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System Description

Materials and Methods

Instrument: The IonFlux system includes the following novel features:
• Well-plate integration: In a departure from traditional automated 
electrophysiology systems, the IonFlux instrument is more similar to plate readers 
in both footprint and workflow; after loading, IonFlux plates are ‘read’ by the 
benchtop system without the requirement for external liquid addition or removal 
steps at any point during the recording protocol. Plates can be filled by standard 
liquid handlers.
• Fast compound addition: The well plates include integrated flow channels, 
allowing the rapid addition of multiple compounds (<100ms), and the ability to 
perform wash sequences between compound applications.
• “Single Head” integration: Electrodes are directly integrated with a pneumatic 
flow control interface. There is no scheduling overhead limiting compound 
application while the liquid handler is serving a different group of cells.
• Continuous recording: Continuous recording is important for monitoring current 
stability, use dependence, and recording of ligand-gated channels

Throughput in the IonFlux system is maximized by the use of multiple amplifier 
channels and cell recording from groups of cells to increase overall recording 
success rate. To facilitate IC50 measurements, each group of cells can be 
addressed by up to 8 different compounds or concentrations. 

Cells. In order to validate IonFlux system performance wee used a variety of 
commercially available cell slines (PrecisION series from Millipore) for the following 
targets: hGABA-A Cat# CYL3053, hnAChR Cat # CYL3052, and hERG-CHO Cat# 
CYL3038.

Abstract

While automated electrophysiology systems have been developed to record 
from individual cells and groups of cells, both approaches have limitations. 
Platforms that record from individual cells suffer from relatively low recording 
success rates, which typically hover around 50%. Coupled with the need to get 
a sufficient number of data points for statistically relevant results, the resulting 
experimental throughput is compromised. Systems that record from groups of 
cells provide an inherent averaging mechanism that increases recording 
success. 

The IonFlux system is the first platfrom to market that combines ensem le 
recording with continuous voltage clamp and fast compound exchange. The 
system integrates microfluidic flow channels and cell trapping sites into 
SBS-standard 384-well plates, allowing for cell/compound dispensing using 
standard liquid handlers.  Because each compound channel is individually 
controlled via pneumatic pressure, the plate-reader like instrument can apply 
any compound to any number of cell groups simultaneously, with an ‘on’ time of 
100ms.

hERG pharmacology and recording fidelity

Conclusions

The IonFlux microfluidic automated patch-clamp system provides the ability 
to record from an ensemble of 20 cells simultaneously, providing results 
that agree well with manual patch clamp recordings.

The IonFlux recording plate microfluidics integrate to SBS-standard well 
plates for compound and cell loading, facilitating plate prep by standard 
liquid handlers.

hERG blocker pharmacology and GABA modulator pharmacology was 
shown to fit well with literature data.

The use of a “plate reader” format and 64 multiplexed amplifiers provides 
sample throughputs to 1,000 data points per hour.  

The ability to apply compounds in less than 100ms enables recording of 
both voltage and ligand-gated channels.    

The hERG channel is the most important target for asessing cardic liability.  Using IonFlux, we have 
obtained IC50 values that are in excellent agreement with literature data for a significant number of 
known hERG modulators. We utilized the a recombinant hERG-CHO cell line (Millipore PrecisION Cat# 
CYL3038).

GABA
A 

Receptor and nAChR Current Recordings

GABAergic signaling is the major mediator of CNS inhibition, and is important for understanding and 
treating conditions such as anxiety, schizophrenia and possibly neuropathic pain. We measured the 
effect of a number of GABA modulator compounds using the Millipore PrecisION hGABA-A α1/β3/γ
2-HEK Recombinant Cell Line, Cat# CYL3053.

Figure 3. The interface incorporates pneumatic pressure control to enable rapid and precise 
fluid delivery. A gasketed interface seals to an entire 384 well plate after it loads in the 
instrument. The interface includes pneumatic connections to each well, with positive and 
negative pressure regulation from computer-controlled electro-pneumatic regulators. Precise 
control of compound delivery allows the system to resolve fast-activating ligand-gated ion 
channels. Compound exchange times are less than 100 msec.

Ag/AgCl electrodes are integrated in the interface.  The IonFlux system includes up to 64 
multiplexed amplifiers. Each 384-well plate includes 32 experimental zones, each containing 
8 compound wells and 2 multi-cell trapping regions. This allows the entire plate, with a total 
of 64 trapping ensembles, to be recorded at one time. Each plate can deliver up to 512 data 
points. Throughputs in excess of 1,000 data points per hour can be achieved.
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Figure 2. The IonFlux plates are based on the 384 well SBS-standard format. Figure 2A 
shows the microfluidic network attached to the bottom of a well plate. Figure 2B shows a 
magnification of the parallel trapping region. Each cell trapping junction is approximately 1.5 
X 2 um. In a typical trapping ensemble, 20 cells are connected in parallel to a common 
amplifier. Cells are recorded in “whole cell” configuration. Trapping and whole cell protocols 
are configured and controlled via software control.

Figure 1. The IonFlux system is designed to operate much like a plate reader.  The 
entire recording protocol, including cell trapping, whole cell formation, compound 
perfusion, and ion channel recording is managed automatically via software. Plates are 
preloaded with cells, compounds, and reagents using conventional liquid handlers. 

Figure 4. The software interface displays current sweeps in real time as data is acquired.  In  this 
example screen shot, increasing concentrations of GABA are appplied across the plate in fast 
succession, resulting in a quick EC50 determination without significand desensitization.
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A Figure 3. The current-voltage relationships of 
recorded hERG currents at room temperature.  
Cells were clamped at a holding potential of -80 
mV. (A) shows a representative overlay of recording  
sweeps at different activation voltages from a cell 
ensemble. IV plots of the activation current and the 
normalized tail current measured at -50 mV  were 
shown in (C) and (D) . The fully-activated IV plot for 
hERG cells is shown (E).
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Table 1.  A comparison of the IC50 values for a number of 
known blockers were obtained using the IonFlux system and 
compared to literature values (right column).  The cLogP 
values are also shown as a measure of compound lipophilicity.

Figure 5.  Measured IC50 values for three blockers 
were obtained by fitting dose-response data with a 
Hill function.  All fitting results are shown in Table 1.
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EC50 = 6 ± 1μM 
nH = 1.1 ± 0.1 
N = 62 ensembles 
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Figure 2. Screen shot (A) showing the current response due to exposure of a 20-cell ensemble to increasing concentrations of Ach (3 
-100uM).   The average peak response across a whole IonFlux HT plate (n=62 activation curves) is shown in the bottom panel, along 
with standard error for each measurement (B). Current recovery from inactivation was measured by applying two 1s agonist bursts 
separated by a variable recovery time window.  The recovery timescale is shown in panel C.  Fast recovery without ACh degradation 
shows the efficent washout capabilities of the system.

Figure 4. Plate-to plate consistency in current intensity: IonFlux data showing the magnitude of the stimulus response (1 μM GABA 
application) for 128 cell ensembles across 8 plates, and comparison to a negative control (1% DMSO application). Z’ values (DMSO 
vehicle vs. 10 μM GABA) of 8 plates were 0.66, 0.45, 0.71, 0.83, 0.58, 0.72, 0.55, and 0.44. Average Z’ = 0.58±0.15. 

Figure 9. Response of a cell ensemble exposed to 1 μM GABA (EC20) with increasing diazepam (top) and  triazolam (bottom) concentrations (left). Dose 
response analysis (right) yielded EC50 of diazepam 425nM (n=4, hill slope= 1.28, R2= 0.977).  The reported literature EC50 value is ~160nM2. EC50 of 
zolpidem was 84.6nM (n=3, hill slope= 1.25 R2=0.967).  The reported literature EC50 values range from 70nM to 150nM. EC50 of triazolam was 12.1nM 
(n=4, hill slope =1.41, R2=0.970). The reported literature EC50 values range from 22nM to 45nM.
.


