B0 THLIRIE, ElX KO
frffiabhbbl, —80mVE L. (Vu—E) &5+ ¥ 3 1L
DEEFTET (driving force) 2EWT2. a>yy vy A LBl
MOMFRIE, LUFo L9 %4 Boltzmann #312, & ERIL 7.

Gma.r
T 1exp (V= Vi ki

GuaTlx K (f) I ¥ 5 2 A, Vipldas ¥y ¥ AN
TR O B0% & % BIBULRE, ko \ZBHE AL~ O RN % 3wk 4 % ol
¥ AR mY) 2T hERH LT,

BIEHALK BRI 7y 5o 2 - RFEMER (4 (24 K
12, RGHELKEROMGERIE —30 mVTH Y, Vipeld 0.8
mVTdhorz, +30 mVE)BHEOREMTIEZ 527 5 A
T LR =7, Guu=7.9 £ 1.6, V1=0.8, k=—28.0).

ATl KR O W R0 b LR IR Bl & < bl L
7z (H54). 28O+ 40 mV O ETHIL T ORFEEALEE E e
SERER— L NSy FIET615 & 135 SUEHTH 272 (n=7).
TAEMALARE L KB OMGBEHEL 2T A8, BUEN %
K4 R BALTI0FMRIEL (UIRETE—80~+20 mV), &
b +40 mVORIEE SR L &0, REICETE O iRk
T & REMATRAL & DERERAR: (0=4) (D5B). T ORFE, 4
FHEMI— 70 mVORRCRER(LKBRO I ¥ & 2 Zid e
KEmh, FFEEAED— 10 mVORHIIZIZERICTEMELd 4
Z AL

K+ % v * ;1,0)[;& 2R 1 DTEA™IE, 5 mMDMERELZ T A
EMAALKER A TR 2IclE LA 0=7/7). 0.5 mM @ TEA
PRI T TG IMLK RO AR L WA L7225, ARl
O RFERIEZEL L& d o7 (0=3) (M64). fOKT v > &L
THERITH 52 mM 4APMIE, REMCKERETAIZML L
7o (n=4/4). F7-, Atype KFr v A LOHEERO L 2T 5
20 ;M 783 M, REMEKBERTIELAZRE L 2d -
72 =3, 7 = T%DME). vHFHELEORI S L F Lo
KEREESIAETH20 MINVFTELAMNE, RNiFHALK
BRMDTAIRIEE 36.0 £ 95%AE L, NEELTzHED I/ (n=3)
(F6B). 2 mM Ba® 3G HEL K& % 100%FEL 72 (n=2). 2
mM Cs' BRIFHILKBEREZIFEALHEL L 572 =3, 1
=+ Z%V)Kﬁ%:).

. PR KRR

621@0)141”}’@ TETNEELEREERENT, /4 Xk
HKBROAVEESN (7). Rae b2k b L, v
ELETIE, Kary¥Fry  AKERELTASN TV »
1 XRHLE S EBRIF -V EVEROBNE 5D, 7 9
A— FOMIlRMES CINERLA YVAELRIZB T Y,
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Fig.3. The inactivating K* current. (A) Representative inactivating K' currents expressed in the bovine corneal epithelium. Whole cell
currents were elicited by 200-msec voltage steps ranging from +50 to -70 mV in -10 mV increments from HP of -70 and -10 mV. The IV
relationships are depicted for the cell (bottom panels) with HP of -70 (@) and -10 mV (O), in which currents were measured as in Fig.2.
(B) Tail currents due to channel deactivation. Tail currents were produced by membrane repolarization (range: -90 to -50 mV) after a brief
depolarization (+60 mV, 100 msec) that fully activated the channel. The filter was set to 5 kHz. (C) Tail current amplitudes depicted as a
function of voltage. Magnitudes of the tail currents in (B) were measured between 1 msec after repolarization () and the steady-state,
The straight line is the linear regression of the data points, which crossed with the x-axis at -71 mV indicating the reversal potential. (D)
‘Whole cell currents in 140 mM K* Ringer solution. The apparent membrane potential was corrected by -6 mV when the cell was perfused
with 140 mM K" solution. Currents were elicited by voltage steps ranging from +34 to -16 mV increments from a HP of -66 mV. In this cell,
the reversal potential was +5.5 mV, which is near the Exin 140 mM [K'],.

T2FA=tD12THBH500 M=7 ) LEE (niflumic acid)
DEFIZLY, 74 ABERAEL (L7 (=6) (I7B).
BRLABRRGOER - BE (V) Btk 52 0OFEEME
ExiZiE L7z, T7bs, WRLAERRSHKERTHE
ENRESND, T, MOTF A= THB100 uM 7L
7 =7 I VB (Qufenamic acid) & F#RIZ/ 4 AHKBEFR 28K

&7z (n=4).

6. 7 7% FYERIZL B KEIROHWE

Tt A= PMITIENYBARAY ~ FIcBF Ay 7 0F%
Yo F - CRBORENTHENOT, 7T A~ ML
WK EROWMKIERICE, 79 % F Vb b iE20NHEED
BHEL T b TS 5. 7 o MM LRI BT, 10
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Fig. 4. Conductance-voltage relationship. Conductance(G) of
the inactivating K channel in each cell was calculated using
the equation: G = I, / (V - Eg, where I, was the peak current
and Ex was -80 mV. Conductance-voltage plots were well fitted
by a Boltzmann function:

G max
1+exp [(V—-Via/kl)
Each point depicts the average conductance for 7 cells (Guar
=7.91 £ 1.62 nS). The smooth curve is the least-square fit of

the Boltzmann equation, with Vy» of 0.84 mV and k, of -8.03
mV.
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Fig. 5. Inactivation of the inactivating K' current. (A)
Inactivation kinetics. The smooth curve is exponential fit of the
data at voltage of +40 mV with 7 im« Of 349 msec, (B) Steady
state inactivation of the inactivating K* current. The membrane
potential was clamped at prepulse potentials for 30 sec ranging
from -80 to +20 mV and then stepped to +40 mV to activate the
current. Peak currents elicited by a series of prepulse voltages
were measured. The normalized mean values for 4 cells were
plotted.

A
Control 1 nAL—
500 msec
0- TEA -
B Control
Diltiazem
0- 500 pA
50 msec

Fig.6. Inhibition of the inactivating K" current (A) TEA-
induced inhibition of the inactivating K’ current. Currents
were generated by membrane depolarization to +50 mV from a
HP of -70 mV in the absence and the presence of 0.5 mM TEA.
TEA had no influence to the inactivating kinetics of the
inactivating K' current, (B) Diltiazem-induced inhibition.
Currents were generated by an identical voltage-clamp
protocol in (A) in the absence and the presence of 20 1M
diltiazen. Diltiazem partially inhibited the peak current and
accelerated the inactivating time course.

M T T EH MR IHER Lo 2, SRR KRR
HRL7: (48A). I Hm‘fn/}Ji 5H L0 MTFFF
SEEEMA 2T RTOMIL TGN (#1), +50mVo
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Fig. 7. The sustained K' current in the bovine corneal epithelium. (A) Representative sustained K* currents expressed in the bovine
corneal epithelium. Whole cell currents were elicited by 200-msec voltage steps ranging from +50 to -60 mV in -10 mV increments from a
HP of -70 mV (upper traces) or -10 mV (lower traces). For the -V relationships with HP of -70 (@) and -10 mV (O), currents were averaged
between 100 and 200 msec. (B) Augmentation of the sustained K* currents by niflumic acid (NA). Families of whole cell currents were
elicited by an identical voltage protocol in (A) in the absence (@) and the presence (O) of 500 M NA.
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Fig. 8.  Effects of arachidonic acid (AA) on K’ currents in the bovine corneal epithelial cells. (A) Augmentation of the sustained K' current.
Families of whole cell currents were elicited by voltage steps (range: +50 to -60 mV) from a HP of -10 mV and the I (100-200 msec) -V
relationships are depicted in the absence (@) and the presence (O) of 10 M AA. Time course of AA-induced augmentation of the
sustained K* current is shown in bottom panels. In the cell shown in upper panels, current at +40 mV was monitored after exposure to AA.
(B) Diltiazem-induced inhibition of the sustained K* current. Currents were elicited by an identical voltage step used in (A). The sustained
K* current augmented by 5 «M AA in the 80 mM K Ringer solution was inhibited by application of 20 »M diltiazem. I (100-200 msec) -V
relationships are depicted in the absence (@) and the presence (O) of diltiazem. (C) Superimposed currents elicited by voltage steps to
+50 mV from a HP of 70 mV in the absence and the presence of 2 and 10 M AA.
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Table 1. Modulation of K* channels by fatty acids in bovine corneal epithelial cells

Inactivating K* current

Sustained K* current

Concentration ~ Peak current* Inactivation Concentration Stimulation
Fatty acid (uM) % inhibition acceleration (x M) / Total trials
Arachidonic acid (20: 4 cis-5,8,11,14) 2 2716 (n=4) Yes 5,10 23/23
10,20 ~100 (n=7) b
Palmitoleic acid (16: 1 cis-9) 5 24110 (n=4) Yes 20, 50 6/10
20 45113 (n=8) Yes
50 6519 (n=4) Yes
Linoleic acid (18: 2 cis-9, 12) 20 3314 (n=4) Yes 20 5/5
Linolelaidic acid (18: 2 trans-9, 12) 20 20£10 (n=5) Yes 20 5/1
Myristic acid (14: 0) 50 37+21 (n=3) No 20, 50 0/10
Oleic acid (18: 1 cis-9) 40 85, 83 (n=2) No 20, 40 2/5
# Peak current at +50 mV.
A B
Control
Control
0 E—
500 pA
PA 50 msec
0
PA + 4-AP
0
12007
—~~
<
Q.
-
d
c
)
=
=
O

Voltage (mV) -40

Fig.9. Effects of palmitoleic acid (PA) on K* currents in the bovine corneal epithelium. (A) Effects of PA on the inactivating K" current.
Families of currents were generated by voltage steps (+50 from -60 mV) from a HP of -70 mV in the control Ringer, in 20 M PA and in PA
plus 2 mM 4-AP. For the IV plots in each solutions (@, control; O, PA; A, PA + 4-AP), the peak amplitudes were measured when the
inactivating K* currents were activated. Otherwise, currents were averaged between 100 and 200 msec. (B) PA-induced augmentation of
the sustained K* current. Families of whole cell currents were generated by voltage steps (range: +50 to -60 mV) from a HP of -10 mV and
the I (100-200 msec) -V relationships are depicted in the absence (@) and the presence (O) of 50 M PA.
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BHIEDRIEENSG.

20 uM/SL 3 MF LA VEE, BIR3EOMIETRTICE
WT, 75% FUBEEEBIZA10 mV &) BEO BRI CHm &
BREO /A AREREFRLE (W12B, £2). AEOKE
13, 20uMY / —VEEOHRETHELNT (=2) (E2). o

T, MEIARRIC & D IEMAL Y 2 BikES b IR B KBk . 3R %
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19%, 78%MFEE) (M13B). TN b DR, 5T, b FAEKE
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Fig. 10. Lysophosphatidylcholine (LPC) -induced augmentation
of the sustained K* current. Families of whole cell currents
were generated by voltage steps (range: +50 to -60 mV) from a
HP of -10 mV and the I (100-200 msec) -V relationships are
depicted in the control Ringer (@), in 10 xM LPC (O) and in
LPC + 100 .M diltiazem (&).
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Fig. 11. Representative whole cell currents expressed in the
human corneal epithelium. Whole cell currents were
generated by 200-msec voltage steps ranging +50 to -60 mV
from a HP of -70 and -10 mV. Current amplitudes were
averaged between 100 and 200 msec for the IV relationships
with HP of -70 mV(@®) and -10 mV(O).

Table 2. Modulation of whole cell currents in human corneal
epithelial cells

Concentration Stimulation® Stimulation

Agent (x M) (%) / Total trials
Flufenamic acid 100 151109 5/8
Niflumic acid 500 430,479 2/3
Arachidonic acid 10 =) 0/3

20 2274202 11/18

100 672,1918 2/2
Linoleic acid 20 37,183 2/3
Palmitoleic acid 20 71%61 3/3

* Peak current at +50 mV.

A B
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0- 0-
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50 msed
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Fig. 12. Effects of fatty acids on whole cell currents of the
human corneal epithelium, (A) Whole cell currents augmented
by flufenamic acid (FA) in the human corneal epithelial cells.
Families of whole cell currents were elicited by voltage steps
(range:+50 to -60 mV) from a HP of -10 mV and the I (100-200
msec) -V relationships are depicted in the control Ringer (@),
in 100 M FA (O) and in FA + 100 xM diltiazem(A). (B)
Effects of palmitoleic acid (PA). Whole cell currents were
generated by voltage steps (range:+50 to -60 mV) from a HP of
-10 mV and the I (100-200 msec) -V relationships are depicted
in the absence (@) and the presence (O) of 20 M PA.
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Fig. 13. Effects of arachidonic acid (AA) on the whole cell
currents in human corneal epithelial cells. (A) Effects of 20 u«
M AA on whole cell currents. Families of whole cell currents
were elicited by voltage steps (range: +50 to -60 mV) from a
HP of -10 mV and the I (100-200 msec) -V plots are depicted in
control Ringer solution (@) , 20 M AA (O) and 20 M AA +
10mM TEA (A). (B) Effects of 100 oM AA. Families of whole
cell currents were elicited by voltage steps (range: +40 to -100
mV) from a HP of -10 mV in the absence and the presence of
100 zM AA. In the I-V plots, currents were measured by a
voltage ramp protocol in the control Ringer (@), 100 «M AA
(O) and AA + 100 M diltiazem (A).
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Abstract

To date potassium (K) channels in the corneal epithelium have been studied mainly on the rabbit, large conductance K
current. This K current is augmented by external fenamates which inhibit the cyclooxygenase pathway in the arachidonic acid
(AA) cascade. Recently, some study showed that the fenamate-activated K current disappears during corneal wound healing.
Final goals of the present research are to identify X currents exhibited in the corneal epithelium and to elucidate the channel
regulation by AA and/or its metabolites. Corneal epithelial cells were isolated from the bovine cornea excised just after
slaughter or from the human cornea removed in the penetrating keratoplasty. Under microscopy two types of corneal epithelial
cells were observed: round cells without polarity and columnar cells with distinct polarity. Cells were perfused with 5 mM K*
Ringer solution and the whole cell currents were recorded using the patch clamp technique. Two distinct types of K currents
dominated the whole cell current in bovine corneal epithelial cells. The first was a voltage-gated K current that was
inactivated during prolonged membrane depolarization. This inactivating K current was exhibited more frequently in the
columnar cells. The second was a noisy, outward K current that never inactivated. This sustained K current was activated by
fenamates and inhibited by diltiazem, indicating a counterpart of the rabbit large conductance K current. The sustained K
current was markedly augmented by external AA (5~ 10 ¢ M). Itis suggested that AA directly acts on the channel because
this AA-induced channel activation was mimicked by other fatty acids that are not substrates for enzymes in the AA cascade:
i.e. palmitoleic acid, linoleic acid and linolelaidic acid. AA and those fatty acids had inhibitory effects on the inactivating K
current. In the human corneal epithelial cells, no inactivating currents were detected. AA (20 M), palmitoleic acid and
linoleic acid activated a noisy current rectifying strongly at potentials more positive than +10 mV, which was insensitive to
diltiazem. On the other hand, external 100 M AA activated a K current inhibited by diltiazem, indicating exhibition of the
sustained K current in the human corneal epithelium.



