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CaV1.2 on Qube 384

Summary

For a long time, screening assays on CaV1.2 have been 
challenging due to CaV1.2 cell lines exhibiting declining current 
levels in the course of the experiment. Here we report a robust 
assay with high success rates and reliable pharmacology.

Reliable and reproducible experiments in high throughput studies with  
high success rates

Application Report

Results and discussion

The following sets of experiments were carried out:

1)	 Calcium currents and rundown analysis on multi-hole QChips

2)	 Calcium currents recorded on single-hole QChips

3)	 Current-voltage relationship 

4)	 Pharmacology of CaV1.2 channels

5)	 Barium currents recorded on multi-hole QChips

Calcium currents and including rundown analysis

Cells were clamped to -100 mV and calcium currents were 
evoked by application of a depolarization step to +20 mV for 
200 ms (Fig.1). The time between sweep start was 15 seconds. 
60 sweeps of single stimulation were followed by 25 stimulation 
trains, containing 5 voltage steps at 2.5 Hz each (Fig.2). 

Introduction

The voltage-sensitive L-type Ca2+-channel (LTCC) CaV1.2 is a 
crucial component for controlling intracellular activity and 
thereby essential in the cardiovascular and neuronal system. It is 
widely expressed in vascular smooth muscle tissue and the heart 
muscle1-3. The opening of the channels leads to an increase 
of intracellular calcium, which acts as second messenger and 
thereby affects a variety of cellular processes4 including heart 
muscle contraction. CaV1.2 is therefore an important target in 
e.g. safety pharmacology screening. The channels are known 
to require a large depolarization for their activation and once 
activated they display a long-lasting current flow, which 
typically can be blocked by low micromolar concentrations of 
e.g. dihydropyridines, phenylalkylamines and benzothiazepines5,6. 
In these studies, currents from HEK-hCaV1.2 were recorded on 
the high-throughput platform Qube 384 in both single-hole 
and multi-hole mode. Success rates, IV characteristics and the 
pharmacological effects of three different compounds were 
determined.

•	 Success rates of 91% for Ca2+ currents and 98% for Ba2+ 
were achieved

•	 Stable currents with as low as 0.6 ± 1.8% rundown per 
minute

•	 Reference pharmacology in accordance with literature values

•	 Use-dependent and independent mode of action distin-
guished with different voltage protocols
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Fig. 1: Original recording of a calcium current (left) following a depolarization from -100 mv to +20 mV (right) in CaV1.2-expressing cells.

Fig. 2: Example of an experiment setup for CaV1.2 rundown measurements in the Sophion Viewpoint software. The first block contains 10 single depolarizations 
and is followed by 50 depolarizations (second block). Lastly, 25 train stimulations are applied to the CaV1.2-expressing cells.

The criteria for a successful recording on a multi-hole QChip were:

•	 Ipeak > 500 pA on average in the first 10 sweeps

•	 Rmembrane > 100 MΩ per cell on average in the first 10 sweeps

•	 Ctotal > 60 pF on average in the first 10 sweeps

In order to maintain high success rates, it is useful to keep a low 
passage number for this cell line. A plate-view of Ca2+-currents 
is shown in Fig. 3 and the success rates are compared with 
Ba2+-currents (see later) in Table 1.

A typical concern in CaV1.2 assays is the rundown phenomenon 
under continuous stimulation. The currents evoked by the first 
stimulation were compared with those of the 50th stimulation 

(the 2nd block of Fig.2), where each sweep was separated by 15 
seconds. The overall rundown when comparing currents at peak 1 
and peak 50 was as low as 0.6 ± 1.8% per minute.

Charge carrier Ca2+ Ba2+

Success rate - multi-hole 91% 98%

Success rate - single-hole 72%

Table 1: Success rates dependent on charge carrier and after quality criteria 
mentioned in the text.
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Fig. 3: Plate overview of calcium currents through CaV1.2 (multi-hole).

Besides the single pulse protocol, another 25 train stimulations 
of 5 pulses at 2.5 Hz, with each train separated by 30 seconds, 
were also executed in the same experiment (third block, Fig.2). 
This resulted in an inactivation of 3 ± 1% per minute between 
the current of the first and the 25th train (Fig.4). Within the first 
train, the last current peak showed 3.2 ± 0.6% inactivation per 
minute in comparison to the first evoked current. 

Fig. 4: Top panel shows example traces of 1st (brown) vs 50th (dark green) 
stimulation and lower panel shows example trace of 1st (green) vs 25th (red) 
train stimulation. On average, rundown in the single stimulation protocol was 
as low as 0.6 ± 1.8% per minute.

Calcium currents recorded on single-hole QChips

Cells were clamped to -100 mV and calcium currents were 
evoked by application of a depolarization step to +20 mV for 200 
ms (Fig.5). The time between sweep start was 15 seconds. 

For measurements on a single-hole QChip the following success 
criteria were used:

•	 Ipeak > 100 pA on average in the first 10 sweeps

•	 Rmembrane > 100 MΩ on average in the first 10 sweeps

•	 Ctotal > 6 pF on average in the first 10 sweeps

Fig. 5: Example of a calcium current through CaV1.2 (top) following a 
depolarization from -100 to +20 mV (bottom) on a single-hole QChip.

1st stimulation
50th stimulation

1st train
25th train
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Current-voltage relationship 

Calcium currents were evoked by applying a depolarization step 
protocol from -100 mV to +60 mV for 200 ms in increments of 
10 mV. The time in between sweeps was 15 seconds. The result-
ing peak currents were normalized to each cell’s peak current at 
+20 mV and plotted as a function of the stimulating potential 
(Fig.6).

Fig. 6: A) Step protocol in increments of 10 mV ranging from -100 mV to +60 
mV. B) Current response from CaV1.2 channels. C) Analysis of the peak current 
as a function of stimulating potential. All current values are normalized to the 
current at +20 mV depolarization. Values are mean ± SD.

Pharmacology of CaV1.2 channels

Cells were clamped to -100 mV and calcium currents were 
evoked by application of a depolarization step to +20 mV for 200 
ms (see Fig.1). After 10 activation sweeps, 10 train stimuli of 5 
pulses at 2.5 Hz each were executed, the first set without, the 
second one with compound (Fig.7).

Nicardipine, diltiazem and verapamil were applied in 7 different 
concentrations (non-cumulative): The highest concentration of 
the compounds was 30 µM for nicardipine, 100 µM for diltiazem 
and 50 µM for verapamil. Each lower concentration was a serial 
3-fold dilution. 

The current amplitude of the last depolarization step of the train 
in the liquid phase [Compound1] was normalized to the last 
depolarization step of the train in the liquid phase [Second ex-
tracellular saline]. To carve out potential use-dependent mode of 
action, the first depolarization step of the stimulation train in the 
compound period [Compound 1 (Fig.7)] was normalized to the 
first stimulation step in the saline period [second Extracellular sa-
line (Fig.7)]. This revealed that verapamil had no effect, diltiazem 
exhibited a slight block at its highest concentration, whereas 
nicardipine still provided a sigmoidal concentration dependency. 
The Hill fits to these concentration dependent effects are shown 
in Fig.8 and results are compared in Table 2. These results confirm 
the strong use-dependency of verapamil and diltiazem whereas 
nicardipine only exhibits a weak separation between the two 
modes of action.

A

B

C
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Fig. 8: Use-dependent and use-independent mode of action. Upper panel shows Hill-fit of compound effect on the last step in the train normalized to the last step 
in the train in the baseline period. The lower panel shows the compound effect on the first step in the train normalized to the first step in the train in the baseline 
period. The specific compounds are noted on the graph and the data point values are mean ± SD.

Diltiazem Nicardipine Verapamil

IC50 = 10 μM IC50 = 150 nM IC50 = 3 μM

IC50 > 100 μM IC50 = 1.9 μM IC50 >> 50 μM

Fig. 7: Experiment setup for CaV1.2 pharmacology measurements
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Barium currents recorded on multi-hole QChips

Barium currents were evoked by application of a depolarization 
step from -100 to +20 mV for 200 ms (see Fig.1). The time be-
tween sweep start was 15 seconds. 50 sweeps of single stimu-
lations were followed by 10 sweeps stimulation in the presence 
of 10 µM nifedipine. Barium currents were evoked with a suc-
cess rate of 98% (according to multi-hole success criteria) and 
the average current amplitude was 6.7 nA with typical kinetics 
(Fig.9). The application of 10 µM nifedipine led to a complete 
block of current (not shown). Continuous depolarizations over 
13 minutes did not significantly alter the amplitude of barium 
currents (Fig.10).

Fig. 9: Original traces of a barium current (10mM Ba2+) in green vs. a calcium 
current (10mM Ca2+) in blue through CaV1.2 on the same Qchip.

Fig. 10: Original traces of barium currents on the same cell in the first (green) 
vs the 30th stimulation (blue).

Conclusion

Calcium and barium currents through CaV1.2 were recorded 
on the high-throughput platform Qube 384 in both single-hole 
and multi-hole mode. The current levels were stable over time 
and high success rates were achieved with cells at low passage 
number. The current-voltage relationship and pharmacology 
experiments on the Qube were in accordance with literature 
values and highly reproducible. Consequently, Qube is an ideal 
platform for running CaV1.2 experiments for screening as well as 
characterization.

Compound Mode Qube 384 Literature

Dilitazem
IC50 (last/last) 10 μM 33 μM7

IC50 (first/first) > 100 μM

Nicardipine
IC50 (last/last) 150 nM 60 nM8

IC50 (first/first) 1.9 μM

Verapamil
IC50 (last/last) 3 μM 2 μM9

IC50 (first/first) >> 50 μM

Table 2: Mode of action effect of three reference compounds
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Materials and methods

Cells

Experiments in this study were performed on HEK-hCaV1.2 cells, 
which were kindly provided by B'SYS. The cells express the human 
CACNA1C, CACNB2 and CACNA2D genes after induction with 
tetracycline.

Cell culture

HEK-hCaV1.2 cells were cultured and harvested according to 
Sophion standard procedures. However, a few parameters were 
adjusted to take cell-specific properties into account. When 
sub-culturing for mother and experiment flasks, the following 
cell-densities were used: 

1.	 Add 6x104 cells/cm2 for sub-culturing/experiments after 24 
hours. 

2.	 Add 4x104 cells/cm2 for sub-culturing/experiments after 48 
hours. 

3.	 Add 3x104 cells/cm2 for sub-culturing/experiments after 72 
hours. 

4.	 Add 1.6x104 cells/cm2 for sub-culturing/experiments after 96 
hours. 

The rate of cell growth for this cell line can vary and cell numbers 
might therefore have to be adjusted to the individual rate of cell 
division. Furthermore, it is recommendable to thaw fresh cells 
every 4-6 weeks.

Cell and induction media were used according to the B'SYS HEK 
hCaV1.2 specification sheet. The cells were harvested in 5 ml SFM 
and immediately transferred to the Qube where the cells were 
prepared for experiments using the automatic cell preparation 
unit.

Experimental setup

For worktable, cell preparation and clean-up, Qube default 
protocols were used.

Whole-cell protocol: 	
A two second suction pulse from -10 
mbar to -250 mbar was followed by 10 
seconds at -10 mbar and thereafter a two 
second suction pulse from -10 mbar to 
-350 mbar was applied. For more parame-
ters, see Fig.11.

Voltage protocol: 	Cells were held at -100 
mV holding potential and were depolar-
ized for 200 ms to +20 mV. For the IV re-
lationship studies, a voltage step protocol 
up to +60 mV was used. 

During seal formation: -110 mV

During wholecell suction: -110 mV

After wholecell (Vhold): -100 mV

During positioning: -80.0 mBar

After positioning: -10.0 mBar

Seal formation period: 300.0 s

Holding Potential

Pressure

Time

Fig. 11: Detailed parameters of the whole-cell protocol.
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