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HERE S L CEEFEIC [ 5 ERER & SEFU AR A RE AN (NVI) & FEOY, Z OHSR
WABRZEMEZ 0T A FF X FVOEEEAEETLZ L2 LN LT,

@7 n =/ MIFFEOFEM -

DX oz, Mlady=s, #ER, BRR. B, cLTBEL WA
EaPRpHRERCHIIE T, 7 B — L OABEFER KR OYE BATEFR 2R ENCET 50
ZERRE &SN, SEWAOHEOERICEL CEEPoERETHI > bOD, H
BRI LE LTI SN D LD S OENELNE, TPy MR,
AU TEBRBRZENRFLE 2o TNEN, TV NS, v —OIRECIMEED
IBE~DENPY ERD LI BRMEOERLRONZZ LT, Zo7ud=y
FFEORKERBERTHD EVZ D, EHREZFO@BOT =7 b2, Th
BEEODTICLTEOIZREL, EFOESIEBRTLIZ L E2MFLTLEER
A



2. MREZOBEMEIFIHEICIT 32 a—1oBsE

BBz fRE TRT (EEERRFRERFRE)
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TR B/ - ABFFRIL. RAEAIRE N o CLUREE ([C17]1) ZREBmITIE < MEE T 5
BEOEMLE LTHRADRHELERZA T 7FINA ) b——1 B (PIP)
BRI v T A4 RRVFIZONT, (1) VW Ja=y FREIVCEDOER—KIEE
ZAOGMIZL, (2) PI BEEFRERE~DEDLY ZHALPICTLZ L2 AN
2R S,

R (1) 7a74 KRRV IV Ta=my hOBE—KEE — 5 v MO
520kDa 7 05 A4 KRR 7EED D 51, 55, 60, 62 kDa V7 == FNEHE % HEE
L. cDNA 7 m—= 2 L 0 #7# 55kDa BEAN T 0 5 4 KRB TIEMICNEAD
VT ooy hTHBZEERALMICLE, (2) Pl EEDPIREEREB~DES
— TAYNA=—fROREMET T v A FBEAIMBED PIP L~ LDET &
iz v T4 FRUCTTEERZBRMICET S, [C17)i 2 LR &S THREKT
L BOMREEEEET I EEALNILE,



=g sYtel

b DFREIEEY O IFIPERIEN I IR O 7 v Z 4 KA U 8E ([C1]i) &
REERRNCIES HERF T 2 A A VBEERBMLATH D, Frldk, ZOBMEROEM
LT, 7uJA FRUTEIS ATP KTFHEREBIRISNAE 7 1 T A NEibietE %
BB, AT 7FIONA ) b—n—) VBRPIP)IZ L W EHEbEn 5 [2],
S FE 520 kDa DEHABEEEEZ MM CEBEL (3], APFETIE, 7274 KR
YTD (1) YT a=y PREVCEDER—REEZHALNIL, (2) AT
7FINA T b= (PI) BEEFRMEIRE~OEDY 2L NICT B,

iR

W7o RRY 7Y Ta=y FOEB—RIBE : 7y NMOBESE» D
MEGA-10 BI¥& b, A Ao WD T hru~< N7 57 4 —IZM % reactive red B &
VZRTERIKENZ LV 7 a5 4 KRR 7 520kDa EBAEAEKE FOV Ta=y
FMEATHEE LU, BFECEVEIT L N KT 2 BESESID SR T o
—T7EERL, Ty MM DN FTATTIV—BLOTA 7 —="0F%y b2
WEEBEIRIZ L VY T o=y FEHD DNA 7 0 —= 7 %2 {To 7z,

TivnA FBEADZuTA4 FRCTIHEBEMAL TOEERTFOREE : 7
SnA NBEBEZRET v MNEBWEMIEIZ 14 BEARL, 7874 KKV
7 /ATPase V&M, SEASMRAEAN CIIREE, MIARESEOA /> h—1V VIEE,
JAAEFER, DNA WAt B X O/ v S VBRmREERFRIE Lz, £/, Zhbo
BEOEIIRT AL ) b=, RAT7FI)NA ) h—/L(PI). PI4P,
TR NTVA—NABID M DIREREL T, DT 1A FBEEEIED
BAEMENT LTz,

LS imaniir :

1, 754 FRVy IV T7a=y bOER—KEE

S ML D FTEAL - $E8L L7z 520kDa 0D ATP fRFFME 27 v 5 4 FEEMEL b2
EREAEICOVWT, HMEERRER L OHMEEMY VEEICLD Cl-ATPase
TEPERERS D%, SDS-PAGE ¥RIZ &V 51, 55, 60, 62 kDa 7 2=y MNEHEE
BEL7-, 55kDa BE®D cDNA 7 m—=_ 2" L F DOfEWNTI%, 55kDa BAMNZ 17T A
FRV T T2y b THDHZ LERL, TORERIL 2001 FizFk L-[4],
55kDa BEITENE TIZT X/ BESIO|ME SN TWRWEHERTH Y . cDNA
DEHa— FER 1512, 28 72 /By 7 FHAESIE b OBEERATXL), £
? mRNA B X OVE B IXHLITIIC iR < BB L, Sl Bk b5 R s ek AmAe oD Al A A
WwRELE (K2),

CGTTGCTGCAGTTTGCAGCTGCGGGAGGCCATGEGGCGCTTCGCCGCTACGCTGGTGGGCTCGCTGTTCGGTCTGGGECTGCTIGCTGTGT 90

MetGlyArgRheAladlaTheleuValGlySexleulheGlyLeuGlyLeuleuLeuCys 20



GGTCTAGGCA! GCGCCGAS “TCC 180

GlyLeuGlyArgLeuAlaSeralaGl 1 IleAlallevalGlyAlaGlyLleGlyGly la SO

TATTAICT AGAAATT T T 270
IyrTyrLeuArgLysLysPheGlyLysAspvallysIleAspval ulleGlySlyArgLeuAl val 80
"
CAAGGTCATGACT: CCICTAA A T A cCAGT 360
G1nGlyHisAspTyrGluAlaGlyGlyServallleHd.: ¥ 1LysGl 110
GTGCCCGCTTCAGETGGCC GAGTGT CTCTGGIGTT TGGTTTATAATCAA 450
valProAlaSerGlyGlyLeuValGlyvalTyrAsnGlyLy Leuval lelleAsnVallleLys 140
M M
CTGGTGTGECGCTATGEATTTCAGTCCC ATGCA AGTTCA ATCGTTACCAG 540
LeuValTrpArgTyrGlyPheGlnSerLeuArgHe tAiste tTrpValGluhspLenl LleTyrArgTyrGln 170
TCCCAT GeeTT TGATGTACGCCATT AT CTGCTCAACCAAACICTCCGT 630
SerHisAspTyrAl ValGluLysL yrAlaIleGlyGl TyrValArgLeuleuAsnGloThrLleuAzg 200
B
GAAAACCT! TTCT 'TCCTCAATGAGATGATCGCT TTT A 720
GLluAsnLeuLysLysAlaGly®! uThrPheLeuAsnGluMetIleAlaProvalMetLysValAsnPheGlyGlaSerThrAsp 230
CTCAATGCTTTTGTGGGTGCAGTATCAATGACTGCTGCTGATTCCAACCTTT TGTTTGCTCAGGG 810

LeuAsnAlaPheValGlyRlavalSerMetThrAlaAlaAspSerAsnLeuTrpAlavalGluGlyGlyAsnLysValValCysSerGly 260

M
CTCCTTCAGGCCTCTAACAGCAATCTTATATCTIGGCTCTGTAATGTCAATAGAGARGACAAGGACCAAGCAGACAGGARCCCCCCCGAAG 900

LeuLeuGlnAlaSerAsnSerAsnLeulleSerGlySerValMetSerIleGLluLys' GLaThrGlyT ys 290
M
ATGTATGAAGTGGTTTATAARACAGGATCTGAGATCCATT CTGACTTCTATGACATIGTCCTT TGCCCCATTGAAT! 990

Me tTyrGluValValTyrLysThrGlySerGlufleHisSerAspPheTyrAspIleValLleuvalAlaAlaProLeuAsnArglystet 320

TCCAACATAACCTTCCGAAATTTTGATCCCCCCA! GGAATTCAATGACCCAT ACACCTCGTGACAACTCTCATCAAAGGAGAG 1080

SerAsnIleThrPheArgAsnPheAspProProlleGluGluPheAsnAspProTyrGlnGlnLeuvalThrthrLeulleLysGlyGlu 350

CTCAATTCTACCCTCTTCAGCTCCAGGCACAAGGATCAGT TCGGCCTGTCTGCGATTCTTGT! TTATCAAC 1170

L rThrl HisLysAspGlnPheGlyLeuSerAlaIleLeuValThrAsph IleAsn 380
-

AGCCTGTCCAT’ CTCTGTAAGTCAT ATGTGT! CTTCICCAAGGAC 1260

SerLeuSerIlevalAlaSerValSerHisLysGluGlyProProProAlavalAspGlyMetHisValTrpLysThrPheSerLyshsp 410

ATTCTCACCAARGAACAAATCTCAAAGCTCTTCCTGTCCTACGATTATGCTGTGCGGARGCCGTGGCTGTCCTACCCTTACTACAATCCT 1350

IleLeuThrLysGluGlnIleSerLysLeuPheLeuSerTyrAspTyrAlavalArglysBroTrpLeuSerTyreroTycTyrAsnPro 440

CCTCAGRAGIG! TTATCC TGA ATTACCTCAATGGCATCGAGTTTGCT! TGCC 1440

ProGlnLysCysProSerIleIleLeulisAspArgLeuTyrTyrLeuAsnGlyIleGluPheAlaAlaSerCysMetGluMetSerAla 470

ATCGCT AACGCA( CCTTGCCTACCACCGTTGGAACGGCA ATGATCGATCAGGACGACCTGTATGAARAGCTT 1530

IleAlaGlyTyrAsnAlahlaLeuLeuAlaTyrRLsArgTrpAsnGlyAsnGLuAspMetIleAspGLnAspAspLeuTyrGluLysleu 500

AAGACAGAACTGTAATTGAGCACT CCTGCTCTCCA. TGAGTCAACAAAGTCTT CTICIT 1620

LysThrGluLeu 504

1 Z7u5A KR 7 55kDaH7 = b cDNA DIEER L OT I/ BES




2 7874 FRT 55kDa 47 2= b D&%EHBGYTE

2. 730 FRERILLS 7854 PR FIEME L TORERTOE

FFRRBIREOT oA NBERAAB1-42, AB25-35)IHHEES v g E MR
RaD 7 v Z A KR (Cl-ATPase) {2 BIRMNICIE T &8 (0 3). M
DICU 2 EFs® (K4), KEBEDZVZ I VB0 4 M) OBREMEY 55D
7z (B5) [6]le TNBDEIE, £ 72 b=, cOMP, X UBRZ DK
HLTTNAVINA T —RDOF - IBRICAVWON BT R N T UF—iz X Y [E
BL (W6—8) [6]le TAFTVA—NDZDOHEIT, BHTX hurLZ




A, CaMKII, PKG B LUNPI 4-FF—EEHEILENTHHLOTHB Z &R
BR & DT 2 o 7m,

37 3o A4 FBEAIK XS EIRAK Cl-ATPase & T 1 il
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E 5T, PI 4-FF—EDHEE PI BLUERY PI4P OHT7T I vuA KB #IRIZD
WTHE L7z, B () M PIRBLUPIAP 1L 50 tM L EDORETT I a1
K BIZ LB Cl-ATPase TEMEDAEXEIE SEiz, L L&ERED PI(C750 nM)
F 721X PIP (2100 nM) i Na¥, K~ATPase IEHEZEE Lc, ZOMEEIIRAT7 7 F¥
Y OREFRINC XV E%k LizD T, PI, PI4P 2SMkIE Y VIR E OS5I E 7
ITEARICEEB R E X /) LRI S5, P, PI4P (% 75 nM) OHEIMMIET X
oA R BEAICKL MR CLIRED LF Ml L, Cl-ATPase &M D [EIE A3 H
A ClIEE X EIE E¥- 2 L ARER S N[7], £72. MBS PLICH~, K
T PLITLVIEREENST S uA FRIZL D Cl-ATPase EHEDLE%# [EIfE ¥,
BEETY Na', K'-ATPase EME#PEERT (K 6) . MfERN CLIRE 2 EIE =¥ (K
7). 7VE I UBEEEEOTIELRHET 5 Z LRGN o7 (K 8) (8],

6 KEFRATZ7rFINA )T h—PDICLBT IuA KBEBFHEH Cl-ATPase {&HME
FEZ= DEIE
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B AEEZ O THALNICLIZRT, BERENLDEEZ S, A% X510
774 RRVTOEBERALED, EAEOHETELNEI S A K
Ry THEREFEPIHEREER L SNETAYANL v —FROTHE L CISEIC
JER S5 FTREME R BifF L TRFZE R D 720,
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SFEMICOIZHT BT =7 MIRICBMER TIES, Bk L i EE,
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3. BlZBITB70—10®E :CLC 7 uaTA FF ¥ RV DEERL
&E & = OfIE

BIEpFRE NEE— CGURERSERIRFEENRIETFELY)

=R

BISICHBR L TWACLCZ T FFxRAVDIH CLC-3 7 a5 A FF¥F
NDOABREEFALNNITAED . CLC-3 7854 RFXx RV v 7T TR
M2 EER L, CLC-3 /v 7T U h=URETA Y=Y —LRO—FEThSD
neuronal ceroid lipfuscinosis BEDEREZE L., ZNITX Y CLC-3 2RI
BROI7aFA RF¥RLTHY, =V KV —2HO pH HNCEDY &Ko Z
LRRENTE, . TR ENE CLCK F¥y RLO_R—F YT =y |k
THHNN—F UEBIL. CLCK F o R LiFEAEL, B TIMBELIcBZETE
720N CLC-K F ¥ FAERMAEE T) 7 b— M 3BREEREELTVWAZ &, &
7o e MEBWTA—F —ERER2 2T —F U OERKIL. Th B &5k
BERICBEZETERNWIEERL, N=F BRI —F —FEEHREDD
FAH=ZALEALNI LT, REICHILALSIOE TR RN CLCK F
P I NBENIICE ZETEPDIEND P EMBDI2DIT, AEITT CLC-K F¥
FNDIO—= Tk D ALBHICEI Lz, ZOF ¥ RVIETHAKKREBT
DIHIFTE L. CLCK F ¥ R/ DASEDFEEID NaCl FRIL L HEKELETH-TC
ZEEHALMNIT LT,

XU ®IZ

RS IIRIRIE A ST 2 EERRETH V. BARKA Z VRIEDB 2
PN TWD, FHITRMESEAICR T 2MERERNTEL OFIFHEZZIT 5 Z
L TR ST TWAR, BA A, KEEIZ»H1DmEEEL I B
AN A THBIaTA4 ROwmEERIT, EEOCEELAOI7 874 FF ¥ X0
FENTRENTVA bDD, EOEBBICRIT 25 FEEOMNA, MATIEN
TV, Fox bt 1992 EX YV BIBICHEET S22 874 FF ¥ XNVOREBEZED,
BaDCLC Z7aTA4 RF xRN0 cDNA 2L VEREL-(1-4), ZhETO
e Tl. BEEL-E 4 DF ¥ FNVOBR TOFERMEREEL 6-1). F ¥+
LE LTOMEEN S FTOERMESEHEL T, £FAN, MR TOR
E|OREEICIIE & D7 a T A RF ¥ FNVOKIEEY, REMEIFTAIXTHD,
FrTOLCKL Z T4 RF ¥ RAKEB< 7 A ZVER L., CLC-K1 23 JRIRHEIHAE 1T
VEDZOTA RFXxZALTHHZEERALICL @), TDRENEENET
DEEDEFEEETHDHZ LERLIZ0O),
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TOXICRETLFENFERI 0T A FF ¥ XNVOEFENTOREIOEEIZD
FRTHD Z LR SN, KAEOE DR E LT, AEAIBEEN
KEETHY., BERZHII 074 FFY RV THEINEN) AbHRFOH
(10) THo7= CLC-3 7 BT A RF ¥ FIATDNT, FDKIBEMWDOVER & A
77, CLC-3 137 v MR DO FRRELGF Th o7z CLC-5 EHRMEDEWCLC 7 rnT A
RFF ¥ RN TH Y, BlEOHE ST HBEHFRERTEOREREN LY, CLC-5 DEFE
PIEFLRME COTY KA h—TVADOEEZ LTI D, TOMRIK
EBWVWRBCLCBD/ v 7T U FTEDE D IRTPENERND H BRI - T2,
(72, B20HRENRLE LT, BEFENLR CLCK FrxVIZEHLT, £hb
[N —F NI R—F YT o=y NRFET DI LERELEMENN—F —EFERE
DOREREGCFIERENDBE LN E R0z (11, 12), CLCK F ¥ F)v & N—F
EADHEEIERE TN CLC-K OMIBANBEICHT- X 2EELTRIELT, &%
WAIETIE U T CLC-K F ¥ RV BB L, CLC-K DA FN T2 BREIC SOV TRIR
EBEHZENTETR,

Frik

CLC327u5A4 RFxF)V/) v 7T U b= ADIERK
BEOHMRMOEZEICELY CLC-3 D=7 Y5, 6EFAFvA T P—IT
WL Z T2 B S MR EE, blasteyst (A Y= vav L, 454D gern
line transmission 7., “hbD< T ALV FRERE~T A EHB-,

ik eior =

HEREIZ LD HBEFTRL LOEFRBEFTRICE VRF L,

S 4 Y — AN FlFoATPase subunit C DEFEDOKRES

F1FoATPase subunit C (X § 2R EHAEZ AW T, REMHIESF. percol
gradient subfractionation iZ LV HELIERICE AV 2F T oy MNEE
1T-o7

TV Y —ANp HEIE

g &R L, in vivo TREMEANIZ FITC-dextran Z#%5%. FFlgN=> KV —
AASHEAEUL L, FITC #3628, pHIKFHETHHZ L 2FA L, BEEL/z= F
V—LARNDEFRETOp HERIE LT,

N —F R TEFE RGO ST

MDCK fERANZ N—F L cDNA B 7 0 —=" 7 LTe BRI A —% N T AT =T
3L, FASAVUFEET T, 72—V EBR, N—F 2217 mye #7
kAT RF T ay NCREMEERE LT,

St

HlADIZ 1T A RAEAORERAIT, ¥ JRFEN LIRFUE (7> MLHAT
& 3F10 ; 7 & b FLAG HifR) & FESFERAY Alexa—conjugated 2 IRFLIAFZ AV
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T{T\>, con—focal L —¥ —EEIKEEIZ TEBIE LT,

SR

COS7 Hfa Iz —@MEIC HA & 7 %4772 CLCK2 & myc & 7 B DIF e \—F &%
HEE, HA FE T SRR ST VR FET IR VTR T
o v b CHRRAE L7z,

ERTEMET vEA

COS7 MRAIZ HA & V& {H1F7- CLC-K2 & b TV AT =7 vra U, #fd% 35S A
FA =2 TTYLL, BREMICHEZEILE HA Fiik THRELREHE SDS-PAGE &
TV, A= b+TFVF T T 7 4 —ITTHRI LT,

Tilapia 75 CLCK F ¥ /LD B

Tilapia BlgAH cDNA T4 75 U —%4ER L., CLC F¥ RNV TRFSN TV D
#[451Z degenerate PCR primer Z{EF L. RT-PCRIZL Y 7 m— DL —7
TUVAERE, FhETa—T L LTIV e— iR/,

AR

1)@&3/y77vFv?X®%ﬁ

CLC-3 / w7 T U b= AT AT NOEANIRENEAET S5 b 00, HERITK
1IHBND LI ICHREEENRALN, T —F IR LTVRVA, FETEERLR
Doz, BT LI~ U ZDOFIRAT RIS TARMIZHA b E o Tedid, /NMEOH
MEEE Th -7 (M2), ZOLEROREIIRT L v A2fcHbi, <
7 ZADEREEZ L b, FEEL TRV T AZEBWTH, focal 72 LR
BBELL ) v 77U b~ U AT THER SN,

5 R LM RIC B\ THERS O ZERG, MIRRMIaE 0ERAEATH o7,
DX IREBENENL. TA Y —LERTHDINT T UD I v ITY
k= & (13) CAHHIVAFTR & EELL TV, CLC-3 DA NER D7 v 7 A K
F 4 AT Y CLC-5 THRE SNz & 5 ICHEN D H-ATPase (2 X % pH BRIE(L
WCHEETA78T4 RFXxRNVTHDBETDHE, TA Y Y — AN pHBRIELAIE
EXNTA VY — AEREESME»T. RUBEZ T ARERE X b,
—F. TUADHT TV D /) v 7TV b= AL E b neuronal ceroid
lipofuscinosis (NCL) EF NV THHZ &Mrahi=(13), L-oTCC3 /v 7
7o hwAbLRUEEICASREBTHD I EERT DI, WEFR, &£
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ZERNZ NCL THE0DI TAT VT 2z it lic, M3ICRLNS X
HITEFHEMENIC, MIENCETBEORVMEOERNRR bz, T0W
B, NCL OB RMNICERL, v —V—EBBE L THILTND
F1FOATPase subunit C & A TWAH D E D NEBRET 2o DITHRERBLFE %
#i4F L. #EE D F1F0ATPase subunit C DML FE R HIT LI 2 5, M
R E A EA TV D C A 1 FRIBITRAEEDS D RN DD, DM DM Dl
HEMAIZ 1 XZERA 72 FIFOATPase subunit C OEFEZFEMA L7z (14), A{LFHIT
F1FOATPase subunit C DT A Y YV —A~DEFEZ AT H7-0IC, HIERNSRE
%N—ﬂ—wﬁfiF:VFUT&?JVV—AK%@L\7I15Vfuy
k%337 72 7=, FIFOATPase subunit C {343€I har R 7TEATH B0
)T URSUA, avio—bwyRALb I hay NI THEICIEEDRF
HEEMRTEDL, LrLENL, /v I TV NS TRATIETA VY —L7EIT
bEDEELHEFR T (K4), —hH., AT 7V DEREE. T0ooTE
BREWCL /) v I T P ATELRRONTERAGOEREIIZD
F1FOATPase subunit C DEFEICIFEIE LT ene Bbhrk,

BT, ZOREN CLC-3 DFET HMIEABERTO pH R AL RS - X EF
kB bDTHBHhEBE LTz, FIF0ATPase subunit C IZfFIECHEREL TR
D.CLC-3 /) v/ T VbV ARRBWTREEREE TV AETHD LWV IR
BETWSHDOT, /-, < 9P FITC-dextran HEIZ LY in vivo THIE~D
BENFRRTH D Z &2 b, FTIEIC T@ﬁbto BEOHIIENIRE D EZTV
yiz&yfmybmraﬁﬁ@ﬁ&#é7?&yay%ﬁﬂbto:h@ﬁ
B Ry —ASEEVDNUDESITHE L, T4 Y Y —L5EITiE CLC-3 X
FELRDPo T, ZONEICBWT, BEAHIZ v 777V b= U RTEWTE
pric FRLTHY (®5), CLC-3 X DFET DERITIBVT, £ DAEP pH
FICBE L TWA Z LRSI,
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2) CLC-K F ¥ R/ OHIaR BTE RIS
a) N—FVEROHIBHNEE
BFARIAN—F U EAITMAE EICEFEELE, (B 6) —FH. N—F—EEHE5
ZHIFTRELDIALVAEEERITMIBELICEZYT, MENEEIC L
EEF oz, I OEBALIL ER marker TdH B calnexin & D 2 ERAIZLIVERTH
DT EBHBALE,
b) CLC-K27uJ4 FF¥FIVORMBARKLE
LI ECHER LA —F U EARERAMIAKIC, CLC-K2787 4 FF¥ X%
NE—BEURREEE, TOMBABERRE L, XULDIZ, A—FEAR
FHELTWRWHBETIE, CLC-K27 1874 RF ¥ /VITMIBARE ICFHER
L. ~—b—FEBHLO2ERGICTEL LTINVIERIHFEET LI LA LM
Llrotz,
NWolE Y . BARA—F U EARTEMIBICBWTIE, CLC-K 23K LEIC
BELTWAZENHBALE, (7)) &6, R8LEHMETIX, CLC-
K27u54 RFxFNMER 8L LIFIEREN—HL, Mlankszb<ITER
e EEoTna tBEbhi, (K7)
c) N—FUEHLECLC-K 205 FH=E
SEW, ZOBEOIEFEN, TEOHEBEALZRERICIDbONE I PERFTL
oo MBITRT EIIC, MELE—BUERRIEE, CLC-K2IZOWEHA
BT TRETLE L, N—F R LT 20 2RF Lz, TORR. FER
THRE8LTH CLCK2ITITRAT A ERHE HLMNITRoT,
d) N—FUREAIT LB CLC-K2 BARDEEMEDIEM
N—FURFTFTCR, "= AFZ 70y b ECLC-K2 OFERANBTZATEML TN
HIlhh, N—F ULk B CLC-K2 0ERZEMLRE LT,
9 1R 28 <, N—F U IEFLE T Tt CLC-K2 ORI IEF I BV OISR
L. BFET T Z ORBHITZERICER LT,
[N
1) CLC-K 2 A_A—F 8 LTITHMBE EIZBETE 20,
2) N—F—EEREPIEBITA—FVEADERIINN—F U EADHM
JafE E~DBITEHEET 2,
3). BRAENS—FUEHALCLC-K2ITHEATED LD, A—F U DEE
kY CLC-K2DMfaE~D Y —T 4 VI BRESND,
4) SR—F X CLC-K2 DHIFENRBTEZRET 2 DA 7267 CLC-K2 BEHD
ZZEME AT 5,
25, FERm &7z (15),
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3) Tilapia CLC-K F ¥ /L DEEE,

HEEX L7z OnCLCK 1% 6 8 4fADT I /BH 6720, T hDCLCK & BEE
4 0 %DERMEZ FFo Tz, BIENSMIL, WHEDO~ L OXW EFTHIC
FAY 5 B IRALERRHE D basolateral I T, & DRILIIHIAKFIZR SN (16),
(K4 10)

EE

1) CLC3 /vy 27TV h~yAIZEALT

CLC-3 IXEDAEFRNTOBEENFTHAZCLCZuT A RFXx RV ThoTed, &
BlD/ vy 2770 T AOBE» L, MBARKICH> TREKRZ 054 Rig%t
WKBEELTWD E W) LY iE, MEBNERFICZ RY —AICFET DI 70T
A RFXRNVTHY, LbEDOHTHEAND pH R AF 2 F — A ZBELT
WBZENRENT,CLC3 ) v I T UMY UATIETA VY =L TRE TR
Y—ALANDpH ERARBRETA Y — ABERETERIUBEZRTONEN) A
TEBEOBRNPLETH L, MIENERLERITIA— N7 7 Y —AIZHE
D, THABEHTL FY—ACEA L. EbIETA Y Y —ATHERT S LD
REEXEDHT LD, TOFHERICMET 22 FY —ALTO pH _EF MBI 5H )
DHBEEZ BT TAEZXbND, FLWHEANTO CLC-3 D5f IR E
+5 LR EOBBETH D, L LAKRE ZORRICL D, (LC-3 5t kT
NCL BB F Th o AlaetErsme sh, MREEE ETD 7 v 7 A RigElsh
b7 874 RF X FNVOFROEENTOEE RHIEEZALNICTEZ BT
T, BRRERSEMEI/ 074 FFXxINTHDNE I DITONTIE, ERFRIC
LB PTH S,

2)  CLC-K2 D#RfarBIEMEEIC DO\ T
C L C-K 2 DHARE~DBIED A DA LE/N—F 2 & ORED BB b AT
L7, '
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N—F U DEENE P TAR—F—JERHELZGIERITIEL, N—F L DHFH
BT CLCK F ¥ RAVDRBENPERITIBMT 5 Z &6, /S—=F % CLC-K2 D
JAE~DOBITEH > TWD Z EIIRBR SN TV, AEEEMEIZB W TE
DRBOFERER Z o7z, BB CLC-K T+ R/VITEM TrE CLC-3 RIRHE
BIPRER & IS DIRIC L EE 0, S—F VIEET TR U TR Lick
fTC&E, ZTOZEIEXCLCrZuTA FFXFMIS &b LITMIBNIERD 7 1
FA RFvRNME LTHFEL (FEEROCLC 7 T A RF ¥ FTIIE
WCHEELTWD), ELOBEBRTHIEE E~DOBITEN—F 7 a=y FDIFE
TS LIRS RR S D, AR TIEAN—F D —F —fEFEREA 5| &
B TEREITHEESTICEEZA T, L L2035 CLC-K2 & ORESMENHR
%éhfwézkﬂa\QGM%M%WTSXU-FLTLiilaﬁ\N—
5 —EERREOS THFTH D LEHALNI LI, TDOXIITCLCKF v
FNVOMPAR BRI N—F B - TWD 2 EBHALMC R Tioh, 5%
—F U HEOMBANREDOHIEEEZ A O MIT 5 Z LT CLCK F¥ R /VD4
FREY 22 HERB R AE S BA B NC 2 A FTREME R B 5 & b b,

3) MECLCKTvR/MZBELT

CLC-K F % F/VIZEA L TiE, 4 % TRIFLIELISL Tid Xenopus ETEDIED Z &
MTE TN, & SICELRIC ERICH 2 RFRICTFET 20NEA 6 TRD
oir, WAKTOARBEITBERIZZESAMICILINTRY ., ERREBET L
B2, Lo TBIEA T CLCK F % RAVBTERT ZBLETRV, LA L2s
B UAICHEH LI N a Cl OFEROFBICIEX T E b &N TR Y . BT
BV TH NaCl ZFERILL B B/KEHEE T 28ER KD OND L Ok b, Fx
. BKEHEKREITERTES tilapiad)ROBEEA VT, CLCK
F ¥ FNANBEOBRICHEEL, Lb EROREL LR Yk TORFIE
THZEERALMCT B ENTE T, BEDEMRMEIIREBIENIES,

ELFED A~ L OK EITH & HEESEEIL TV S, ZOFSIC CLC-K 23 FE
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L. NaCl ZFWRIL L. BEAKZEVHEHT S L5 LEWDBPYOKIZEE SRAIC
IEMLET, T 04 A EHE L7 OmCLCK XM ILERD CLCK2 I F DATE RN
720 . CLC-K ASRDEA N NaCl B & 5 BRI bz, RAPIKIZHE L
EEAETAEERTEELOLBbND, TO%, RERODHIFRIZH D L HI2UT),
IR R Y . B D RIBMERASLE L St & &iT, CLC-K1 A&, XA
MREHEIELLBEbNh,

FLd

CLC 7t T A FF ¥ FNOAEBEEIZRET LT, CLCK F v F/MI ERDI v
54 FEEICEbY . FOMBERRIIIAN—F Lo T o=y MHEKE
T L EABLMT LTz, SN—F VIEFE T T, CLCK F ¥ R bl & <12
SADICHFEL, TOZ LT CLC-3 BMARNERDZ a7 A4 FF¥ 2NV THD
TEMRBONIR oI EEEZADED L CLC T BT A FF ¥ /v B FISEE
B CLC <, bE b ERAKEROZaTA FFxrv e LTHFEEL TV
b, oY T 2=y bOBT EEY THOMIENEILMICEETE S L)1
0. Bl ATRROMSEE 2 B Lo AR AR ST, e, D CLCK T
X FVOBED S DEEE L F DOYAKF TORIEIL, CLCK F ¥ RV OEIR & RER
LTk,

AE

FRFGENE, YV b - YA U AFRMED T m Y e 2 MBI L . SO E
BREIRRSEEE B, EEB I L Vb,
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4. - MERICBIT S 7 o—1 0S|

BipkwrseE AR e (EEENKFEFIAEEERE)
EEWFFEE WA EXE (1 R )
7N I G | £ )

[E=#0]

1.

DRI -7 KL U U5 E—cyclic AMP KFFEMEI B T4 FF ¥ RV

(LB CFTR C1 F ¥ x/v) BHROEFEREGIZEE LTV B 2EMNITON
TR L, BEEL/-ELvTy MUEHMEEZERE L, BEME T T ESAE
iz k> TELlaGOmEZ MRAEORZE L Lo /K [C17],.5.4mM
(K], oFMEPT (BB (V,) 1% Cl OFEEM (E,) LY negative ).
adrenaline IIMREBE Z WA Wiz, FICIER [C17],. & K], OINRF
T (V, 1% By &Y positive ). adrenaline IX#BIEMEREZ M W7z,
INBORERE, AmE, EEEAME D CFIR C1 EROFBRITENLEN
MO, EidfE N eEmERIT I 2RT, LAMIRIZB VT, CFIR
Cl BROEMHAGITERZEKRD TS V, & By WWEEL THBEZZED LL
RN SR DT Ebh o,

CFTR Cl F ¥ F/VITIRTE L e WA EREBBIC DO W TRRIT 21T o 1o,
23RS KCl K™ T adrenaline Z{EF &2 L MEABEINB KT H5, £D
#AEEE KCl IENOIEEEF A u— RIRE X2 L Manfi Lz, O
JafE/INT Tgy e T ¥ RAUBEAELTWD Z LBFRE NIz, Ml A KRS
A v— NIRRT &ML T 208, To%MasAERICHE N2 (RVD)
L7z WolEH ., IKIEOE KC1 & Ti RVD iXR4AWT, ZF LV villaiib
NEZ 57, ZHb RVD BLUE KC1 KEKS TOMIEZLIETRIC I oo
F o FADREELTWA Z ERRRENT,

UFMBAED CFTR CL B (Ig p) (CRIETHINS ATP OZHRERE LT,
ATP (XM TIE Ty o ZTEMIL L7203 27223, isoprenaline (Iso) IZd&-T
Loy po ZTEMEAL L7288 ATP (50 pM) Z2AEA S W2 & 1ZIERERFIT Iy p 8
N L7z, D 5 50K 2/3 OFITIRIBMO BN —BYEIT I o B3 LT,
SEFR LR ZERD B | ATP IZ L B FIHID Iy gy #0HNIE Pl-purinoceptor FIEIZ &
v, #E8%)EIE P2-purinoceptor FIMIC L 5 B x biviz, Iso ZiEHRE
B2 ATP OIRIMEBREEZITY &, BEED I W OEBIIESFRT 52 &
PEE SN, LTy MOEMHAREICIBVT, ATP (Z KL % P2-purinoceptor
FIEp-adrenergic receptor FHEIZ KD Lo py TEHEALEIREL, Z O
VERIZ ATP BrEHR bR 5 Z L3RSz,
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1. IXC®IC

ORI EEST D p- 7 KLU U= AR K-—cyclic AP KFEMEI v Z A K
FxF (O CFIR C1 F¥FA) (1-4) &, MO CFIR &EET
BINCHRID Cl F¥ RN THD, LEGHIBICAGEICER L TWDEZDOF v F
NDOEBRENZ OWDTIHIRMBEDEFE TH o 72D, BERNIZZ OF ¥ R0
SRR T I B W LR ORI HER &R (RVD) IZEE LT\ maetEss
s hiz 5), THEELOMBBIZEWT, SEIER ClL F¥ R HMIE
DEBHABICESE LTV Z LR E<ALNTEY, LRORBITAEHIRE
W, LALLM G, (LHD CFIR Cl F % RV ERICH O R EE 713N
BHEECTEICEAE LTV Z L R2IEAT A 0I0IE, & HICERMBRETEN
ZDMENRD T, & AEEN & ORBRFRS, FREHEAEREM RVD) b
LY 200, BEEAEEOBEFREL, ALPICESIRITIER LR stk
Z AN
BEREFERBIIEBREINLCT VWV EFEMBRIZB W TR EMEAEERD
(RVD) CHAEMMIEAEREM RVI) IKBEET D Cl Sy RxANBKELTWD
ZEik<menTnsg (6-9) , LRI THIRESEEIC X 5 kR
BRWUEMBICRGT 5. Cl Fy RAPREESNTE 2, T EIEBNIT CFIR
Cl FY¥ RNDBHEETDHOTH D, LR TIEMIC X Y faR S EmREEIC
RAHEZERMOENTEY (6,10,11) | ZHIC X DMAEEE %5 T-d OfiE &
LT CFIR Cl F ¥ FABBNTWBAEREERH D, T72bH, CFIR Cl F¥
FOTHIAAL PR EAERICE D 572< Th, #MRERRE 0%
ITWHIBEREEIZ D Dl R BEE BIET 2@ E 25> TV 5 IR
HD, AFRTIIULED L S 2EROL &IT, FTOLAHICEIT S CFIR C1 F
¥ FVEREMEGIC X 5 I8 A B & 72 1M ia PR3 TR OBE & SEMIC
Bt Lz

PLEDOWFEDFERE, CFTR C1 F v RADPHMBABERASICEE L TWD Z &I
DONWTEFOMRBEZBIZENTELER, TRHEDOMEDOHFTE 5 —D2HLD
[/ o722 &1X, CFIR CI F % XWVICETF L 2WMRABEOE(L b FET 5 &
WHZEThole, T7bbH. & KIRICE Y B <8 7=HgT CFTR C1 F
FNEIEWALT D EMRANIEALT D2, Z O L7-MIfgiX, CFTR C1 F ¥ F
NEREEL UIRBTYS, BB & Cl A A DOEMEEN (B,) DOBEMR%E s
SR/BHEMENTEZ EPBREINT, ODHAKICBWTHIERRSEEIC X 5
A2V UIRBRIZEIST D CL Fx 3 (I gy T ¥FN) BRESNTHD
528 (6,12), Iy sen T ¥ RABEEILH OMBAERAGICEAELTWDHZ L
I UTCAFERIT eV, £ 2 Thivb ik omfse L LT, @ EIZak~7z CFTR C1
F x FVIEREE OMIATEEIC Iy g TXYRNADBFELTOD EWVS R
AT, FNERIETHDEREITo, S5, LMD BFERENT Iy went
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Fx¥ FVHBREELTWERLIE, ZOF ¥ R/UTLIHIZEBN TS RVD 2EZ L

5 BMIZONThRETEITo T2,

WolE S, 0fF CFIR Cl F ¥ RVOFRAFHIZOVWTIE, BT KLt U B
Lo TEMHIELENEF Yy FIAETHTE N OPOEAEKYWE (o—agonist,
adenosine, acetylcholine) 23| T2 Z LA EINTE D, 7 R
TV UBIBLAMC Z O F ¥ RN ETEHEL T DEEDR H D 1 ENT OV T4
B SN2 2 TV, HIIESMATP 12T v b, U XDLER (13-15) F/V
v MEH (16) TZr54 FER (Igw ZEELET S, k. <720
EHTRT FLF U U ZEKIITIENEER T/ v T4 FEREFEEET S Z
LIV ATP IC & o TIEM L &7z Iy o 2R T D Z LB FE STV
(13), ENEY MOEHTIE, p7 FLvF VU VAKX > T CFTR C1 &
e (Tom) PTEHEALSNDHS, ATP BEMBERI7 0T A FEREFRETH LW
5EET RV, L AN, PKC (ATP I L > TIEMILEN S FTREMELRH B) D
activator IXE/NLE Y MULEFFD Iy b ZHERT DL VD (17), 7z, R CHk
(18-21) R a3 MLESR (22) T PKC activator AEMTZ 8 T4 FEFK (Tg o)
EFERTHEVIHRELH D, TNOOBMERFTRIE. Iom & I & DI
T e ERTE L TERRDF X RN FEREERBLTWDDNE H &) &
EREL TS, ZOXIIZATP 72 L PKC LU 27 v T4 FERR & ORRIE
BHETH DD Ty oo I RNETHIBASS ATP DZHRITH S TR, £ 2 THE,
@FNT Y MILEFHD Ly oy \oXTT D HAKES ATP DRHRIT OV THRET L 72,

2. WrFEITiE

collagenase MEIZ L VB HN-E/NEy MEELLEHMBEZER L L,
MIAEBEELDBEREE D2, BENBEBEICSRBECCDAIAZZIWY T
THIfEA A= DO T A REEIT T, BT AekE 2 B a—F T IAA,
FHLUWERLIRY 7 b7 =TI X » CHIRRENEREZ AE Lz, REERE
EETlE whole—cell patch clamp #1T-o7z, PREFEALZ-40 mV & L, + 80 mV
D7 (dV/dt =1 V/s) % 5 s EICHIN L TRET S EERZ BIE L7,
J& conductance I Iy p DWEREALLEE TRIE L7, MlasHk, Mlapii (2
v FIR) & biT, 7u54 RERZEOEREBEROALANTLETE D HDEH
Wiz, F72bb, W72 inhibitor & A A VAR E VT K B Ca BIRIIFE
ALRNWEIICLIEbDTHD, EBRIEE, 36.0 £ 0.5 C,

3. MWFRER

3. 1. mmq1%v*wm;é%@§5%%
3. 1. 1. SFEXFERMNEK K BETICRIT S adrenaline DZhE

_39_.



AEO T AERAEIC L 5 MREERNEEL. EiREEREREOMARE
OB ERTHDZ L 2ENDE, SEIER K BEZ L OEREMNK
FICFBIT D adrenaline OZIEAFFH~ 7z, Fig. 1 IZZES K & (145. 4 mM-K)
T, adrenaline (2 X 2 MIEELLERT, & K KB EITMEEREICE
BE B % 72072 h, adrenaline XA G0 72@BEEME b2 b Lz, TiLik,
KOEIIMEHRTHATE S, & K WP TIX Cl A A OFHEEM (B, BB
L% 40 mV) 1IEEALL Y negative TH D, LD -o T, adrenaline IZX
> TEMLENT- CFIR Cl EftstmEicfinsd (Cl A A 20 b DiEHm
XN B), SEE D Cl BREEZDTHTHESEBEL, ThUlE bRV
MEXER K Fy L e@sNMAE K BRAPELD, T72bbB K & Cl 2FEE
ICAMEE RSO T (KC1 AHIARNIZAD DT) Tive & bk b R AR
IZHIIAPIC A Y | IJASRE 4 = LT B, 728, & K &P T adrenaline IZ
ko THEKRLEMBEREL. & K BEER KR (ERFAMa— KR Itb &

FTLHEDLYWIHL ED T LRBEINT (Fig. 1), ZORBRITTFH LR
Polmb DT, HETEBIHENIT S,

FEROEFE EHICHETTAT-DIC, SFEIFER K BEERLOZEEOHNEF
IZ31F A adrenaline OZNEZFH~7-, Fig. 24 [T T XK 912, adrenaline I&
K B2 25 mM LA L CrRAIEmEL AL, 256 oM BLF CH#icEz 2B L
TAEmMA RO, 25mMK TOREMIZIBLE -45mV THY (Fig. 2B).
ZOEERHIFEEND Cl A A0 (HEE) BALIEY, Thbb, Cl A
FoRsmE IS D & IXMAENE N L, AR E I D & EiRIEE
T EEZHND, Fig 2C IZ1%, 5.4 mM K & TP adrenaline IZ X AEE
MEETT, 5 BITFEHT 1.0 0V ORSBAEES =, ZhidRmE Cl
BRI THELENTELDTHIEELLND,

B KEPTYH Cl A A OEBWEMMBIKEEM LD positive ThiLid,
adrenaline IZWME D Cl ERZLEL ( Cl A A2 Db OIS A E TN
A). ZIMBEEENEESTHA S, EBE. & K KT adrenaline DIEA
WX D HIIEAEEL TWARPTINK Cl BES 146. 4 mM D> 6. 4 mM (23T D
L HIPRRERRIINE/ NCE L (F—2I1mEd), £, Cl A F DI &
5729 K A A DN bMEAEELOREL VIO TEERERTHDL L
EZHNA. EBE. & K P T adrenaline O/EAIC X 0 a2 EE L TW
AEPTKF ¥y FZNT oy H—ThHsBa (Im) ZIEHEES L, AL
RIEEMOBEENFD Lz (T —FIERST),

3. 1. 2.  adrenaline {KFMHIREARFEZA L DI FRIME

INE THLTE - adrenaline KFHHIAATEEIL. B~ 7T RV U X%
ZSik-cyclic AMP R % ##I9 % acetylcholine . ¥ X TN CFIR C1 F ¥ /LD
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RN T o v H—Thb glibenclamide IZ L > THHI Sz (F—FITTRE
T, T b OBERITHIAAELEILIC CFTR C1 F¥ R VREboTWNWH I ¢ %
XETH, VWolEH, B (BEERE) K Cl FxRxro7ay1—Ths
DIDS I% adrenaline IZ X BHIMAREELICE B Ex ah ol (F—FIERE
EDE

3. 20 Iy gen T ¥ RN K DHIMIASTERRED
3. 2. 1. CFIR C1 F % R/VIEEFHEDOMIRATELE

HREE KCL J® (145.4 mM-K) T adrenaline Z{EF &¥ 2 & MIAAREN
KL. D% adrenaline 3= L THMIEEBEILED LW, SMNEE & KC1
BOOIERZ A 0— FKICEZ D LHIRNHENTDZ idTTiim L (Fig.
1), & KCl ¥ % & NMDG-C1 ¥ (KC1 % NMDG-C1 \[ZB# L 7= b )% K-aspartate
% (B KCl &P D KC1 % K-aspartate ICBHL7ZH D) WWEZXZTHRBRIIELT
Thote (Fig. 3), Tabb, ZOMERE/NI Na FHERFETHY . By PIKE
ALLE D positive IZR o7z L TR I B Z &b olz, Z OFERITHMEHE/INT
CFTR Cl F ¥ FNATRW CL Fx N, BEHL Iy gy F¥ RABEELTH
BT EETFRT D, T TIDHRRIEKT D Iy gy T ¥ RADT B YT —D%)
BAME LIz, Fig 4 ICFRT IO, Ly T XYRNDT By I—THD
furosemide (2 mM) & glibenclamide (0.2 mM) iXARAEKE/NEAEICHHI L,
DIDS (2 mM) bEEDHREEZR LI (F—FIIRET), TN &nb, ¥
{b U= fRREIZ R, & 47z CFTR C1 F % RIVIERAFIE O MRaHE/IMNT Ty o T ¥ RV
NEELTWAZ LGB ENT,

3. 2. 2. RVD st

OHHEAEREIC I, 0 TYXAVBEELS DT LEPRENTDOT, T
L OB HIIC b i LRI R 5D & 572 RVD BSRAETH00E I bk
st Uiz, MR % T0%ESRIRICIE T & MIIE L+ 2, Bk L& OMIamE D
TALABBIZE - TH D L, EERPICBW THIIESAEBICHE/NT 5 Z L0138
i (Fig. 5)o 20 R IZ Iy ooy T ¥ R/VDEEL TS 2 51E, RVD
DIEFEIIEER R By IIEFET 23T TH D, £ T, RVD BAEPISNED Cl =
ERE TS CHh5 L, RVD OMBNES 52 & MEESE (Fig 6), T2
b, K CLIRIC L D CL A A DIE & BEE /] DIEERN 1y [0y T ¥ R/VEIE
HEmER, FoBREMaNE AR EN T LRSS,

FNTITEEN & B, DBRE IS W7 b & ) R D ERFT LIZD A Fig. 7
TR TERTHD, MaxE KC1 WICE L, KRICHE KCL BE{EROR KC1 #&
W2 B E ELWHBOBALRRZ o7c, 2O EERDET-> LTHLNT,
Tt LAMBRBALOBEIZIER K BEOKF THREZINZbD (Fig. 5) L0

_4:1_



DIMIRENoTC, TRbH, ML I ey T ¥ RAVETEEET 0, &
BN By £ D positive THDEMBTIX I o T ¥ F/VEFTILRVD & iTHEDH
LR E 5 &R L R 5,

LIER~TE /2 RVD B XL UG KC1 KIRIE T TOMIIZ LIEIRIT & BT Ty o
F ¥ RNDT vy H— (DIDS, furosemide, glibenclamide) IZJ > CHEICH
flahe (F—FiTRET)., ORI ERORRC Iy 0 FrFLREE
LTWAZLEEXIFTHHDOTHD,

3. 3. CFIR Cl B (I p) X9 2HEES: ATP DRIR
3030 L Ig eSS 2 ATP OZVRDHRE L ATP SERRIZOWNT

FAREA: ATP 1 XAV 225 < OFIBE T Ioy py (S8 LT 2 FBHDOZIRE RIS & 28
R &ENi-, Fig 8AITRT X HIZ, isoprenaline Ik T Iy p & TEMEAL LTE
BATP ZMZ D L Iy oy i HIE LD LD THEK L7, Isoprenaline 0. 01
pM LB ATP 1 pM LA EZE- 72 RBRT, #2/3 OMaTI DX 5 72 2 DR
RERBEI N, B OMIE TIXHMOBRMENLHA 523 Tler o7 (Fig. 8C),
BRERITIBREZ 1 OTE—JIZET DD TH o7, ATP DFHRDOL 5 —>
DEMIE, Fig. 8CIZ/RT & 91T isoprenaline fF7E FIZ ATP &< &, #KL
T-EBROBEIENIEN L ThDH, ZDL D7 aftereffect 1372 &% 3 HLA
< boThHoT,

ATP B85 L 5 A purinergic receptor (21X P1 type & P2 type BdH A, &
HHD type B EROKISICEDL S TV AP ERFTH2D, WL 20D
adenosine %%W@@J%}?%&f:o Fig. 9 IZ/x% XK 912, adenosine & AMP I1Z
Lo o ZINHIT 2 DB TH o703, ADP DINFIL ATP DR ERETH -7z, =
DT L IE ATP Z & 072 adenosine FHEMRD I, oy, FIFIZIRITIL P1-purinoceptor
NEELTWDAI LERERT D, £Z T, Pl-purinoceptor ® blocker
(theophylline, DPCPX) &MV 758k %Z1T -7, 0.2 mM theophylline FfE T T
1L ATPIZ XKD Iy o PRIEADISNIZIT - L TEIE SN T, £7 adenosine BL
AMP 2 X B EFRMFIBHEE L (F—F 13RS T), DPCPX (10 p) FEF TH R
BThole, TDZ Lid, BHRMHNZ Pl-purinoceptor 235 L TW5 LD
E X XD, ATP & ADP I X B EFRIE58IZ1% P2—purinoceptor MEAEME %
bhb, 728, FEKARME ATP analogue T D ATPYS D I oy WHFT D RNRIL,
ATP DFEN L RIERTH -7,

Forskolin i B-adrenoceptor %" & |Z[E#E adenylate cyclase ZIEMEL T
B-agonist HRDIEA X RET M TH 5, ATP I forskolin IZ L > THEHK I
7o Lo pa WK LT, isoprenaline F53E Lo pp (ORI DENR & RRODRE R L
o (T—ZERET), Lo T, ATP O Iy, WCRT 2 EER X
B-adrenoceptor L'~ YL THEZ - TV D D TIEARVY,
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3. 3. 2. HAEER#HBHIZONT

I, ATP (50 pl) O Iy o \SKTT 2 FEZNR % & F &£ 72 isoprenaline ¥
EDb & TR, SEBIOREREE L DD Fig. 10A TH D, ATP 1T Iy by
EMEAIZIS 1T D isoprenaline @ ECy, 28 2.7 IZ, isoprenaline FEEIZIVT
To oo 20 L3 MEICT B Z e ote, 772 L 2 OETIX ATP 12 X 2 41HI0E
FIHEIEERETIITo70T, EOHEBHIEIL 1.3 FL0 KEWATEREN H
D, IHIT, I CRT2EBHRICIT D ATP OREFRABREZ —E
isoprenaline JBEE (0.1 pM) Db & TP, Fig. 10BITRT S T 7 I1X%H B
DEREZELDIZLDTHD, T—FDELDENKEWVR, Hill OKITH T
D B & Ty po WX DIEEBNRITIIT D ATP D ECyy 13H 1 pM TH o 72,

3. 3. 3. ATP VRDOBHEME

isoprenaline 7EfE FIZR VT, ATPIZ L& o TR L7 Iy py PEIFEIX ATP % B
ELTHEBWVWI LT TR L (Fig. 80), ZDAICOWTETF OB ZM
Z 7z, Fig. 11AWZRTHITIX, isoprenaline (&K o TIEME(L ST gy o bTXF
L TCHEYID ATP HEFMFEER ZRLTEY ., BV TIHWRD b HHEEEER D
HNTW5D, &BbIT isoprenaline fF1E FIZ ATP ZBRET D & Iy p AL T
BY . FOEKLUIZERD L-~UVidE IO isoprenaline BMIERARKEO LD LD
KEV, SHICHEE ATP 2ERA&E2 &S EIXEROIFIOHNBAE LT TVS,
DX TR Ty PEALD 3 BIORIERR R THE SN, ZOFTRIE, ATP ©
Tor o WO 2 AMBIZHRIT ATP BREFHECONTIHFRT 223, HEMZHRIT Fig. 8C
TRIZEIICATP BEELEBIET HZ L EFRR L TWS, ATP IZ X 2 BERIFIZh
B ER05E < MR 2B T, Fig. 1A IR T KO RERPBESNID &
ZZ2 bbb,

DX D72 AP D Iy o WX T D EFRIIPEAMERIEULAFED b D TH A 5 b,
FRE BT LT Iy o/ Toy e FERIAT S ROVERAE B 726 LTHWBDTH S
5 3 £ TATP D Ty o BIRPNEITATP BREH LBIET 52 L LEES T,
ATP (EfR) ORTLE ORRIZOWVTHRE L7z, Fig. 1IBICRTERTIE, £7
ATP O L% 1.5 45 FEIVER & ATP #83E L T 3457412 isoprenaline &5 L.
EHITATP ZERESETWD, BRIICRBND K51, 2FB D ATP 51T I py
BIEE AR LD o7, Fig. 11D XEHEBORREE L H T, ATLERL
DERER LB LIZLDOTHS, AP RILEEZ T D L D% ATP O I B
BHEBHEE L TWDHA, Zhid, kO LS RERCTHATE 5, ORMLEIC X
D To po/ T RE RIS HOZENEZ Y . £ DEILIT ATP BrER bEIH
TR 5, @FDE(LIIPZEERA 2 VR BEHEO L O TH D5, P
SRR B D L BAEAL LT Iy po #IEIRT D K D ITE< . ZORAIE LT
HiE. Fig. 11B MEBRT isoprenaline BIME SRFZIEMEL I T Iy o 15T T
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12 ATP OEEFEIER A Z T o2 AELEZLD T, LeB-oT2EED ATP ®RE5T
IXERERABRN o T- EREN D,

4, B
4. 1. CFTR Cl F % F/ViC X B MIRAFERREN

DA MRIZ BT, CFIR Cl ERMOEHILIIEFRSEERFCTHRENM & B,
IR L CTHIBaE AL S LI/ EE D Z L dbhrolz, ABENEMHT TIX
By PEEMH LI K A A OFEES (B KV negative IZ72D Z Lid
BEBLLRWDOT, CFIR Cl1 EIROTEME(IC L 2R LD EBRNEZRE 2D
FAHZLITEEL, M5, K K R CRIRY S MAaHE MR IR R A T RIS
BEETHA D, UDHELOBISLHMEOALSEZY (6,10,11) . Z Dk
NELICHBEREEETS (23) ZeBHMbATVWDM, CFIR C1 EFOIENE
(CITARIA 2 #E/ N S5 2 L2 X 0 B O I REMNICII - b < ATREMED 3 B,

5 CFIR C1 F¥ RN, Cl A 42 BTZ LIk fanSEREICE
ELHYRZEBRFRENTED, b LIOF ¥ RABMOFE#EEA 4 (lactate
Fofh) xbBETIENTENIE., SOICEMLLHICTIHREDRLEED
Tl D, YRS, DEBREMEFC S E I ERFHEA RN ERE
THZERHMBENTWAENRLTHD (24), 2D EE5EXRMNEL CFTRClL F
¥ INVDOEA TV FBEIC W TRREICTAR L LENH A I,

4. 2. T aen F¥FNMC L D HIBATERE

DHHIBIZRB N T, Iy oy T ¥ RADBMEREFEREGEE A A F ¥ rv e L
TEENL D A2 &, LAHMIICH RD BRI DT &, FHFITE>TE I ey T
¥ FRVITHIAAL D FENC BB E 5 5 2 ERR ST, e, AL Lo D
BT I oy T ¥ RVERBPREET 22 LIIEZOMATIHEASHLTE 2, L
LRRG, Iy g T ¥ RVEROEHEEBERICMBOREEZ L OIS ED
DEFZE LIS IT 2, Db OMREERIE Iy g T ¥ R/VOLEENT LY
ERICHIIAAEE NI D EEEELELDTHD EE XD,

D fE L %< O FEMImE R L < RVD 2RI LY 5 I LILRBAEESEMIC
EETHAY, 4 1 THER~NZITEL, OFHEMLOBESOIMEDBALAE Z
D, ZOALN EBICTFERBBEEET D2, Iy g 7 ¥ R/VOEHEIIZ K D5
BakE/ s (RVD) VXML U S IC RERCIT T2 b < ATREMEA S B, CFTR C1 F % RV
B L MIKE N ER T LS A, ZDE-AIEp-adrenergic agonist DYEEN
BEChHDH, EEOLH TITREUIIGE UT I gy T ¥ RV E CFIRCL F¥ RV &
NHAEAEERGIE N TV D AEEENH 2, LEHE T Z OfiE~
@ transporter 2 F b HBMABHGICEAE L TWDEEXILNTEY., 5% Cl
F ¥ FNBEDTINOSFOXRE & T DOIEEBNSRF% specify LTV Z A
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OB OREREOLEBREALNICT I LICEEDLTH S,

Of Toy e T % BV E CFTRCL F 4 RAVOREDN, Cl A AU EBET LI
X VMO AREREICEE LD B L ARENTEEN, 4. 1. THhl~k X
1T, bLINLDF ¥ RABMOFHEA A2 bBT I LTI, &
BICEM O ICE T A REDEREED D LI, TDIEELEXRNAL
Tet et % KR CFIR C1 F ¥ FADHEMA & L BRI OV TRHEHICH
RBHEVENRD D,

DFIZIV T whole cell LA TOD Iy . T ¥ RAVERZFEE LS T
LV, TOE—F ¥ FLVBRITEEREFIN TR, SETOE—F ¥ F
NEEE RS ERETH B, TLTE—F ¥ IV LLTO I, . PR
EHOLMIL, DI aT A RF xRNV ELBE L OOTOARENERZRT
HUERD B,

4. 3. CFTR Cl B (I ) XS D MRS ATP DERHR

F)LE v MOEHARICINT, ph LUV D ATP I ENB & 1 0 2FEFET
DI LIRS, Ty BT D 2 EBHABLINT IR 0T, ATP I RREARREIER
25 catecholamine & & BT ENAEEMWETH Y, LHITBWV TR
TR BZE T catecholamine & ATP 28HFA LT Iy py ZTEMEIL L TV 2 AT REMEAS
HBH, HBHWIL, autocrine BT DB G Sz b L iddR L7z ATP
B3 Ig p PERRICES LTV D FTREEE S B D,

T T ART v OLEBMIICIE I DD, T DKL TIEB-agonist T
NEE I, EFERTD I LRV, ATP IZE o TEMH b ST Iy ZIETET
HEWH (13), B~adrenoceptor & P2-purinoceptor 12 & 5 I, OFAF O D
FENLEY FERAI LTI L NI Z L1250 Tam & Lo EIERACHFE
Br ML TRY ., BWREEITHEBEICL > TEORIEBEREZ>TND
VO TTREMEN B B A, D RIFSBOEELRRFRETH D,

ATP BRED X 72 AT =K LT Ly HIERET 2 D>, il L IEFROMEIZ D
WTHBLMCEhRIER B2, EAEY MLERMIZT PKC O activator T
3B PDBu 72 78 T, o ZHEERT D LWV I ED H D (17), S EID ATP 1A PKC
EMALLBE L TV ADENBCONTIEREOE bR LIENWEZATH D, £
KX P2-purinoceptor HlE2S PKC ZTEMLT 2 £ 5 Z & i, (DLt DV <D
DOEBERTHRE SN TNWD, 4%, ATP & PDBu 72 Y, 5\ & PKC @
inhibitor ZPFA LIERBHN2FEL2S D,

ATP DZNEDEFHIE. ATP @ Iy p SERZDRIL ATP FREBR B BIET 5. €L
TATPBIAABIZ E o T I o WD EDPEBERCRET H. 2 LR ETH T,
I T EEWRT 2D THA D b, P2-purinoceptor FIEIZ X - TIEM(L ST
HIFEPS second messenger WELEHFTHENTHSI0, HDEIWVIEF ¥ RIvb
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b LT EDBEEERIEENEL PEEERIC LD I W EEES2ITH
IFFOEBXPBEELLARY) BEZIAZEWVTHAI D, SHRINLDEIZON
THEOBRS L TWNEZWNEEZ TV,

5.

AEE

ToT7u Tl MFRZEITIESEROXEZWIEWE VN « A = ZABF

ZRHRICEEOHER R LE T, FEO—IPIICERIFE B ETE S D
Bhpk &3 7=,

BE IR
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Figure 1. Cell swelling induced by adrenaline in isosmotic high-K solution.

The bathing solution was initially normal Tyrode solution and switched to the solution
with 145.4 mM K (lower bar), and adrenaline (5.5 pM) was applied for the period
indicated by upper bar. Each point represents mean + S.E.M. (n=9 in A; n=6 in B). In
A, adrenaline was applied for a brief period. The cell area obtained 5 min after
application of adrenaline was significantly (p<0.05) greater than that obtained before
adrenaline. In B, application of high-K solution and adrenaline was prolonged.
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Figure 2. Effects of adrenaline on area of cell image and membrane potential at
various K concentrations.

A, area of cell image as a function of [K*], in a logarithmic scale. The cell area obtained
in the presence of 5.5 pM adrenaline is expressed as relative to that obtained before
adrenaline at each [K*], (open circles). Each point represents mean+S.E.M. Number
in parenthesis is the number of the experiments. The data obtained with forskolin
cocktail (5 pM forskolin + 2 mM IBMX) is also shown (closed circle). * and **,
significantly greater than control with p<0.02 and p<0.001, respectively. B, membrane
potential (Vm) as a function of [K+*], in a logarithmic scale. Each point represents mean
of 4-5 measurements made in the absence of adrenaline. S.E.M. values are within the
symbols for all points. The linear line was fitted to the data according to regression
analysis with least-squares method, and was described as Van=60.5log([K+]o/[K*]) mV
with a theoretical [K*]i of 149 mM. C, effect of adrenaline on the membrane potential
of ventricular cell in isosmotic solution containing 145.4 mM K*. Membrane potential
was measured with gramicidin-perforated patch-clamp method. Adrenaline (5.5 pM)
was applied for the period indicated by bar.
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Fig. 3. Time course of the cell shrinkage observed when the cells inflated by adrenaline
in high-KCl solution were bathed in NMDG-CI (A) or K-aspartate solution (B).

The cells were initially bathed in high-KCl solution, and adrenaline (5.5 pM) was
applied to them for 5 min, which resulted in swelling of the cells, and adrenaline was
washed for 5 min thereafter. Then the perfusion with high-KCl solution was continued
(open circles in A; n=5) or the cells were exposed to NMDG-CI (closed circles in A; n=5)
or K-aspartate solution (K-asp; squares in B; n=4). Each point represents mean + SEM.
The data of the NMDG-CI group obtained before NMDG exposure are not shown for

clarity.
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Fig. 4. Effects of furosemide or glibenclamide on the time course of the cell shrinkage
observed when the cells inflated by adrenaline in high-K solution were bathed in Tyrode
solution (5.4 mM K).

As shown in A, the cells were initially bathed in high-KCl solution, and adrenaline (5.5
pM) was applied to them for 5 min, which resulted in swelling of the cells, and
adrenaline was washed for 5 min thereafter. Then three types of experiments were
made. One group of the cells (open circles, n=4) was exposed to normal Tyrode solution
for control. The second group (triangles, n=5) and the third one (squares, n=5) were
exposed to normal Tyrode solution containing furosemide (2 mM) or glibenclamide (0.2
mM), respectively. Each point represents mean + SEM. In A, the data for the furosemide
and glibenclamide groups obtained during exposure to high-K solution are not shown
for clarity. B-a and B-b, respectively, show an expanded illustration of the time course of
cell shrinkage with furosemide or glibenclamide, supplemented with a control curve
(open circles). The values are expressed as relative to those at 25 min in A, at which the
bathing solution was changed. A comparison of curves with repeated measures

ANOVA yielded p<0.01 (1.
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Figure 5. Cell swelling followed by a spontaneous cell shrinkage (regulatory volume
decrease, RVD) observed during application of hyposmotic solution.

Hyposmotic solution (70% of control) was applied during the period indicated by bar.
Each point represents mean + SEM (n=7). *: significantly smaller than the cell area at
the maximum cell swelling (denoted by dot) with p<0.01.

A HYPO

1104 1C, TtomM |__46mM

-

o

a
1

Relative area

1.00¢ P S

0.95 - : . . . .
0 10 20 30
Time (min)
B
1.00
o
o
@ -\'\-
]
=]
[
& m
0.95 +— —— .
10 15 20
Time (min)

Figure 6. Enhancement of RVD in low-Cl solution.

The cells were treated as in the experiments shown in Fig. 3, but the CI concentration
(IC13o) was lowered from 110.0 to 4.6 mM during application of hyposmotic solution, as
indicated by bars in A. Each point represents mean + SEM (n=4). B shows an
expanded illustration of a part of A (open circles; test curve), supplemented with a
control curve (closed circles) which was derived from the experiments shown in Fig. 3.
The values are expressed as relative to those obtained at 10 min (5 min after application
of hyposmotic solution), at which [Cl], was lowered in the experiments shown here. A
comparison of curves with repeated measures ANOVA yielded p<0.01 (T1).
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Figure 7. Enhancement of hyposmotic cell swelling in high-K selution (open circles).
The cells were initially bathed in isosmotic high-K solution (105.4 mM [K],), and were
exposed to hyposmotic (70% of control) high-K solution for the period indicated by bar.
The bathing solution was finally switched to normal Tyrode solution with 5.4 mM [K]J..
Each point represents mean + SEM (n=5). For comparison, the data obtained at
normal [Klo, which are shown in Fig. 3, are reproduced in this figure (squares).
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Figure 8. Inhibition and potentiation of CFTR Cl current by external ATP.

Two examples are shown (upper and lower panels). A and C, chart record of membrane
current in response to ramp pulses. Isoprenaline (Iso, 0.1 pM) and ATP (50 pM) were
applied for the period indicated by bars. Current traces indicated by the symbols are
the sources for I-V relations shown in B and D. In A, ATP exerted a biphasic effect on
the Cl current, initially suppressing and subsequently potentiating it. The initial
suppression was virtually absent in C.
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Figure 9. Effects of adenosine and various adenine nucleotides on CFTR CI current.
Two examples are shown (upper and lower panels). A and C, chart record of membrane
currents in response to ramp pulses. Isoprenaline (Iso, 0.1 pM), adenosine (Ado,
50 pM), AMP (50 uM) and ADP (50 M) were applied for the period indicated by bars.
B and D show I-V relations obtained at the times indicated by the corresponding
symbols in A and C, respectively.
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Figure 10. A. Dose-response relations for the Cl conductance and isoprenaline as
influenced by ATP.

Cl conductance was measured about 1 min after application of 50 pM ATP at different
isoprenaline concentrations and was normalized to conductance magnitude activated by
isoprenaline alone at each isoprenaline concentration. In each experiment, effect of
ATP was determined at one or two isoprenaline concentrations. To show the effect of
ATP on the dose-response relation, data are plotted as relative to the “normal”
dose-response relation for Cl conductance and isoprenaline alone (dotted line), which
was determined in a previous study (11). Each data point represents mean + S.D. of
4-8 experiments. The solid line was drawn by the least-squares fit of the Hill equation:

normalized conductance = Gmax/(1+(Kyzldrugl!)»),

where Giax is the normalized maximum conductance, Kiz is the half-maximally
activating drug concentration, and nis the Hill coefficient. Without ATP: Gmax = 1, K2 =
28 nM, n=1.3. With ATP: Gmax = 1.3, K12 =32 nM, n=1.2.

B. Dose-response relation for the isoprenaline-activated Cl conductance and ATP.
Cl conductance was measured about 1 min after application of different concentrations
of ATP at a constant isoprenaline concentration (0.1 pM) and was normalized to
conductance magnitude activated by isoprenaline alone. Each data point represents
mean * S.D. of 4-8 experiments. The solid line was drawn by the least-squares fit of the
modified Hill equation: .

normalized conductance = 1+( Gmax-1)/(1+(Kyz[drug]-1)=),
where Gmax, Ki2 and n are the same as those described above. Gmax was assumed to be
1.3 according to the data shown in A. In this fitting, Ki2 = 0.97 pM and n= 0.57.
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Figure 11. Sustained effect of ATP on Icipra

A and C, chart record of membrane current in response to ramp pulses. Isoprenaline
(Iso, 0.1 uM) and ATP (50 uM) were applied for the period indicated by bars. Current
traces indicated by the symbols in A are the sources for I-V relations shown in B. In A,
the first exposure to ATP induced an inhibition of Icipra as usual, but its subsequent
increase was unusually slight in this particular case (cf. Fig. 8A). The removal of ATP
in the presence of isoprenaline resulted in a prominent increase in Icipka, and the
reapplication of ATP induced only an inhibition of Icipka. In C, the cell was briefly
pretreated with ATP alone. After a drug-free interval of 3 min, isoprenaline and ATP
were applied as indicated. Note that the potentiation of Icipra by ATP in the presence
of isoprenaline was virtually absent in this experiment. D. Effect of ATP on Icipka in
ATP-pretreated (Pre-ATP) and non-treated cells (Control). Cl conductance was
measured about 1 min after application of 50 pM ATP in the presence of 0.1 pM
isoprenaline, and is expressed as relative to conductance magnitude activated by
isoprenaline alone. In Pre-ATP group, cells were pretreated by ATP alone for 1.5 min,
and were left in drug free solution for 3 min before application of isoprenaline, as shown
in C. In Control group, isoprenaline was applied to the cells without ATP-pretreatment.
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EHELTW, WD RVD BHEMNFER S/ (10 : Control), VSOR Cl™F
¥ FIVOFAEIETH 5 NPPB OIFFE T TiXZ D RVD I35 IE &7z (110 :
NPPB) > C. HE=a2—a ZHL RIDERFELTNDZ EBALNE 2D,
ZAUTIEVSOR CI™F ¥ RAHEELTWS Z L AFRR I,

RICRyF 7T v T RRRREEIC L > T CLUBRERE Lz 25, INEE
IKIREE (0% FRFEL) RICEHRT D &, MIBEESBEINLD DI T,
K& 72 CLrBROEELARER e (K 114), T OBEMKFFIEL IV AN
FoTHELLLZA, StmEREAR LN (K11, C), TDT =4 &R
PEIZ, ISBr>Cl dWnWH 7 A Br<=r IROET ¢+ —/V RBRIEEZ R L, fho
VSOR C1™F % FADHEE & —FH L1z, ZDOEFIEL, VSOR C1™F ¥ F/LDFHES &
LT& b5 NPPB, DIDS, phloretin (2% L CTRSEMEZRT A, —EOMIET
VSOR CI'F ¥ RV EMGIT 2 Z L OHES N TV EIHTA bev=r L7 ¥
— 3% tamoxifen %, PKC FREZE PMA IZ L o TIEEEINZWIZ L BN E -
Tz (F— 2 RTFER,

TEIUVBENTAMEE, AL excitotoxicity, ICiZ=o—u » DIFEE
BEEbNd Z &k E<mbnTng (21), BEERE=a—r 2BV T,
2R TEIETNVEI VBT Y —/FxFZ VD) H > K T2 NMDA (30
pM) EAMRICINZ 5 L MREORZES RoN 525, £ XV BEEIZ dendritic
varicosity DN R OLND X HiTiroT-, BB, BHRZEE Osh EDRT 4 128
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WTRFTHZIGERR bz, ZORIC NaFE T CeMllEfiziiEkd oL 7
NEIVBRLETE—/F X FNENTDHAME Na" BSOS (K 13Ba),
LasL. Na*% K0 F 7 NUDGHZBHL LT MDA Z & ERVWETE S &, 20
HF A EFRFNEET B0, MIAETESS varicosity AT E 72F-r e L TV T
— ZDEFRD DA HERNTEENTEARLTWAZ LA L (K 13Ba), Z
DEFITI AEEF %7 L (K 13Bb) , NPPB 25§ 2 RES % 7972 & VSOR C1~
Fx FVEBREA—OWEER L, 2B, IVIIVBRLVET Y —/F x5
ND Mg T8y 7 BB CTEHIC b DOBETRREIIE Mg & TITON IR,
NMDA % /0 % FIAE Mg? R DB D5 TIX Na"Ef b R o 1Ld . T DEOflaED
&35 b varicosity MIEEL S VSOR CIEHROEMIL b R bz o7z (X 134),
I BEREMSTFET.H D VIENRET CTHE=a—n ViR b varicosity
TR b VSOR CLBHTEIEAL b R b hab o1,

[(B£]

LLEOFERNG MDA XL DI NE I VBLVET X —/F % X NENT 5 Na'
AW L » CT=a— o MlaORESS varicosity FER 35| & 2 Z &L, VSOR C17
F o FNDEMALRE B T2 b SNEZ ENALNTRo T, VY I VRRRE
ZPEDEED NVI IS LT VSOR C17F v RV AR EIEA &2 LT 2 " aetE
DR E T,
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Gontrol TNF/GHX TNF/GHX
(CHX) +DIDS (n=20 each)

Figure 1. Induction of AVD by the 2-h treatment with STS (I~4 p.M) or TNF
@ (2~10 ng/ml) (plus CHX), and its prevention by simultaneous treatment
with a CI- channel blocker, phloretin (30 M), NPPB (0.5 mM) ox DIDS (0.5 mM).

_66._



\ijﬁ___g TNE/ '5{_)_:{%1110

Te—g—4 control:
L c

£ 1\ ~=}~ESTSHNPPB
b —%control
P

= 121 :

S e =N

(5]

> IRE
<

& 1.0

0 2 4 6 8 10
Time (mif)

(n=20 each)

Figure 2. Facilitation of RVD by the 2-h treatment with STS or TNF « (plus
CHX), and its prevention by a Cl- channel blocker, phloretin (30 pM), NPPB
(0.5 mM) or DIDS (0.5 mM).
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Figure 3, Caspase-3 activation induced by the 4-h or 8-h treatment with STS or
TNFa (plus CHX), and its prevention by simultaneous treatment witha CI’
channel blocker, phloretin (30 pM), NPPB (0.5 mM) or DIDS (0.5 mM).
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STS + phloret

Figure 4, DNA laddering induced by the 4-h or 8-h treatment with STS or
TNFa (plus CHX), and its prevention by simultaneous treatment with a CI
channel blocker , phloretin (30 plv), NPPB (0.5 mM) or DIDS (0.5 mM).
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Figure 5. Cell death induction by t the 8 hv tfézihnehi w1th STS ox.:'fII\IJ'Fa (ph
CHZX), and its rescue by simultaneous treatment with a cr channel blocker
phloretin (30 pM), NPPE (0 5 mM) ar DlDS (O 5 mM)
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Figure 6. Time courses of the AVD induction and caspase-3 activation in U937
cells by STS (1 pM), and the effect of a Cl- channel blocker (phloretin 30 pM,
NPPB 0.5 mM or DIDS 0.5 mM) or a caspase blocker (zVAD-fmk 50 pM or
zD-dcb 100 pM) thereon.
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Figure 7. Effects of lactacidosis on cell size in neuronally differentiated NG108-15 cells.
Relative cell size is the ratio of planar area of a single cell at a given time to that at time
zero. Each symbol represents the mean value for 10 to 19 cells (vertical bars: SEM).
Lactate-containing isotonic acidic solution at pH 6.2 was applied during the time period
indicated by the horizontal bar, in the absence (filled circles) or presence of 1 mM CHC
(filled squares). For control experiments (open circles), lactate-containing isotonic
solution of pH 7.4 was applied. :
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Figare 8. Effects of lactacidosis on volume-sensitive Cl~ currents in neuronally
differentiated NG108-15 cells. The current traces represent 4 similar observations.
Upper panel: a representative record before, during and after exposure to hypotonic
solution, with exposure to acidic lactate- -containing solution (pH 6.4) for a period of time
during the hypotonic exposure. The current was monitored by applying alternating step
pulses to + 40 mV every 15 g from a holding potential of 0 mV. Step pulses from —100 to
+120 mV in 20-mV increments were applied at a, b and c. Gain of chart recorder was
changed to one-fifth at a. Lower panel: current responses to step pulses recorded at a, b
and c in the upper panel, and I-V relationships (d) recorded at a and b. Open and filled
circles represent the mean + SEM (vertical bars) of 4 observations under control and
lactacidosis conditions, respectively.
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Figure 9. Effects of pretreatment with VacA (2.5 pg/ml) on lactacidosis-induced cell
swelling in C6 glioma cells. Cell volume was measured uéing a Coulter counter during
application of lactate-containing acidic solution for positive control (pH 6.2 + lactate:
filled squares) and VacA-pretreated (pH 6.2 + lactate + VacA: filled triangles). Each

symbol represents the mean + SEM (vertical bar) of 5 experiments
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Figure 10. RVD after hypotonic swelling in cortical neurons. Effects of a Cl- channel
blocker, NPPB (100 M), on RVD in cortical neurons. Each point represents the mean

value of 15-18 observations with S.E.M.
* P<0.05 vs control.
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Figure 11. ~Volume-sensitive currents in cortical neurons. A) Representative current
activation upon osmotic cell swelling under whole-cell recordings during application of
alternating pulses (2-s duration, every 15 s) or of step pulses from -100 mV to +40 mV in
20 mV increments (at arrows) in a single cortical neuron. B) Expanded traces of current
responses (a and b in A) to step pulses (protocol shown in Inset) under isotonic (310
mOsm) conditions (a) and hypotom'c' (270 mOsm) conditions (b). C) Current-voltage
relationships of currents before (squares) and after (circles) application of hypotonic
stress. Each point represents the mean current of 19 observations with S.BE.M. * P<0.05

vs isotonic. NMDG-rich solutions were employed for both bath and pipette solutions.
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Figure 12. Varicosity formation induced by NMDA exposure. Morphological changes

induced by 30 pM NMDA exposure. Fluorescent images were captured before (a) and
after (b) NMDA exposure. Bar, 30 pm. Calcein was introduced into the cells via addition
to the pipette solution.
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Figure 13. Cl- currents activated by NMDA exposure
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A) Effect of application of low Mg?* solution on Cl- currents. a) Representative record of
whole-cell currents in the absence of NMDA. Alternating pulses (2-s duration, every 15
g) or of step pulses from -100 mV to +40 mV in 20 mV increments (at arrows) were
applied before and after exposure to low Mg2+ (0.5 ﬁlM) solution‘ for 10 min. During
exposure to low Mg?+ solution, cells were voltage-clamped at -40 mV. b) Current-voltage
relationships of Cl- currents recorded before (squares) and after (circles) exposure to low
Mg?+ solution. Each point represents the mean current of 11 observations with S.E.M.

B) Effect of exposure to NMDA on Cl- currents. Representative record in the presence of
NMDA. Alternating pulses (2-s duration, every 15 s) or of step pulses from -100 mV to
+40 mV in 20 mV increments (at arrows) were applied before and after exposure to low
Mg?*+ solution containing 30 pM NMDA for 10 min. During exposure to low Mgz’;
containing 30 pM NMDA, cells were voltage-clamped at -40 mV. b) Current-voltage
relationships before (squares) and after (circles) exposure to low Mg2*+ solution
containing 30 pM NMDA. Each point represents the mean current of 15 observations

with S.E.M. * P<0.05 vs pre-exposure.
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6. BE - SUWHIRIZIST 5 7 v — L ORE

BhRmrFEE &R OEFM @RRSIRE  REREVED)
EmPFFEEE B ERE ( C £ )

[E #]

AR T, LB TERRBICRWT, 7 8 T4 RA AU Qe FRT 2Rk
EEME L LTEBR TS SP & GEEEHIAY bW &5 PR, DR L
AR COMBELERIC L B A vtk %, MRkK& OHE L~)L T LT,

FEy R TEKIE & BV T L~V TORZED B SP X KIBRIE ERICR
WTr BT A FA A V50 E TN RSWOFERME L LTHIEEL, €0
VEFBIX prostanoid DFFFE F CRIEN S Z LSRR SN, e, BTy b
TFERAS L 0 BEE L7 crypt EEMCALE T 5 B — ORI Z VT, SP
R &AM [Ca™], BB % . A L — Y —BEEIC KV RE LT, RIS,
T84 #fa% FAVNT, SP & PGE, I L Wi Z 2RI 0 T A A A2 ZUITst
T AMIARNEREEROBER R L, TORBR. Z OB LWHBIC
L. HERAPN CaZd#8hN, Ca®'/CaM MPEA, MLCK OEME(L, F-actin DFEAK, IZ &
% NKCC1 /EMEAL 22 EAREE L TWAZ EEHA LN LT,

[ixewic]

xR DT H DT RN X IR EAEBEICKEL TV AR, O
R U THLE IR EIC A RS D DRYOBACE DS DLW I BmEAST
WB, FOEDH. HLBEIEERICE > TEER b DR HRT 2BE FL-
TR, BFEROEEWE KT 372017 874 FA 4 U QW2 oK
SSWMBEAET B, T DEKRNTOBMRE OBEICEE S oKD WEEICIE, 1H
(LEBERIC TR T RN ERBEERREIZ R L TWD Z LAA LI
STWD, Xbi. BEDOHTEH HERMRRICL DA 4 EEDHIERICIE
ERBEET ARBNEET B L ATRER TS,

fo i HE M HIRA D B AW X B BFTR NV E Y O—FETH S prostaglandin i,
Hﬁéﬂk%ﬁ@i<ﬁ<?¢%%ﬁb\ﬁﬁmﬁﬁ%m%%ﬁm“ﬁénéo
LRI LA RE DS R XIS S EAET A 05, 72> Chmast cell X, #5
L TOA F VRSB EET AEEDAT 4= —F — T 52 L PG
NTW5, BERNFEE CHREEYE L L TH#EE L TV 5 Substance P (SP)IZ &
a4 RAFUoiEEIl bmast cell B IEEE X JL 5 histamine <
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prostaglandinE, (PGE,) 23B5 L TW\5 Z &AL/ ->TWBI[L, 2], Las
L. SP D7 v T A FAF WISV T, REE ERMIAE T SP & PGE, 8 &
DEITHEERLTHDDODNEIH LTIV,

KBTI, HLETHRBICBWNT, 7874 A 3 5WEERT B
RAZEME L LTHOILTWS SP & S IGEMIED 545 &35 PGE, DKL
LA TOMEIERIC K 24 A Vi %z, Bk O L~ L TRE LT,

[5 1]
(1) ENEY FTFEKREZ AV Ussing chamber 512 X 5Bt

EBICIIHEE NN~ b L —FELEy b (KE : 400g-750g ; AZ SLC &)
ZHEAL, EREME THREB X OEKE BEHZIREBTRE L,

E/VE Y D TEKEORIE LR DB D B D MEBMEAREZERT 5 72 HICEL
Ey bEREEEE. FHBRD DM L, ERRICH o CEEZEIE L, F0%,
FTFFRIZ D 5-10cm [ SR D FER KRS 2 20-30cm FRIEH Uiz, #&H L= FEsRiB
ZIERIRAT B CREFMICEIRA L, ¥ERE EIC LTI 2 F v 7 R0 ki
BX, A7 T T2AEROCTHEL FBEL., KEDO L5722 5 MBIER L 1F
L7z, ZOMRIC U THER LTCHBIEARZ A B v A v 2 (200 A vy ia, T4
T/ m ) T & A, Ussing chamber (0. 64cm?) \Z3EE L TEREIT 2o 7o,

FEAEEDR (Isc) #X Voltage—Clamp Amplifier (SS-1335, HANE, HE)IZLD
BIZE L7z, T —# 13 Mac Lab system (MacLab/8 system, AnalogDigital System,
Castle Hill, Australia)iZ & ¥ ZEERBALAD HERAIZFOERE 1TV, ERK T,
Al system ZF L CT — F BT 21T/ o To MARIEARD 2 o & 7 & o 213, 10mV
DB/BEAINVAEEBICMZ, ERZHRNWDEREFHATHZ LTIV F—2D
ERIDOEM Lic, Z2BERPIL, I, KBRS 95%0,-5%C0, DIRA T A & i@
R & /72 Krebs—Ringer #& % 24 10ml S0 X #EHE L7z,

SP K TN PGE, D& B I3 SEBR D A2 T2 o 7o, KTEPLEAIL SP 8 L O PGE, &%
5o 10 SENCHERBMEARICER L, T — 2Tl dHh iz > Tk, SP & * PGE, #%
IRV BRLTCEEEREZFRL, BT EHECEERZL L TORLE, &
T — & OFLFHLIRIT Student’ s t-test Z AV, BURMOBRELZ L > THE L
L7z,
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(2) HHEcrypt & AV 7o SP RIS X B AL L Y BB ORE

EBRIZITEESE NN— N L—FRFENEY b (JFE : 400-750g HASLC &) Z{E
FAL., ERBIEE THREFB LUKk BBREBTHE L,

ENEy NEESR%. BIRS LM L, EFRICH o TEBEZEREL. %
D%, ATFE L D 5-10cm FEHAID FERAMEZ 20-30cm FRIEH Uiz, $&H Uik
JE1% Krebs—Ringer & THLFARIA> & EEE14 . 49 4 cm I8N Lok T OEEIRFIC
BLZ, &5, BENER2BEER TRz L, §iF Tl Z #A 37°C DIFEIK
M 3 HREIEE L, TO#%, FHOMTEI LNBEOREER 2 FRE LI,
BRI TS L. BOMREIR R 72 LT, B0 % 7 Otk L, BE
AR LEREEY 3B Z v L, TOBAFFOMTFEZI/LTL 5nl @
&% (BioMedical Equipment Co. LTD. X)) (ZiFRE L7z Crypt ZEREL L 72,
FIHEEOHIEY 2 ElIfE D R L%, 18 b7z Crypt 1% 4°C THRIFE LTz BEl L 7= Crypt
RRVETR % 1 45, 1000rpm (RL-101, TOMY L. W) TELLEDOL LA %
L. BE 1nl OBERICEER 1 /M. 1000rpn TE-L L, LB L7z Crypt
ZRIEICHER L,

ARFZE T, HIIER Ca®™BEE ([Ca™],) BIEAMEEL LT Indol-AM ZEH L
Too . BB Crypt 5 TRRETRIZ 5 M @ Indol-AM 2 & L., £ DORKE
&% 220pl -3-2 Cell-Tak % ¥AF L7z Glass bottom culture dish EIZHE L. &
JT4°CTHI A 5 HFRFET 52 LIT LV Crypt & dish DA Z AEIZEE LTz,
Crypt BEE#%. & HIEED 5 pM Indol-AM 3K % dish IZERIIL 4°C THRFL
Indol-AM ZHAfAPIZTEA L=, JIERTIZ Indol-AM VAR & FETR AIRER (1B
R LI 0.1%D BSA 2% 7= H @) TEH L T, MlastD Indol-AM WK ZFRE L
7rs FOD%. Glass bottom culture dish ZEAMEEIZE ~ b L. ERAGER
% REE 2. 0ml/min CREEGE L. dish ROKEBERUKEEZZESEE., SPHE
TR A FREBERE L2 2s b [Ca?], DElEE LE R L —F —BEMEL AV TIT o7,

(3) T84 HlJlA% v 7~ Ussing chamber ¥51Z X 2 Bigd

ARFZECIE, & MBI BRSO EMBAE TH D T84 & AV 7o, T84 ZHEN
3. & 71K HL (Transepithelial Resistance, TER)2%, b MEIGPENE
v MEDOREEOKE IR (50~3000) ICELTAEREZERICH LI, TOX
512 UTHERR L7z BB EEEE A % Ussing chamber (0. 64cm?) (23555 U CERET
RoT,

R ERE (Isc) 1% Vol tage—Clamp Amplifier (SS-1335, BAJEE, HAR)ITLY
BIE L7, T — &% Mac Lab system (MacLab/8 system, AnalogDigital System,
Castle Hill, Australia){Z & V FEBREAMED HIEFMICEEZEITV, ERE T,
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r—J system ZFIA L TT —F T BT R o Tz MBIER D2 > 5 7 & 0 24T, 10mV
BESVARRBICN L, ERERNSERESHIT A2 LICE VA —AD
/fEIsz%;%IHj L7z, 72REBRPFIT, M, HKEBERNIC 95%0,-5%C0, DIRE 1 A %
& X7z KrebsRinger ¥ & T Zh 10nl M IEWR L1z, RERTIE
agonists & LT, MIENIN T LARERY FH E¥ 5 2DIC
Acetylcholine (ACh) % HMEPN c-AMP IR EE % L H &5 7= I PCE, 2 E A Lz,
ACh F Ut PGE, DG ILEIERRR A AT 72 - 7c, ATEFREAIL PGE, K Y ACh #5-
D 10 SENCHABERICER Lz, 7 — ZfITICH 7= - Tk, PGE, KT ACh %5
L&Y fﬁéj( bfgﬁ?ﬁg‘%{t%n+{ﬁu L, 1§}iquﬂ{ﬁ+$ﬁ_§§.§k$& LTx LT, %,7-_
—5’ DO EH LY. Wilcoxon Rank Sum Test (Mann-Whitney U Test) K& UV#k
45H 4 (ANOVA: Dunnett Test)%%b\ BRI DERELY b > THE L L,
EER Y. HEAR% chambers IZEEEH, BRENEEN (potentlal difference, PD)
PEE SR LT L RHEFHE LB Tl LTz, I, piroxicam, EREM
VRS U7=3AFE, PGE,, ACh DRI 10 5338 E IS A IREFIT & 2 AR B D HEH (A
I,) % 5%l L 72, Piroxicam id T84 #liA% Prostagrandin A% FEEAT DEER.
cyclooxygenase (COX) ZH T 27z, TDOEEZBME LTLTHEMLE, 2B
FAWEREZLLTO®RY THD,
NPPB (5-Nitro—2-(3-phenylpropyl-amino) benzoic acid), DMSO, Acetylcholine
Chloride , phalloidin(actin stabilizer), Bumetanide (NKCC inhibitor),
piroxicam(COX inhibitor), L-NAME, Genistein(TK inhibitor), ML-7(MLCK
inhibitor), PKG inhibitor, Cytochalasin D(actin unstabilizer), H-89(PKA
inhibitor), KN-93(CaMKOD inhibitor), W-7(Ca*-Calmodulin inhibitor),
DIDS (4, 4’-Diisothiocyanato-stilbene-2, 2’~disulfonic acid disodium, CaCC
inhibitor), Chelerythrine Choride (PKC inhibitor), PGE,, RFKDFEMRIZIL
phalloidin <CiE ethanol (HPLC grade) Z V>, KN-93 KN W-7 TIxZRE K% H
Wi, FofORFEITE T dinethyl sulfoxide (DMSO) IZ¥ARE L7z,

[p #&]
(1) F/NE Y FTEREZ MV - Ussing chamber {EIC X 2 iRkEt

FFEy P FTERRIERIE ISV T, BB SP 10"M 2545 & B
E L, EOMIE 15 344, 9pA/em? AR L7z (0=3), LA L 2D X 5 ZhfEE
DI 77 HDEARIZBVT S, #FEHRHES mast cell REFEL TRV EKER
IS TVDIARENREZ b, > T, MRS nast cell DEER[R
Fd 2 7o, FEEEIERTT 5 tetrodotoxin (TTX) & prostaglandin & ELFEER T
% % piroxicam ZEIRE L7z, TTX 107M OBEMATREIZL Y, SP 10MIZLD
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B DM RIE 16. 7 pA/en® ZR L, RTRREE L LB L TE2p 072 (0=2),
—J5. piroxicam 10°°M D EMATIR S TiX, SP 10MIZ L A EEEIRDIERIL 4.7
pA/cn? OfE LAVRE eipote, TIX & piroxicam Wi ORIFREIZLY | SPIZ L
B EAREFROWERIT 5. 240. 7 p A/em’ E THD L7z (0=10 P<0.005), =7z TTX,
piroxicam # 5% PGE, 107°M &&“5?5 LA EIRIE 135, 4411, 2 u A/ cm® F THE
L7 (n=6), ZDX 5 RERIZEHIZSP 10 2# 592 L EKETRIL 2 8
R LI, mOOE—27 % P-1, 2@@@15 & P-2L L., TOEMKEROE
JCEIE P-1 TiE 240. 3+17. 2 A/en?, P-2 Th 387.8+33. 3 uA/en® 721 | xﬂ’é
B ON PGE, BAMIR 5 L 0 b EBEICH A LTz (0=10), Z0 T & X VIR LIS
UNT SP & PGE, IXHESRASIC/ER L TEBERE ARSI E D Z L AFRR ST, u
# D FEBRITIT PGE, &% 5 10 4y8MIC TTX 107M, piroxicam 107°M Z AR5 L7z, SP
& PGE,1E. ENE v b FEBRIGHNE LR CHRICIER L CEBERZIEARS
BB ENKERTHLNIR -7, KRICEDOERIERIC L 2EEERDOEKR
\Z%T3 5 PCE, DA BKFIEIC OV TR 21T 72272, T2 B PCE, % 107-107
M E O TIEEANCETRS L, 10 45112 SP 107M ZIEREANCER S Liz e
DOEKEROEALFBE L Fig. 1), Fig. 1ITARLEEX DI SPIC X &S
FeooEKik. Fif59 5 PGE, DREITHKTE L., PGE, 10° M Ri#X5EFD SP10™M
P E\C X DK EFR O AIE P-1 T 284. 5440, 8 p A/cm?, P-2 T413+54. 3 u A/cm’
%57 L7 (Fig. 1 n=4-15), $XT®D PGE, DIREICIVNT, HIEE o.h@ﬁéjc 1%
12 P2 ABUMEE R LT, £72 SP107M 2B 5 L. PGE,10™°M 2 # &5 L7135

PGE2 107°M Bh#k 5 L » b ABIEEERITER LI,

SP & PGE, T L BEMBROMERICHENDW S ND A AV EERET H7EDIC
HEMEER R OMEER, FEIERITERID 7 v T A R4 4 &2REL TEREZITR oI,
FOFER, SP & PCE, - X 2 EKBERDOWERKOKERS L v T A FA F 2 HUWIT
EAbDTHD EHER ST,

PGE, % Bi#t 57244, SP &% 59 5 Z & IZ & EREIRITAEZRANTHE R LI2A,
= DRSS cAMP BED EFMRBEE LTSI ERER b, €I T
cAMP 7 F 11 7 T 5 8-bromo—cAMP & forskolin Z{#EH L. Z OFEFEIERITKS
+ 7% cAMP DRI S DTS %2 1T/ o 72, 8-bromo—cAMP 107*M DB 5 TIX
ERERIIEK Lie ot (n=4), —F7, forskolin 10°M %57 % L BB
1 64.6+16. 2 u A/ cm?P E TR LIz (0=3), LOLAENE, 20X IRIEKRICE
NEN SPIOM 23545 &, EEETIL P-1 T 194. 9442. 8 u A/cn’® J2 TF 326. 6
1 A/cm? P2 T 317. 0+£74. 5 A/cm® Je TF 465. 6256. 8 1 A/cm® F THER L PGE, 10™°M
PETRE LT RO 2 MO RGE R LTz (Fig. 2) n=3-4), ZDIZ & XD
SP & PGE, I X 5 4E# B OFESRMIMEMIL, PCE, i 512 & W LR T 5 cAMP 23R 5
LTWB EE bV,
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(2) BAHEcrypt Z AV = SPRIBUC X 2R v 7 ABIERORST

EEEE L 72 crypt DJEREB 5 23D 1 IZFFEE L TV 5 BEE— D REIE | BrAlfa 23848 L,
SPIZ X DB — LRI TOMBALI LT T LBNEER ST LT-, Fig. 3IZRLE
£ o1z, B—0 Crypt ERAIMETIX, FERIBRRIZIZ[Ca™], 1%, FA (b L7 h
o7ce DX D RIEAR% SP(107M) TRIET 2 &, Fig. 3 IZRT X HIZ. Crypt
JEE D LR T, —@tED [Ca™]), ERAMPEES N, F2. SMBEE T,
SPASE T D RISHEDEN b BIE Sic, L L2 bBE L2 ToMKICE
WT, SPITX B [Ca®], @ EHIE, HERKRTIZ SP BRFEL TV HICHEb 5T,
1FE 3 LN TEMRIC E THEIE Lz,

LIEPICIEET D SP LIS tachykinin T % neurokinin A (NKA) I &
T neurokinin B(NKB) {Z-DVNT % [Ca? ] 12 RIS TEEIZ DWW THREST L7-, SP, NKA
B LU NKB T A ERFEIZ [Ca™]); & LR 387, [Ca™], % LR/ &8 5 BIK &L,
9 10°M TH W BRRSHE, 10°M TH LN, Zib tachykinin O H T, SP
B LU NKA BSRJGHED B b i < o NKBIESUSHEDR KD o 72, F e IERB DM
Tid, < O%E tachykinin PIEUIEEEZFFO[C™ ), EBEFHER T 58, &
PRIZBN T Z O & 5 RERITBB S o7,

I, SPIZ L5 [Ca*], LRITHR DMlast v U A DEE Iz OV THRETE
Mz Ttz KRB AN T AAF U Z2BRELTE, SPITLY [Ca¥], ix L LT,
Tebb, SPIZ LD ([CaM) D LRI, TREICOW TSI VD b A A
DEBEZT IR o7, AOICERIZEIE T2 E TORFRIL, Mo D
W TLAF U ERETDZEICLVEK LK,

MIES D AN T AL A BFEELTH, SPICLD [Ca®], ER NI
720, WIZHIBRN AN T A F o T — VDB S\ TR EINX 7=, A
BT, MIEAINVY D AL T T —NDOEBERETLIEYE LT
thapsigargin (10°M) Z{fEH L7z, FTHDIZ, thapsigargin (10°M) FD b DD
[Ca¥], I 5 2 DB OWTHRFT Z N 2 72, MBS DN T AA F U FEF T
t%. thapsigargin(10™M) i crypt ERMED [Ca®], k4 T LH ¥z, ZD
EREEMBENAD IV DAL F U EBRETAIZILICEYVEELKLE,
Thapsigargin (10™°M) 77/7E F T SP IX thapsigargin €D b DI L 5 [Ca?], E&H
WCEBT A L HIC[Ca¥]), % LR &7 (Fig. 4), Thapsigargin ORTAEIZIRB
TH SPIZ LD [Ca¥]), 1x EH L7=72%, thapsigargin ORIAE & Mgk
I A VBEERBCIT o 72384 D, SP O crypt HIE_E MO [Ca], 1T RIE
TEEIZOWTHRE 2N x 7=, Thapsigargin ORILE & HES VS 7 A
VBREERBHIITY Z L T, SPIZX B [Ca¥] IXmaITiEk L,

WIZ SP 2 & B [Ca?], EFIT, tachykinin FAD ¥ D X 5 R AENE S LTH
%, NK1 AR BAYFRESE T 5 FK888 & AV TSt L7-, FK888 i% 107 »»
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5 10°M DO THERFMIC SPIZ L 5 [Ca¥), EFZME Lic, /. 10U D
FK888 i SP {2 & & [Ca®], L& & Fe&lz i L7z,

(3) T84 Ml % FiV 7z Ussing chamber 1T & 2 BT

BB HEEE | 7x 184 D ZE A~ PGE, 107°M & B 535 & | S ERIE—@E
PEICHER L., FOMEITHRESK 15sec THRANICELE, TOBEO EFEIX
24.241.0 pA/cm® Th o7z (n=22), FIHRIZ, ACh 107M % EEfRANC B 54
3L ERERITELICE AL, ¥ 55sec TRAICELE, TR LFHE
i% 12. 945, IpA/cm® Tdh o7z (n=4), PGE, & ACh & DHEAFRZMWETT 27291,
PGE, 5 10 55141 ACh 25 LTz, +2 &, EEEMO AT, BEiMiREL
i UCREBAICE R Lz, ThRbbL, T0 EFIX, 3 HiZarhicy—72
(phase—1, phase—2, phase-3)Z/R~L. FTNENDOL—7 MEi%. 46. 542, OpA/cm’
(Phasel)," 41. 0+1. 5pA/cm® (phase—2) K& TN 86. 6+2. 9pA/cn’ (phase-3) % /RLTC
(Fig. 5B, n=4),

I PGE, & ACh DABRAEAIC L A ERERD LFICEAEL TWH A F U EE
PET B0, EVEICHE> TEA % bumetanid (10™M) THIAAE L TEBREIT o7,
Z DFER phase—1 IX control BFD 46. 045. 5pA/cm® 5> B 6. 11, 4pA/cm® IZJHA L
72, F7r. phase-2 I% control ™ 42. 2+1. TpA/cm® 7> & 6. 9+1. 8uA/cm® ~ (n=4, P
<0.001). phase-3 I% control B 96. 7+2. TuA/cm® 2> 1. 1£0. IpA/cn’® ~, £
FhPE U phase-3 Tk — 7 1XEEHEE L, b0 Z & XY phase-l,
phase—2 Tit. Cl1-DHWLSOERBIEFICD VRN L HEFN TV S AEE
MR FRR ST, —7, phase-3 I bumetanide DRATMLEIZ & V) FEEITHH &
NIz, TOEKEROBRDOETH CL-ORWIZLDbDEE X bII, €
Z T AT, BRERDO LAENRKERL, 72ih0 Cl1T oz AREICR
L7z phase-3 TOFEZRMZR C1™ 4 WICEET 2 Mg ERIZERIC OV THRITE
1To7,

PGE, & ACh DHARIEMIC L HEEBRO EFIT. CLr QWL D2 bDTHL L
% bz, BRI S0 Cl™ AWM 5T 5 C1™F ¥ R/ DOV TRES
B{ToTr, T84 HMEREEADERBEMIC, CL™F ¥ FNVOEER TH S NPPB
F 712 DIDS B4R 5 L. £ D 10 /%I EEBEANC PCE,. FIZ 10 4812 ACh10™M
%5 1 Phase-3 DL EEE LT, NPPB (1074M) . #83&/9 72 CL ™43 % control
® 80.5+1. 0pA/cm? 235 9. 4+0. 9uA/cm? ~ & JA S 7z (Fig. 6A, B, n=4, P<
0.001), L2>LZ2A D, AN 7 MW CL™F ¥ 00 < DO BALKIFHE
F ¢ ISR B IERR I 72 BRE R T 3 5 DIDS (1074) DALE Tik, 1AZRAY 72 Cl
~ASUAEANEl S e o 7z (Fig. 6 n=4, P>0.05), TiLbDfERNL, HER

72 Cl™4y Wiz 1%, Cystic Fibrosis Transmembrane Conductance Regulator,
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(CFTR) 35 L TV 5 Z & AR S vz,

HERP T D Ca” EFIT, Hx 2MIAAERInERICEEL Cl™OoWEHES
B, TDD, HEA~D CH*OWMAMIEE LENE F S Ca* X » THEM L%
1} % Ca*-dependent Protein Kinase (PKC) DFEZRAG7: Cl 4 Ib~DESE % &
L7z, PKC DFEEHFITH D Chelerythrine Chloride (ChCl, 107°M) D54z X
- T, PGE, & ACh D& 5T X % Phase3 D irld. control @ 79.846. 1pA/cn® A
5 38.517. lpA/e* ~ LA LT, MIIBATLER L7c C*83, W T 0FR%
EOWEIBEL TV DD OW T, RERRZMIEA Ca* /¥ X7 ok
DTdH % Calmodulin 23, FHEAIZR Cl DIMIEHELX H X D/ RelEE . W7 & H
WTBRET L7z, W-7(107M) ORTIR 52K D, PGE, & ACh EIZXVFEHRIND
Phase3 D Zisid, control @ 86.6+7. 5pA/cm® 2> 6 45. 6415, OpA/cm® ~ & FEIZ
B Lics ZDZ &1, PGE, & ACh IZ L H4H3RAY72 C1™ 435~ Ca®/Calmpodulin
NEELTWAZLEERRTEIHDOTHo, MEME CL-H5W~D
Ca®/Calmpodulin (Ca®/CaM) MEEEDIBA &7 o727, BT Call BRI ED
WE LFEE LT CL DWICEEEE X TV D NI OV TR 21T - 72, MR T
Cal D’FEET DRIEEMED H HHWE TH D Ca*/Calmodulin —dependent Protein
KinaseII(CaMKII), Nitric Oxide Synthetase (NOS), Myosin Light Chain Kinase
(MLCK) @ 3 FEIZDOWT, TNENDMERTH S KN-93, N-nirto-L-arginine
methyl ester (L-NAME), ML-7 Z VT, £ LN D5 & HET L 7o, KN-93 (107°M)
K> L-NAME (107M) DRTALEIZ BV T ik, FAFRAYREREEIR OB I T & hig s
- 7z (control: 85.3+4.6pA/cm®; KN-93(10°M) pretreament, 73.3+4. 7pA/cm?;
L-NAME (10™M) pretreatment, 6945.6pA/cm* n=4-13,P>0.05), &N —JKF T,
ML=7 (107'M) 1% 52. 149, 4pA/cm? & B RWAD %R LTz, fiE-> T, HHEHZ C1™ 5
W Myosin Light Chain Kinase (MLCK) 23B85 L T 5 ATAEMEASRIR & 17z,

MLCK 1% myosin ZV VE{b+ A Z L2k »> T, Myosin &f5EE& L TV5 actin
WWEEBZH5EZ TWAHREMENRE 2 bniciz®, MIaEEEEBRT S actin O
72 CL- Wt 5B GIZ OV TIRE 21T o 72, Actin 73 FiE, MlAHNTES
LT Actin filaments (F-actin) #fEfd 5, €I T, Fractin IZfFEBICHEE
$ % phaloidin(10°M) & VT, tBFAI72 C1™ 43 W~D F-actin DR LEZ HRFT L
2o LM L7226, phaloidin XM Cl™ KD WMICEE L 2o T
(control;:77.443. 7TuA/cm?; Phaloidin pretreatment: 79.6%7.8pA/cm?®), —7F
T, actin B TFDEET HETICHEE L Facin OFREAETLIHETHS
cytochalasin D(2x107°M) i%, FB3EAY/: C1™ 4%, control @ 77.4+3. 7TpA/cm’®
D36 34. 614, 2pA/cm® ~FEIZINHE L7z ( n=5, P<0.01),
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[& £]

KIBWZCRBIT D7 0T 4 RA T2 0WiE, BERA~DKSWDERE) /1% AT,
ZDRDWDEBRFR 2 ERIL., EREANCTFET 2BEWESCIHERINEOHE
ERBICENBEE T 2720 0E L LTERT A2 Z L i2h 5, FicMiaics
L CEEEEFOVE MEERSLEMBICERERT2WE) AEERIC
TFETHAFICHFR SN DAMEHEEE L L TORWETHIIL. HEERERL
BERNMRRIZ L > THANICHRSI S ¢ B2 bh T3,

AT, ¥E LR TO SP RRPCEIC LB 7 0T KA A2 Wi & ik
T 27D, F T 'NME Y FTEHRBERAOTHEBE L~V TR E1To 72,
2¥. AT, MiEE TIX Lo THILET S Z LI LV RADBEE Y
RO LEBREITo T,

KIGHEIE L BAZARICBW T, SP 2R ET 2 Z LI L B ERIE
KRUTc, BEEROERIT, REERIC—BMIZ LA T2 phasel (P-1) b%
D%, FFRHEZ EH 95 phase2 (P-2) D 2FAMEE R LT, 728, TTX FE& 58
TO SP I L D EEEFROE AL, TIX REBE LI L CET2h o7, 20T
LD D SP Y, KSR L REARICIFTE T D AEMRMEIC/ER L, EEE ()m@iﬁgj(%:%
FELTWDLAREMII 2V EE X bz, —7F piroxicam DORTHFREIZE Y, SP I
L AERBROBRIL., IERFHELERLTAREICE I LI, Zo piroxicam Iz
X DEARBEROBA L, FIE/ R T ESERICB T 21EA L RETH o 72,
Thbb, HMBEROEBERELEBEZERIIBWLWTY SP Lo T
prostaglandin 83 5\ \X thromboxane FEOEANTM S, EBAESHEZRE
prostanoid X > TEKEBEROERKRFIRINLTWE E X b,
Prostanoid (X, EIZHEET D mast cell MIIEICBWTEA SN, Kir, #
HEZEAMMBRIZ VT H prostaglanidn BEAIND EHESINTWVWD, I HiZ
AR BV T Y cyclooxygenase D3FEFE L prostaglandin SEEAE SN B Z &
NEREEZNTWDE, KBFFRICBWT SPIZ L > TEHER IS prostanoid MHERE
TOMKICHET 500, & 5T EEMIAE Db DIZHAET 502 ERER T
Elphoslz, LML 5 piroxicam DEIREIZ L D SPIZ L A EHKEFRDIEKX
IEFEEME STz &b, SP BNEEZLEMBICEA LT a4 KA 4%
WEFRELTWAIERIIFEFIDOBNEEB L bR, TNOLDORERNG, EE
P B W TSR T AR #E D> B i & 4u7c SP Id prostanoid 4 LT, #4EE
BTDIaIA FAFT o nibaFHERT LI LRRRENT,

AT DEERFERD SPIZL D7 0T A RA A 5UWINZ, prostanoid 2SEEZR
BEERE LTI EBRALN LR 0T, HILEIZIIT S prostanoid DEA
LTI DRI L W REIN 2 & TWA (3], FThH, PGE,IXKIBIZEW
Tr/mJ4 RAF v EHWT DI ERHBESNTWS[4], PCGE,D7 m T A FA
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F WM A ER L. MIIAN cAMP * ER 852 LI2L Y protein
kinase A(PKA) & &M b L. & H{Al ® cyctic fibrosis transmembrane
conductance regulator type Cl- channel (CFTR) 23{&E ML E D Z &b
TW5(2,3), £/, T?D PGE, ICX D7 0T A FAF U HWERIL. divalent
cation ionophore(A23187)RH NI T LA F U EN Lics T4 KA F oW
{REWME T3 B bethanechol ZFIFFIC/ERAIE L Z LICX Y, HHEMIZZIVT
A FAFUHWERET 52 ERMONTVD, KFRIZEBWTH, PGE, DI
FRIZ XY TTX K O¥ piroxicam 77 FIZ 1T 5 SP 1T X 2 EEEF R DIEARIT.

PGE, DIEEEIHAF L THR L7z, Z@ SP (107M) & PGE, (107°M) 2 X 24EHEE
FEOHEAR (387.8pA/cm?) 1E., TN T O BEMEE SRR 2 EHEEROEK
[(SP (10-7M;15.3pA/cm?) . PGE, (107°M;135.4pA/en’®) ] % MM E L = &

(15. 3+135. 4=150. TpA/cm?) L Y K& D o7z, - T OEEEROIEKIL,
i ERZ T SP R UNPCEIZ L 2 FERIEAIC L2 6D THD Z L MBE 2 b,

ZOMRIERICLAERERDOERAN I 0 T4 R4 RUWIZEDHDIRD
D, HAVITENEIZR R oA AV FBIZE Db DRONERTTD0, &
s uT A4 KA 4 EERELTERYTo/, TORER, SP & PCEICZLD
B EROMKIL, WEEAD 7 o054 R4 VEBREICEDVZE LB Lz, 1
5T, SP & PGE, 1T X BEHKEROEKRIZ, KEHMR T v T4 FAF U HWIT &
ALDTHD I ENFBRENT, [5]

Bk L7z & 912, prostaglaidin XD 7 BT A4 ROWEABIZIZMAZA cAMP
O EEPEELTWS, £Z T, SP RO PGE, DTN 27 aFA FA A4 V55
WHERE T3t B HIIAPY cAMP D BIE1Z-DV T, adenylate cyclase Z{&EMEILT 5
T LT X o THINAP cAMP % E5 X3 forskolin & cAMP OFEMKTH Y,
JalE AR L CHIAPNICER Y AT D 8-bromo—cAMP & AV THRETEIT 272,
Forskolin OIEFE{~DIEEIZ LV . B EIRIT EF L7z, —7. 8-bromo—cAMP
W5, ERERIIED Lz, T/VE Y hTERRIZIZISVT 8-bromo—cAMP &
SEEANCIRET DL D) UL TV BHWEND LT HHRERH 5, fiE> T,
AFROEELRECERTHA Y LEX DN, LA LW IZ L AHEN
CAMP % L5 S5 X5 2BLER Lic#kIic, SPE#ET 5 &, PGE, A5 O
LRI, & ERITBRANCHE R LTz, E> T, SP & PGE, DFEERI27 0T
A KA A HDWHER L. PCE, 5T X D2HIBAA cAMP D LRI X 5 Z L BFRRE
iz,

ENLFEy P FEREE AWML~V OBFZEIZ L Y . SP X KIEREIE ERIZ
BWTIZ B854 FAFU55WE TN KRSWOFFRWE L LTHEL, T
OVEFATE prostanoid DFE F CRIAIND Z ERRBRI N, T720b, HiL
BCIE. REMEOENIME TH B prostanoid LIHRIREME TH D SP 1L
LCKRSWERELTWSEEZ BN, TI T, RICZOHEFERDRIZELDY
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0T A RA A2 s O AR PSS & AZEA L T < 7212, SP OMEfENIEER
EEAEICOWT, BB L7z crypt EEBICAET 2 BE—ORE LM E A
T, EERL—V—BEMEEIC LV RET LT,

HIEE CORE LR TO[Ca®], BIbDOWFFRDE < 1%, BEBEL 7= %50 - & #lfa
PRWAD, HAVITEBELT- crypt EAWTE OOl EEirh HEHT
D[Ca?], BNEZE L= b DOMRFRETH Y, ERHOEREES b H 0 B2 R L
72A3 B 1B DFERE ARG & AV T [Ca?],; BB R IRET L /e FFRIdsh &2 o a8
BRTH D, £ T. AFETIH. L ABENZIRETO[Ca”], Bb &5
D7, HBELIC crypt EFICALE Y D BE—OMK LM E AV e, £ORE
B OSPITHEIKA L T[C?], 2 LRESEHZ L. ShiIcED([Ca¥], BRI,
MRS IS DNV T A F o FEA L thapsigargin—sensitive 72 A L
LT =N DHNT T AAFHEERESE L TWAZ EBHALNE T,
F72.SPIZE B [Ca”]; ERICIENKL ZREPEE L TWaA Z L HALMZ LT,

HAEE CORE T, HIKELEMIEE &% < OFABEEHMRTIE, 73=
A NRIEE X0 BEED [Ca*], BB FR I Z LfgE S Tnwa 6], L
DU B, AR T, SP I L2 EHIMED [Ca™] BehiTBE S iz o7z,
PRI DL D RHEENBEEINENICONTOEMEZRFERIZOWTIZIRED &
IARHATH B,

AFFRIZIBNTIE, SN D AN T bA F B BFEL TS, SP ik[Ca?], &
FREY, ZOBROEEE, MEMIINLVT T AL FURFELTWDRE
FEEDL LD oT, LLenb, REICK VBB IV LA F
DORENL. A DNV T bA F U DOBREICE DRI GRS T A
AT UDBIFET D) D5 7%ICETHED LTV, TbDRERIEL, SPIC X
% [Ca™], EFICITMIRA D b DI N T bA A OUERE L MIaS O DA
T AAFUTWAD2ONEELTNAI EERRLTWE, £Z T, MilaND
N hA T ERERC ED LD 2 ENRBEE L TWADONERFT A7, R
e TIL IR AV T bAoA F 2 %l S 5 72 DI thapsigargin & VM,
Thapsigargin M5 L Y [Ca¥] TR A IZ LR/ LTy, 2D X 5 72 KR&T SP Al
BEMZ 5 &1 thapsigargin (2 & 5 [Ca*], LRICEET 25 L 9 12[C*] 1T EH
L, =T, Mlast v hA F BRIl thapsigargin ORTLE & & [FIEF
AT 2 /A D, SP D [Ca¥] ILRIFTHBIL OV TRAZMA T2, T DRER.
MBS H NS A F o BrEE thapsigargin DORTABIZ L Y SP 12 & 5 [Ca™];
FRIZ. =2 Lz, - T, SPIZ XL 5 [Ca¥], ERICITMasm b DI
2 AA AP E thapsigargin-sensitive 72N B V2 T ARTEEBALY O
DAV T IA F U BFEREOEE RS L TWD Z EBRFRR ST,

HEE THE Z A, tachykinin FITiL 3 FBIEDE 2 2 EBOFENHA LD
[ o TWB, FIT, ABFZETY SPIC X B [Ca®], ERICE D X 5 SRR
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B E LTV A2ERE Lz, FOfEE. SPIZk5[Ca™], EFIE. NK1 ZAKEE
REPAEIE T 5 FK888 |2 & v &Il &z, #E-> T, SPick 5 [Ca¥]; k

EIZiE NKL SR ENBEES L TWD Z ERFRR ST,

AR L0, SP I RBEIE LRIV T[CM], & LR EE LT E AL
Loty LD LAERE, Ca¥*BNEDMIZED X S Ramigice B e 525
DOHIPIZONTIEL. FAEBA LM STV, E72, MR cAMP O EF & Ca™
BED FESRIRICRAE L & ZEBO Cl-OSWEREZ 3 Z LIXLRETL Y 0
B CUN= A AR CL- WA D X 5 AR EEE N L TR E
LTV DN OWTHRE LTZHIERIE & A CELS | FEETAATH D,

AFFZECITHIIEPN O cAMP B4 3401 &4 5% agonist & LT PGE, %, E /=gl
HA LAEER FE KW S agonist & LT ACh 2V, T bl O
Pz XV FESRADZ: CL A IMFAE L, £ T, ANIRTIL, £ 2 OBERN
72 C1™ 4y~ CFTR K O PKA D5 kT L7z, CFTR OFREHITH % NPPB &
PKA OFLEFI T 5 H-89 1XIEIC PGE, & ACh IZ L VR SN DHHEFRR C1- D5
WHFEIHE L, $€- T, PGE, & ACh [T X HHARAIZ: C1™ WL PKA &
CFTR BEE L TWA Z LSRR E T,

IR PY cAMP EDHIINE PKA ZiEMALT 223, T&M L L7z PKA 1L CFIR © Y
TRV ERGE (R domain) % U v (L L., CFIR ZBIRT 2 LE X b TW5 [7-10],
Picciotto MR &IE. in vitro M3EERR TR L7z CFTR Id PKA, PKC, PKG, CaMK
WCIXoTY vyBibEha 2 LaHELTWAS ([11]), Z0EHmEIL. PKA IZ X 5 CFIR
DY UL RFRETH A L ERLTWD, 2T, FHFFEICIBW TS PGE, D
BT X - TiEM L& 7- PKA 1%, CFIR Z{&EME L L Cl- oW eFEFE LI b D
rEX LD, Sbic, CPTR ORBIL PKA I L > TREIS L T2 L OFED
B3 4), ZDI &, PKA L CFIR OFEFAL L&D T Cl™ 0o EE(LE
RIREEHE LTS EEXBND, BT, EEHRR SN ezrin 1%, protein
kinase A anchoring protein (AKAP) TH Y . T84 TORERPFEREhTWB[12],
Bzrin 1% PKA 12 & % CFTR @ VU {bIiz 3\ T, CFTR & PKA OEfEE #BH L TV
ALELBNS, ZHHDT Lk, PKA A CFIR 2V Vb3 2 AREtEZ & BIT
RRLTWABDEEZHND,

MR NS WA A RED ERIT B N E R ER 2 B SR
AT RN TNE, LMLAENE, CaRIFHED & 7T /UREIZ DWW T,
S RBAIER BV, £ 2T, ETPGE, & ACh IZ XV FEF SN 2FE5RM7Z CL
“DAWT R LT EE R Ca R X /37 T D calmodulin D5 ERET LI
Ca?/Calmodulin MFAZEHITH 5 W-7 AEHE 51X BT 72 C1™ 0 W& 1l L,
#£-T. PGE, & ACh IZ LV FHEFK SN HIERAZ CL QUK LT, calmodulin
N5 L TWAZ EMPRRINT, €I T, calmodulin DA X » TEMAL
XNn5 T L THLNAMIEBNIEREERICES T 2 WHE 3 T8, CaMKII, NOS, MLCK
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BLEEXIALIEXKERO LRI, MLCK X° F-actin 5T 5 Z & 24
L TV 523, MLCK Z{EMEAL T 5 R T2 T Ca*<° GMP DB 53801 5 A3, BA
FEZIITATH D LTS (1), L LR b, AFFE0ERIZ. MLCK &
EMHEET 5 EF1E Calmodulin THDZ L ZHAEICRL TS, ZORKEND
MLCK VEAMAEE #2489 5 actin & DFEAERIZE > T Cl-HWICEE L2 5 2
TWAZ EPRBRE N, A7 C1™ 40 We~D actin BS54 ;OU\T\Mattews JB
b3, forskolin & CCh D5 L HHHFEAIZ2 C1™ D43 UADS actin B EE/L S
HRIETH D jasplakinolide (0. I~1pM) THHIE N5 Z & FHE L TV 5[13],
i 5 TXLARTIC forskolin i & VW 35E S5 C1™ 4 WAHTIXNKCC1 D iEMEALASBIFE L.
Z D NKCCL DiEMEALIE phalloidin iC X » THIHI &SN 5 Z & b LT 5[14],
X 512, #% 51X jasplakinolide % phalloidin & [F U< . NKCC1 DFEMEAL % 3]
THEBRITTCND, ZNHDOHENDL, AW TIE actin DEE(LAHER
H972 C1™ DD E R 5 X 5 % phalloidin ZAWTHST L=, L Lid
©. phalloidin }% PGE, & ACh IZ X 2 MAEEIRD _EFAICK L Tl 2R S 72do
-, ZOFEMBIZOWTIL, phalloidin OHIIESEENTEL . +4572 F-actin @
ZEEADPEBONZD» 52 ERREE LTEXBND, 72, Shapiro. M b
A Ca* % EH S5 CCh IZ X o> THAET S C1™HWdd, phalloidin THIHH]
ENRNT EERELTWA[I5], # 5k, £OHEMBE L LT, phalloidin I
Fractin ICATICEETHZ & TEREOBE 27T, MIENIZEWRED
Ca¥MTFET 5 &, phalloidin i% Factin 225 fFBEL TL £\, F-actin IXFEE
BRSFTREIC R B2 Th D E|E LTS, Fio. AWFZETIX F-actin DAL
PIHET HRIETH S CytochalasinD # VT, A C1 4 W~D F-actin
DGR DEE ST LT-, EDOEHE. Cytochalasin D I Xk » THFERZ C1™ 4
WATHEI Uiz, Zhit actin DEAIC L D F-actin DAY, FEFAIL C1™ 4%
WCHETHDHZ LEERRLTWD, 2 HOFRERI, MIER Ca* g, Ca*/CaM
DEEA, MLCK OiEME(L, F-actin DAL, NKCC1 OFAEIN 6 722 5 #EKE DB 5% /R~
BLTW5B, £z, Fractin 572 2 MIAEHIL, CFTR ZHIEEIZET L LT
V% NHERF (Na'/H' exchange regulatory factor)-Ezrin A LKA THLE
STEETIANREBEINTEY  PKA DIE TR 7z ezrin BEMRE L TW A AEEED
&5 [16],

AMFFETiL, PGE, & ACh |2 L 2ABFA 72 C1™ SIS HIRAN Ca* NEE I &E &
B LTWB I EEHALNIC LIS, cAMP & HIBAPY Ca2sHiRa PN IE 2RIx =R D
EDO LYV T, BB WL EDZEMMALLE THAEVER % KT L THERNZ CL™ 5
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Fig. 1 Effects of PGE, and the further addition of SP on Isc in the presence of TTX aﬁd piroxicam.

Various concentrations (10'9 —10™ M) of PGE, were added to the serosal bathing solution, and SP
(1_0'7 M) wasa added to the serosal bathing solution 10 min after the the addition of PGE,. PGE;
and the further addition of SP-evoked changes in Isc were measured.  A: 1epresentative trace of
effects of PGE, (10° M) and the further addition of SP (107 M) on Isc B and C:
concentration-response curves of PGE, (B) and the further addition of SP (C)-evoked changes in Isc.

Peak values were expressed as means + SE, n= 4-15
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Fig. 2 Effects of PGE,, forskolin and 8-bromoadenosine cAMP (8-br-cAMP) on the SP-evoked
increase in Isc. PGE, (10° M), forskolin (10 M) or 8-br-cAMP (10° M) were added to the
serosal bathing solution 10 min before the addition of SP (107 M) and the SP-evoked increase in Isc
Peak values were

was measured.  All tissues were pretreated with TTX and piroxicam.

expressed as means + SE, n=3 — 4, * p<0.05 vs. control
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Fig. 3 : Effects of SP on [Ca2t]; of isolated crypt cells. Graph shows time course of SP-induced changes in [Ca?*); of individual four

crypt cells (No.1-No.4 as shown in inset, digital pseudocolor images). SP containing Krebs-Ringel-' solution was perfused starting frm 4 to
8 minutes., then SP was washed out. Lower panel shows of 0.1 pM SP-induced changes in [C12+]i inisolated crypt cells. Solid line

indicated presence of 0.1 pM SP in the perfusate.
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Fig. d: Effects of thapsigargin and extracellular Ca2™ free conditions on SP-induced changes in [Ca2*]; in isolated crypt cells.
Representative traces of SP-induced changes in [Ca2™%)j in the presence of thapsigargin (solid line), combination of thapsigargin
pretreatment and extracellular Ca2t fres solution (dashed line) or SP alone (control; dot line). The Cells were exposed to thapsigargin
(time 2 min.-60 min.;10 uM ) then cells were stimulated with 0.1 pM SP (time 34 min.-38 min.). Thapsigargin reduced the SP-induced
increase in [Ca2+)j (* p<0.05, vs control; n=6). Combination of thapsigargin pretreatment and extracellular Ca2t free condition abolished
the substance P-induced increase in [Ca2+); on isolated crypt cells from distal colon (** p?0. 005 vs control; n=6).
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Fig. 5 Effect of PGE; and the further addition of ACh on Isc in T84 cell monolayef

10°M PGE, was added to the serosal bathing solution, and 10“M ACh10-was added to
the serosal bathing solution 10 min after the addition of PGE,.  A: Represeﬁtative
traces of the effects of PGE2 on ACh-evoked changes in Isc. Lower trace shows a
representative trace of the ACh-evoked response 10 min after the addition of PGE; in
the presence of piroxicam. B: Effect of PGE; and the further addition of ACh on Isc.
All tissues are pretreated with piroxicam. — Peak values were expressed as means £ SE,

n=4, * p<0.05, ** p<0.01.
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Fig. 6 Effects of a Ca** dependent Cl channel blocker, DIDS and an anion channel
(including CFTR) blocker, NPPB on PGE,-dependent ACh-evoked increase in Isc
NPPB 10™M or DIDS 10™*M was added to the apical side 10 min before addition of
ACh. Even in the presence of DIDS, PGE,-dependent Ach-evoked increase in Isc did
not change; the values of Alsc were similar to those of control (Fig. 6A lower trace &
B). DIDS also did not affect PGEy-evoked an increase in Isc (Fig. 3B).  On the.
other hand, NPPB significantly reduced the transient and sustained  PGE,-induced
response from 20.89 + 1.40 pA/cm?® and 31.59 + 1.36 pA/cm? to 5.97 + 0.93 pA/cm?
(p<0.01) and 10.95 + 2.36 pA/cm® (p<0.001), respectively as shown in Fig. 3B. In
the presence of NPPB, PGE,-depednent ACh-evoked an increase in Isc significantly
decreased from the control values of 38.76 + 1.62 pA/cm? (P-1), 35.66 + 3.02 pAfem®
(P-2) and 80.53 + 0.92 pA/cm® (P-3) to 23.12 + 1.39 pA/cm? (p<0.01), 20.80 + 1.24
uA/em® (p<0.05) and 9.40 + 0.89 uA/cm? (p<0.001) respectively (Fig.3Aand C, n=4).
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