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Spikelets are brief, spike-like depolarizations of small
amplitude (< 20 mV) that can be measured in somatic
intracellular recordings. Prominent spikelet activity was
demonstrated in hippocampal CA1 pyramidal neurons
in awake behaving [1,2] and anesthetized animals [3].
However, spikelets are rarely observed in vitro, and
basic mechanisms underlying their generation in pyra-
midal neurons are not well understood.
Here we investigate the emergence of spikelets using

mathematical analysis and numerical simulations of com-
partmental single-neuron models. Somatic spikelets are
produced in the models upon orthodromic (somatic) sti-
mulation. We find that spikelet occurrence depends on
three main factors: A) Activation voltages of somatic
channels need to be larger by several millivolts (~10 mV)
than activation voltages of axonal sodium channels. B)
The spike initiation zone (axon initial segment, AIS) has
to be electrically segregated from the soma. C) The impe-
dance mismatch between soma and AIS needs to be suffi-
ciently large. In this way, weak orthodromic stimuli can
trigger APs at the AIS that fail to activate somatic sodium
channels and manifest as somatic spikelets. Stronger sti-
muli lead to full-size APs at the soma, either through
axonal APs that backpropagate to the soma (’shouldered
APs’) or direct somatic AP generation (’full-blown APs’).
Through analysis and simulations we isolated the cell

parameters that allow for spikelet generation and identi-
fied possible causes of spikelet absence in in vitro pre-
parations: First, the dendritic current sink in vitro is
diminished due to “dendritic pruning” in slices. Next,
the fraction of sodium channels usually available for
(somatic) spiking is larger in vitro due to the overall
lower spiking activity and lower resting membrane

potential. Finally, the difference in activation voltages
between somatic and axonal sodium channels under in
vitro conditions might be smaller than under in vivo
conditions as the activation voltage of sodium channels
might be controlled by neuronal activity, which is typi-
cally much higher in vivo than in vitro.

Conclusions
In our models, somatic spikelets represent APs that are
only propagated down the axon, but are not backpropa-
gated to the soma and the dendrites. Consequently, such
a mechanism might be involved in the control of dendri-
tic plasticity and/or in the homeostatic regulation of
somato-dendritic firing rates without affecting the axonal
output of a neuron.

Acknowledgements
This work was supported by the Einstein Foundation Berlin and the German
Federal Ministry of Education and Research (01GQ0901, 01GQ1001A,
01GQ0972).

Authors’ details
1Institute for Theoretical Biology, Department of Biology, Humboldt-
Universität zu Berlin, 10115 Berlin, Germany. 2Bernstein Center for
Computational Neuroscience, 10115 Berlin, Germany.

Published: 18 December 2015

References
1. Epsztein J, Lee AK, Chorev E, Brecht M: Impact of spikelets on

hippocampal CA1 pyramidal cell activity during spatial exploration.
Science 2010, 327(5964):474-477.

2. Harvey CD, Collman F, Dombeck DA, Tank DW: Intracellular dynamics of
hippocampal place cells during virtual navigation. Nature 2009,
461(7266):941-946.

3. Chorev E, Brecht M: In vivo dual intra- and extracellular recordings
suggest bidirectional coupling between CA1 pyramidal neurons. J
Neurosci 2013, 33(11):4815-4824.

doi:10.1186/1471-2202-16-S1-P121
Cite this article as: Michalikova et al.: Mechanisms of spikelet generation
in cortical pyramidal neurons. BMC Neuroscience 2015 16(Suppl 1):P121.

* Correspondence: martina.michalikova@hu-berlin.de
1Institute for Theoretical Biology, Department of Biology, Humboldt-
Universität zu Berlin, 10115 Berlin, Germany
Full list of author information is available at the end of the article

Michalikova et al. BMC Neuroscience 2015, 16(Suppl 1):P121
http://www.biomedcentral.com/1471-2202/16/S1/P121

© 2015 Michalikova et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

mailto:martina.michalikova@hu-berlin.de
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

	Conclusions
	Acknowledgements
	Authors’ details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


