QPatch HTX: Biophysical and pharmacological characterization
of ligand-gated ion channels in multi-hole mode
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全自動パッチクランプシステム、QPatch HTX、におけるマルチホールテクノロジーを用いた
リガンド作動性イオンチャネルに関する生物物理学および薬理学的基礎検討
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The multi-hole patch clamp technology for the QPatch enables gigaseal recordings of
up to ten cells patch-clamped on a single measurement site. In this set of experiments,
we have convincingly demonstrated that multi-hole QPatch experiments of fast and
slow desensitizing ligand-gated ion channels perform as well as single-hole QPatch
experiments with respect to both biophysical and pharmacological characteristics.
In the QPlate X, the ten patch holes have a relatively wide spatial distribution to avoid
intercellular contact and downstream space clamp issues. The wide spatial distribution
could, on the other hand, potentially slow down the liquid exchange times. We examined the glutamate receptor GluR5, the nicotinic acetylcholine receptor nAChR α1,
the acid-sensing ion channel ASIC1a, and the anionic γ-aminobutyric acid receptor
A GABA-A α1β2γ2 with regards to agonist rise-time, reversal potential and pharmacological properties on the QPatch HTX in multi-hole mode and compared to results
obtained in the classic single-hole mode. All data clearly demonstrate that while the
amplitude of the elicited ion channel current is multiplied by a factor of 7-10, and the
successrate in terms of usable current amplitude is increased, other significant biophysical properties of these ion channels remain unaltered.
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A: nAchR α1 activated by
10 mM acetylcholine
in a multi-hole experiment, showing the 1090% rise time cursor.
B: 10-90% rise-times (ms)
for single-hole and multi-hole experiments at
increasing concentrations of agonist (acetylcholine).
C: Single-hole data
example of nAchRα1
current activated with
100 µM acetylcholine
and recorded at holding
potentials of -60, -40,
-20, 0, 20, and 40 mV.
D: Averaged single-hole I-V
data. The calculated reversal potential, Erev =
8±2 mV (n=5) (liquid
junction potential corrected = -5 mV).
E: Multi-hole data example
of nAchRα1 current activated with 100 µM
acetylcholine and recorded at holding potentials of -60, -40, -20, 0,
20, and 40 mV.
F: Averaged multi-hole
I-V data. The calculated Erev = 8 ± 3 mV
(n=11) (liquid junction
corrected = -5 mV).
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Figure 1. Left: single-hole silicon chip in the QPlate. Right:
multi-hole in the QPlate 
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Table 1. Pharmacological data (IC and
EC50) for all four ion channels, tested in
multi-hole and single-hole mode.
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Table 2. Percentage of sites with
usuable current amplitude in single-hole versus multi-hole mode, for
each respective cell-line.
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Figure 5. GluR5
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A: ASIC1a activated by pH
6.3 in a single-hole experiment, showing the
10-90% rise time cursor.
B: ASIC1a activated by pH
6.3 in a multi-hole experiment, showing the
10-90% rise time cursor.
C: 10-90% rise-times (ms)
for single-hole and multi-hole experiments at
increasing concentrations of agonist (pH 6.3).
D: Single-hole data
example of ASIC1a current activated at pH 6.3
and recorded at holding
potentials of -60, -40,
-20, 0, 20, 40 and 60
mV.
E: Averaged single-hole
I-V data. The calculated reversal potential,
Erev(Na) =67±9 mV
(n=4). The theoretical
Erev(Na) for this Ringer’s pair is 68 mV.
F: Multi-hole data
example of ASIC1a current activated at pH 6.3
and recorded at holding
potentials of -60, -40,
-20, 0, 20, 40, and 60
mV.
G: Averaged multi-hole I-V
data. The calculated
Erev(Na) = 73 ± 4 mV
(n=12).
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Figure 4. GABA-A α1β2Υ2
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Positioning of the cells on the measurement site in the QPlate was done by application
of negative hydrostatic pressure. Gigaseal and whole-cell configurations were achieved using suction pulses according to the settings specified in the assay optimized for
the individual cell lines.
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QPatch Experiments:
Cells: TE671-nAchRα1 (endogenously expressed), HEK-GABA-A α1β2γ2, HEK-ASIC1a,
HEK-GluR5. All cells were grown according to their respective SOPs as developed by
Sophion Bioscience. Cells were kept in a serum-free medium in the on-board cell hotel
on the QPatch and used up to 5 h after harvest.
Saline solutions: Extracellular saline (in mM): CaCl2 2, MgCl2 1, HEPES 10, KCl 4,
NaCl 145, glucose 10. pH 7.4, 300 mOsm. Intracellular saline ASIC1a (in mM): CsF
135, EGTA/CsOH 1/5, HEPES 10, NaCl 10. pH 7.3, 290 mOsm. Intracellular saline
other ion channels (in mM): KF 120, KCl 20, HEPES 10, EGTA 10. pH 7.2, 290 mOsm.
QPatch experiments: All experiments were carried out with the QPatch 16X or QPatch
HTX, which performs 16 or 48 parallel and independent patch-clamp recordings on a
disposable QPlate with a single patch hole per measurement site, or QPlate X with 10
holes per measurement site.
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Figure 3. ASIC1α

Figure 2. nAchR α1
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A: GABA-A α1β2γ2 stimulated with 12 µM GABA
in a single-hole experiment, showing the 1090% rise time cursor.
B: GABA-A α1β2γ2 stimulated with 12 µM GABA
in a multi-hole experiment, showing the 1090% rise time cursor.
C: 10-90% rise-times (ms)
for single-hole and multi-hole experiments at
increasing concentrations of agonist (GABA).
D: Single-hole data
example of GABA current activated with 10
µM GABA and recorded
at holding potentials of
-60, -40, -20, 0, 20,
and 40 mV.
E: Averaged single-hole
I-V data. The calculated reversal potential,
Erev(Cl) = -38±4 mV
(n=6) (liquid junction
potential corrected -51
mV). The theoretical
Erev(Cl) for this Ringer’s pair is -51 mV.
F: Multi-hole data
example of current activated with 10 µM GABA
and recorded at holding
potentials of -60, -40,
-20, 0, 20, and 40 mV.
G: Averaged multi-hole I-V
data. The calculated
Erev(Cl) = 37±3 mV
(n=10) (liquid junction
potential corrected -50
mV).
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A: GluR5 activated by 0.3
mM kainate, in a multihole experiment, showing the 10-90% rise
time cursor.
B: GluR5 activated by 3
mM kainate, in a multihole experiment, showing the 10-90% rise
time cursor.
C: 10-90% rise-times (ms)
for multi-hole experiments at two concentrations of kainate.
D: Multi-hole data example
of GluR5 current activated with 3 mM kainate and recorded at holding potentials of -60,
-40, -20, 0, 20, and 40
mV.
E: Averaged multi-hole
I-V data. The calculated
reversal potential, Erev
= 16±10 mV (n=14).

-1,50
-2,00
-2,50

nA

Conclusion
QPatching in multi-hole mode with ligand-gated ion channels has a number advantages: 1) because it records the total current from ten
cells patched in one recording unit, multi-hole mode allows measurements with cells exhibiting very small ion channel currents; 2) the
gigaseal-based recordings provide a high signal-to-noise ratio giving efficient and accurate recordings; and 3) the flow channels ensure
fast and reproducible liquid exchange around the cell giving very stable recordings after several compound additions. Our QPatch HTX
data demonstrates the expected properties for these ligand-gated ion channels, when patched in multi-hole mode: The signal onset is
the same as it is in single-hole mode and the pharmacological properties remain unaltered. QPatch HTX, with the higher success rate
for sites with usable current thus provides an unprecedented combination of high throughput and high quality recordings.

