BhpE S 0634

RIS B 23810 D two-pore B VT AT ¢ /L DR B L

FE LR AR O

Ak iR, KRR, L BE

A TSR R B A TR

B B ORRBRMEEMAEEORIE, ERICIE, Bk A QBRI OB RE MM BAEHIL TR0, K 3 #EHo
BRI ClE, BB R RN I R BSES D, M IR T, KT F v o3 LB O
FHZHFEL QL ZENG, @ EEDFIE, RO BEER L7255, RBFFETHER L7ZEHTLD KT Fr 7773
U—"To5 two-pore T K" T v /b (Kop T /) 13, BALIEESZ MO EFFEE R TR EREEKL., 15 Bis1
YT ATV, ENEI pH, W, JEIAEE ., BREMIEIC KIS PERIEIS D, LosLedn A IR J1~0 % 5-%0 & i 5E
FIENZLED Kop T RV DFEBUEIZ DOV T BINEZ2 5 TR,

AWFFETIE, BRI A TRE £ 7 V7 vk (Dahl/S) 12 8% A% 4 F"ﬁ%ﬁbhké“@%@ﬁw%‘%ﬁ%(kéb
IR, WsEEED R, B EIR, REREIR %) 1238175 Ko T RNAY T EA T B FHBIEAZY T V52 A 2 PCR {EICE

ERIAT LT, F7-. BRVEFEER I ERICIY ., M VR OF IEBEN ., I RIFT Ko %y*w%fﬂﬂﬁ
{EDFBNZ SN TIRIT U T2, SHIT, Kop T F/VE H 5B HEK293 BRAERRL | A0 ) — VR BN Mt 32 F
FUTemsh 3 E SRR R R DR GL A kA T2,

BIEETHEINTWD IS BIn -7 247 DO5  KER, MRIEEIAR, Bk, KEEERIZISV T, TASKI B
T OFBRFEBPBIESN (R AL CF BRE LA LOIERBBIESN & EE I BN T, B
Bk TASK 1 5 DOA BB R (K 2 £%) LIEH KB TASK] i1 OA B2l (8 50%) WEEsnT-, $7=. 7
VN KERHI K TASK1 Z#20—= 7 LTcdZ A N K 705 2 D AT TA AT U N BT, Boxid, BHR
FEFEPER LT N (SHR) O KEIRIZISN T, IEF MEZ> M (WKY) LT TASK1 FEN A T 5284 @EL T
#Y (Kiyoshi et al., Am. J. Physiol., 2006) . ARBFZERERE—F L7z, UL, TASKI FEE(UICE DB R, KERE-1E

ZRIT DB COMRERN R 25 1A A3 28X C&RhoTz, EHIC, Bh TASKI JE BB ARIIL, ST
77 T IELEENE S E AT a O SO SR I R LT,

B R M 3 IIUTEE T MILE SR IO T Kp T RV DO E TASK I A3 LB 3B 352 L& R L7228, 9%
RBAHTPHERICOWVWTIEMRE TORGEZEH T, 5% OFEMBRMET N LETHD, o, RIFFL TREEL-

TASK1 7E & F BT TASK I EASRARIE 25 ETH R — bl iibn g,

1. [FC®IC RICEATHEIG FREZIILHELT, 50 LLEomME
i ESE SRR AR OARREME S =L "Rk PEE Y BEERE T2 RS TS (Hamet et al., 1998)
(ZOPS, S MLEAEDD D 90%LA B3 AHENE: 5 if £ MR FHIZIBN T, K F v m 3 LB AL D

ThD, AREM S MEITEEOBIEFHIFERZS LI FICHGLTODIEND, M EEDFRIE, RO HEE

BHEOBWMFHET, ANA | EHRE ODE%T%IE]%#{’F?HL
THRIET ALK IR ThHD, Ak i+ B E A
DFE RAZ LD & ML D FIERE ST A3 53 1L~V TGN E
720 ZOIE A TR E ML EAE TR | TR IED B
FEIITND, IR M v i R E VXA e o) i e
DK 3 B EH TS, BIfE, L=y —T o oF 70w

K1-£7205%, AP THER L7EH LD KT F 0t
773U— two-pore T K" F ¥ /L (Kpp T 1/1) 13, B4
[ B @R OHEEEEZ AL CRY., B OB
KA A 95 sl e kT 5 (K 1A), Bl 7
SZATVE, ENET pH, . NEIIEE, FREMEEIC DTS

SIS (X 1B), FIT. RT-PCR FBR 2LV AHEIR, 15
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FIEENIR AT C D &9 2 ML SR I DD Kop F¥
TN T EATRIBLT HZENHLNIR>TND
(Bryanm et al., 2006; Gardener et al., 2004; Gurney et al.,
2003), L2ALZRA5, I8 EEFHICI1T D Kop T ¥ RILD
AR R RO A M ESERIEIZAED Kop T /L DFEBL
ZAUIZ DWW TSGR TR,

A

1. Kopp F /LD (A) & Kop F ¥ RNV T X2 A7 (B)

AL TIx . B & L EREE T LTy b
(Dahl/S) IZ 8% B fa % 4 W R AT L7 & X D& Rl i & -
1B ORER, BB R, B EIR, KEREIAR %6) 123
% Kop FXRNATEAT BGHBEALEY T NV ZA
LPCRIEIZIVE BT U, £/-, BRAFFFER, L
M FEBRI LD | M8 VR AR OB L IEENT, SR RIE T
Kop F ¥ RN FEEBAL DB OWTHREILTZ, SHI2,
Kop T ¥ RV EH 3B HEK293 ¥REAERRL ., A% /—/L
ABECBNRZ OB AR A U@ R ERARER RO
A AT,

2. EBAE

2. 1 RNA i, cDNA &R, RT-PCR, yA—=2%
T LA FHE, FEHE DI T, T8 FEBRIC

BI9°2% A ARSKB PR 8 &85 F LT, SD RBEET v N E

7213 Dahl T (BHUENE DS, SHEMHE: DL) 7254
il 1M CREDAR (o, BEER) . R EEh Uk, B Ehk,
Ik, ZHER, RBREDR) Z2HHH L . ARET T AP —I1TED
¥y L 7= 1% . AGPC 7% (Acid Guanidium Thiocyanate
-Phenol Chloroform Method) (240 RNA Z i L7, iz
BRGT ahm—LIZHE, Rever Tra Ace™ (HUEERS) &
V= dT 774 ~— (Invitrogen) % VT cDNA Z &Rk L
7z (Kiyoshi et al., 2006) . PCR ¥ lg £ & &L T
GeneAmp2700 ( Applied Biosystems ) . Taq DNA
polymerase &L C AmpliTaq Gold (Applied Biosystems) %
MWz, PCR BSTT T o0— 27 VEKKENC LD 53
B L, pcDNA3.1(+) (Invirtogen) (2% 7 /—=71L,
HBIPEY 0 DNA fid%1% Big Dye Terminator v3.1 Cycle
Seqencing Kit(Applied Biosystems) , ¥t 7 — —2/ =
> % — (3100 Avent Applied
Biosystems) & VN THEATL 72,
2.2 BIERZMETILSVLOEL

6 it DS 7 M L O'DR 7 M = R ifi £ (8%: DS-H,
DR-H) | KA A (0.3%:DS-L, DR-L) (25313 T 4 [
B L, BRI ML (tail-cuff 15) ORIEEIT 7z, Fiz,
(K5 (BW) &L EH & (HW) Z2JIEL R EIC T 208
BEOEE (HW/BW) 25 HL  LIERD AL,
2.3 Y734 L PCR RER

PCR f& 27 2 (ABI 7000, PE Biosystems) , Power
SYBR Green PCR MasterMix (Applied BioSystems) % /]
UWCE I PCR FEB#%1T-7- (Kiyoshi et al., 2006) , Hi
— PCR PEM)IERLL CUNDE I % THRBIERT AR ) 2 M T
L CHERR L7z, Fiz, PCR 774 ~—I2L% PCR [USHIIR
RIZONWTIE, TRTCDTTA~—IZH L TR ERR)
ZERCL  HEIIERDRICA HEN RV LR LT, -7
IF ARG DOFEBL EENIEMARHEL L T, 57208
B OB EEB-T 7T AR T D EL TR L, £
NEN2 YT NFSREL, ZOFEMEE 1 FlLLT,
MW= PCR 7 I~ —1FBITIRD LB,

KCNK1 (TWIK1) (NM_0211688, 739-839)

KCNK2 (TREK1) (NM_172042, 806-906)

KCNK3 (TASK 1) (AF031384, 564-664)

KCNK4 (TRAAK) (NM._053804, 453-554)

KCNKS5 (TASK2) (NM_001039516, 141-246)

KCNK6 (TWIK2) (NM_053806, 749-856)

KCNKO9 (TASK3) (AF192366, 726-826)

KCNK10 (TREK2) (NM_023096, 1194-1294)

Genetic  Analyzer,
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KCNK 12 (THIK2) (NM_022292, 831-981)

KCNK13 (THIK1) (NM_022293, 760-865)

KCNK 15 (TASK5) (AF294353, 68-169)

Large-conductance Ca**-activated K" channel o subunit

(KCNMAL) (AF135265, 524-625)

B-actin (NM_031144, 338-438)

2.4 HIRAVITOVTAVT .

AR LR L VIR 2 o X i LTz 2 o X 3k
(20-50 pg/lane) % SDS-PAGE (10.0%) (2 X0 4y HEi{LL
PVDF J% (GE Healthcare) (Z#55- L7, PVDF [EiX 1%
BSA Z¥RINL7=PBS/0.1% Tween20 (Tween-PBS) T4°C,
—b7 ¥ 7 LT, Tween-PBS THARL7-HT TASKI
P& (Alomone Labs) [Z{R LT 4°C, —BiA L F=2~X—kL,
Tween-PBS T 5 4rff, 4 [FI¥EE LTz, RIZ, Bio %
IgG-HRP 2% Hi{& (Chemicon) T 1 FFfA L F=2X—
KL, [FIERIZPEHLT-, ECL Advance Western Blotting kit
( Amersham Biosciences ) . Image Reader (LAS 1000,
FUJIFILM) % TR EL 72,

2. 5 TASK1 %3 HEK293 R D VERL

VBN vy MEICLVERN TASKI F v RV %
HEK293 Ml hT A7 273 a L, G418 &4 MEM K7
HICEAE T 2281280, TASKI &% %8 HEK293 i
EAER LTz, 2\ F U707k (1% 0R) IZ KO B RE S B4 1
LT,

2. 6 URHERIE X

EENIR K ONMEER REIRA G HH L | Kreb’s B8R TR
WhAEARZ IR 2515 . 2~3 mm DU ZEERZERL BN
(CAT L ASHE 2 AT, TimzEEL, bimad b7
AT 2= —~D7pE | Kreb’s-HEPES &% Cliti7=Li=~
7 RASLE N IG TR L 7o, IGHE T E AT, B ER, M K E)
ARICZAZH 150 mg, 500 mg DIRSIZDNT, FAERY
DULHES B 2R E LTz,

- Kreb's A% (mM) :NaCl 112, KCl1 4.7, CaCl, 2.2, MgCl,

1.2, NaHCO; 25, KH,PO, 1.2, Glucose 14

(Ajusted to pH7.4 by bubbling with 95% O,)
-Kreb’s-HEPES #{fZ (mM) :NaCl 120, KC14.8, CaCl, 1.2,

MgSO, 1.3, NaHCO; 12.6, KH,PO, 1.2, Glucose 5.8

(Ajusted to pH 7.4 by NaOH)

2.7 BREEER

B YA 3 A M B D SRR B I A 1T, AR — v bRy
F o7 TR, TASK BEialE T 572012, A
FaNA D K EE % 140 mM IZ[EE L, Ca® Eift, ATP J&

SV KB, Kav 27420 & Ca¥ &ML KBk &
572012 300 pM Cd*>', 1 pM ZU~_ 753K, |
UM =R A A ZSMRICIRINLTZ, -100 mV (23Tl
BN REBREZWE LT, T — F T 513 TR
(Kiyoshi et al., 2000) Z:Ff,
HIRR &% - HEPES ¥A% (mM)

137 NaCl. 5.9 KCI, 2.2 CaCl,, 1.2 MgCl,, 14 Glucose,

10 HEPES

(NaOH {ZJ&V pH 7.4, pH 8.0, HCIIZ XV pH 6.5 IZFRHE)
BB

140 KCI, 1 MgCl,, 10 HEPES, 2 Na,ATP, 0.05 EGTA

(KOH {249 pH 7.2 (Z7F%)

3. KGR
3.1 BERERICKSMEEREDIEX

A

200 4

160 ] i

%120:
E w0

40

2. BRERSEIICEAINMEHIEZL (A) LK E (body
weight, BW) {Zxf 92/ E & (heart weight, HB) 21t (B).,

B M A BE (8%, : DS-H, DR-H) K UMK £ Hi & #¥
(0.3%:DS-L, DR-L) ® 4 JFEEEK TR DU
HIE K MR EIZRHT 20 EEOFIE (HB/BW) X 212
/RUT-, DS-H BE Tl DS-L #EE B L CF B g T
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DEREDEEBEOHRPBILEINAREIZOWTIE
B BRI SN2D-T2 (5 —24W) , —J7, DR-H
FEIX DR-L BE& Lol U O 2R G 0. EE D HE K
BIRSTIRINoT,

3.2 BEEEMIZHEITD Kp FYRILYTRALTHE

4 BEDOAFRIN A H 5K cDNA Z1ERk L, V7 /L% A 2 PCR
EIZED FyMRERZ DIBERSITND 11 D Kyp 7
¥ RNVY T ZAT ORI FFBU DWW TG LT, B-7
IF 2 THRAL LT B BT T —Z DOFER, 2 TOHD
AR ML TR IC BT TASK1 OB BEARSEBINEI 22
N, ZOMDY T HA T IZHONTUIEFEITHLDIT RS
72D o7z, DS-H BEOIEEKREIRIC I VT TASK] B
FRBUIMAEL L U THEISEAD L (K 50%) . — 77,
DS-H FEORBEIRIZIBUVT TASK] B IHOAE
HR (K 2 %) MBS, Fox ld, B ARFIE M S L+
7wk (SHR) D KEIARIZIEWT, IEF MET v (WKY) &
LT TASKI FENHAT22L4HmE L TEY
(Kiyoshi et al., Am. J. Physiol., 2006) . ARFZEfE L —%
U7z, 2, M FERFICBW T, RarF 74 A Ca™' Tk
P K F ¥ L8113, TASK] s 5—10 {552
FERAEBILCRY, S coRBRZRIIBlsEsn2
Dol B, %%E%Eﬂﬂa%ﬂﬂb\f:ffﬂiﬂ@ﬁfffﬁdsmé%ﬁ
OMES L RTEREAR T AN =2 T ey NFEER I
M IR C 315 TASK1 2o 37 FE Hl ob\ﬂfﬁ
ML CNBEZATHS,

3. 3 JYrKBIREEFHIR TASKL yO—= T L#ER
BN BEDIFER

RT-PCR £ HWT, 7y MRENIREVEAG TASKL O
PCR /u—= 7 %4ToT, ¥ — U AT OFE R, Z
NFETHESN TS TASK] LIS, N K T7L—24
TT7RL, BERIR A 100 75 FE TRl 7 % TASK e
&N RROBF 19 7B K KT 5 TASK1b Z HifL
oo AR T-IEBURAT DR HR, TASKIb, lc EHIZKEIRT
DOFBUTL | BEER 2 IREL THERE T2 ATREME TR
LiEbis, 7 TASK1b & U TASK ¢ % GanBank i#{x
T 7 —H X — R |2 HF L7 (TASKIb, AB048823;
TASK1c, AB048824) ,

WIZ, BERE two-hybrid (250 F >k TASK1 @ C Kifi
RYARTFR(242-394) LAHAAE 308 BlL RV ExE
MK cDNA T4 7 Z)—biRE LTz, v — 7= A fiffre
B-HTF N —BIGMERRHT OFE R, TASKI 1E C Kl
BWTT BN T EAH AR 2 TREME D RSN,

3. 4 £k TASK1 E&EHIE HEK293 HIRaD1ERL L4 HE
AT

EMNKEY TASKI 27a—=27L, EHFE HEK293
ARER A ERR L7, TASK] EiABIZE T 572012, F—
NN RyFoT T EREALT KEREREL ., B
% pH & TASK1 [HEIEAZ T F U IRICH T HERIZ
WTHRRTLT, BREFEEAL -60 mV 25 +40 mV (250
FEL7-E2A, 2 nA BREOHMEERPBES N,
(native HEK293 i ClXZDIH 7 K&/ A R E FEtIE
BRIV, ) ZOERE, MIfEst pH A 6.5 IZFEME L3
HZEIZEH) 50% M STz (47.9 £ 7.1%, n = 5) , iz,
3 uM AFTFUHAIROE G, 80%55 (76.8 + 4.0%,
n = 5)MHlIENTZ, —J7. 3 uM AZ T F U ZIRE TASK2
TEILAH 35%(35.3 £ 11.0%, n = 4) LOMIHIET, AZT
F U HIRIC LD TASKI J O TASK2 4Tl /E F O FFE X 2
NETOHEE—FLT,

F7m ARV ) — VR BN M # DIBACAR)%
WG T, TASKL Fr RV EEAZ T F U ZIRR
TG LS X OEIX R AR E RO R L XL
FARAL 72, L7eio T, ARBFEIZI W TR L 7o AR 5
AL MR AR L@ R EH R ERICEHT
HoHERDNS,

3. 5 EEREBARRUVBEARICHTSH TASKL FrHIL
DHERERRAT

53, 3OUT VHA LPCR EBROFERLY | IEERKE)
Ik K OB B IRICH W TH E7 TASKL i3 BLE
DS-H BEZRIT A BB BligZshic, 22T,
fatE pH (pH 6.4) <° TASK1 T RV ESKAX T F 23
R (10 pM) BT RDIGHEROGR, /v e 17 ) RS
BRI BRI pH (pH 8.4) X° TASK T /LG AL 3E
NaL AL DR G EBLEL LTz, BIEDLZ A, DS-L
fE. DS-H BEMNZIS T DU SUOSIZ DWW T B2 20

ROBIVTNRN, FEERRAFORRE DYGEN LB THD
_&%%z%héﬁx I F 7T TR LD BBEIE G
DEFICBNTHE R K'EBIROA BERZEITRDD
haVAGISY it

4. % &,

B SR FEAENE & L Z >~ b (SHR) O KBk <° 15 i B )
AR T, Kar g ra A CaTEE L KT v
FIAEMEOHRLBAARF M KT v WSO T
B4 285285 (Cox et al., 2001), 7=, it M E
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FED I THENMEAENE KT v RUEE OB A3t
ENTV5 (Michelakis & Weir, 2001), 34 1%, SHR (25
WSS D IR ARG O R Rav 2 o4
A CaPTHMEAL KT v V3 HL, THEOKICEAH DT
bDHZ LW ET D LA KT (Kiyoshi et al., 2006) .
TASK1 F /L DS MAE SR O ff IR I8 o2k
TR UTc, AWFECIE, BHRGS YES IEE T LTy hod
I BRI T TASK] BN (L35 AlREMEZ /R
L7cis, B EE L ORIR AR #ER T2 L TIEE
(ZEEHI 7 RERR T 2 AT O LD B D, BTN D Ik
BB IRAE LAY U2 R T ;’r?yF‘~yx%t*a“ﬂ

REMEDNHY | ML AT I51T D pH B KBt R
Hbﬁiﬁﬁ‘ iigf“%éo

Kop T VTS 72 -, 4-T /YD 0Tk
FZTFNT =Y LREO ) KT v L RERIC
LI FEALE ROIT | KRR EFRL H i
TN EThD, KWL THER LT U HIN0T
FRUBEIICD ETHEEAMEIZLD Kp T UE
R T 2 SN DN HE SV TND DY, Kyp T v
AR AT RIS B CTERIRED B O BRE L, T L3R
DFAFENEENTND, AWFFETIE, b TASK1 EHHE
Bl HEK293 #ifldZ 13X L8, 2548 Kop F¥ R T XA T TE
R BUIRR OB I LT,

5. F&H

AR VR ML EAE T » MILE SR R IR W T, Kyp
F RN DHE TASKI DIHHRAYEFBL T 52 L% AL
7208 SR EBAR R R IO W TR MR A TR E A
GO T, AR OFEMIR T DN ML ETHD, Fo, AL
THESLL 72 TASKI JEHFBUMIEKIL TASK] 1EHZ3EA
BFRTD ETHRRY — bl B,
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Summary

Excess salt-intake is one of the major risks of hypertension, and salt-sensitivity is associated with the
increased incidence of cardiovascular disease complications. K channels are important regulators of vascular
tone. Activation of K channels in vascular smooth muscle leads to membrane hyperpolarization, and thereby
results in vasodilation. A newly discovered, two-pore domain K" (K,p) channel family has around 15 members,
however, little is known about the contribution of K,p channels to vascular tone regulation and changes in
expression of the related subtypes in salt-sensitive hypertension.

In this study, we first examined the expression of 11 members of K,p channels in several vascular smooth
muscles of salt-sensitive Dahl (DS) rat by real-time PCR. In aorta, mesenteric artery, renal artery, and femoral
artery, TWIK-like Acid Sensitive K" channel subtype 1 (TASK1) was significantly expressed. ~We next compared
the expression levels of TASK1 between DS rats fed low-salt (0.4 %) (DS-L) or high-salt (8 %) (DS-H) diet.
Significant hypertension and hypertrophy were observed in DS-H rats. In abdominal aorta, the expression of
TASK1 transcripts was significantly down-regulated in DS-H, whereas in renal artery significantly down-regulated
in DS-H. We have previously shown the similar results in aorta of spontaneous hypertensive rats (SHR) (Kiyoshi
et al., Am. J. Physiol., 2006). These suggest that TASK]1 may be responsible for the pH-sensitive and
voltage-insensitive K™ conductance that sets the resting membrane potential in these vascular smooth muscles.
However, significant functional differences were not detected between their arteries of DS-H and DS-L using both
whole-cell patch clamp and measurement of contractile responses. We isolated novel two spliced isoforms of
TASK1 with different N-terminal sequences in rat aorta.

In order to construct high-throughput screening system of TASK1 using voltage-sensitive oxonol dye assay,
we prepared human TASKI1-stably expressed HEK293 cell lines (HEK-hTASK1) using Geneticin-containing
culture medium. Functional characterization of hTASK1 was then performed by whole-cell patch clamp and
voltage-sensitive dye assay. HEK-hTASKI1 transfectants may be a useful tool for screening TASK1 channel

modulators.
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