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(57) Abstract: The present invention relates to a
doubly mutated BKc, channel construct and a novel
cell-based screening system for ion channel modu-
lators using same. A doubly mutated BK ¢, channel-
comprising cell-based system of the present inven-
tion, when compared to a control group, shows re-
markably increased fluorescence caused by mem-
brane depolarization, regardless of whether there is
a separate increase of [Ca®"];, and shows activity
(movement in the negative direction of a G/V
curve) that is further triggered by a known activator
(for example, CTBIC). Therefore, compared to
conventional methods (for example, an automated
patch clamping method), the system of the present
invention is capable of more effectively and far
more accurately analyzing the activity of an ion
channel, and thus can be effectively applied not
only to the separation/identification of ion channel
modulators but also to a screening for a therapeutic
agent for a condition, disease or disorder related to
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the modulation of a BK¢, channel.
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Al 2ol gk Alolch, B WH ol o3 EiwolH By AU-EY AL E A gxws) vaste] Wi
[Cafi o Z7F 75 A glol o ol o5 @A ke BYL hee, Seln B4l A, CT-
BIC) Sle4] Btk Sl B4GV 349 23 YO0 o] F)S ek whebd, B 0w o] A 2ue e
RS, Aok 1A 29 )3 v mete] wok B Heln 6% o ARsA) ol e Ade] B4 BAo
HFERoA ol Ad = 54 W ohvlel BKCa AW 245 i A8, A i
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NNO9570e]  ofsff o] Folxl AomA, A7 HAe ATHEAEBL.
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ATHAE L “Az & = 4o & 2 J)%A o
AT, FENEE FEusv)eg, AT 2012.09.01 -
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AE-7INbd e ol Ad 22 238y Alxdo] Bak Aol

(P73 71<]

% 2 (membrane depolarization)® A Eu] (a2t TR =7}
Bk == Maxi-K A2 Lzl & Axygde 7w Za-g43td ¥E
Ad (large-conductance calcium-activated potassium(BKc,) channels)
G A (Salkoff, et al., 2006; Cui, et al., 2009). AL
HEEL ABAMEY ZEZ(neuronal excitability), AAAYED Bu),
FEEAZY F£2 2 $EAE T3 ZH(frequency tuning)ol A
T3 AYgdsd rsse T35} (Brenner, e al., 2000; Nelson, et
al., 1995; Fettiplace and Fuchs, 1999). Bk, AY=o & &~3 7 (pore-
forming) a-MBEAYES} 2484 g-ABHUYER UL B, Huo
CHEFUES 749 =3 EudSE T4 (Catterall, 1995) (-
2 K AZA K conductance domain: RCK) =vdle zH3= 2709
2dAAE XS W, =L ATy o o WHEEE AolE
£

(gating ring) & FA I} (Jiang, er al., 2001).
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Bea AE2 mjEA9 x= BFAQlH, o] o]Eo] gy, oA
5™ A& (coronary artery spasm), 84 (urinary incontinence) % wWo

B daen 953 guye 7¥A7] wjEolth(Ghatta, et af..
2006) . BKea Ado]l AFH nlors 845 (incontinence), w4
B33 (bladder overactivity) = wuy) T (erectile dysfunction) e
S8ES UehdtHMeredith, er al., 2004; Werner, et al., 2005).

T3, Bk ALY 75 Fo= a4 &% AZRZ(cerebellar ataxia) %

A O]%L%%éé]r(paroxysmal movement  disorders)g g 2

AT (Lee and Cui, 2010). Ko 89 EHIE K $52 27072
AT SE opIFo BN ANEE AR TR, BRee AE 9
249e MY =T AAe 2de qgzy T2 (excitability) &
FEA7IIL FFIAEE AFE SNV Agns oz Folg
T Ut} |

AR, FHY Hx  Zas =24 0] ol Ay
2H A2 (nodulators) 9] BAL 9 714 ATt Jjgoz =5 q
9t} SHAIRE, Wi wjx Z®sY(patch clamping)& ¢ o

125 ¥ (low-throughput ) & Y o Z£zo N1Ed AR AL
73k}, kA, EYA o) Ao)(flux assays), WA= Ag
JAlol(radioligand binding assays), & Z-7]ulgl oJalo] B =
WA EHWY e o = AHgsEse 878 e dA g
WEHA e (Zheng, er al., 2004). aFE 2
¥ A8 /M iEY x5= BK, HEES] BE ot Az-

7IEE oAl 5 FYate Ao oy Aoy,

B BAN A AR tee =z @
Agol EAFY . gw g

[sldstel= oA
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22U AE(modulators)el 4 o AT

Sk H]E—ﬂ WE 835 32 (high-throughput ) 238 Alx
MEetnz =g, o A%, 2 UEAEL obgE BE,, Ad
o673 2 N136 YA opmwa 2 o]
B8 (hyperactive) Bk, AY< A Azt A7) BR, Aol
FEAMNE AG Pz o3 2A3E Y AE-719E o4 o) %H%Oﬂ/ﬂ
Bea e E4AAH(e8BY, CTIBIC) o3 #A =Xl (potentiation)® th=
AL FAgozy, 2 wgde gys aHAl F AT},

HEAL 2w 252 ole MY 2FAx(modulators)e)
=389 WHE AFs= ¥ Qo).

X

£ 439 e B4 sd¥old B, AW wNds Ao g

2

&k Ho

RCA o R 11
Lo 2 o

i ?132 i

L

-

55 A4Ade) oimwar Agg
e XHZ‘%L HHE ATsHE o o,

A= wEel s §dda

= 3 —IL__:_
el (diseases, disorders or conditions)® XJA Az7y Ad=a R

AFdE= o ok,

279 4 YHe d2d, 2 2ge g gz oo
o1& e 28 A modulators)e] 2Zz)y o =
(@) oF¥% BKea A'E HHA W 6733 2 N736 AR ] olu] At
Mol gddeld olmxit Md-9my Rwago
AMEo NHBEAL Asts @A
(b) A7 AZLe)A A7

EdNolE B, Ade YL B4
A, 47 AGRdol 47 =an

°]¥ B, iHE:iQI g48 22479
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< Ad A (activators)E Fostm A EAWHol" BKe, A
AL AAA 7 o] 4 A A A (inhibitors) & TJdsle AL
o

ERoz s 2329 Py
¥ 29y ge g BEw, A9EE Aaqge) ohvnit Hadz
o107 EAMolE Bhe, MY DAL AT}
¥ 29 £ de el mad, £ wwWe (1) AgEs
WADS ol N9 RsE GEALEs A€ (b))

TULEO|E MAo] FAEZHozw Adw( operatively linked) T2 X ;
L (c) E{ || o] B (terminator) & E &8s )23 HE= Xﬂ%’“??_

2 2 E tE JHo wad, B dge e Hfﬁi} HE 2
A AEXE AFd),

)

=dRold FoE8A B, MELS Azsm AU BK.,
Aol Ca'Y FE9) F71 glo] A ol o8 FAsE AE-7|ure
oAdol EREFAN B, M2 BAARKGAD, CBICOH s B4
X"t AL FAs54T
AX W 23 AgEd9 7L€9] = Sl mE g Kool
A Fgseg Fa /‘1]:\7_7} 7‘471340i A stE . AxW ZE
TET AZAZREHY FA(AAY, AG-924 24 Hd)
AG22RE Y wWE(dAn, R o8 &doz =s9g), o]
met KT o] fde] FAFET. K o]e UL DA o Eua))
K' ol29] o wa} & HAEHL A2 AYGK,), =3 A4S 77
A2 (IKe;  intermediate  conductance  calcium-activated potassium

channel) 3 2 HAEAHE 7} AI(SKew; small conductance calcium-

activated potassium channel)2 T2 4+ 9o,

Bkea ME2 AZEE 7t2R2E [ o] & AxH oz Ex53
T AT o2 AER, Maxi-K EE sloloZE Egor). Bk, Ade =

% ¢ (membrane electrical potential)e] W3} /= MEN 24 o]29
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FE(C"]) F7kol o8 @A E. o a3, AXY K ojee
AE o2 e wa Av)sed =xo W3S op7|dte] Alxw
HGEFHELG L 7}§Z]E':— Aol 37 2 AF TEAY FA(HEA)
FF 495 A=T 549 F2)E x99,
BKea AEE T AYUTH FAJS(dAY, Hyo9 T,
S ol Wl FEAZY AJH BY, S)o zad
715 7Ht. Bk, Ade BE-34 A-AMERFYE 2HA
=, Bla ALY a-MEHYES
= A1 S0, A A m=edel S1-S4, K oAy E=w
=HAA S5 & s6, mEm @4 RCK Edjdom Ty AXd Cc-go
T ¢l (cytoplasmic C-terminal domain, CID; F W= RK Xu
ol &g E(calcium bowls) 2 Egt 24 o] a3 79 Aoz

“‘1‘141

ro

29402 ogHe AT, W e g8 )
M. olg F887) 8, tgd oA BEs(aa, 45y 95
WY, 2 oA, FF-slwrE olale], Z)o] ANED Aasiol
fov woh &3Holn gold AW B4 Wil AFd 27Hn 9=
A ole},

B oUEe AZ)RE ole AY x4 AFE 28y
WHE ATP Heo), 2wy gy 3g¥oz ogrsa ¥y
Al IHE Bl ole Ade BY WIE W puen Pus
A58 + Aoe AL g

= ¥R WHe o)F Edwold BK, A'Y(G733D/N736K)S
A2 G (pre-(a) ©A).

2 299 ofd oo m=m

&5 =

B ool o]F Eqimoly B,
A (G733D/N736K) ] A =zo] o] A

2% WEE () AgE=

CA4MEY ofElxAl IS mysie TFaEﬂOE]'O] *1%' (b) A7

= (¢) EuvlolEl (terminator) S EQ’H}{- Az3 WE ]\:}, EE}—
TAHORE, & 29 Az dWgs (1) A = Lo MgEs

L

(@}
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A Ee FEHEIE ND; (i) A7) (i) TEHLEIE Mg
FeHoz AZAHE FEAEAN =g R TAE A=
Z2EE; R (i) SBAZAAN 283t 47 RNA Expe] 3 g
ot E oATE 3 -u-H%8 Roz wasls Az e s
P ofY Bh. MY FZHoE=E Mg W obEl =t Mg

A7 NEES A1ND 2 NDES A24De] A HHe ot

2 A elA ol “:iua"tsz Y BEE 7153 RAY
de zdske DA Mg Rlgn. B 2o Azg weda 23
gHloEel=E NEe 4] Zamed FEHow Adrmc =
AN g0 “ZHom Z3d (operatively linked)” & At ‘:’Lﬁ

ol Ir %

2 ME(el: Z2EEH NG, Aoy M9, ®= dazdds Ay

A9 oot e WA AG Alole y5He AYL omEe, o]
g A7 2" Nde 3y de 9 Ade A4 9/
Edsdoldg z2dstA ).

< 2o WE Axd"e g AW ohgs
TEE 7 glon, oo Mg FAHQA WHE Sambrook et al., Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory
Press(2001)ef 7HAI=o] glom, o] BHL B wHade FzzA 2w,
| %HWUJﬂiﬁﬂkﬁ}ﬁﬁﬂiWHﬁWA&wBWEPﬂ@%Q%
188 T e TREHE, E 29 NAEE g oju)wal
~29 FEHRECE NI HAls: 2EY 4 9= Aoma.
TE WOIMAEREH fod ZERH, I45E AR momng
de ZREE B AR AEIA fulE TeRHsS Tdse oA,
CMV(cytomegalo virus) E2EE], olflwnfolz)x F7] T2me, WALl
Hpolg] 2~ 7 5K TR HEE | SV40 ZE2EE, HSVE tk T2 RE, RSV IZ2EH,

o

e S

ol

2

[e]
-+
d

o]
T

H

Jo

CEF1 &3 22 RE, ¥agze oy ZZHRE, HEg-ag TIRE Q7 IL-

2 frddake] Z2RE, Q7 IFN $d4e Tme, Qzb -4 2k
I2FH, A JEFN KA TIRE, A7 GU-CSF 229
TERE, &X(S. cerevisiae) GAPDH(Glyceraldehyde  3-phosphate
dehydrogenase) X EXE, AX(S. cerevisiae) GALI WA GAL10 Tz HE
2 #X(Pichia pastoris) AOXI XX A0X2 Z2REE X35, o]
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299 ot THAN Ben, B g MEE Gl FaHoz
1EHE FAA W FAAE TEHW, 8 20| yontolal, AuE,
A E

dHHD,  FhdwEtolal,  sfolazwpolal,

SEHEAYE, Zdevtoldl, FMUdd 2 gEgAlolZed ot Ul
FAAE EFEA L olo] FAHE AL o),

< "R HEE 5 AX Y2 dEts wHe goAd 249
S FHES )8 & dod, 48 S0 &3 A¥s 99 AEo
3, CaCly %9 (Cohen, et al., Proc. Natl. Acac. Sci. USA, 69: 2110-
2114(1972)), k4§ 0% (Hanahan, D., J. Mol. Biol., 166: 557-
580(1983)) R A7l H-& L (Dower, et al., Nucleic. Acids Res., 16:
6127-6145(1988)) sl <3l AAE $ gon, JHMTA AL,
2 X ¥ MH(lipofection), A71%8 ¥ (electroporation), = & EZ-u}js)
Mol (Wong, et al., Gene, 10: 87-94(1980)) 2 | EZu}o]e] ~-ul)
Hol"d (Chen, H.Y., et al., (1990), J. Reprod. Fert. 41:173-182;
Kopchick, J.J. ‘et al., (1991) Methods for the introduction of
recombinant DNA into chicken embryos. In Transgenic Animals, ed. N.L.
First & F.P. Haseltine, pp.275-293, Boston; Butterworth—Heinemann; Lee,
M.-R. and Shuman, R. (1990) Proc. 4th World Congr. Genet. Appl.
- Livestock Prod. 16, 107-110), ©vlo]am2dAM, A= (particle
bombardment), YACOlA o]&E+ EXE FHAA/MET 3, 2E XA

o) g8t ojazulelele-riAEY BAAY 5L olgste] AT 5 glou],

Bo FAHORE AmAH hEoz AN,
o0F, B 2ol Az ¥z FA[BY NI APRLL
AEAAT. B 2HY REYeEIE U TR AT Swa)
AGHA Fon, FAHoEE A28 AXE FFd, B 2w
1%

s3ed e AFHEA AEHEE g AgER o
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ESAMOlE BKe, A WA Ao ofgrs R A 952 HAM
flste] 2z oA o] &HE nx9 2L Aulget. A7) APELe
FEd, GHAX L8RS Qo) siRNA(small interference RNA),
shRNA(small hairpin RNA H¥ short hairpin RNA), miRNA(microRNA),
FEl= B HA FE2ES T, oo dgH= AL ofYrt},

rfe

el 23d el 8 EAHE AgEo] FeEdol
T EY e Tt SFEsd EgE(dAY, A¥ T= %3
HYFE)d = do. AdEde 4 == dd  sgzg
golBdfZRE 4L $ g}, olHd sFE FolBEs A=
e Al FAHA Ao 94 BFE FolBPE Maybridge

Chemical Co.(UK), Comgenex(USA), Brandon Associates(USA),

- Microsource(USA) 3! Sigma-Aldrich(USA)ell Al A" oz T9 7V

A4 33 &E 9] golu g Pan Laboratories(USA) L
MycoSearch(USA)oll A AhH oz T 715500} ANAEZDL G
TAE Bgd =7 FHolrez] Wd o8 de 4 gon 9= = :
deehd gelrey, 3 oEgAME sy n4 m: ey
Zko] B 2] €] (spatially addressable parallel solid phase or solution
phase libraries), UAEFHo] 2T HE &4 2lo]n g W “1-d)E
I-sgr2”  golEEy Wy, a8z AsH FznlEodgy gEe
ol&shs dA ol Wy s do £ k. 2z glolH 2 g9
4 WL, DeWitt, er al., Proc. Natl. Acad. Sei. U.5.4. 90, 6909,
1993; EBrb, et al., Proc. Natl. Acad. Sci. U.S.A. 91, 11422, 1994;
Zuckermanh, et al., J. Med. Chem. 37, 2678, 1994; Cho et al., Science
261, 1303, 1993; Carell, et al., Angew. Chem. Int. FEd. Engl. 33,_ 2059,
1994; Carell, et al., Angew. Chem. Int. Ed. Ené/. 33, 2061; Gallop, et
l., J. Med. Chem. 37, 1233, 1994 ol 7NA)=5o] ¢lt}.

= FEAA 8o “UHAA LUIRFIHLEE" = =3 RNA]
Aol BEAQA S NI FHetn U= DNA EE RNA EL oS
FEAE  Arlstan, mRNA WY 3EHA Nl AF  pRNAY
dlEze) WAL Adsle Fee o 2 A A gof

“GE A (complementary)” & AR 248 e o4y z4,
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A A Ay =d doA oEas S AFEFH Qo= )
BACAAN, B, ANE wwFo @A gare HAE fAabe)
A8H02 THIY HER 223 YRHA AL ousi= Rog &t
= 2 oY wAwA(mismatch) Iy EL sa T slon,
AFdHom Jixﬁ](substantially complementary) 2 AAE
FB A (perfectly complementary)?l < 25

X Z
2 FAHoRE 93] Ar"ed AL 9o : FE] Al
AT EURE =] dole 6 WX 100 Fr)olx, BT} TAHoZE §
WA 60 @71, 74 FAHozE 10 YR 40 0137]0]‘:]'.
= o)A &o]  “SiRNA” &= RNA WE == SAx Ald# Y&

AR = e 4 BAE oJuddh (R WO 00/44895. WO 01/36646, WO
99/32619, WO 01/29058, WO 99/07409 ¥ WO 00/44914).  siRVA: E X
A FHEE dAY 5 Qr] wRo) aEHA FAx Yo
E TR AR PHoR AFFT.  siRNAE A= R
*3%011*1 AEo2  dAgEoy,  Aod siRA=E

i AE AT SE&FUATDegot S, er al., 2002:
Degot S, et al., 2004; Ballut L, et a/., 2005).

= FEAA o]8E £ U siRVA A=, dx sbe(ds =9,

Bca AE @AY F4o AL mxE LA mRNA A g
&-5-8H= (corresponding) Ad)3 FE] 4~ V(A& B9, Bk, A4

Gl G FFE vXE SAA nRNA A Lo FRAQ Ad)o] A=z
D&l 95t o)FHE olfx TxE sa = AT, T, 2
Aol A o] 8" £ gE SiRNA BEA=, AF71-23 2.2 (sel f-complementary)
A 2 dEAE RS ANE By TRE 4D 4 oo,

SIRWAE RWAZIE] 28 o]R: o]FA& RWA 2Eo 93

T A FAHHA Fu w2 (WLEE dr)7F AR Hol
AL Abgel digsts 9717 L) S sty B o] FX]
ol 2gd £ k. FAHoZE AM o= 10 WA 100 71,
Ho #AHZE 15 WA 80 ¥7), 28w Hoh o #AHo=2E 20 Yx

o3

e
K%
ic
ne
Hil N

B 24 8o “shRNA(small hairpin RNA L= short hairpin
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A FolE "Hg W=t RAY HES UEgE, o= R
3 Hool8E 4 k. shRNA:

=
23 & = U6 Z2REE =g

CO4WT. olgd WMHE w4 @azo Aggol $Ax Aol

THE F JEE g}, ShRNA #lo1® 2= ME W 7% (nachinery)©l
SIRNAZ  F3j&o] RNA-FE Algely 24 (RNA-induced silencing
complex)oll ZAgHET}, FEE EFAE oldl AFH  siRNAY
3-8t (matched) mRNAo A st} EajA|c), shRNAE RNA Z&] &}
HIe ofs] HAbsle}, THEE MZoNA shRNA AJAke A E7F ShRNAZ
HlolBls Ao Q14ste o] £ue e AAY JHAE wes
INZ = Q. =, shRiA= g 2 ge Al&=HoME o] g9
T 3oem U6 TERES vl=A "es Ao olyth. 2B HLo=

e AR AL wd sUL wed AEAY zZzueo

CaMV(cauliflower mosaic virus) 35S Z2HE7} o]l&F £ Q).

B HAAMe g9 “wlo] = ZRNA(microRNA, miRNA)” &= 21-257) 9]
TETLE] = B Ule RNA B} A mRNA(messengerRNA)&] 3’ -UTRol)
At JYNEY FAx 2HL Aolsi= =38 Yelddh(Bartel DP,
et al., Cell, 23;116(2): 281-297(2004)) . miRNAS]  AJA]&
Drosha(RNaselll type &4 )o] <]3) SFR-FE Fzo A miRNA(pre-
niRAZ REAAD, AEZAZ 0B TholH (Dicer)o] ofs Herw o
A=Y miRNAZ TEXTHKim W, ef a/., Nat Rev Mol Cell Biol.,
6(5): 376-385(2005)].  4&% vkl Po] AZHY miRNAE FAchu o]
e ZHEFoEN A, HEz4 AVE, AMTiAL, 29¥A o)
#eldthWienholds B, er al., Science, 309(5732): 310-311(2005):
Nelson P, et a/., Trends Biochem Sci., 28: 534-540(2003); Lee RC, et
al., Cell, 75: 843-854(1993); 2 Esquela-Kerscher A, et al., Nat Rev
Cancer, 6: 259-269(2006)].

< BAAMANA o “HElo]=” = MElo]m Aol 23] o}umiib

Dgo

A7180] M2 A%Hel YHY H¥Y BT ouag.  w w
Aefol=s FAA FAY FHom @Y Wy, =8 wy @A

71% (solid-phase synthesis techniques)ol] w2} Azw
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A (Merrifield, J. Amer. Chem. Soc. 85: 2149-54(1963); Stewart, et
al., Solid Phase Peptide Synthesis, 2nd. ed., Pierce Chem. Co.:

Rockford, 111(1984)).
HARe R, NEEdol Hadm Aol Bkca A L
FAEE 2N¥T. 8a9 2me 8y 71 wiep o] ¥y =xg
o8, 53 AW, 47 ANFEDo] Ay

A~

T
A¥ol"  BK, g o 24938 3479 ol Ay
J o

AAAZIE o] AY AR (blockers) 2 #4dd o,

2 BAANA ALgEE g0 “o]e gy B4 Al (activators)” =
SHHolE Bhe, MY HIEORLL) =a= =dg 9ujsla, =
BAA A ALLEE g0 “ole mgu AA A (inhibitors)” £ Edwoly
o SHSEOUNITL) JAsts 2R o m gk},

< 299 Edwold Bk, AMde Forgdgsteo] Q= Abg o]y
ol okWH B, MY B male

=2

BKCa jH

£ 49 oE FHolo] wz

=Ae T ooy, Ay
TI" ol FEe] od ¥F =S Py = 2 o=
CHE7FS@ oMol wi(dEY,  FlnR™e ojge  ma
454 7] (standard fluorometer)® 7hehats o] 4] A" gl
=]

< Y old T =y = 289l EAMolE BK, AL
[Ca®1iol #AIgle]l Bt B2 (nembrane depolarization)ol] <j&] A slgr}.
= LHY of" THdo) waw, A g 2EFL 80 v A
200 mV HAY AY FH2(voltage pulses)ollAl 10 mV =AY =72

AR fEdn,

< L2 ol THoo] wEy, B wmo) =dWolH BK, Ajde
AEA-AY ¥ 7 (conductance-vol tage relationship, @GN= <S3F
A (negative voltage) BFo g o)Exy}

€ 289 od Tdd o w2y, B o Blea 9] AL 10
WMel - CIBIC AF5ol - ol3) o 2.3 Ax P3 Aoue ==
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=
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71% AZ(obstructive or inflammatory airway diseases)
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ZH(lower urinary tract disorders)
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ol A= 77,
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o=

)
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il

oulsi, o

o

o

H
Ko
BR

AjE

H

5
B

% 9]

=13
=

rgel ojd T mow

=]
=2

H
T

2y

o}
o

<

e

(sarcoidosis), ® Y=, H7Z,

Nfo
Nfo

N
B

5 (siderosis),

155

=
A F (byssinosis), ALZ 50]

EeehS(ptilosis),

A

3

L

=]

=

=
— O

Z__ . .
& TFT(acute respiratory distress syndrome; ARDS), &4

HJ
iolm

(wheezy)

T
-

447 2]

A A0

ki

ZH(chronic obstructive pulmonary disease; COPD), 71 #B2A

A4

s

7

A4 o3
3

T

in
-

__0.._
=

o
o

—;

N

15

pzel

A
o}

B

<N

w
A 8H(dribbling),

7]

v &=

HEE Meg 9

Sz (sensory urgency)

—L

H

"3 (overactive bladder), 74
Bl x|

w214
W3 (urinary bladder),

20

H

gad ge Ay )

Zhell okt =
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@ 9
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o
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olJ

B
el

__QL
=
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ojw
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’

H (Parkinson's disease)

o}
o

<

of
il

o

s
ol

4

olE o]

W (overactive bladder)

29

H
L

oh:]_.
2143
13

2~
T

33 (spastic bladder)s T 3Hst
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=44 ¥F(unstable bladder), ARG MnZ, 2B oA (detrusor

instability), Bl = 2 3 9FAF(det rusor hyperreflexia), d @A
W i=(sensory  urgency), QAF A9 Q4F(urge  urinary
incontinence), AE#AA 843 (urinary  stress incont inence),

AU 24F(relfex urinary incontinence), “¥ Wik, win @
A8}t (dribbling), ¥l ol (dysuria) 2 384 WF(spastic bladder)e
EFARE, o]0 FAHE AL ol

2 BAAY &0 “@r] EA(erectile dysfunction)” & A 3o
C 71 A5AY fAs e YolM (e Bx HHZE, ol=
WIAES] 7% o)A (endothelial cell dysfunctions)® YA 3}A

ol

of WmEW, B w9 Bf, Ade zam
2 ol e YHe 5% Fol(pain disorders); Aol
=ATF, APl Al FEZE, £ B2 (performance anxiety), 2|4
T 2E#x Zof(posttraumatic stress disorder), ¥4 2E#2 ulg
A& Aol(adjustment disorder), 173954 ol (hypochondriacal
g =% FN, FFIEZ 2 =3 I Z(phobia) e B9
oL SE; 2 e RE 2z 2y b 22 ol A
L2} (secondary generalised seizure), 24l w2H(absence seizure),
W 2 (myoclonic  seizure), o] 2= (clonic seizure), 7
&2t (tonic seizure), 7 ) 22 (tonic clonicseizure) @ 2%
G2 (atonic seizure)S Edat= AL L2 (generalised seizure) T
zr

A& ZFA, oo §HEE= AL of

N

o

= FslE FgR, 9= =
&% (musculoskeletal pain), < = 5% (postoperative pain) %

Y 958 BF(de =

4 BF(AE 2o, uyEx =

14
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2178 & (post herpetic neuralgia), 237 Z(trigeminal neuralgia) 2
WHNE FA 5% (sympathetically maintajned pain)) % <3 AAF
5 ¥ ARIHES(fibromyalgia)d 7o Y B35 WFEER dug

TS (M8 2 g4 ER) B m/po FTHESE (rheumatic fever)}
22 A9 9 9/xE= 79 AE=F A (influenza) = Yuka ol
#47lek Ze gg wlolgx dn ¢dng T8 Fe%E 9 AHrE.
& A5, E(sprains) 2 A (strains) = (myositis);
A178E (neuralgia); 712+ (synovitis) FOE 2 BEY9S  ¥atels
4dd ; BELL s Haw pa= (degenerative joint -
diseases) ; T3 (gout) = Ay % %% (ankylosing spondylitis):

A4 (tendinitis); &89 (bursitis); A4 (psoriasis), & (eczema),
S R IR Y (dermatitis)y gL HE @B Sl 25 &4 (sports
injuries); ¥ & 92 X3 Hxyozm oF7|HE &3 o
EESA T, olo] FAHFHE AL ofyr),

[29e] &3]
B U39 54 o o]y goksiw ey 2o

& AT-7lurE AFS ol Ay
Aolt,

) B wHe oF sdwold p AL Azlv
AERe dzes wastd WEe ()9 F7b §%9 @A go] o
GE3o] o) AR 2718 3L Yepdg

(c) E=&, & WP oF EAMIY Bhy, AY-EF A T-7ukg
AEEE e GHAAAAY, CBIOA oA Bk 2wy 2oy
FHY &4 PFozo o%)L vehiy

(@ @2, 2 wge) Azde Feo wEs(dany, Fssw

WA E¢F PHF vl mo Aol HE v AWsA o]
Ago 4 EHo] ssgozy o)e Ad 2HAAE(modulators) 2]

CBEY/EH B ol B, Ao 243 #4399 28, A9 T A9

AgA 2323 454 42 5 ot
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o, 2 2R ade AN AFE mRE Asx ofyshH,
VFHA @2 & e aRse e sgang FARA Al 83
oldlE + & Aot}

| g Ed¥el BRe, A9 Az 2L EHe B
2Fdelth.  E lak B AP o]8H <7k Bh, Aol e-MEHFYEE
o = ERolt. RCKZ =9l W G733D 2 N736K =<dmio
AASol FFMo Aol 9}, E 1b= RCKKI(:=34) ooz
RCK2(H 24A) =l Ql ko) QlEjo]2~9] HAA T=(Protein Data Bank ID:
SNAR)O A EddWio] X 59 9NE HAFE THo|g). T lcE WT
S G733D/N736K BKee Y A2EYE=R dRdom Edxsmdy Ao
HEHA AANH AF dzd Ao},
= W T G733D/N736K BKe, AMEE wdst= gl
AFolty, & 2a% WI & G733D/N736K B,
=% 4 Ao}, T
A 3E (Mock)E= pcDNA3. 1 2 EdxIAAE T, % 30
ugel MELsEo] 2 #del 2RYHAoH, we Fpr, AU PA w=
HETA F-GAPDH FAe WHSAAT. = 2pE 100 oM [Ca2],8] =4
stlA QbgHoz LdE W F G33D/N736K BKe, ALY AN A=
dzgel HE fEHY AFE Yrhag,  olemnss 1o mV4 %7}/\]74.
-80 mV-rE1 100 mV7E=1e] oA At (potentials)L HX2E37] 9%
100 ms€] ASF AL s LYY, nHALGE -100 VI, =
2ce AA-YH (steady-state) WL(SFQFA 1) = G733D/N736K(74o"H )
Bee ME AFEY TESE G-V BA GV relationships)E Ko

£
m -\
M rr

—_—

k1
rl

d3to|t, B2 -100 mVellA AlEtelglon o)l% -89 mvEE 200
nVZER ] AN 10 MV F7h2 GARH R ZrEdY. Ay dE=
100 oM [Ca®],9) EA slelA dlmgs ), ATH gse A3

WA FE(peak tail currents)EEE] dolHom CTBICS

REA oA
w2E Ao A=Y b EFAEYG. Yoy dme mx

ki
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ol &3t HH3HE U},

=32 0T R AWl BK AEe drAesty B4 U=
THo|t}, = 3a= WTI R G733D/N736K BKe, AHE9) G-V BA] lojA
[Ca”1i9] Wstel] we aFE HAFe Azoltr.  [Ca¥],9 Hr:
WMARZEE), 0.1 uM(), 1 M (AE4¥) == 10 (S A4ZH)o] ),
B2 -100 mvell A AlFERglon, o] -80 mVEE 200 mVzbA e W 9lo] A
10 Vel Z72 gAdoz =75 AR #HEL A

RAAFEREE dojzlon A Ax4d sl TEFHATG.  dlojy
e 229 e o838t HHRHYUTY. = pE gE Fng

5
EW Ca”ollA WT @ G733D/N736K BKe, MG w243 H(F)S
HAFE Aotk ZF dolg Ae gAl s AESo)x dojd B7Fgt
T EFELAE JENIY E 3 WM AMFLE) =
G733D/N736K(AH 42 AFZAE) BKee LS LEEE AHH HEFso
A4 =Hd(resting membrane potential, RMP)S 9)u]st= Ao, Z
Holel HE 33709 AHENAM Ao HFFg + EF oA AT
FEA]: #x, & Student’ s t-testo] 93 p < 0.001.
= 4T Bl AE AR o8 WT 2 G733D/N736K Yol &4
FdE BHoFs ZAAolth. X 4a 2 E 4bE 10 M CTBICY] BExA 2
EA sl A WI(4a) 2 G733D/N736K(4b) BKe, ALQ) AXNH AS gage
HoAoFs dEdd Zdolt, [Ca®']i= 100 nMelx mAEYoH
CIBIC= 99 A=W HEH(side)o]l HLH AT}, ol AFE 10 mV¥
S/HNA 80 mVEE 140 aVZEA9  WHYolA A (potentials)S
HAES7] 91e 100 mse] A 2AS0) o3 S5, LS -
100 mVRT. = 4ce WT 2 G733D/N736K BKe, A9 -ty AREg
ZEsdE GV FAE HAgFE ZFo)y, 29 ol iz
RbAfl (vehicle; AFZFE) T 10 pM CTBIC(Y)o] = sixlo] = 8= Qo).
L -100 mVellA AlZEEGles, o]F -80 mVEE] 200 my7bRe] H 9o A
10 mVe] S7F2 dAIHo® FAHJY. & 4d: 10 uM CIBICY] <3
°F71d WT 2 G733D/N736K BKee ANo] w233l AL () Ao W s
HAFE Aotk ZF dlojy HLe gAl Ao APSoA Aol FF3t
+ EFAE YeriT), HEAlD *, % Student’ s t-teste] <98 p <

Mo

o
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0.001.
& L& 23 Y glojA
G733D/N736K BKe, A4E-g 23 st= I AZFEY HAo gt
TS AAIG Agtolth, B AD-239 HER(: 5a)2HE Ao iy
AR, T3 WI(E 5b) & G733D/N736K(% 5c) BRe, Ad-< AFH o=z
dile AEF2HE Aol HF Aado] =AmYy). BKe, s
249<e ZUEYE7] Y8, FluxOR™ tho]7} = AD-239 AET, WT xS
2 G733D/N736K A EFo] =Yt FF Alade BEFY) A,
AIE= Blea A FAAR(I0 1M CTBIC; 9= AE) o
D AHEIE 308 B¢ A-AYIAYL. B ¥Fo 28 zo SAHS &,
AZel 10 mM ZF K'e TFds= 42 gzas Agste  Azuhe
HESA AT Synergy TM H1 3olHE]= WE-RE= nlo|3z2 Zgole
5718 o8t HF Aade =459, 218 (symbols): 0 pM
CIBIC, ¥ A1E; 2 10 pM CIBIC, A7 A2 |

[28< 4287 93 FAHA 4]
°lt, dAAldE Sdted B @we g2 AAs dAdstuxr gt

oy 7a5o2 ddsty) 943 Aow,

S E 2B X wet E Iwe) West oz AAldd] o4 A %5 =)
)

rir
rre o
Y,
Mo
ofl

AACNA B39 A2E 717 Ao QoM e Ro|),

A A
AgAs L Aguy

CA2EE, S04 L € 4 AxFse 72

P8 (wild-type, WT) 1ZF BKe, H¥-F9Y 29 (GenBank accession
number,  NM002247 31 NP 002238.2)7} pcDNA3.1(+) ToEZ  ug
e (Invitrogen, Carlsbad, CA)oj /ﬂﬁiiﬁﬂﬁt}, BKc, sl
SUWOI(G733D/N736K) = QuikChange ~ 9H-xx = =i o]

do mo W
i 1o

- 7)E(Stratagene, Santa Clara, CA)E o]&3le] W oAU =0] 9 x]-

ARE Eddo)fe o F=59u).
HEK293 MEF9  SAPEQ  AD-293 M XE(Stratagene)=  10%
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FBS(fetal bovine serum; Thermo) ¥ &7} B3% DMEM(Dulbecco's
Modified Eagle’ s Medium; Thermo, Waltham, MA)®]A] A = AT,

CAZES SE-FXF 5% 0, B4 Held 3702 W, obAAel

E_
AE-FE& 471 A8, W BKCa MY == G733D/N736K &< o]
2EHEE JIXE  pcDNA3.1 #E Eo) Polyfect reagent(Qiagen,
Valencia, CA)E ol8&38t] A=zt Al  wa} AD-293 Ao
EYdadHAg ), AEZEL 1 mg/ml AE X (geneticin: Gibco-RRL,
Carlsbad, CA)= XEshE wWiXoA wigEA o, 29 vlo} AME Wiz =
A = A,

B E3 24 (Immunoblot analysis)

A ZE 20 mM HEPES(pH 7.5; Sigma), 120 mM NaCl(Sigma), 5 mM
EDTA(Sigma), 1% Triton X-100(Sigma), 0.5 mM DTT(dithiothreitol: Sigma),
1 oM PMSF(phenylmethylsulfonyl fluoride; Sigma) 2 ZZE|obA]l A4
Zteld (Roche Applied Science, Indianapolis, IN)E X8 s}= 25 M o] A
Sl = ATt AEEC] 308 FY dLdA Sx® B, 2ay
=4 (insoluble material)& FAAZ]7] 8] LBL 12,500 rpnos
25w ¢ dAEYAIRG.  5X DS A BY S=A(250 mM Tris-Cl(pH
6.8), 500 mM DTT, 10% SDS(Biorad), 0.5% bromophenol blue(Sigma) 2 50%
glycerol(USB  product)E 713t &, EFEL 37CoA 158 =9}
HS A1z T dude A719F=o] PWF H(GE Healthcare Life
Sciences) 2.2 EFYHT. A7l 2 3% BAZ TESI= 1X TBS-T(IX
Tris-buffered saline with Tween-20)Z o]&3}d Ao 1Az ZoF
wikste] EBAAIm X TBS-TR Al el AN AMHE = A%
A (F-BKea A, 1:250 3)4; BD Biosciences, San Jose, CA); Ex -
GAPDH 4], 1:5000 #]41; Young In Frontier, Seoul, Korea))E ¥ &&=
10 ml 1X TBS-TolA 8=% F<F ALo)A wgAAT.  o]F, Ay e
1X TBS-T= Al Wl FAAM AHstxz oz & A1(1:10,000 341 Jackson
ImmunoResearch, West Grove, PA)E X &3}= 5 ml 1X TBS-Te} 458 =of
AT, HEHoR, 4v] B I TBSTE Al WMo AHA MHsin
ECL #l=" &3%% & Al%(Amersham Biosciences, Little Chalfont,

19
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e

Buckinghamshire, K)ol 9AAY, A7) Egse Z2E Hoz

A4 X-4 BE(Konica, Tokyo, Japan)o EEAF T,

718284 #29 (electrophysiological recordings) = tlo]E] £4

AN AF H3ZPL JUhe A 9x Zux U (gigaohm seal

patch clamp method)& ©]&3te] AlA|5t%AT}, x| golsle HFa
2 (WPI, Sarasota, FL)E o]&3le x=z= <, 35 MRY A3o=
ol Z g HF AT, A8 HFE  Axopatch 200B  amplifier(Axon

Instruments, Foster City, CA)E o]83ld =Zxq 4= (four-pole)
A9 (low-pass) ¥ HEl(bessel filter)E o]8slad 1 m= o kHz o)) A]
A H}AZl & Digidata 1200A digitizer(Axon Instruments)E& o]&35ta 10
EE 20 XUE/msd £E2 UAYSAAY.  BK, Ade o] F(ionic
current)= -100 mVe] 318 (holding potential)o 2 FE =80l A1 200
mV <] 19 274 9t (membrane potentials) O & 10 mV <]
S7H&(increments) 2 Lul® Ag-Zas 2 (voltage-clamp pulses)ol|
o &AsE . SEA AFHA ke &, AZY 2 Mz

HEL 116 mM KOH(Sigma), 4 mM KC1(Sigma), 10 mM HEPES % 5 mM
BGTA(Sigma)E X 3tatgion, MES(2-(N-morpholino)ethanesul fonic acid) &
o] &8l pH 7.22 HAHUT}. Ao Ty [CM]; Fe BN
Ash, AEZU gAel Frta FAE P & Ca¥]  MaxChelator

- software(Patton, ef al., 2004; http://maxchelator.stanford.edu/)<

o] &3te] AXE Q.

A =AY (resting membrane potential; RMP)E =437 Ha,
AZY N plf 7.22 PEOIAT 5 nll NaCl, 140 mM KCI(Sigma). 3 mi
Mg—ATP(Siglna), 0.5 mM MgCl.(Sigma), 0.33 mM CaClp(Sigma)® 1 mM EGTAE

- X3 AE] &BE pH 7.42 PR A I 145 mM NaCl, 4.5 mM

KCI, 5 mM £F3222(Sigma), 1.8 mM CaCly, 1 mM MgCl, 2 5 mM HEPES &
Egatgivh. AW 2 AES 8§99 9T7H pH gre zzk DG T

NaOHE o] &3l A=}, Bde BAHed AA-HAE A (whole-
cell configuration)< P53 T 18 59 2339, Clampex 8.0
) & Origin 6.1(0OriginLab Corp., Northampton,

20
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MA) aZEdo] A gl #Hay dolEe &4 W BAS g
o] &% A},
R

dHHo= o] &7t5%  FluxOR™ TElE 0] & PURE]

oJAlol(Invitrogen)7} BKea A @F-7ut" B2 93 AH-&E AT
WT 3¢ G733D/N736K BKe, AES b H oz whdshs AD-293 MESo] Zal-
D-2to] il (Sigma)-ZRE 96-9 vlo]AZZ o] E (Corning) (2 T  5X10*
ALyl SolFHAT.  d=mY Hol, AXTSe A 3FE CIBIC(4-
chloro—?—(trifluoromethyl)-10H—benzdfuro[3,2—b]indole—l—carboxylic
acid)2 30% &< A-wdE A, Fd A2EL Gens 2T EYolE
°|83= Synergy M Hl SlolEg= HE-EEZ  rnlo]mzIyole
#57](BioTek Instrument, Inc., Winnoski, VI)Z& 439k, pcDNA3.1
FTHE  ALEHERZ  EWsHME AD-293  AEE gEFo A
AFZFHAT.  FluxOR™ thol22E fralg Aade 2tz 488 mn 2 525
mé 97] 3% g wE ggdA D539, a ANEY A5 i
Aol 10 mM T2 K'S Arbste] AASA) Lta“ﬂ«] A"l BF
FH=47)(standard fluorometer)E o] {3 _Tf_—’_,h z3gge] Hgg A
ARE A7 A8, F&d vlo]la 2T olEL 15% vt} BEHYT.

A9 47
Hr& A (hyperactive) EAWo| BKe, Ad9 Az 2 EN Fo

£ 3RS B, A9 B A W 2709 RK Eo)QE 7o)
Ej#flo] = (flexible interface)elr] WAg Sodwo]=o] 93

A}

Ho
g

o) E

O 1l

BetAl FEEeEttE AMIE oldHe] RudRTH(Kim, ef al., 2008).
RCK2 ) EQHolEL2 3 Wgoz AY X3 = X (voltage activation

curve)= O] F A A A g o] A% Hel(open  conformation)E
AASANPo=A BlCa HE& FHFANANTI(Kin, er al., 2008). o],
RCK2 =rdfldl W 2709 ol Xge EgsHs BR, ALY o)F
SAWOl(GT33D/N736K; = 1la 2 E 1b)7} AZFHo] o9 JsH Eio]
ZAET. 2 IHAES AD-293 AE W Q7 BK, MY = oz

21
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G733D/N736K EA¥o] Bhe, AEE EFslE= 2d Zelancs gnyosm
ERZARAZT. AEZW Y BEA solA, A7) =ddo]

g2
WT BKea AMEET o% © W& o A<d(membrane voltages)d 9] 3
ZASHATE 1c).

F, AVEUE EHeHE WA EAaAAY ATE 3% F
Aoz GAH MNERSS sty o2 SR, Y
FAE o] 8T AGER BAL 3 B, Ad 9uAS A By
ASFAR(E 22). E AEFoME g Wy M=So BRIz
BakAe,  Edadd® AEOAM 130 kDa WHEYH M Sol
HZHA=U(E 2a), ol Biea A2 oA 7)o X}, T 2

G733D/N736K BKe, 29 =& o] wlm= w shr). Ao =
TEE WT 2 Ed¥o] B, AMEL A7IAYEE PHEL o834 ¢
ZALE AT AE](bath, &) 2L AZU(Fo]x) LA =93
T2 K'(120 mD)& EFePATE, [Ca]= 7 £AoA thstdg. -
80 mVell M-8 200 mV7kA o] Weje] Mok HBaut -100 mve] mA AL 10
e F7hE HgHQY. % 922 9 100 aM [Ca®], 5’—11:‘0” 2] 3| A
gdstEe A9, W 2 G733D/N736K AEEL K dRs =u

G733D/N736K =dWol= &4 e wgdom AxA-A J(conductance—
voltage, G-V) BAE EASA o]BAATHE 2¢). G733D/N736K
3ol Qe wk-gAdst A (half-activation voltage, Vi) 100 nM
[Ca”Ti91A oF 110 mVe] €% WEE Yeith. o], A7 Seiuo]
A o l%;ﬂ%% Ca®"e] BEA st Az AY Fro] os ghwis
FAGHATH(E 3a R E 3. Vip ATES B W [Ca¥] oA
LA A =, O]t F7] ol EdWolo]l s Bk, g9 WUw
FHl(closed states)?t 71 Ael(open states; EAJ3 AFel) 7+e] wolA
ol MsdeS AMAITHKim, ef al., 2008). Aedt AJSL AD-

239 MEFA AFHoz IHHP (733D/N736K S™o] sjdo] bR
[Ca®Tiol A =t Agtel s g&Fo 98 FAHNY 4 gog= AL

o m) g},
%l BKe, AE FA AR o) G733D/N736K AL o] A =37
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Bkca A8 =HAAEE T Y3 TAZ oA (733D/N736K
AEE dFHoz A= xﬂi—r«l HAEE Brey) Y8, sdwol
ANee 24& FTNE ZEF B, MY FAARQ CIBICY =L
ZALSF AT (Gormemis, ef al., 2005; Lee, et al., 2012). g sx|o] 10
wl CIBICS} H7h= WI Bkea MNE(E 4a) 2 G733D/N736K Sdwo] BK,
AE(E 4b) EFoA OJLAHAFE FAdA =2AAT, Z+ Ad9
BAHEY A=A Ga) S -100 V2 FGEZ GAe o3 2wy
HAARE HANHYHAFE ZEFNPo2H YS9, o M 2 10 w0
CIBICNM 9] G/Grx B BZT T2 o] &8t AANFHUTY.  CIBICY
A7k WT 2 G733D/N736K AH'E9 6/ TH EEoN S wagko 2o
o2 CFIARTHE 4c).  GT33D/N73EK A2 K ATE(KLTe o
M M™e W A AZERT A o A= 4d).

AE-7198 o Hlo] TAZoIN G733D/NT36K Bhe, AL ZE e B4 5
HEHez, B 2uAEe FUBY B, AYe IdHgom

L= MEEC] AY FAHAREY 12 (high-throughput) 2389
A A ARE AAS7) A% AYSL AAYT dEHo R

1875 @ FluxOR™ Thol(dye)e K A¥EL 98 B#EH Mz-7)ug
Mol 2 o] &3tk WD & G733D/N736K B, YL dHHMoz
st AEF7 Eg-D-goldl-zHE 96-9 ZeolEo E3Eo
MFAZL F 80% WA 90% HIZFAX(confluence)d] T==at A Eo|A
Flux0R™ Al2d9& =438ttt g, E AD-293 MEIFEEE dojR
¥ Aladol xTozAM ZAEYTY.  ¥F BE Ao, MEES 10
Wi CIBIC X< DMSO(HiZT)< d-Agaigict. 718 3L 22 59

ke

SAT F, AEEE FEFEHA7)7) 9 10 i T ('S TP 22
gENe Ao Hgstd) 10 uM CTBICY H7le 2 AZFA
A=d 37 57 Bl Hawd Adwe YeAtHE 5a). W AL
2t AL HAEFEL HAESNQYS A9, E 2gxze 10 M

CIBICH H7tol ofs) <F 1.3uw4e) ¥F F7
SHAIRE, G733D/N736K EdWolE 2dste hFAA MEFE T AL
ddsts AEFEG AL AR dE og o 2 wss RYHE
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5¢).  AuldA ¥} FYUE(relative fluorescence unit, RFU) gk 7|&
W3 wjnste] 2. 3wi7kx] Z=718kgit). dett 23EL (733D/N736K
Bica AHEE AdAFHo2 A= HEE 0] 835 SHFo] Bk, Ad

2AJMAZ e 2& 25890 o]&F 5 Juhs AL HA|wT},

fel

F7he= o ALe}

Bkc, s8] Ay Fo4 € X8
Aol 3y 2HJAAEL olA7A Ax
A 2AJAAES 23898t AF BEE =9 Uz
A AEZ-71dkE ojalo] WHel Eajo|t},
AdE @8, A [Ca™]iolA B, MY A= A
UM AR Fe & GEILS Haz F: wdd, [Ca¥])
FolAZE e c2E A @AsE X gL 2RI 93
ojFofATt.  [Ca¥]ie AET W Ca¥-FFHA ALY MY m: ATy
A% a(intracellular stores)ZHE (a? &S $Ess AT A9l
BEEY dAstdl s F/tE £ Aok, [Ca¥]io WE BKe, MY mo
w3 NPEE A2-2H(sub-membrane) Ca® Hx9 FWe zxe Wos
olgg olfZ, Bk MY ZFHAAEY HIE Y8 [Ca¥], S
StAt e B =¥HEO AT oE Bo}, [Ca¥];e 2AF
ggE oS TISE ATsE R FAP AHP uYo)
of Bu¥dtt(Ido, et al., 2012).

2 d7dA, B d9aEe /19 [¥],9 "e go] -
71k ofAolol A o] 8d % 9k BRe, MY 2FANSY 1L AFaye
A =g AET-7I9kE A 2"G spEstgdh. oA AR} BK, AY )
2719l RCK E=WAEY A fAH  dEFolx e =as
F2 28 [Kim, et al., 2008)& AAFA7] @R, E SH4Ee RCK2

ro 03“_,

oo L

o

E=vlQle] G733D0 ¥ N736K EdWolE EaEle Iy EAQAWHOE
Alzste] ole] B #HIAUT.  G733D/N736K BR, MEL <tHHo =
A= AEFEY I o] AIZ Ca®*¢

YT PHS Bdvo] AYE
O
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°]&7bsd ojxlolg ol &t B wwalEL (733D/N736K A9 ERRE
TAE % Aladel WT AdY FF Aadrd ¥4 o o= AL
gAstunt.  dASF olZ, G733D/N736K B, AYL Ao was=
AEFES] RIPE WT BKa MES @dsts M EE9 RPET dAsA o
=34 A4E YEIH(E 30). Hop AASAE, W 2 G733D/N736K
v MEEY RWPE 47 -36.3 £ 2.2V 2 700 + 2.1
Hol e = MEEo o Ee &3 RPE At=
Aol kA [Ca®]; B T Aol K'Y &S Awsin
X

WAE F Ao AL Jgusdl, ol: ok AdHdlM Edwo] B,

-1)1
m\n

vtk =4
AL Eduo

LAstE FFHA MEFEL B, AY A ZAIS 9§ A2e Ax-
7lkE oMol AlzElolgt= AL ouFth, ALd NEESe @3-
e ZREE 2 A53E WA/ 4e UEE 2RE o]8dd B,
AdE A7 FHIAESL 23YstE § moe 983 Aoz
o AHg T,

o)lgoz B wge EXg HES A4F 72sds vl 3Ae]
B4l A4 7k AdA QN o) E TAHA r)=e wx v
TE oY Boln, olo] B @ wWrt AFHE o] ofd He
Hysitt,  webd, B due Ahe #He: ARy J7gm 7o
E718o] 9ste] Heoldtim 3 Ho|oh
AR
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[53]%739)
g9 BAE T ol AY  ZFAR(modulators)e]
H

(a) ©F¥¥ BK,, A< } 2
H%ﬂ-%ﬁ%ﬂLOWH%PHQ =
AZo] APEDS Hejst= wA; o

(b) 471 AZoNq 47 SR Bl AL BHL BAss=
YA, A7) AGEHo] 47 BAWold BR, AL BHL 27|
9)

3 R N736 A9 o}m Ak
LEOlE MEdE EF3E

G73
TEH

ol Ad B A (activators)E FE3T A7) EAWol® Bk, Mo
Z4e AAANTE o] AHE AAA(blockers) 2 BREE AL EFoz

e 2329 P4,

[3 73 2]
A1 ol oA, A7) BA (2)9 BEWolE oAl Mde

oF¥Y BKea M@ 32 W G733 2 N736 X)) olm Al o] 733D &

NR%E%%%Q%OWB%}H%ﬂﬁhlﬂ@OEBP‘*iﬂ%H%

[ 3 3]
A1 gl A, A7l A b)Y EAWol® BK, MY
[Ca®*1io) BAIQol & & Z(membrane depolarization)o] &3] @A g ==

Ae BEAOZ 3= 2383 U4,

[ 73 4]
A 3 el QoAM, 27] GEZL -80 mV WA 200 mv B M}
HX(voltage pulses)olA 10 mV A F712 dAFoE HEH= AL

Exoz st 239y P,

[’ 7% 5]
A1 Fol AolAM, A7 @A (b)) EdwWold Bh, MY AEA-
A BAl(conductance-voltage relationship, G-Ne &2 H(negative
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o
Y 53¢ B ool Ag 5= St 23y Wy,

(27% 7]
NEEE A4G9 ohulit D2 ool SAM|H B, A
S,

(373 8]
(a) MEEE A4 EY oluil NEL mYsE=

Ad; (b)) A7 wEHQE s AHde FEHom A= (operatively

linked) Z2EXE; B (¢) HUUOE](terminator)E L a3t= =23 W,

(7% 9]
A8 Fe] A= AEHZ YAAED Ax,

[+ 10]

He9 gAE EFsE BK, ME BAH-BYE I, Iy T
el (diseases, disorders or conditions)] X2 2F2g 9.

(a) °oF3% BKea MY HA-A W G733 Z N736 X9 ofmwAl
Aol EdRold okl NE-d3Y FZELEols HEe Tass
AEo) ANFELDS Agstes 9, 2

rle

() 471 AEAN EA¥ol® B, MY THS BAsHE
SAZA, 47 APEL]l 47 SAN0lE B, AU BHE HRAAW
B, MY 24-BE 4E, 38 == A9 AmAz wogs e

oz st 232y Wi

(478 11)
Al 10 ol doiA, A7 DA (a)9 SEMol" olmwAl gL
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R Bleo A 1A W 6733 2 N736 9K obu)wAl HHo] (733D =
N736K= =dwold ofvliat NEY AL Exoz 3l A7y 9y,
[4+% 12]

Al10 Fell lolA, A7) BKe, AE FA-BE Ay, g xe=

A& Jd#dF(cardiovascular disease), HH L= A= sz

(73 13]

A1z gel o, 4] dEwAne ZAAsSE, 4945,
FIEY BAFHT, BHEULY, HY, ADF 8, 1YY, APH=
58 9%, AT 88 Tt a4 4% 49, ¥ 2 2oy gus,
5%, $84 4%, U5Y 943 == g5UF 2e ysy I3
EE 228848 AL 5Yo= s 2a9y uy.

[473 14]
A 12 Fel QoA Yl Hd E=e 9% U Fdse JE

o
ok, AT, LRUES, BEZF, AdWE, Mys,
HELEHS(ptilosis), B FF(siderosis), TFHZE, dAx ==
=
[&)

Flacute lung injury; ALI), B4 it oy #2EA HEdg, 94
B 44d # D& (chronic obstructive pulmonary disease; COPD), 7]#x|< .

o 718AYE,  MAAYE(wheezy) 71BAY, A ® Joute =

[%+3 15]

A 12 ol QolM, A7) s 27 AR BNA 9 (overact ive
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bladder), =444 W (unstable  bladder), WA Wl
B = 2894 (detrusor instability), 1l 3z Z 3 9kAF(det rusor
hyperreflexia), 27+ Fx(sensory  urgency), LAF, 714y

o ]1 ’ . . - .
845 (urge urinary incontinence), 2E# 24 QA F(urinary stress

incontinence), AN QA F(relfex urinary incontinence), =% ®jx,
M= 27] A3H(dribbling), ®Mlx Fol(dysuria) == AaA W4 (spastic

bladder)?l A& EHS= st& 2384 4y,

A 12 Foll oA, A7) Bl E¢-HY AHE yEag,
Ab

AFE, Augol, Al FEZE, 458 Eol(performance anxiety), 94

pe!

=]

= =1

T 2E#2 Fol(posttraumatic stress disorder), B4 AE#A L
X

9 Ao§(adjustment disorder), WAE#HEA  Foll(hypochondriacal
EQt Fof, FAFZEE F= EX 3 X% (phobia)d! AL

AE W,
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