BhpkEs 1548

CaZEMAL AT 55 % 1L KCNMAL _Jzéﬂzmﬂaﬂﬁfﬁﬂﬂ DA A) sz P
HIFEREARE DR LA o R ARBIME AL IZI81T 5 KCNMA1 D& B DRt

PR ik

AR AINNE INES TS S 2 BT

B E (B W] 0F, SEEEPOEUCTRERE, ®IifE, IFEREEZILCO U ATS B IER ORI 1R
L2 TND, JEEOTERUZIE, BEERHIRL B & OB R EL2D BRI, #iSRAEI IR R B
AR A~D T3 N LD RO O I KESEHF HLTWD, FEEEDIL, two pore BUAVT LF ¥ R /UIZET
% KCNK10 2B b AEtE T 528, 72, DA MEWRI U AF ¥ 2V 8T 5 KCNMATL 23 aEWE N #l
JRIZEBWTHILL TWDIEEINETITHLICL TE e, 2 TAMZETIE, IEAVEIGHIIZIZIITS KCNMAL O%
FEALNTT DL, SHI, ML, NERAIL USG5 287222 0D 5T % RV ORI il T2,
(5 5] KCNMA1 O], T R/ AEMESIEAZ T, BRI IC 3517 5 KCNMAT O EIZfEt L=,
SHIZ, mIERARICIVIEWE R LT~y AL AR ZERIL, KCNMAL ZIUDELTFFEI VT AT v 1%
IVDOFEBAERRFILT,
(KR -B2] KCNMA1 OF BRIV IE RIS BT 228, S61, 1A L7 A ARk
WCHBEICZ OB T2 2O LT, £z, BRSO T ¥ R LERZ O REHa XY
KCNMA1 23R AIRIZ 3N TA L RY 2 7 L Ol B B e B 25 Z A BN LT, E61T, KCNK10
R KCNMAL LISMZE, ZL<DAVT LF v VMR CR e CRBINEEI 528, Fo, IMmOFHICIV A
HEWIAERR CORBLN KR ESLBTH LA AL,

ARETCTERLNTEN D, DV LT ¥ RIALL DAL AV T FVHITEIO 72 DESRESRNTIC D72 AT Tl &
U LT ¥ RVEAERE LT BRI 72O QN ARTE B EIR O T8, 16RO B2 & IR S LD,

1. AEBW AN QA AN
I, deEEE R LELUCHEIRIE, &iE, BERE HFIEELIIF S EAIEJZ/5 EDOILFEFITICEY, T4
JEZITU O E LT ATE BB OEMASREE /- T OFRANAER & &I 5 T2 M EE &L T QTL

W5, BT OFRRITIE, BRI B & OB FEA KX
<BBTEXRAL NN A, AiBEAR AR5 Bk R 5 f i
~O 53 N XD BRI O E OIS K& H G-
LCW5, BT LF ¥ Ui, BEIZ IS 1T DA A4y
WATRIAEN S0 1L A ST A L2 38 D B IE BB O MERF 2 L
T, BEFRIS O MILE LV > 72 A TE BHER D FIE I 2

B L TWAZENIBINTEY, ZLOF K2 ALE
Loo®5, 2077, IENiMlaD 553k KO KRL
DRI ITDAVT LF ¥ RV DOEENTIZEAE A BD

(quantitative trait loc1) fIEATIZ LY FL-D7)3o> 7= potassium
channel, subfamily K, memberl0 (KCNK10) D& iHtla
IMEIZ BT 2EENZ OV TR 2 TE 72, KCNK10
(TREK2) 1% 4 [A] 5 B @A C 2 S DR T A5 7= two-pore
(Kop) BLDIV Y 2T BT D0, Kop ATV LT %
KU, =a—rl O RO FIERFR R B
FEHL, ZLOEHBEEOEM IR L3 Mo T
W2, BRI IZ B 1 5B ENZ DN T ES =<
STV oz, HFEHELDINETOMFTIZEL
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KCNK10 (I Ha b ATIZ 3ou T—i D 8 Bl
INZR9 28, F72, KCNK10 ORBAIHIT 5281250
RERHERL 323 LS BHE S L7228/ 5, KCNK10 235
PR LR BT o b 2Rt 35 B B Hl %
HIZEDBHLNIC /25723, SHIZ, KCNK10 1X, HEH#HE
fa o bIC B EE 2 B TWD b Bl S D —
MO AE HEFE (clonal expansion) Z il 45221240,
MR AR b 2R T 2B LAY, 72,
KCNK10 LRI Kop BLDO AV T A F % FIVICET D
KCNK2(TREK1) & Ca?{EMEAL VT AT ¥ X VIZIETH
BK 7 /L Dasubunit Téhs KCNMATL 73 KCNK10 &
B0, b % M, bbbk BRI BV TO
HARBLNBE N A 2O LTz, ZIHOH
FUE, RERARE O S0 EREREHERF ISV T BT L
BB S TNDIEERRIET D21 T2,
NWETRIFATH T2V LT N A LR & D
RBEEMEEZ R TLOTHLEEZ DD, LLERS,
KCNMA 1 23BN AR 3 CE DI H 7 e E 2o
TVDD, EBIZ, ZLDT7 7V —NBIERESND VT L
F X RNDOHTT, EOIH7RHR DN, NENHdD
R NCIERAIZ & 5T 2 F D RFIZ DN TES
72 o TR,

ZZTAMIZETIE, BAENHIlIZ 3175 KCNMAL
DEBNEARIAT 5720018, £ RN OFERE S fE)
(R EN A A L A AR R
HL T, KCNMAL 2EIEE|IOfEIHZ B L7z, RIZ,
MR TR S TRV 5T v 1L LD BRI A BB
L1201, MBI LIz~ A0 A gk L B &
Nz, BAERTEEAEIAAEAE 3T3-L1 O/ LifEimfeic
BIFOLHFEANT LT ¥ RV OFEBUZ DWW TIRET LT,

2. iRAE
2.1 #LRIERAERAHERE 3T3-L1 D RMEEFE

3T3-L1 #Mifd% 10% Calf serum Z&¢r DMEM 55l
(10% Calf serum) & AV T 5% CO,, 37°CIZIBWTHEEL,
confluent F TS 7=, confluent | ZFEL-H, HO
10% Calf serum (ZAHLL, 48 FEEIEEHE 72, 48 HEf#IE,
HIBE % 4> AL 7% 5 5% #t (DMEM, 10% FBS, 0.5 mM
3-isobutyl-1-methlxanthine,
Dexamethasone) [ZAZHAL , X512 48 HFHIEELI-DOH,

10 pg/ml  Insulin, 1 pM

SEAREERSH (DMEM, 10%FBS, 5 pg/ml Insulin) (2454t
L7e, s bR HERE Hiu S 48 IR Is X 12 A HAL 72,
2. 2 FAEHEA~ND siRNA DEA

HRNGAIIE /3 L5525 12 B B 0 3T3-L1 Mlfaa B L
7-%%, 2x10°{EDHIfE, Nucleofector® Solution L 100 pl,
F LW KCNMA1 siRNA 100 pmol, = ha—/L LT
Luciferase siRNA 100 pmol ZZ L EIURAL, F=Xvh
IZ A4, Nucleofector®% FV T program A-33 D Th
FGUAT 2 vary Lz, NIV AT 27 ar L
12-well plate (collagen type I dish) {Z 2 X 10° cells/well {Z
RDINHEREL T, NIV AT 27 ain 24 IS
HLWEEHIC AL T2, NTU AT =3y 72 R4S
serum free ® DMEM B HIIZZZ#4L, serum starvation % 3
IRFfEITT > 721%, 10 nM DA AU T 20 min FHK L7,
2. 3 HABHHBR~NDAIVR)VRBELUFrRIL

SEMEIEIF 0D AN

3T3-L1 AHRAOHENHINE LS SR 12 HIZ, serum
free DEEHZ AL T 3 FEfHES2E L, serum starvation %
1157z, D%, 10 nM DAL AT 20 3 I L=,
F v RIAEMERLER paxilline, & L<IETF ¥ r/LiHMALA
NS1619 (% serum starvation &[RIRFIZHSIIL, A2 AY il
WS RIREARINLIZ,
2. 4 IIRA~DEEHRESR

T RTOEYFERL, 44 d R TR SRR ELUE
[ZHAWTIT o7, 10 D C57BL/6 ~ T AT 12 i fH]
(22 JEEET) mARII A (32% fat) LT HE (4.6 %
fat) & 5-2 72, 22 TREBIRFICARTEZ2 D ONC R M e 1)
LTz, WIER, BN E B D2 BRI, RNA
ARLT,
2. 5 Western Blotting

PBS (-) T2 [EPEiL, lysis buffer Z¥IL7=, K ET
20 A Fa—bL, MR 2RI L7, 15,000
pm, 4°CC 20 iz L, EiE% cell lysates EL7=,
SDS-PAGE 12XV 45 B L7~ , Immnobilon®-P Transfer
Membrane (2 100V T 2 RN A7 7—%&4T -7, bF
VA7 7—1%, blocking buffer & IV T, IR T2 REHA
Fa~—hL, 7ay¥ 7 Uiz, £D%, TTBS THEHL,
T2 D— G UEZ 4CTBERISSET, RIStk TTBS
TUHHL, “IRPUAA IR C 2 R RGS 7, TTBS T
PEiL7-1%, ECL Z W TRt L7z,
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2.6 JF7ILEALPCR

ABI PRISM 7000 Sequence Detection System (Applied
Biosystems) Z FH\V T Real-time PCR %177, R E
(213 18S TRNA Z o, KAV LT v RV DI %
REtT 27740~ —1%, ZNETITHEDRHLHE S ZEH &
(BT,

3. RHER
3.1 BEkA, RRBHHEEOEXIEBREIZEITS
kenma1 D FBEEH

ZNFETORFNCTLY, kenmal HRERRIRL L%,
e b IR MIEIZ BV CRBA B (TINS5
ZEEMGINI LT, LU din, A 2 L7 B alElh
HEAC AR IR D JE RAV AR (2 31T D kenmal D%
BUIRBTh -7, £ZTET, @RV RAMICLD T
EHE LT~ A0 HENEFRRICI TS kenmal D%
Blatatlic, 12 @SB R4 52 o~ U Aid=as e
—ELTHOWE R ERER VAL, FERFE
225 DN RS MABFE D _EF- BRI L, ZDTEND,
mEEN B Z A M Lo~ A0 B 36 L OWE IR &2 2 LT
WD ENRIRBS T, ZO~ A0 A G AR
L, kenmal OFBERRFILIZ, ZORER, HiEE
FERRMOSTRATE, BEHEAR~TAZBNT
B ZZ OB T HZ LML e o7,

H LRI, AR Inz, ATEEAE G
AlfE, ImAE N, ~7a7 7 —I 7 E S OMIBAFEN
EEND, EITIKIZ, kenmal OFEDRANGHIIED
JERACAZ WA B 3255 2>, BRAL R BEAE I e
3T3-L1 &AW TREIL7z, 3T3-L1 Mo bafkEsl 4
WINT 52352 10 B TRlREMEN Il ~E53 b5 2, 47
fbEbEE AR T DL, [#x ORI E FAL5 R &3
L, BRI ~E 2 b3 5, Zo i
KAGERRIZ I D kenmal DOFEBIEARFIUIAE R, B
R D IR RAVIZ A T kenmal DIEBLBA BT
L7z ZNHDFERIY, kenmal 1%, IERALL 7= BB
AN Z B W TR T2 ENHBN TR oT,

3. 2 KCNMA1 H#IFiMFIA AR EROM R
DUFINIZERBEE

RN 31T DA AU v 7 F M, FED Y

ZHRT TARRI F L wlILDELIT T AR YA A

Y OFEHL, SN THE B EIAZED, A 2L,
BRI IR KA T DA AV 7TV DAEER L,
A VAV ARPIE N R END, T D72, Bl IR
BT AR 7 F VI EBE Z B O T 528
WO CEETHD, T2 T, RO E R
P TIENBA D kenmal DAL A7)V
TG DGR,

Kenmal Z#FERELT= siRNA Z @V ~E AL
TR A AU R AT, A AV 7 F /U2 RY
TEMLSID Akt DVBRLL~VEFHI LTz, EDRER,
kenmal DFEBEMHILT AN T, v ha—
JURIBNZ T, A AU RSO Akt DY FR{EL~
LI BINARNZ LD Do T, ZDZENS, FREVEN;
HRRIZRITD kenmal OFRBIINE, A AV 7T
D% 5| E 2T Z LRI SN,

3. 3 BK FyRILEMSIHF A AR AR
oG IIZEZ B8E

RIT, KCNMAL 23T 5 BK T RV DT ¥ R/E
PEDS BB IR DA > AV 2 7 AT DR DR
a1 T o7z, BK ¥ /L ORIRAIHEHThHS paxilline
SIGMEAEAIE LTRSS NS1619 ZREHZ V-,
3T3-L1 Afas s ig i ~& LS, A2 AU il
WaATHBRT paxilline $L<IX NS1619 ZisA0L, Akt DV
I G- 2 DBE T LT, ZORER, Tr L E
KT paxilline 1%, > AV HIKIZLD Akt DY (L
LAV FEEARTF BTN 2 ZE BT e o T2, —
77, NS1619 NI DL+ A AV RIS Z LT
AKt OUUTRLL LS TUHE T AT S T3,
A ERATBONRD Tz, ZIHLOMETORERLD, i
BRI Z BT DA AV v 7 F IV DIREEIZIE, BK
F X RNV DOIEMALD T 5T 2 W REVEA R RIB S AL7,
3.4 EEHEBARYIAOBRBEHEAKICE T %

O LFvrILDFEBRE

INETORFHIED, BK F¥ /L ORI ThDd
KCNMA1 23BN 1T DAL AV 7 F D
AN B 2R B 2D Z E RO 5T, SHIZH
A DI, two-pore (Kap) BLDO AV LT ¥ R IRT D
KCNK10 2353 b #2350 VT clonal expansion O fill{#1%
S U CHRIARR b 2R ET D280 AL T @ 3, =
NHDRENE, JEHIID 5 LPHEREI 1T S DAY
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LT ¥ RVRBEE LTI EN TREINZ, 22 TET,
e A B LT~ D 20 A EAfE AR 3\ TR BLA 25 )
T DAV LT v RNV DR A AT, VT BT v RV
K& (1) BRI, ) DAL NEERL (3) A
LG, (4) two pore U FHT HIENTE LD, £
NEIUCRT DIV LT v RV DUV O EE I T T
L, ZOFRBEIZOW TR LT, Bia 2Lc~v T Al
10 #iiE 0 12 W SN &% 52 e~ A2 v,
ca—/Zig, RIS HEZ B o~ 2% HV e,

BRI R T D) LT v 12 /LClE, KCNAL 23
EAE AR~ A0 B ARV TR B %
B 7R T, —J7, KCNAS 135 @ A E A~ AL
~, GIEEE A~ AO AW THEI
FEEMBEMLUTZ, KCNA1, KCNAS5 &[R U< BRI
JB$ % KCNAG6 1%, millEN AT~ T ATV THELN
BT HEM B AL, B ERETSELNR)oT2,
AN BIEHRIT VY BT % 2R T 5 SK3 1, mifl|
Wi af~o A0 QGRS W THOT NI RE
DT DM NS, 20—, K1, @igl
RAMICEVA BRI, NSRRI R
T HHVT LT v 1 BAL T, KCNJ11 BLUYKCNI12
Wb EiE R AR~ 20 B AR B
THBICREBNEA LTz, £7-, KCNI0 1%, @IRRHA
T~ AIZBNTRRZE DI B T M 23 B 2 S
7z Two pore BUD AV LF ¥ /UIZJETSH TWIKI,
TRAAK ([ZRAL T, mEMEART~ T AIZB W THEL
WD TP ABRINTL 00, FERETELN
72holz, TWIK2 1, il EEE L EETEERE~
T AD H RN W TR BUZED AL T,
TASK3 & TRESK (%, R EAR~T AIZHBWTHEL
DA E N BIERSNT-— 5, TASK] 1%, EIE&
A~ AT TR IR BN TV,

LI EORFEHERLY, 2 OBV LT % 3L B %
ELEAGIETEBICS O TN EE 7528035
T oT7,

3.5 BIEMBARYIRDEERHBIZH ITELEH)D
LFrRILOFEE

BRI B EANRIRRFERR, A D EEIRIER)
fifes D — > THDH, ZTNETOIFALEIZEY, KCNMAL
ND I N SI R ¥ 2N )N i ¥ g 11 i s AN

EMHALMNITI2S> TSI, KCNMAL %5 8O 7= 45 Fi A Y
T LT ¥ RV OFRBL A BT DI EITLVEB T D)
BRFEAT o7, BEIENHEMIC T 2B E (R
B, B2 R UIZ~T A%, 10 Bl D 12 B &N
ZEZ -~ 2% A, avhe— 2, RIS E A

Rz~ A% VW,

HEAEEOBREHZIB W T, BEROEE RIS
AIZEARAFRIA VY 5T % /LT KCNAL, KCNAS,
KCNAG6 [TV ivb mlEl ARz Ly, £DJ BT
B2 Te, s w AEHRICE T 5 KCNMAL, SK3,
IKI bW FnbE@EgEgo~y2REamERAamLT
<AL T BRSO CRIRREE R BIL TV,
W E BT DO U LF v FUIZBILTiE, KCNI10,
KCNJ12 DR BUT BB I OEBEHEERE~ Y AOE
& CEVMIRBD DR o723, KCNILL X, @lElh
AT AD BB W TRINA ZEITHED L TD
BTV AT ¥y X NVIZET D
TWIKI, TWIK2 BLU TRAAK T\ 9 nb @fElifa
T~ ACBNVTHE TR DD, FBEAHIN TS
N BIERESNT=, —7, TASKI ($ZDORBEN 2
B RL7,

INHORERLY, IEE 2 LB THOEEO Y
LTF ¥ RNV OFRBLREITEBL TODHI LB
7=
3. 6 BHHESLBREICETEEEBEHIILFYRIL

DHRIBEL

et \CHERGAI BRI BT DB RN VT AT 1
NDFEBIAART LT, ALK D LT v V8T
% KCNAIL, KCNAS, KCNAG (ZBIL Tl FEELEIMEH
TECEIRD 2T, AN T DIEWRITIVD LF ¥ L Th D
IK1 %, fRIAMI M EREE 2 H BICBEE s —iEtE 038l
R ZENHOMNNI 2 oT, ZOZEND, 1K1 1357
{EDOFHNHEREL CODZENE 2 B, N &Rl
IZJB 9% KCNJ12, two pore BUIZJE 35 TASK3 (X
KCNMAL E[rlgk, RRIAER 2z 82 O R BLAHE N
L72Zeh, MK bER, T 7205 s iEHil
IZBWTHRBEL TV D AT REME S SRR S Tz, — I,
two pore B |ZJ& 9% TRESK (%, /0fbiFEf% 2 H HITHE
BB L, 20tk 8 H BB T S 2 fAtEOLE %
THZEDRHALMNIIR ST,

72, Two pore T2
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UL EoREHz LD, RGN SRR B W CIE K
DAT—UNZBWTHE & DIV LT ¥ /U FEEIEML,
FEREL CUOBATREMEAS RIR ST,

4. BRLESEDRE

ARFHT BT, RAENMRLICH517 2 KCNMAL &
BENZHLINCTHIENTE L, THETIS, FlEICE
(T DA 2 AY 43 WA AR A8 SR A 31T D i I JEEFE
NDHERHZH 595282 E > TELD BT LF ¥ R )L
D8, BERRIR, mILE W 7 A TG EESR [ BRI 5L
TWAZETDD TNV, BEIRIHIIRIZ W ThH D
U LT X RN EERAZE LS TODZEN LN
7polc, EBNEMIIIC BT DA RV v 7, BE
DR BT T ARYFANIA L DFHL, Z3 W58 T
HHERKRE I T FATHY, ZDOT T IVORERE,
TR bAV AV ARBIEOFR X, BRI, @iE, 5
BEEE, SOIZ, Iz, DR ZEDFEIZ D723 b,
ARFHZED, KCNMAL (%, s dsifiiao B, ie
iz U7 A EIEIHERIC B W TEORBNBAD 52
LRI, ZOTEND, BEIRERE T =R F¥
— TN TIER S FHEEINDE, KCNMAL DOFE
BN L, ZNNFIEEITIRoTAL AL T F LD
JFH, IDITIE, A AVARPUED S| X E 2S5 AT RENE
DURESNT=, A%, KCNMAL O H SR SR A figid 4
HZENUEARR K THD,

BK 7 /L OIEVEFIEIFIZ oG s, B
BEFIIC BT BA L AL 7 F IV DIRFEICIE BK F v %
IVOTEHAE BB CH DI EDRBS T, A AV
F v EBEEAL O BARIEIT F72 LK< o TURns, BK
F ¥ R LD LB DOHERFDNA L AV 2 )iz
IV ETHLAREMERSH D, £72, BK Tr¥ R/ Da
subunit 24K 95 KCNMAL (X< DX E LF B AE
MT2ZERMESNTNDE I, ZNHDH I EDOH
21X, ARV 7 BT 2L 0L & ENTNDD
ED, TNHDH B EOHEAERANA L AT
FTAOHEIZITEETHLINLB LR, 5%,
KCNMAL (ZXDA RV 2 7 F VI O 55 Bk 2
BT DRERHD,

AR BEARIZRVIEZFHE R LI~ 22 O o
TG, Bk & 72 VT AT e VD R A S LT HARER

FAFRZ2 D NTB R AR I B W CORBLNEBIL TWHAHZEN
DN oTe, ZOZEND, EEIZZL DIV LT ¥
LS A SRR B RS I 3BV T, BT R4
TEEEIR DI IE I B R EN 2 > TOD AT REME DN S
DT, A%, BEElaE RIS L, R
FEBRITINZ, MR RA > 7 T 0 N AD RN E AT
EATHOZEICEY, ZNENDOH) T LT v 1V BHEIEE| L
BEREZ IO L T ERH D,

Pk, BRRGEHZED, KCNMAL O 5B R NE I
i) [N A SYON A it gt Byl =Rzl =] g ek A STANE
W+ 5ZE, &512, KCNMAL 25SREMVEIGRIC B
TAV A2 T F L O B BB 25 2 L4 B
BMNNCLTZ, 72, KCNMAL 72 T7RL, ZLDBITLF
¥RV B E R U7 A BRI, BHBICE
WTEFIL TWDIEA L LTz, ARRET TR
DS, VT BT FNAL DA A) 2 7 F VI O T 7
DIEBEFRNTIZ D72 NBTI21T T, WUV LT v RV ENE
& LT AR 72 5 QN AETE BRI O TBh, TSRS 1T
DIRMBZENHIFES D,
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The Role of KCNMAT on Insulin Signaling in Mature Adipocytes

Makoto Nishizuka
Nagoya City University

Summary

Potassium channel, calcium activated large conductance subfamily M alpha, member 1 (KCNMAT1) has the
ability to integrate changes in intracellular calcium and membrane potential and plays significant roles in various
physiological functions such as the regulation of smooth muscle tone, neurotransmitter release and neuronal
excitability. Some reports showed that the function of BK channels in vascular smooth muscle are involved in
the development of hypertension, diabetes, and insulin resistance. However, little is known about the expression
and physiological role of KCNMA1 in mature adipocytes.

In this study, we revealed that the expression level of kcnmal was drastically elevated at the late stage of
adipogenesis in 3T3-L1 cells. The expression of kcnmal abundantly expressed in white adipose tissue (WAT)
and kcnmal expression in WAT was decreased by a high-fat diet. Furthermore, kcnmal expression was
decreased in hypertrophic mature 3T3-L1 adipocytes. These results suggested that KCNMA1 has an important
role in the function of mature adipocytes. It is well known that mature adipocytes are highly sensitive to insulin.
To examine whether KCNMAT1 regulates insulin signaling in mature adipocytes, we next performed the
knockdown experiments. Insulin-induced Akt phosphorylation in mature adipocytes was clearly suppressed by
the reduction of kcnmal expression, whereas the level of total Akt did not differ between kcnmal knockdown and
control cells. In addition, paxilline, a BK channel blocker, repressed insulin-induced Akt phosphorylation in
mature adipocytes, indicating that KCNMA contributes to the regulation of insulin signaling in mature adipocytes.
Furthermore, we showed that the expression of some potassium channels including KCNA1, KCNAS5, KCNJ11
and KCNJ12 in WAT was changed by a high fat diet. These results suggested that some potassium channels in

addition to KCNMA have an important role of regulation of obesity and insulin resistance.
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