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Cell cultures
Cultured HEK293, CHO, RLE or RBL-2H3 cells were employed. 
Type of expression cell system is indicated at each figure. 

Patch-clamp system. 
The QPatch 16 operates 16 patch-clamp sites simultaneously and in
parallel, each with an individual state-of-the-art low noise patch-clamp
amplifier. It is a second generation system that can operate unattended
for four hours or more, due to its on-board cell maintenance and
preparation facility. 
It is based on planar glass-coated silicon patch-clamp chips.

With QPatch 16 simple or complex voltage- and compound appli-
cation protocols can be performed. Solution exchange time constants
are in the 50-70 msec range, which is required especially for studies
of some ligand-gated ion channels. 

Problems with ‘sticky compounds’ have been minimized by the use
of glass-coated surfaces throughout the microfluidic flow channel
system, and by the use of teflon-coated pipettes.

Voltage- and compound application protocols are indicated in the
figure legends.

Data analysis
Recorded ion channel whole-cell currents were stored in an integrated
database (Oracle). Drug effects were analyzed as function of concentra-
tion (dose-response relationship). In addition, Na+ channel inactivation
kinetics (Boltzmann fits) and state-dependency were analyzed. All
data analysis was accomplished with the QPatch Assay Software.
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We here report pharmacological data (EC50 and IC50 values, tests for state-dependency of blockers and steady-state inactivation
characteristics) from eight different types of voltage- and ligand-gated ion channels using the automated QPatch 16 system. 
The data obtained were in accordance with published literature values (not shown). We conclude that the QPatch technology
enables fast and reliable characterization of electrophysiological ion channel properties.

Fast and efficient characterization of drug effects on ion channels is
demanded for ion channel drug discovery and development, and for
safety screening. We here report pharmacological characterization of
a selection of voltage- and ligand-gated ion channels obtained with
the automated QPatch 16 patch-clamp system.

Figure 9.

Concentration-response analysis for H+

(agonist) on HEK293-ASIC1a currents.

Left Raw current data: ASIC1a currents

obtained with increasing H+ concentrations

(pH: 7.3, 6.3, 5.3 and 4.3). Vhold of -90 mV.

Right Resulting Hill fit. EC50=6.3±0.3 µM

(n=4).

Figure 10.

Fig. 10 Concentration-response analysis

for amiloride (antagonist) on HEK293-

ASIC1a currents. Left Raw current data:

ASIC1a current inhibition by amiloride at

pH 4.3. Right Resulting Hill fit.

IC50=13.3±4.0 (n=4).

Figure 11.

Concentration-response analysis for αβ-

methylene-ATP on RLE-P2X3 currents.

Left Raw current data: P2X3 current traces

with increasing concentrations of the 

agonist αβ-me-ATP (0.5, 1, 2 and 10 µM).

Right Resulting Hill fit. EC50=1.47 µM.

Figure 12.

Concentration-response analysis for TNP-

ATP on RLE-P2X3 currents. Left Raw current

data: P2X3 current inhibition by increasing

concentrations of TNP-ATP (0.1, 1, 10,

100 nM) using the agonist CTP (30 µM).

Right Resulting Hill fit. IC50=21 nM.
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Figure 4. 

Concentration-response analysis for

tetrodotoxin (TTX) on HEK293-NaV1.2

currents. Left Raw current data: Na+ cur-

rent blocked by TTX (0.5, 5, 50, 500 nM).

Right Resulting Hill fit. IC50=11.1±2.0

nM (n=9).

Figure 5. 

State-dependency analysis of compound

action on HEK293-NaV1.2 currents. Left

Raw current data: paired-pulse V-protocol

executed during application of a state-

dependent blocker (lidocaine, 100 µM),

and a non-state-dependent blocker

(TTX, 50 nM). Right I-t plot demonstrating

that lidocaine predominantly affects the

second peak (green), while TTX almost

completely blocks the first (blue) as well

as the second peak. 

Figure 6. 

Steady-state inactivation of HEK293-

NaV1.2 currents. Left whole-cell currents

as function of the conditioning potential

(see V-protocol in inset) in the absence

(dark blue) and presence of 100 µM lido-

caine (light blue). Data were fitted with a

Boltzmann equation. Lidocaine shifted

V1/2 leftward by 12 mV. Right Normalized

current data with Boltzmann fits.

Figure 7. 

I-V analysis of CaV3.2 expressed in

HEK293 cells. Left raw current data: Ca2+

currents in response to V-protocol shown

in inset. Right I-V relationship for the

peak currents. 

Figure 8. 

Current recordings from ICRAC channels

expressed in RBL-2H3. Left Raw ICRAC

Ca2+ currents. Right I-t plot for the effect

of 4 µM ionomycin and of ionomycin 

in combination with the inhibitor

SKF96365 (100 µM).
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Figure 2. 

Concentration-response analysis

for quinidine on CHO-KV1.3 cur-

rents. Left Raw current data: K+

currents blocked by quinidine

(0.1, 1, 10, 100 µM). Middle I-t

plot of KV1.3 current blockade.

Right Resulting Hill fit.

IC50=2.44±0.29 µM (n=4).
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Figure 3. 

Concentration-response analysis

for quinidine on CHO-KV1.5 cur-

rents. Left Raw current data: K+

currents blocked by quinidine

(0.1, 1, 10, 100 µM). Middle I-t

plot of KV1.5 current blockade.

Right Resulting Hill fit. 

IC50=9.7±2.0 µM (n=5).
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Figure 1. 

Concentration-response analysis

for verapamil on CHO-hERG

currents. Left Raw current data:

K+ currents blocked by verapamil

(0.03, 0.3, 3, 30 µM). V-protocol

shown in inset. Middle I-t plot of

hERG currents. Right Resulting

Hill fit. IC50=185±120 nM (n=15).

Compound application protocols

Increasing color intensities indicate

increasing compound concentrations. 

Red color indicates agonist and blue

color indicates antagonist.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


