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Cerebellar Purkinje cells are contacted by up to
~150,000 parallel fibers from granule cells, of which
only a subset will convey sensory information at any
given time. Purkinje cells must then possess the means
to respond effectively to meaningful parallel fiber input
over background noise. Previous work has shown that
parallel fiber excitatory postsynaptic potential (EPSP)
summation can be shaped by feedforward synaptic inhi-
bition and the hyperpolarization-activated current IH
[1,2]. We now report that parallel fiber EPSPs activate
T-type calcium channels that are linked to intermediate
conductance calcium-activated potassium (IKCa) chan-
nels in Purkinje cells. This novel complex exerts a fre-
quency-dependent suppression of temporal summation,
such that only high frequency parallel fiber inputs
undergoing presynaptic facilitation can elicit spike out-
put from Purkinje cells.
Cerebellar slices were prepared from P18-30 rats and

patch recordings obtained from PC somata at 32-35°C.
PFs were activated using a monopolar stimulating elec-
trode in the molecular layer or granule cell layer. Alter-
natively, the role of postsynaptic PC ion channels were
selectively tested by injecting simulated EPSCs to evoke
PF simulated EPSPs (simEPSPs) at the soma.
PF EPSPs below threshold for spike discharge were

followed by an after hyperpolarization (AHP) of up to
2.5 mV and 250 ms. Application of blockers against
high voltage activated Ca2+ channels (Cd2+, Agatoxin
IVA), SK channels (apamin), or BK channels (TEA, iber-
iotoxin, paxilline) did not significantly affect the rate of
simEPSP decay. However, T-type Ca2+ channel blockers
(Ni2+, Mibefradil, kurtoxin) caused a ~35% decrease in
the rate of simEPSP decay. Moreover, these effects were

reproduced by application of IKCa channel blockers
(TRAM-34, charybdotoxin). Immunofluorescent labeling
for IKCa protein confirmed its expression in Purkinje
cells somata and dendrites. Ni2+ and TRAM-34 sensitive
outward currents were found in outside-out patches
from PC somata, confirming current clamp data show-
ing a functional link between Cav3 and IKCa channels.
The outward current was further blocked by BAPTA
(10 mM) but not EGTA (10 mM) in the internal patch
solution, indicating that the Ca2+-IKca channel interac-
tion resides within a nanodomain. To examine the effect
of this interaction on temporal summation, PFs were sti-
mulated at varying frequencies. For frequencies up to 25
Hz, no temporal summation was observed in control
conditions. However, blocking either Cav3 or IKca chan-
nels caused significant summation for 25 Hz stimula-
tions. This effect was seen in both the presence and
absence of feedforward-inhibition. Application of
TRAM-34 greatly altered the frequency response of PC
to 50 and 100 Hz PF stimulation during tonic firing.
Finally, the Cav3-IKCa complex selectively suppresses
non-facilitating inputs while allowing smaller-amplitude,
facilitating inputs to generate output.
Our current work is the first to demonstrate the

expression of IKCa channels in central neurons, its asso-
ciation with Cav3 channels and the role of this Cav3-
IKCa complex in controlling the response of PCs to PF
inputs. The Cav3-IKCa complex creates a high pass fil-
ter that reduces the effectiveness of background activity
and allows Purkinje cells to respond preferentially to
parallel fiber input indicative of sensory input carried by
mossy fibers.

Published: 18 July 2011
* Correspondence: jdtengbe@ucalgary.ca
Hotchkiss Brain Institute, University of Calgary, Calgary, Alberta, Canada T2N
4N1

Engbers et al. BMC Neuroscience 2011, 12(Suppl 1):P344
http://www.biomedcentral.com/1471-2202/12/S1/P344

© 2011 Engbers et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

mailto:jdtengbe@ucalgary.ca
http://creativecommons.org/licenses/by/2.0


References
1. Angelo K, London M, Christensen SR, Hausser M: Local and global effects

of IH distribution in dendrites of mammalian neurons. J Neurosci 2007,
27(32):8643-8653.

2. Mittmann W, Koch U, Hausser H: Feed-forward inhibition shapes the spike
output of cerebellar Purkinje cells. J Physiol 2005, 563(2):369-378.

doi:10.1186/1471-2202-12-S1-P344
Cite this article as: Engbers et al.: IKCa-Cav3 complex creates a high pass
filter for parallel fiber input in cerebellar Purkinje cells. BMC Neuroscience
2011 12(Suppl 1):P344.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Engbers et al. BMC Neuroscience 2011, 12(Suppl 1):P344
http://www.biomedcentral.com/1471-2202/12/S1/P344

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/17687042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17687042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15613376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15613376?dopt=Abstract

	References


<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


