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Biophysics

Pharmacology

Drug-induced impairment of cardiac ion channels causes abnormal cardiac activity such as QT interval prolongation, ventricular arrhythmia 
and, in most serious cases, sudden death. Although ICH guideline S7B Q&A section 2.1 focused on IKr (hERG) as well as INa (NaV1.5) and ICa,L 
(CaV1.2), the other cardiac ion channel targets, including many potassium channels such as IKur (KV1.5), Ito1 (KV4.3), and IKs (KVLQT1/minK) are also 
important to understand the drug effect on the generation of action potentials in cardiomyocytes. To establish the screening assay for those 
cardiac potassium channels, we have established the whole-cell experiment method using QPatch automated patch clamp system.

Voltage protocols customized for each ion channel were applied to measure biophysical properties and current stability. The currents elicited by 
the designated voltage protocols were measured in each ion channel, and the half-inactivated voltages (V½) were calculated using Boltzmann 
fitting. The average inactivation V½ for KV4.3 and KV1.5 was -39.6 mV and -2.7 mV, respectively. The average activation V½for KVLQT1/minK was 
37.6 mV. The reference compounds for KV4.3 (Flecainide IC50=12.8µM), KV1.5 (4-Aminopyridine IC50=139.9µM), and KVLQT1/minK (Chromanol 
293B IC50=17.2µM) were also assessed. KVLQT1/minK is known to have severe rundown of the currents. The smallest rundown condition was 
observed in the EGTA and EDTA containing intracellular solution and extracellular solution without potassium as well as 2s depolarization du-
ration. The remaining currents after vehicle solution application for six times (approximately 500 seconds) in the best successful combination 
ranged from 75% to 86% in the average of groups of experiments.

The optimized assays on QPatch enabled measuring the biophysical properties of those three ion channels and assessed the pharmacological 
effect of the reference compound for each of them. QPatch is capable of assessing the effect of novel compounds on those cardiac ion channels 
other than hERG, NaV1.5 and CaV1.2.

Abstract
Using QPatch II, most cells successfully established the whole cell configuration by suc-
tion pulse using automatic whole-cell protocol. KV1.5 and KV4.3 showed a very stable 
current over time when vehicle solution (extracellular solution containing 0.1% DMSO) 
was repeatedly applied. The biophysical property and pharmacological results were con-
sistent with past results. The V½ value for KV4.3 was not corresponding to the literature 
value. This might be due to the difference in the voltage of test pulse. The literature val-
ue for this channel is also showing a big difference between the reference.

KVLQT1/minK showed a significant rundown with standard solution. Using the extracel-
lular solution, excluding potassium to wash the extracellular potassium around the ion 
channel, contributed to decreasing the rundown. 

Discussion

Fig. 2: Measurement of KV1.5 current. A) Representative current trace for multiple voltage steps. B) Normalized tail current 
size (mean±S.E.) vs. step voltage plot. C) Representative current traces for each drug concentration. D) Peak current size vs. 
time plot. E) Dose-response plot of normalized peak KV1.5 current suppressed by 4-Amynopyridine.

Conclusion
Our results demonstrate the feasibility of conducting electrophysiological characteri-
zation and pharmacological screening tests for those cardiac potassium ion channels 
using fully automated patch clamp system like QPatch II. 
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Methods

Results

Cells: HEK-KV1.5, HEK-KV4.3, HEK-KVLQT1/minK cell lines were kindly provided by ChanneloSearch Technology. The cells were 
cultured according to the vendor’s SOP and were harvested by Sophion standard procedure, and then automatically washed 
and resuspended in extracellular buffer using the cell preparation unit of QPatch.

Solutions: The following solutions were used for the denoted ion channel. 

Extracellular solution (in mM): 

[KV1.5, KV4.3] 145 NaCl, 4 KCl, 2 CaCl2, 1 MgCl2, 10 HEPES, 10 Glucose, 305 mOsm, pH7.4 with NaOH. 

[KVLQT1/minK] Based on the above solution, the following modification was made for rundown validation test: EC1: 1mM 
CaCl2; EC2 0mM CaCl2; EC3 0mM KCl; EC4 0mM MgCl2. EC3 was used for further testing.

Intracellular solution (in mM): 

[KV1.5] 120 KCl, 5.374 CaCl2, 1.75 MgCl2, 31.25/10 KOH/EGTA, 10 HEPES, 4 Na2-ATP, 280mOsm, pH 7.2 with KOH.

[KV4.3] 120 KF, 20 KCl, 10 HEPES, 10 EGTA, 295 mOsm, pH 7.2 with KOH.

[KVLQT1/minK] 120 KF, 20 KCl, 10 HEPES, 10 EGTA, 10 EDTA, 295 mOsm, pH 7.2 wit KOH.

Voltage protocols: all experiments used two types of voltage protocols for electrophysiological characterization (biophysics) 
and pharmacological treatment (pharmacology). 

Fig. 1: Schematics of voltage protocol settings for biophysics (top) and pharmacology (bottom).

Table 1: Results of electrophysiology characterization experiments

Table 2: Results of rundown test with multiple modified extracellular solutions

Table 3: Results of pharmacology experiments

Ion channel Compound IC50 [µM] Hill coefficient N Z’ factor Literature IC50 [µM]

KV1.5 4-Aminopyridine 125.1±13.6 0.86±0.03 11 0.83 270.01

K
V
4.3 Flecainide 11.6±1.3 0.80±0.02 44 0.90 26.02

KVLQT1/minK Chromanol 293B 17.4±1.8 1.01±0.04 15 0.79 1.0, 18.01,3

KVLQT1/minK XE-991 1.7±0.2 0.87±0.02 17 0.76 5.8-11.11,3

Ion channel V½  [mV] V slope [mV] N Literature V½  [mV]

KV1.5 -9.5±1.4 (inactivation) -4.2±0.7 25 -10.85

K
V
4.3 -39.5±0.3 (inactivation) -5.0±0.2 58 -26.9, -51.06,7

KVLQT1/minK 37.6±1.9 (activation) 17.5±0.5 48 29.48

Fig. 3: Measurement of KV4.3 current. A) Representative current trace for multiple voltage steps. B) Normalized tail current size 
(mean±S.E.) vs. step voltage plot. C) Representative current traces for each drug concentration. D) Charge transfer amount (mea-
sured by AUC) through KV4.3 channel vs. time plot. E) Dose-response plot of normalized charge suppressed by flecainide.

Fig. 4: Measurement of KVLQT1/minK current. A) Representative current trace for 
multiple voltage steps. B) Normalized tail current size (mean±S.E.) vs. step volt-
age plot. C) Representative current traces for repetitive vehicle application. D) 
Average steady current size vs. time plot during vehicle application. E) Represen-
tative current traces for each drug concentration. F) Average steady current size 
vs. time plot. G) Dose-response plot of normalized average steady KVLQT1/minK 
current suppressed by chromanol 293B.

EC modification of EC Currrent remain (%) N

EC1 1mM Ca2+ 61.1±4.3 7

EC2 0mM Ca2+ N/A 0

EC3 0mM K+ 78.3±2.1 12

EC4 0mM Mg2+ 64.4±6.9 9

KV1.5 KV4.3 KVLQT1/minK


