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K* channels play important roles in the control of a large variety of physiological functions such as muscle contrac-
tion, neurotransmitter release, hormone secretion, and cell proliferation. Over 100 cloned K™ channel pore-forming «
and accessory S subunits have been identified so far. Here, we introduce a series of molecular pharmacological and phys-
iological studies on some types of voltage-dependent K+ channels and Ca?*-activated K channels. We examined
molecular cloning and functional characterization of novel, fast-inactivating, A-type K* channel o (Kv4.3L) and B
(KChIP2S) subunits predominantly expressed in mammalian heart and found the sites in Kv4 channels for 1) the regu-
lation of voltage dependency and 2) the CaMKII phosphorylation in the C-terminal cytoplasmic domain. Moreover, we
found that delayed rectifier-type K* channels (ERG1 and KCNQ) contribute to the resting membrane conductance in
vascular and gastrointestinal smooth muscles. The large-conductance Ca?*-activated K+ (BK) channel is ubiquitously
expressed and contributes to diverse physiological processes. Recent reports have shown that a BK-like channel
(mitoKc,) is expressed in cardiac mitochondria, suggesting that BK channel openers protect mammalian hearts against
ischemic injury. Our studies revealed that BKA1 interacts with cytochrome ¢ oxidase I (Ccol) in cardiac mitochondria,
and that the activation of BK channels by 178-estradiol results in a significant increase in the survival rate of ventricular
myocytes. These findings suggest that BKA1 may play an important role in the regulation of cell respiration in cardiac
myocytes and be a target for the modulation by female gonadal hormones.
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1. Physiological role of K* channel in excitable cells

Membrane hyperpolarization by activation of K*channels

Decrease in voltage-dependent Ca?* channel activity
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Maintenance of resting membrane potentials

2. Physiological role of K* channel in non-excitable cells

Membrane hyperpolarization by activation of K*channels

Increase in driving force of TRP Ca?* channels

.

Progression of cell proliferation

<:> Induction of apoptosis

.

Fig. 1. Physiological Significance of K* Channels in Excitable and Non-excitable Cells
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protein ene tissue distribution
o subunit
Kv4.1 KCNDA1 brain, heart, lung, testis
Kv4.2 KCND2 brain, heart
Kv4.3M KCND3 brain
Kv4.3L KCND3 heart, smooth muscle
B subunit
KChAP PIAS3
KChIP1 KCNIP1 brain, smooth muscle
KChIP2S KCNIP2 heart
KChIP2L KCNIP2 brain
KChIP2M KCNIP2 brain
KChIP3 KCNIP3 brain, smooth muscle
KChiP4 KCNIP4 brain
NCS1 FREQ brain, heart, smooth muscle
DPP6 DPP6/X brain, heart
DPP10 DPP10/Y brain

Fig. 2. Molecular Classification of Kv4 Channel o and # Subunits

TKChIP3 Hiff I N T W5, £/, MEEEK
BEDFIEMET VY INA < —JF D FAEIC Kvd F v
FINEVERIE N BB H 2 K29 Z EAURBEN
TN, B4 EH S, HILKPEREG ISR
B OBEPEBE S DR R LU ZFKEET VYN < —F
By >N, TLt=y > &5 9 % KChiP4
7%, ftiod KChIP & [AIHIZ Kvd F + )L DIl
freREl, BRFEzEMIT>I L2 /L
72,4 Z M X 512, KChIP i Kv4 F v )L il4E 5
T & U T BN ERTU . %X M KChIP E 5T
5 U= KEY — 7 55 D Choe #ESITXD
MABEDREINTWS. O LML AENS,
KChIP & TN NCS1 13, & HIZ Kvd F + %)L Ol
R ITZEET 2D D0, RGN, A 51
RiEMAL K & & Kvd F v 2)VET & OB
Y OTEE & IR T BT TCldiho ki), 61T
M@ Kvad F v 2)VHIE YT 12w b DRRMNFT
bz,

BEICR-ST, BMIIORTFIINT I IRTF

F—You T4 T7ELTrIO—Z T INT Wz
DPP6 (DPPX) & DPP10 (DPPY) 7% Kv4 F + %
)L AL THEA L, Kva/DPP # &K 73 e HE i
ORIAREME L Kt BEif & L <ML =B EE
RY T ENHWE I N2, 4 BITETIX Kv4/KChIP
(NCS1) /DPP & &R A REMILIC BT 2 B HATE
LK FvXI)VDOHTEETHD, ZN5OME
FIT R D MR AR B EDVAE U 5 ST
S5NTWS. FIAX, FRERIL O WS B BT
FE59 2 B ARTEMEA KT F v 2V, Kvd.2/
KChIP3/DPP10 I K D iRk I N5 Z & &
NTW2. 9 —%, FEE51F, HE, mEFEGH
O RMARIEMA KT F v %)L, Kv4.3L/KChIPI,
KChIP3, NCS1/DPP6 IZ X D S5 Z & &R
BT 5#EREHETND GRXRBET Y25
§).%0

32. HILE  MEFABICES T ETERM
Kt Fo X LOFFEE fidokSIT, Vi
MR T, EEEEN KT F v VDR PR



No. 10

949

UTRB> HEEFRBHZRL, TNEIEBEMD
Mo mHDOE R, (KEEEDHERFICEHFEL Tna,
E£ESIT, FHEBEOEEZEME U CRERR
KT F Y RIVEBLRTY T YA T OFBL O fEH
217> . E&EM PCR {ELHMAL 0 a5 2
EEBOKER, 4-AP EZVEOBERIRE KT 7 v
* )L & LT Kvl.2, Kvl.5 73, TEA &2 % 02 ik 3
FEKT F+ )L ELTK2.1 ZFEELRE.SD A
BT, W OBEREEE KT F v RIVOHFT
b, FEEOHHR Ky 37 %1 7 Tld7x < ERG,
KCNQ 7% 1 FIZHERZ Y T T T 5.

ERG1 (HERG), KCNQI1 1%, O i E&E L D H
SRAHIZET 5T 5 2 DOEBHRKD ke (WD)
&Iy GEWRERSY) Do 712y R THD, Y
731=vw hT&®% KCNE (KCNEI-5) & &bITH#
&1k ERG1/KCNE2 % UF KCNQ1/KCNE1 %1%

N
ey

=5
o

R L, ERFENEficsNns. £z, InoE
BT RHOBERKETARCHERTICLD, QT ERIE

e, MR, R, ERVERHESOEELERLT
FENFERIND., HILEEBREUERE YT
RN I, PIFNC KB EELRAREREEL T2 &0
SHFEHIEER S22 EITHEATHD, BEPLZEN
IZ BT % EIEREGME KT Bk & LT Ik WNEH

B,

A a. control

INEYEHFSIT, HEEEMHITBNWT, ERGL/
KCNE2 %> KCNQ1/KCNEl "% 8 3% Z & %
Western 7 1w MESHIERZE R AL ZHWTHS
MU, BRAEMFERICKD, Ik ® Ik NEEHE
fIC BT 2§ LB OMEFFICE 5 L T 5 AT REE
ERUD ZOMBRENZE S 2D, KEeM
Ik (R MR & 3 5 i) SEEIC BT 2 B I8k
ILHE DSEE 2 Ik, FHESR TdH 5 B4031 13E F T
I35 Z L KCNQI [HZER TH 5 linopirdine 73
P ARSI 12 35 W TIE B 3 A D R e i & I
TBHZEMNHES &>z (Fig. 3). %4759 Hig T,
KCNQ4, KCNQ5 O FH/r1h, MR, BER LD
BIGRMBAS N &7 D, LB RO ME S| iHIic BT
HIN5DFHIIODOWTHEHENIIND I LN

HEEns.
33. I b k)7 Ca2 EHEKT Fv R

EUHHREER BLROLHRERETH ST
LA T« a2 2 7RIT K D AL D/
1, REIMAR ORI T 2 AR OB R TH 5 &
ZEALNTVWD, S bARUTEZBIZMFF
YR, AF 2 bT AR—F —OEEIDNRIETEE
ENTHO, HMARE TR —ADAF
N SN DDHL. I ha > RY 7 K*F

I%
b. +1 um E4031
01g
15s
fusnfhgt
B [ 1ooea
40
20 Linopirdine {100 uM)
E
S -20
-40 Control
-60
0.0 0.2 04 0.6 0.8
Time (s)

Fig. 3.

Physiological Roles of ERG1 and KCNQI1 K* Channels in Murine Portal Vein Myocytes

A. Effects of E4031 (1 um), an ERG1 channel inhibitor on spontaneous contraction in murine portal vein. a: control, b: +E4031. B. Effects of linopirdine (100
uM), a KCNQI channel inhibitor on action potential in murine portal vein myocytes (Refs. 55), 56)).
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Fig. 4. Physiological Roles of Mitochondrial Ca2*-activated K= Channels (MitoK¢, Channels)

The loss of the mitochondrial membrane potential (4%m) results in cell death, apoptosis, and cardioprotection (open and closed arrows) . The possible path-

way through mitoK¢, channel activation is shown by open arrows.
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