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AUTOMATED PATCH CLAMPING FOR MASSIVELY PARALLEL ION CHANNEL SCREENING
Nanion Technologies, Gabrielenstr. 9, 80636 Munich, Germany
Niels Fertig

Further development of existing automated patch clamp devices and introduction of new
systems widen the range of possible experiments and increase throughput. This meets the need
to have gold standard electrophysiology compatible with primary ion channel drug screening
requirements.

Here, we present chip-based approaches, which allows for parallel patch clamp recordings
without compromising neither data quality nor sophistication regarding technical features. Us-
ing microstructured glass bottom microtitre plates, recordings from 768 cells can be performed
in an automated fashion with one of the platforms, the SyncroPatch 384/768PE. With the de-
velopment of a miniaturized, modular system, the SyncroPatch 384/768PE, and its integration
in fully automated robotic platforms, all the advantages of the chip-based patch clamp tech-
nique are now completely realized and implemented. This indeed enables highly efficient, par-
allel ion channel screening with the chip-based approach in the industry standard of the mi-
crotiter plate format. Success rates achieved are routinely over 85 %. A full run of 768 cells for
dose response analysis takes about 20 minutes, delivering several thousand data points per
hour.

While cell usage is of little concern when using standard cell lines such as HEK cells, it becomes
a crucial constraint with cells of limited availability, such as primary or otherwise rare and ex-
pensive cells, like induced pluripotent stem (IPS) cell-derived cardiomyocytes or neurons. Data
will be shown recorded on both the SyncroPatch 384/768 PE and the Patchliner platform, with
which up to 8 cells can be recorded in parallel even in the current clamp mode.

Stacking the solutions inside a pipette and rapid application to the cell allows a fast and ac-
curate solution exchange (<10ms) and exposure times (<200ms) utilizing the Patchliner platform.
With that procedure, we could reliable activate even fast desensitizing receptors such as nA-
ChRs, as well as the more slowly acting GABAARs, repetitively. To test, whether different tem-
peratures affect PAMs of nAChRs, we used a heated pipette to increase the temperature of
the added solution and then rapidly applied to the cell. Currents significantly decreased with
increasing temperature, supporting the idea of the strong temperature dependence of allo-
steric modulation by PNU-102596 on hAChRs.

Taken together, the devices are extremely versatile allowing for fast external perfusion, internal
perfusion and temperature control, supporting high quality recordings from a multitude of dif-
ferent voltage- and ligand gated ion channels, cell lines, primary cells and even organelles.
Reduced cell usage, increased throughput and integration into robotic environments improve
cost efficiency, preciseness and are speeding up the whole HTS process of drug development.
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In recent years, automated patch clamp became a standard tool for drug discovery and safety pharma-
cology. Several high and medium throughput platforms offer seal and recording quality sufficient for
generating routine results when using recombinant cell lines. However, when primary cells or induced
pluripotent stem cell (iPSC)-derived cells are used, most available systems are stretched to their limits:
low seal quality does not provide for a proper voltage clamp necessary to identify all relevant ion chan-
nels with a sufficient signal to noise ratio. Special non-physiological buffer compositions are often re-
quired to allow seal formation and stable whole-cell recordings. These may interfere with the channels’


mailto:o.scheel@cytocentrics.com

regulation leading to non-physiological channel characteristics such as altered activation and inactiva-
tion kinetics or non-physiological shape and duration of action potentials. Moreover, most automated
systems require a high cell amount, a fact that frequently prevents the investigation of native cells.
Contrary to previously deployed automated patch  tenventional Patch clamping
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additional features such as the continuous bi-di- Crapat™  pressure B e
rectional and fast perfusion system, intracellular b P A
perfusion, temperature control as well as the flexible and interactive AssayDesigner software, Cytocen-
tering™ patch clamp offers flexibility and data quality, en par with manual patch clamp for research of
primary cells or iPSC-derived cells.

We present current- and voltage-clamp recordings of freshly dissociated rat dorsal root ganglion neurons
(DRG) and of human iPSC-derived cardiomyocytes (Cor.4U® by Axiogenesis and iCell® cells by CDI).
Moreover, the Cytocentering™ channel can be used to apply mechanical force onto the patched cell to
activate mechano-sensitive channels, as demonstrated by whole-cell voltage-clamp recordings of Piezo
channels in Neuro2A cells.

The integration of a traditional glass pipette into a microfluidic chip has overcome the limitation of other
automated patch clamp techniques and the benefits of an automated device were successfully com-
bined with the quality and flexibility of conventional manual patch clamp.
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