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Analysis of Differences in Sensitivity of Animals to
an Ik Specific Blocker Using Simulation
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Nitaro SHIBATA,*** Haruo Honjo,T Itsuo Kopama,T Kaichiro Kamiyat

Abstract Ixr specific blockers commonly exhibit reverse frequency-dependent prolongation of the action po-
tential duration (APD). APD prolongation induced by Ix: specific blockers varies according to the species of
animal. The APD of animals with few KCNEI1 genes (e.g., humans, rabbits and cats)is only slightly prolonged by
Ik specific blockers. On the other hand, the APD of animals with more KCNE1 genes (e.g.,, guinea pigs)is mark-
edly prolonged by Ik specific blockers, and the APD prolongation exhibits strong reverse frequency-dependency.
However, the mechanism of the difference in APD prolongation is not clearly understood. In this study, we ana-
lyzed the relation of APD prolongation induced by an Ik specific blocker and the KCNE1 expression level with
simulations using cardiac membrane action potential models that differ in the KCNE1 expression level based on
electrophysiological experiments. In the experiments, KCNE1 of 0.2 ng, 1 ng and 5 ng was coinjected with KCNQ1
of 5 ng in Xenopus Oocytes. Expressed currents were recorded 1-2 days after injection by the double-microelec-
trode voltage clamp method at 35°C. Maximum Iks conductance and relations between time constants, maximum
activation parameter and membrane action potential were obtained from fitting functions describing Iks channel
properties in the Luo-Rudy model to experimental results with the Nelder-Mead simplex method. In simulations,
we stimulated three models differing in KCNE1 expression level at six frequencies. From the simulation results, it
was confirmed that an increase in KCNE1 expression level strengthened APD prolongation and the reverse
frequency-dependency induced by the Ik specific blocker. In time histories of Iks, Ixs increased as the result of
high-frequency stimulation in the case of more KCNEI1 genes. An increase in Iks induced by time constant prolon-
gation with an increase in the KCNE1 expression level led to a relative decrease in Ixr contribution ratio to out-
ward ion currents. This is the mechanism of the difference in APD prolongation and reverse frequency-
dependency induced by an Ik. specific blocker according to animal species.
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Experimental result (KCNE1/KCNQ1=0.2 ng/5.0 ng)
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Fig. 1 Transitional Ixs current in an experiment of oocyte ex-
pression when 5 ng KCNQI mRNA and 0.2 ng KCNE1
mRNA were co-injected into an Xenopus oocyte.
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Fig. 2 Relation between the maximum activation parameter of an Ixs channel and membrane potential.
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shorter time constant T ,,; and membrane potential
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Table 1 Relation between KCNE1 expression ratio and maximum Ixs conductance.

KCNE1/KCNQ1 | Fitting parameter a: Maximum Iks Maximum Ixs conductance ratio
conductance obtained (KCNE1 1.0 ng=100%)
from a1[mS]
0.2 ng/5.0 ng 0.2671 0.07134 63.31%
1.0 ng/5.0 ng 0.3357 0.1126 100.00%
50 ng/5.0 ng 0.3638 0.1323 117.44%
repolarization: EAD) OFAEIES 21T R 5728, £ K2, KCNE1 3Bl s & I T ¥ & )V OB . 08 APD

NoHOZLITBESAAEMAMIIAHR L S OTIE %R L, KiF DEBRIZOWTHRIEZ 1T > 72, R TERD 57z
JeCHIW72 KCNE1 B0 5 720 2 3 FHE o0 O Al g Ji KCNE1 Z8H & 0.2 ng/5 ng D& D I F X VBN
WEEMBEEAEETVEIZLYR2IOTHLLEEZON Jeor, CEki6] & sk Sz KCNEL 788158 1 1 ng/5 ng,
5. 5ng/5ng DHED Ik T v 2 VEFE X ), KCNEL 838 &
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Table 2 Parameters adjusted to fit a continuous function to experimental maxi-
mum Iks conductance and time constants.

KCNE1 0.2 ng KCNEI 1 ng[6] KCNE1 5 ng[6]
ai 0.2671 0.3357 0.3638
az —16.5152 12.1407 12.8825
as 23.3671 20.9619 17.0336
as 0.0234 0.0386 0.0518
as 1.1578 1.6732 1.9343
as 1.1326 1.3927 1.3906
az 274654 10.0351 —2.6781
as 0.0948 0.399 0.3949
ay 0.8414 1.5549 1.2801
an 5.0611 -17.8881 - 185452
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Fig. 5 Simulation results in the case of 0.2 ng KCNEI1 co-injected.
(A) Control, (B) Ixr 30% blocked.

HoBMItE- T, Kk I V&7 5 2 ADHINT %15
MR sNz (F1D. 22T, 2200BEREZAT SV A
T AEROBEERIX, T0 200 EROETIMTE %
ZEMD, AW TRD Sz KCNEL 3 mIL R %
329D ke F ¥ FNVDEFNIZONT, D 2ODIEERD
FixRko, COBEEMEKAEEZRIIICRT. Thzells
&, KCNE1 SEHEIOBINAE - T Ik 7 ¥ 2 IV OB HHE
BEARBUET DREHAHIML, €Y — 27 3B >
7 MY AR SN, T2, KGR OBEER

AFEICIEH 4 &, KCNE1 8ROz ftE- ¢,
Iks F % ROVHIEEAL LG 2 B AL (EPEILEfE) A3 5
A7 by aEmMARL SN (M2)., ThH oD
KCNE1 ZB ORIt -> THEL 2 ZbDH b, K
Ik IV 27 % Y AOHNNG Is Z WK &, B2 ML
$%7:® APD Z i3 2 HIAEHT 5 52 b5,
L2 L, BEROMINEVYY =27 oigmil~oy 7 K,
EHEALBRE OB A~D > 7 ME Ik DZH F25) 28
WL, kWP S5 720, APD # iR &8 5 J0IAEH

500

500

500



IR D BRI X 5 ke 70 v 7 — ERZ VRO (611)

A B
membrane potential £, membrane potential £,
20 r 20 1
£ 0
E—ZO
8-40
8
< 60
.2
§—80
L L L L ) ~100 L L L L L L L L L L )
-50 0 50 100 150 200 _250 300 350 400 450 500 -50 0 50 100 150 200 250 300 350 400 450 500
time [ms] time [ms]
I I
1r 1 r
___0.1Hz
Iy 4 Hz 0.2 Hz ™
2 0.5 Hz N
<05 | <05
3 1 Hz =
0 I 1 ! 1 ] 0 L 1 1 1 )
-50 0 50 100 150 200 250 300 350 400 450 500 -50 0 50 100 150 200 250 300 350 400 450 500
time [ms] time [ms]
IKs
1 -
w
3
~
<<
=
<
-50 0 50 100 150 200 250 300 350 400 450 500 -50 0 50 100 150 200 250 300 350 400 450 500
time [ms] time [ms]

6 KCNQ1#fzT 50ngi2xf L C KCNEl #5110 ng ZHEALZGBAEDO Y I 2 b—v 3 ViR
(A) control, (B) Ikr 30%3il.
Fig. 6 Simulation results in the case of 1.0 ng KCNE1 co-injected.
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