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Patch Clamping hERG
Validation of an Automated Assay for Safety Studies

A common reason for attrition in 
drug development is the risk of 
acquired long-QT syndrome. 

The hERG potassium channel is be-
lieved to mediate this adverse effect. 
We report the design of a hERG assay 
running on an automated patch-clamp 
robot including the generation of a 
customised cell line, an appropriate 
stimulus protocol, and pharmacologi-
cal validation. The assay proved to be 
valuable for medium-scale screening 
in the lead optimisation phase. 

Blockade of the potassium channel en-
coded by the “human ether-à-go-go-
related gene” (hERG, or KCNH2) is still a 
major reason for a setback during drug 
development. The FDA has issued guide-
lines for mandatory screening of hERG 
channel liabilities in preclinical develop-
ment and the patch-clamp method has 
been acknowledged to be the “gold 
standard” (Ref. 1). Automation of this 
technique is based on different ap-
proaches, but it is difficult to find the 
best combination of hard- and wetware 
to achieve optimal performance.

Flip-the-Tip Technology

Automation was achieved by inverting 
the classical approach: rather than mov-
ing a patch electrode towards a cell via a 
micromanipulator, cells are dispensed in-
side a patch pipette. Mild suction is ap-
plied from the outside, dragging one cell 
to the very end of the tip where seal for-
mation takes place. Low resistance elec-
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Fig. 1: Comparison between conventional patch clamping and the Flip-
the-Tip technology. Here cells are dispensed inside a patch electrode 
filled with extracellular solution. The tip faces an inner chamber with 
intracellular solution. Mild suction establishes the GigaSeal configuration 
and suction pulses lead to the open whole-cell configuration. 

trodes of 1 M , seal resistances of sev-
eral G , and a low series resistance RS 
of less than 5 M  in the whole-cell mode 
provide a high quality automated patch 
clamp assay. Compounds are applied via 
internal perfusion of the pipette. Elec-
trodes with a modified tapered tip 
(“ChipTip”) allow a fast solution ex-
change of ca. 50 ms and a compound 
consumption of only 5 µL / application 
(fig. 1).

Generation of the hERG Cell Line

The commercially available mouse fi-
broblast cell line L-M(TK-) was stably 
transfected with hERG cDNA. It has 
been shown that the same cell line trans-
fected with the Kv1.5 potassium channel 
performed well on the same platform 
(Ref. 2). Thus it was believed that ex-
pressing the hERG channel in the same 
cell line would yield comparable results. 
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The pcDNA4/TO vector carrying hERG 
under the CMV (2xTetO2) promoter 
and resistance against Zeocin was trans-
fected into the cells using Nucleofection 
(Amaxa). Transfectants were selected on 
400 µg/mL Zeocin for 10 days and sub-
sequently monoclonal lines were estab-
lished from single cells. Approximately 
250 subclones were screened for hERG 
expression and a clone showing high and 
robust expression was selected for fur-
ther culture and assay development. 

Stimulation Protocol

The kinetics of the hERG channel allows 
to record a resurgent tail current upon a 
repolarising voltage step. Using the fast re-
covery from inactivation at hyperpolar-
ised potentials a fast inactivating tail cur-
rent can be recorded after stepping back 
to a depolarised potential. This current 
has an amplitude larger than the conven-
tional deactivation tail current since a 
maximum number of channels can be 
opened. For the assay this was exploited 
to produce large and robust currents at 
high stimulation rates. P/n leak subtraction 
was employed to reduce capacitive tran-
sients and to cancel linear leak currents. 

Experimental Procedures

Cells were used either in sub-confluent 
culture or cell cycle-arrested by treat-
ment with 90 ng/mL nocodazole for 48–
72 h. Following trypsination a total of 3 
mL of a cell suspension (density: ca. 
200,000 / mL) was placed in the cell hotel 
of the patch-clamp robot. This reservoir 
automatically triturates the cells to keep 
them viable for up to 8 h. Seals were es-
tablished by mild suction (8–12 mbar) un-
til Rpip > 250 M . Then Vhold was set to -80 
mV and further suction was applied until 
Rpip> 1 G  Suction pulses (>100 mbar) 
led then to the open whole cell configura-
tion. The following experimental protocol 
was performed: stimulation interval: 3.5 s; 
expression test: a minimum of 0.5 nA tail 
current; baseline recording of at least 60 s 
or until steady state was reached; sequen-
tial application of up to 5 compound con-
centrations – each for at least 60 s or un-
til steady state was reached, Rs and Cslow 
were determined and compensated be-
tween applications; recordings were 
flagged as failure when the holding current 
exceeded -1 nA at -80 mV.

Data Analysis

Single data points were analyzed by a 
moving average process using a square 

window of five data points. For each con-
centration the last average was identified 
and normalised with respect to the base-
line. Each measurement was performed 
at least in triplicate. Concentration-re-
sponse curves and IC50 values were con-
structed from the normalised data.

Results and Discussion

A set of eight tool compounds was 
screened with five concentrations (fig. 2). 
The IC50 values calculated from these re-
sults are summarised in Table 1 together 
with reference values. Research com-
pounds were subsequently screened at 
two concentrations each (1 µM and 10 
µM) in triplicate measurements. For a 
set of these experiments success rates 
are given in figure 3. 

Success Rate

The success rate of over 60 % for a 
completed experiment enables low cost 
medium throughput screening. The suc-
cess rates for the individual steps  
is never below 75 % indicating a highly op-
timised process with low losses at  
any step.

Recording Quality

The quality of the recordings is compa-
rable to manual patch clamp. A seal 
resistance of > 1 G  before break-in is 
enforced by the system, and a high mem-
brane resistance is retained in the WHC 
mode. For most of the recordings mem-
brane resistance was between 1–10 G  
while RS rarely exceeded 10 M  Both 
membrane resistance and RS have a ten-
dency to rise during the experiment. 
However, as the software allows full con-
trol of the digital amplifier an automated 
update of RS is possible. For the record-
ings a RS compensation of 60 % was em-
ployed therefore leaving the uncompen-
sated RS rarely over 5 M . 

Reference Data

We observed a good concordance with 
literature data for most compounds, ex-
cept for a right shift for the highly li-
pophilic ones (Haloperidol and amiodar-
one) and chlorpromazine. For the 
lipophilic compounds it was shown that 
switching from polystyrene to glass con-
tainers can remedy this shift. This is possi-
ble with the used patch clamp platform 
but was not employed during this study. 
The reason for the right shift for chlor-
promazine is not known; however it is 
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