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woage 2% EPSHe -9 24 AW 9§ 2B Be Aow, PAHoRE AXY
o ZHEAYS AAG] FAF, nWY, LA, BF, 495 2L 48S AR L s H5F, B
FA-2-2 FEAS Tk A 2Y Rl © solT)

- - . 2
A28 7+ A (voltage-activated Ca  channel )& ko] & = gl ga A9 gi
= (depolarization)ol 9J&] deln, oju] A AES Falo] 9F o] LFolo] & ol d] MERE o9}
LEFE, AYs Y, TEE FH], a4 x4

ol s 4, BEAY S AR 2ay, e
FAAE e B BAND F 2eAL] ArlAe s @ ety 5

grs] JPsof skt

12714 82 ZeAde] 72 ZeAde drjAgegy 9 st 72 5SS A3 = al 7FE2A
ole] 71%5S BEdE 4 B, 3709 a2-§ o 2o FAHUYL al FERAE A 10719 HEFY
(alS, alC, alD, alF, alA, alB, alE, alG, alH, all)o 2 FAEHA Ur}. 7|4 ZHEAES AE
g]3t4 Aol A8t AA 374 FH, =, -8 ZaAE(als, alC, alD, alF), H(Non)-L-8 Z&FHE
(ald, alB, alf) 2 T-38 ZHA9(alG, all, alD)E Yis 5 dth(Talley et al., J. Neurosci. 1999,
19, 1895-1911).
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olgtn® ste=d gl odl AF A Al FAHY IANA A AFIF wE S22 Fdsty
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Atk (Zhou et al., 1. Cell. Cardiol., 1994, 26, 1211-1219; Huguenard et al., Annu. Rev. Physiol.,
1996, 58, 329-348; Rossier et al., Endocrinology, 1996, 137, 4817-4826; Arnoult et al., Proc. Natl.
Acad. Sci., 1996, 93, 13004-13009; Ikeda et al., Science, 2003, 299, 1237-1240).
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3110-3117; Self et al., J. Vacs. Res., 1994, 31, 359-366; Nuss et al., Circ. Res., 1995, 73, 7777-
7825; Shin et al., Science, 2003, 302, 117-119; Van Der Vring et al., Am. J. Ther., 1999, 6, 229-233).
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Aol 10 3-ofo] X 2 P-2-5 2-BERI-5-7 5 A4 W ojrke] =(KKK1273) 9] Az

T4 2ol A 25 ml Et2d RS A V22 A S, L3 (117.1 mg, 1.0 mmol) ¥ 2,2,2-Egol&

FOZEE (10.0 ml)S Ad=2 Wi 40 C2 L52 93 S ALstA A Ay, E3, T4 2

A ETOE 10 i SE2Td AdA tAE e F ZFEfo]ZdHsleo]= tholn (60.05 mg, 0.5 mmol)E YL
kel

=,
e
=2

=2 ]
2,2,2-E&}o| ZF 2 EHE (4.0 m)S YAk, 7ol wldolo]hAlol}o]= (134.0 w, 1.1 mmol)E H7}3t
% Egtsle] dojl gAS AY] L-gdo] ol Zdlado HAHAF] FHs e, oo, Ao EFRES
-40 CollA 3AIZr BoF wuksla A3 Aoz &8 24417 B¢t F71E whkdk og, SuiE 7k Sheoll A
} i

At & (10.0 me)3 ofEolMHOIE (20.0 m)E ¥ &, dEolAEHolE (20.0 m)E 33] F&3sla Ho}
A fF715S 9 Fdntaodgos Az 3 stdA SulE ZM SR, FL MAE dHaEnEd
gu (A 74, odldelMe o] E: At = 2: )R GAlste] Al 3= (154.7 mg, F5: 56%, T4 EHF A4
B FEolddA v =2.9:1)S 53

h

[al,” = -48.21 (¢ 0.0014, CHCl:)

FT-IR (neat): 3468, 3365, 2959, 1743, 1464, 1374, 1243, 1048 cmf1

'H-NVR (500 MHz, CDCls): & 7.59 (br.s, 1H), 7.36-7.23 (m, 5H), 4.59 (ddd, 2H, J = 16.5, 11.5, 5.5 Hz),

4.45 (d, 2H, J=6.0 Hz), 3.85 (t, 1H, J=4.5Hz), 3.53 (d, 1H J = 4.5 Hz), 2.29-2.22 (m, 1H), 2.12
(br.s, 1H), 1.02 (d, 3H, J = 7.0 Hz), 0.97 (d, 3H, J = 6.5 Hz)

13C—NMR (125 MHz, CDCls): & 170.3, 170.1, 137.6, 128.8, 127.6, 127.5, 67.8, 59.6, 54.1, 43.3, 29.9,
19.1, 17.5
MS (EI) m/e (rel intensity): 276 (M+, 2), 142 (32), 114 (34), 91 (100)

HRMS calcd for CisHaoN20s (M+) 276.1474, found 276.1476

AA e 20 3-HA-2-L A-EZZY-5-7}E A A wl & olu)o] = (KKK1283) 2] A%

L-dd<atd (0.6457 g, 3.91 mmol), F&to]Zdddto]= tholw (0.2347 g, 1.955 mmol) 2 wWl@o}o] LAjo}
ol= (0.5266 g, 4.496 mmol)E *}%o}cﬁ AAd 13 A e TAL SAqE TA FEE (1.0778 g, Fo:
85%, TANE I FANE FRolH4AA Y v = 1.5:1)& F53IAUTE.

FT-IR (KBr): 3334, 3028, 2924, 1752, 1669, 1521, 1152 e

'H-NMR (300 MHz, CDCly): & 7.57 (br.s, 1H), 7.35-7.16 (m, 10H), 4.63-4.61 (m, 1H), 4.50-4.47 (m, 1H),

4.38-4.35 (m, 2H), 3.94-3.93 (m, 1H), 3.70 (br.s, 1H), 3.28 (dd, 1H, J = 14.0, 3.0 Hz), 2.90 (dd, 1H,
J=14.0, 8.0 Hz), 2.17 (br.s, 1H)

PO-NMR (125 MHz, CDCly): & 170.8, 170.3, 137.7, 136.5, 129.3, 128.7, 128.6, 127.4, 127.2, 127.1,
67.7. 54.6, 54.0, 43.1, 37.7

MS (EI) m/e (rel intensity): 233 (14), 190 (10), 162 (10), 105 (19), 91 (100)
HRMS calcd for CioHisNoOs (M—PhCH;) 233.0926, found 233.0953

AN 30 3-AA-2-8 A-BZH-5-F}F A2 A|F R Aolnlo] = (KKK1285) 2] A%

L-dd<ad (1.3903 g, 8.4164 mmol), E&olE L d3}o]= thol (0.5054 g, 4.2082 mmol) = Wl Zo}o] A
olit}ol= (1.2034 ml, 9.6789 mmol)ZE A}%o}cﬁ AA o 17 fALE A4S o] BA E (1.4565 g,
& 530, TAGE FAPE FEo)dEA9 ¥ = 5.4: )& 535

[al,” = -31.07 (¢ 0.0014, CHCl)
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FT-IR (KBr): 3319, 3028, 2856, 1750, 1660, 1521, 1156 e

'H-NMR (500 MHz, CDCl3): & 7.35-7.25 (m, 5H), 7.11 (d, 1H, J = 8.0 Hz), 4.52 (ddd, 2H, J = 42.0, 12.0,

4.0 Hz), 3.94 (d, 1H, J=5.0 Hz), 3.71-3.66 (m, 2H), 3.32 (dd, 1H, J = 14.5, 4.0 Hz), 2.92 (dd, 1H, J
= 14.5, 9.0 Hz), 2.10 (br.s, 1H), 1.81-1.78 (m, 2H), 1.68-1.64 (m, 2H), 1.60-1.57 (m, 1H), 1.38-1.30
(m, 2H), 1.22-1.14 (m, 1H), 1.14-1.04 (m, 2H)

PO-NMR (125 MHz, CDCly): & 170.7, 169.0, 136.6, 129.4, 128.8, 127.1, 68.0, 54.8, 54.0, 47.8, 38.0,
32.7. 32.6, 25.3, 24.5

MS (EI) m/e (rel intensity): 316 (M+, 6), 225 (54), 190 (50), 162 (46), 105 (46), 91 (100), 56 (84)
HRMS calcd for CigHouNs0s (M+) 316.1787, found 316.1848

A 40 3-0] - E-2-% - B EU-5-7HE AL Wl ofrto] = (KKK1296) ] A%

L-F¢]41 (0.8860 g, 6.7544 mmol), Feto]Z&ulslo]= tho]l™ (0.4056 g, 3.3772 mmol) H HlZo}o] irjolr}
o]|= (0.9460 me, 7.7676 mmol)E AR&3to] AAlo] 13 AL S Faste] XA SE (1.3063 g, F&:

o
o
67%, TAY= FAdE FEolEAY ¥ =5.3: D& F583AH.

[al)’ =-50.08 (¢ 0.0066, CHCl)

FT-IR (neat): 3397, 2963, 1750, 1665, 1524 e

'H-NMR (500 MHz, CDCl3): & 7.45 (br.s, 1H), 7.27-7.15 (m, 5H), 4.49 (ddd, 2H, J =23.0, 11.5, 5.0 Hz),

4.36 (d, 2H, J =6.0 Hz), 3.75 (t, 1H, J=5.0 Hz), 3.48 (d, 1H, J = 4.5 Hz), 2.00 (br.s, 1H), 1.88-
1.82 (m, 1H), 1.47-1.39 (m, 1H), 1.19-1.10 (m, 1H), 0.91 (d, 3H, J = 7.0 Hz), 0.79 (t, 3H, J = 7.5 Hz)

PO-NMR (125 MHz, CDCly): & 170.2, 169.9, 137.6, 128.8, 127.6, 127.5, 68.0, 59.6, 54.2, 36.9, 25.1,
15.6, 11.8

MS (EI) m/e (rel intensity): 290 (M+, 5), 156 (100), 128 (39), 112 (53), 91 (74)
HRMS calcd for CigHaoNoOsNa (M+Na+) 313.1528, found 313.1527

AA e 50 3-(2-wE A gt d - g )-2-F - Z U -5-FEA|LF wlFofulo] = (KKK1300) 2] A%

D-#lEl e (100.0 mg, 0.6702 mmol), =gto]Zddlslol= thol™ (40.2 mg, 0.3351 mmol) = W Folo] LA o}
Hol= (90.0 uL, 0.7372 mmol)E AHE3ste] AAld 13} FAS F4& FaAste] 1A 33E (82.7 mg, TF&:

M0, FARETRAYE DRl YA ¥ = L6:DE FEAAT.
FT-IR (neat) 3332, 2929, 1755, 1666, 1523 cmf1

'H-NVR (500 MHz, CDCls): & 7.63 (br.s, 1H), 7.27-7.13 (m, 5H), 4.57 (ddd, 2H, J = 60.5, 12.0, 4.5 Hz),

4.37 (d, 2H, J=5.5Hz), 3.82 (dd, 1H, J=6.5 5.0 Hz), 3.79 (dd, 1H, J=4.5 4.5 Hz), 2.56 (t, 2H,
J=6.5Hz), 2.39 (br.s, 1), 2.19-2.12 (m, 1H), 1.98 (s, 3H), 1.87-1.81 (m, 1H)

FC-NMR (125 MHz, CDCl3): & 171.0, 170.2, 137.6, 128.7, 127.6, 127.5, 68.0, 54.2, 52.7, 43.3, 30.5,
30.2, 15.3
MS (EI) m/e (rel intensity): 308 (M+, 60), 217 (34), 174 (100), 126 (39), 91 (50), 61 (98)

AN 6 3-(4-ZFF L 2-A)-2-L A-EEU-5-FH5 A2 wll Folufo] = (KKK1391) 2] #| =
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o

L-4-ZF 2 =2 Hddald (25.0 mg, 0.1365 mmol), Zz}o]Zdd)slo
ofo] AAJol}ol = (18.3 e, 0.1503 mmol)S ApRg3ate] AAld 13}

mg, TE: 94%, FAYE FALE TR AA Y v =3.9:DF

In

thol™ (8.2 mg, 0.0683 mmol) % #l
AP A4S e 1A SHE (41,

s,

o

4
By

'H-NVR (300 MHz, CDCls): & 7.43-7.15 (m, 8H), 6.97-6.91 (m, 3H), 4.72-4.67 (dd, 1H, J = 3.0, 3.0 Hz),
4.57-4.52 (dd, 1H, J = 3.0, 3.0 Hz), 4.40-4.38 (m, 3H), 3.96-3.92 (q, 1H), 3.80-3.78 (m, 1H, ), 3.27-
3.21 (dd, 1H, J = 3.0, 3.0 Hz), 2.98-2.89 (m, 1H)

13C—NMR (125 MHz, CDCl3z): & 170.3, 169.9, 137.6, 131.1, 130.9, 128.8, 127.6, 127.4, 115.8, 115.6,
67.8, 54.7, 54.1, 43.3, 36.9

AN 70 3-(4-HEA-1E)-2-2 52 -EZHU-5-7} 5 A AF vl Zo}nlo] = (KKK1392) 2] A%

()

L-4-w5A] Al dedebd (50.0 mg, 0.2561 mmol), =eho]F&dlsto]l= thelm (15.4 mg, 0.1280 mmol) %
ool xAJol}o] = (34.3 ub, 0.2816 mmol)E AM&3ted HAAle] 13} FAMGE FAHAS st %A sFE (64.

mg, T&: 71%, FALE FAYLE FEoldAA Y B = 3.2: D& F5EU

(@]

'H-NVR (300 MHz, CDCl3): & 7.51 (br.s, 1H), 7.37-7.10 (m, 8H), 6.82-6.77 (br.s, 2H), 4.68-4.63 (dd,

H, J=6.0, 3.0 Hz), 4.55-4.50 (dd, 1H, J = 3.0, 3.0 Hz), 4.41-4.34 (m, 2H), 3.93-3.89 (m, 1H), 3.76
(s, 8H), 3.69-3.67 (m, 1H), 3.25-3.19 (dd, 1H, J = 6.0, 3.0 Hz), 2.91-2.83 (q, 1H)

A 8 3-(4-HEZ-MA)-2-2 5-E L H-5-FH A4 Wl W ofvlo] = (KKK1394) 9] A=

L-4-UE=Z #idgdetd (50.0 mg, 0.2378 mmol), =gto]Z&dslol= tho]l™ (14.3 mg, 0.1189 mmol) Z Hl =&
ofo]aAloltol = (32.0 b, 0.2616 mmol)E ARE3le] A Ald 13 FAMGE A4S 33t A &3&E (31.0
mg, & 35%, FAAEFAAHAE FEAZAAY H= 2.9:1)S F5FATE.

"H-NMR (300 MHz, CDCly): & 8.06 (d, 2H, J = 9.0 Hz), 7.40-7.26 (m, 8H), 7.14-6.98 (m, 3H), 4.76-4.54

(dg, 2H, J = 3.69Hz), 4.43-4.28 (m, 3H), 4.15-4.03 (m, 2H), 3.82 (br.s, 1H), 3.36-3.06 (m, 2H)

PC-NR (125 MHz, CDCly): 6 169.9. 169.7. 147.1, 144.2, 137.3, 130.6, 128.8, 127.7. 127.3. 123.8.
67.9. 54.5. 54.1, 43.3, 37.6

AN 9: 3-(4-FE2-WH)-2-252-EZHU-5-7} Z A AL "l do}rlo] = (KKK1404) 9] A =%

L-4-ZF22 dd2dad (117.0 mg, 0.5861 mmol), ZFeto]ZFLdslo]l= tho]¥ (35.2 mg, 0.2930 mmol) % ¥
ofo] Ajol}o] = (85.6 wb, 0.7033 mmol)E AF&3Fo] HAAo| 13} FASE TS F3ste] XA 313E (155.6
mg, & 74%, FAANE FAALAE FEOAAAIN] = 2.5:1)S F5IA Y.

H-NMR (300 MHz, CDCls): & 7.39-7.13 (m, 10H), 4.68-4.67 (dd, 1H, J = 3.0, 3.0 Hz). 4.57-4.52 (dd, 1H,
J=3.0, 6.0 Hz), 4.40-4.33 (m, 2H), 3.97-3.93 (m, 1H), 3.79 (br.s, 1H), 3.27-3.21 (dd, 1H, J = 3.0,
3.0 Hz), 2.97-2.92 (q. 1H)

PO-NMR (125 MHz, CDCly): & 170.3, 169.9, 137.6, 134.9, 133.2, 130.8, 129.0, 128.8, 127.6, 127.4,
67.9. 54.6. 54.1, 43.3, 37.2

AR 6] 100 3-(4-3ho] =5 AW 2% 2B EA-5-7H A4 (1-9] -0 ©)-o}mho] = (KKK1406) 9] A%

L-Efo] 241 (100.0 mg, 0.5519 mmol), Zeho]Z&dlste]= ol (33.2 mg, 0.2760 mmol) B (S)-%3-wg
Hldofo] 2 AJofto]l = (85.5 pb, 0.6072 mmol)E AR&3to] Ao 13 AR A4S Fdste] FA4 s3E

(91.7 mg, & 47%, TR = FAE T FEoIdZA g = 4.6:1)& 5383

(%

'H-NMR (300 MHz, CDCl3): & 7.57-7.55 (br.m, 1H), 7.36-7.22 (m, 6H), 7.09-7.07 (br.m, 2H), 6.77-6.74

(br.m, 2H), 5.10-4.97 (quintet, 1H), 4.60-4.55 (dd, 1H, J = 3.0, 3.0 Hz), 4.49-4.43 (dd, 1H, J = 6.0,
6.0 Hz), 3.89-3.82 (m, 1H), 3.70 (m, 1H), 3.23-3.17 (dd, 1H, J = 3.0, 3.0 Hz), 2.91-2.84 (q, 1H), 1.42
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<127>

<128>

<129>

<130>

<131>

<132>

<133>

<134>

<135>

<136>

<137>

<138>

<139>

<140>

<141>

<142>

S=50dl 10-0758317
(d, 3H, J=9.0 Hz)

13C—NMR (125 MHz, CDCl3z): & 171.3, 170.1, 155.8, 143.1, 131.0, 129.2, 128.2, 128.0, 126.4, 116.2,
68.3, 55.2, 54.5, 49.3, 37.5, 22.3

e 110 3-(4-HEZ-A)-2-& A5

i

A -5-F}E A AL (1-9 -0l & )-o}n}o] = (KKK1408) 2] A %

L-4-UE=Z #ddded (100.0 mg, 0.4756 mmol), Zd}o]|F L4 slo]= tlolr (28.6 mg, 0.2378 mmol) 2 (S)-
&ul-vE Wl dofo] Ajolfol = (73.7 ul, ow%mmUEAH%MﬁﬂﬁﬂlﬁTﬂhP+ﬂ°’W%M%Jﬂ
SIEE (54.0 mg, & 85%, TALE FALE FEo4AAY v =5.9:1)& F53 .

H-NMR (300 MHz, CDCls): & 8.16-8.09 (br.d, 2H, J = 9.0 Hz), 7.46-7.37 (m, 2H), 7.37-7.20 (m, 8H),

5.06-5.01 (quintet, 2H), 4.70-4.53 (m, 2H), 4.07-4.05 (m, 1H), 3.80 (br.s, 1H), 3.41-3.37 (m, 1H),
3.18-3.11 (m, 1H), 1.41 (d, 3H, J = 6.0 Hz)

Al 120 3-(4-FF L R AH)-2-F -2 F Y -5-7h A (- D -ol ') -obwlo] = (RKK1411) o] A%

L-4-FF 2= dAddebd (33.0 mg, 0.1802 mmol), Zehe]Fddlstel= thel (10.8 mg, 0.0901 mmol) =
(S)-<at-m|el A Folo] AAlolt}o]E (26.8 ub, 0.1982 mmol)E AFE3te] A4 13 A8 AL F3519
A4 3gE (21.0 mg, & 32%, TALE FAALE FEo)ddA9 v = 3.5:1)& #5331,

H-NMR (300 MHz, CDCly): & 7.37-7.18 (m, 9H), 7.02-6.96 (m, 2H), 5.04 (quintet, 1H), 4.66-4.49 (dq.
OH, J=4.1Hz), 3.93 (q, 1), 3.70 (br.s, 1H), 3.30-3.24 (m, 1H), 3.00-2.93 (m, 1H), 1.42 (d, 3H, J =
6.9 Hz)

PO-NMR (125 MHz, CDCls): & 170.3, 168.9, 142.6, 132.1, 131.1, 128.7, 127.5, 126.0, 115.9, 115.6,
68.0, 54.8, 54.1, 48.6, 37.1, 21.7

A 130 3-(4-F 2 2-W13d)-2- A-EZH-5-Ft 5 A4 (1-3d-o & )-o}v}o] = (KKK1413, KKK1414)9] A =%
L-4-2 22 dddabd (31.3 mg, 0.1568 mmol), Zete]|F&H|ste]= tholw (9.4 mg, 0.0784 mmol) H (S)-&
sh-ol e W Qoo 2 Aoko] =(23.3 11, 0.1725 mol)E AL&ste] Aol 13 fAre #4E FaAsked wAl 5
St (19.7 mg, F8: 34%, A E(KKK1413) @ FAA 2 (KKK1414) FEoIHAA L v] = 4.2 : 1) 539
o},

H-NMR (KKK1413, 300 MHz, CDCly): & 7.35-7.14 (m, 8H), 6.99-6.96 (m, 2H), 4.96 (quintet, 1H), 4.76-
4.69 (q, 1), 4.08 (t, 1H, J = 12.0 Hz), 3.84 (m, 1H), 3.42 (br.t, 1H), 3.34-3.28 (m, 1H), 2.73-2.65
(m, 1H), 1.25 (d, 3H, J =6.9 Hz)

PC-NMR (KKK1413, 125 MHz, CDCls): & 172.2, 168.5, 142.8, 135.8, 132.9, 130.5, 128.77, 128.75, 127.4,
125.7. 66.1, 53.9, 52.9, 48.1, 35.3, 21.8

'H-NMR (KKK1414, 300 MHz, CDCl): & 7.35-7.17 (m, 1H), 5.03 (quintet, 1H), 4.67-4.49 (dq. 2H, J = 4.1
Hz), 3.94 (q, 1H,), 3.69 (t, 1H, J=4.0 Hz ), 3.28-3.22 (m, 1H), 3.01-2.94 (m, 1H), 1.41 (d, 3H, J =
6.9 Hz)

PC-NMR (KKK1414, 125 MHz, CDCly): & 170.3, 168.9, 142.6, 134.9, 133.2, 130.9, 129.0, 128.7, 127.5,
126.0, 67.9. 54.7. 54.1, 48.6, 37.3, 21.6

AEE A A M

oo -9 Zg Ade] adA aAdAl e s s Alxd stgEd tiete] 13 A WRiow
-9 Zg A T allE TN N8 neA S o] &ste] Qg AdAans g8, -8 24 A8
AR 5 AABMNEA F2 EAetE alGRhS d¥A o2 dAAY EfHF5F HEK 293 AEF (A3 A% &
AEZRE Fas, v s Yol aaje] FUBAE o1 WA Yole] ol =9)= du=-go]d]x mwgel o

_13_



<143>

<144>

<145>

<146>

<147>

<148>

<149>

<150>

SS=50dl 10-0758317

3 SE HNEF)E o8t 2 oA AE, 12 AAA 50% o] e JA afE Rol= T-8 Zw A
g AdA THEZDES 3 [Rhim er al., Biochemical and Biophysical Research communication, 2004,

& AU QAL A ZAT PEE AESte] -8 Tw Ade] BAo
2 Yrin fass FHEAE getel N-¥ eAd AR YAk,
s, ¢ WSl AEEE 49 T6 AN G4 BahE wolt Ao WA,

Age 110 AT M

T-8 Z4 AY all (Ca, 3.2) FAXE e nEA o] B 7]7] 95te], 471 AE cRNA (AF051946) 7}

=

enopus oocytes)e =0 H alH T-8 Z4H E=29 cRNA &4

AelEo] 9lE 5 WS A G4 AfITE A2 3 77 RNA ZE] 9 A S A}-g3to] A-33alE cRNAS obv]&
(Ambion) 3]Ate] A& Mol wpal 343 UH(mMESSAGE mMACHINE 71 E., Ambion, Austin, USA). A% cRNAE
PRFTAZ 0.D.3S 459 AFsgu). olu u$ATL A2 @8 2 Xenopus laevis, Xenopus I,
USA) 9] SR ZRE thgo] Wel wa} FH[3lt. ATl WE 1 em A% A7t 3-4701¢] A (lobes) S
7h 2 ekl & 32 Jhe o] Fodle Fe WolglE st oleS FAUA B TA) (Sigma,
N 2.5 mM KCI, 1 mM MgCly, 5 mM HEPES, pH 7.6)°l| A 7}FEasle] GE S

A A A (defol liculation). 73 &ut 2307 dto A Tl & o]ES S0S &M (100 mM NaCl, 2 mM
KCl, 1.8 mM CaCly, 1 mM MgCl,, 5 mM HEPES, 2.5 mM 3] FH|o]E, 50 uM/m¢ Ale}uto] Al pH 7.6)0 A 3-4A]%F

ot 3 EAAY. Yx=FYd 7] (nano-injector) S AFE3}e] 2-5 ngo] cRNAZ Z} n|F=H o] =43 & 18 C=E
SAA 71, 4-59 ZEE 33 Ade A7) A EAS AFstgT).
A& 1-2: AgaAH 93+ e 758 S (Xenopus oocytes)d] a lH T-& Z4 AHEY 7] Ay dta E4
DIl

A 1AM (two—electrode voltage clamping)< AF&3te] 7l+tE] vl o ddd ZAHAde AF=
Z4s9r. AFE 10 M Ba L9010 mM Ba(OH),, 90 mM NaOH, 1 mM KCl, 0.1 mM EDTA, 5 mM HEPES, wgh<

ZAro® pHE 748 Z2ABE)oA STt o W wFH TS FFH7](E 0C-725C, Warner Instrument
Corp., USA)Z E3dlo] AY 1A (voltage clamp) L AF AL A3y, oju] of g2 AFTE= Digidata
2000A (Analog-Digital converter, Axon Instrument)E A}-8-3}< E1Z]Ei iiﬁé oL, RE dlolE e 5
A 2 BA L2 EPC-9 FF 7] (HEKA, German)E &3kl FE]Yd (Pentium) IV FHFE ol 7|53k, dHeolH = F
2 5 KHzollAl Boa1, 1 KHzoll A o8l oh(2d 902 HE, v ”ﬂ‘aaﬂc O}Hi?ﬂ ZA o] ZEFA] HutolA|
ZAb(frequency devices)). T-8 HAFo dAe dnkdgow nF=ATdS -90 nVE LA S Al A ] 15%v}c}
-20 mVe] HZE H9E 7tete] gov|a, o] w =9 A dH & vuste] g HAEE ALts it
I ARE syl ® 200 e

Aol 20 HEK 293 Al vk 2 dAE fAEE o83 T-8 Z+a A 24 A

ggae =uwxa /fA o] viA (Dulbecco's modified Eagles's medium, DMEM)ol 10% Z€fjo} & (FBS), 1%
YA/ AER B A (v/v)E& Yol wteo] AMEstal AEE 95% F71/5% 0,9 =53 279 QlifuolE o)A
2% 36.5ColA vkt wldg e 3-4dd] AN uprolFu AEE dFAviry 5 (sub—culture)s]
FH G-418 (0.5 mg/m¢) &NE& A&t alG T-3 Zg AES YA HEK 293 AET-& oA 3kt
-8 Z& Ad &4 SAHAHAN AMSE AEEL vl 2538 o Z2-1-841 (0.5 mg/m) 22 I8 A AH
EHol mge & 2-7d ol VFET. GAAE FEoA T-8 L Ade dAF "Xé% 98l EPC-9 F %
7] (HEKA, German)E AM&ste] 71z sh AAE ] S PPo s SAsA0. -3 Z+a Ad 24
Aol gl xHoRE= AE HLNO T 140 mM NaCl, 2 mM CaCl,, 10 mM HEPES (pH 7.4):;l AR3Ea A X
o} © &= KCl 130 mM, HEPES 10 mM, EGTA 11 mM, MgATP 5 mM (pH 7.4)& A}-83&}lth. e At A 2
AetsE 1-8 g QY 24 Z2EFZZE YA e AX YRENS ¥ 34 N A uAfE A
S AN Fzo) Be] AMEZ 7= (whole-cell recording) REZ} A 3 & A L9t AYE -100 mVE AT &
10zwkth =30 mV (50 ms AHFAIZDE AEFAIAS o] -3 Za Ad o= Qe WFdFe 7]
=433t}

Algel 30 Zire] v & (a 1) HEK 293 AIE(a 1@l e -3 Za A4d 24 54

s,

X

of
e of
oXx, Jid

ob Iyl ﬁj

mim

woane] Algd 2004 ASF AX 2L ZHel -8 BH AW AwAl A6l AP P4 A2
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<151>

<152>

<153>

<154>

<155>

37 Yol alG T-8 Zg A A9 AF-AL AT BA, 7 At e Al AF, alc T-8 24 A
Y a4 287 AN 2 T (mibefradil) Exo] WE ARE 245w, 1 A0E 747 © |
WA 4o JeERRQ O, o] FAEH (Monteil et al., J. Biol. Chem. 275, 6090-6100, 2000)¢] WZ ¥ a 16

vl B350, 2 A3, -30 mVe] @S Aol Hdz SA43tEE AEd(=

D, #4gste ARe) we Bg-nTy 4% 2), 712 -8 24 AY AR SR N9 v zebd
of et 1Cs wke] Hlal(%= 3 % 4) Fol ofs) & o] T-3 24 Ad gl Ao gdsirta dds)
of AeAle] mes Al AT 7 SFELS 1006 U EEZAZDNS0)] o] 10 mil =5 &S T

& 110 uM (0.1% DNSO =Eeh)ell A T-¢ Ze A Al Hat 9&FS HAtsid. 7 3a
N3} 7] 60-80% TF 100 puM Ei 10 pM FER fTE wgeA@(all) 2 HEK AlZ(a
H getEel o va AFe] oAl AEE WNEER Abetal 500 ol el Al a3tE e
of 71 A3E 7] & 1ol HERRIT.

-3 2w A9 AT Axnsh
2
3

Ll

of

[ 1]
shete el vEA g (alH) HEK 293 A3 (a1G)
oAl &= (100 uMel &5:=) oAl FE=(10uMe] F5&=) [I1Co (1)
(%) (%)
KKK01273 82.0 78.8+0.8 0.994+0.44
KKK01283 87.0 78.9+2.8 1.01£0.06
KKK01285 76.0 73.6+3.3 2.18+0.62
KKK01296 70.0 63.4+7.3 1.2240.08
KKK01300 74.0 75.1+1.2 1.86+0.19
KKK01391 70.9 77.6+3.2 2.75+0.35
KKK01392 54.6 74.0+1.5 2.04+0.43
KKK01394 74.8 86.24+3.3 1.13+0.21
KKK01404 73.5 83.640.7 0.45+0.02
KKK01406 45.9 77.0+1.0 1.3940.42
KKK01408 60.9 80.2+42.5 2.1340.17
KKK01411 83.7 80.8+1.2 1.48+0.26
KKK01413 73.4 79.0+1.5 1.33+0.36
KKK01414 48.4 64.0+2.5 1.61+0.37
] ey 86.0 89.84+3.3 1.3440.49
2o EedE ARSE v zetd e Zg AE ol axts Al 20 VA 24 Ao s SH
A3, F 1o vERd npeh o] stE] MA@ (a D)ol = 86%2] A (100 pMe| s%=)E 7HAM, HEK
293 AE(alG) M= 89.8%2] AAEI(10uMe] F&=) H 10y #k< 1.34 pMs 7Hdn. g3, & a9 3}

FELZ o9} FALe 5% 2 Al oA a9E veElde, B W] 3§E F KKK1273, KKK1283, KKK1296,
KKK1394, KKK1404 % KEK14132 dtjx2&4Q vwzdrt 543 24 Ad Ad a3E Hola, 53
KKK1404+= v Zeldu 3u) A= 943 T-8 ZaQd Adads 1vdsS & 5 ).

./_":
Alel 40 2 ddel] e BHghE o] ZE ol Ajdel whdk e 2}l

2 Ag o] 33Ee thE oA el uigt AEAdS glst] fte] AAld 1 WA 1344 Az SEE o
ste] FA 2] W (Lee, J.-H. et al., J. Neurophysiol., 2002, 87, 2844-2850)<% ©]&3}o] alB ZHxdo]
EHF HEK 293 AlE2FolA N-F Zaid A a3E 533300,

i
t;

i

o

AAFEEme 250 g Helo] 7 2= edka-E4¢] (Sprague-Dawley) FE AHESIIT. AEn=ZHD YEF (50
mg/kg, 1.p)22 HE AN 5 FA] fEste] Ay S A T AAES AE

7184 C) 3 4 &9 (Hank's balanced salt solution, HBSS, GibcoBRL)Co.Z AT, 417
AAZAL H7| o 22 ZHA2HA LS 58 UE F, olE 0.7 mg/ml ZEAYA (EFY] D), 0.3 mg/
me EFAY 0.1 mg/mle] DNAse E}Y) Io] Eojol:= 10 me] 7128 I~ 9 €9 (modified Earle's balanced
salt solutin, EBSS, pH 7.4, GibcoBRL)oIA 1AIZF &<k 35 TollA widstdth (Zhu &, 1995; Park &,
2001). o] EBSSol+& 3.6 g/Le ZF =29 10 mMe] HEPESE ¥ A7, Mg & wiYg Zg298 59
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<156>

<157>

<158>

<159>

SS=50dl 10-0758317

G AAAEER B F, dAE P94E2]7] (International Equipment Company, MA, USA)E o]-&3}o]
1000 rpm®] &= A4 Felatgivh. wEld dY AFAEES 100 & "ol H, 1% =FE, 1% AYA-
~E#Ento|xlo] 85 MEM (GibcoBRL)Ol A F-f-(resuspend) A H, Z2-L-gAlo g FEEo] 9=
m)ol| =ZEHTE. o]E 37 T AXE vj%7] (humidified incubator, 95% & 7] - 5% CO,)°l A

B)
wjFatalon, Lol § 2443t ool Aol AE-33iT.

AdeEd g 2 UEF AFe #HFA ZWET F27] (patch clamp amplifier, Axopatch 1D, Axon
Instruments, Foster city, CA, USA)E A}&3te] A A<l g% SAZ oz AME 3 e (whole-
cell ruptured configuration)ollA] 7]=3&dt} (Hamil 5, 1981; Jeong @ Ikeda %5, 1998). H=F& B Ay
S8 2AY (97: 1.65 mm, HA: 1.2 mn, Corning 7052, Garner Glass Co., Claremont, CA, USA)S & P-97
SUYU-BEe Asv g E77] (Flammg Brown micropipette puller) (Sutter Instrument Co., Novato, CA,
USA)E AHg3te] WHEAT. e AF52 v AAE 7] (microforge) 2 A g ste] thERaL, Ao &
< ARE o AFo] 2~5 Mol HeE AS ARESIT. AAAETE B9 A Y HAE =HIAWA
(inverted microscope) 9l S#Ea, AMELANE THol| 98] F 1~2 ml/min FEE AFIHEE 314t Al
Zute] 7] 8% (membrane capacitance)¥ 2™ A3 (series resistance)= TH7|IZE 80% ol RASATE.
A 2 2 AFY 2L opdE1/txd A37] (Digidata 1200, Axon Instruments Co.)7} A% 7
FEolA H/H23 (Pulse/Pulsefit, HEKA, German) AZEolZ o] &3}dtt. Z4F AF+ 2~5 kHz2 A
o =31 HE (low pass filter)E T3AZ 5 HAFE AFeA 2, 2 (Pulse) 9t Z#]Z(Prism)(Graphpad
software Inc., CA. USA)Z EA a3, BE AL A2 (20~227T)oA A ATt

4 AF AL g AFg" A= U &9 AL 100 mM CsClL, 1 mM MgCl,, 10 mM HEPES, 10 mM BAPTA,
3.6 mM MgATP, 0.1 mM GTP, 14 mM ¥2¥F#o}¥ 50 units/mé A #|o}8 ¥EAXE7|volA(pH 7.4) 2 3}t
Az AF Nl AL 151 mM TEACI, 5 mM BaCl,, 10 mM HEPES, 1 mM MgCl,, 10 mM S I A(pH 7.4)=2 A&

2
shelvh. mat, Aol -80 mVl A 0 mVZA ol 2 SHAA 200 ms Bkl HEIH WAE AR 15xvhe A7)
4 A%e $UARY. 3 49 2% ) ® 200 vehiln

1% 2]

ShE T HEK 293 A3 (N-%) e
(KIST-Code) e (IN-%)
(10uMe] Fx&) (%)

KKK01273 26.340.9 3.1
KKK01283 4.8+1.1 16.4
KKK01285 9.4+1.2 7.8
KKK01296 1.7£0.9 37.3
KKK01300 15.4+1.4 4.9
KKK01391 7.1£2.2 10.9
KKK01392 2.5+2.2 29.6
KKK01394 7.6+1.6 11.3
KKK01404 33.7£1.7 2.5
KKK01406 4.7+1.2 16.4
KKK01408 4.0%+0.8 20.1
KKK01411 11.3+0.5 7.2
KKK01413 4.0%0.4 19.8
KKK01414 10.9%0.9 5.9
o sz et 57.4+1.3 1.6
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