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This is a computational study using data and models.
We study selected neurons in neural circuits, which
have different precision of spike timing under reproduci-
ble experimental conditions. Voltage sensitive currents
govern foremost the spike generation at given times. Yet
the effects of voltage sensitive currents are not limited
to the axonal hillock, other neuronal structures are also
involved. We compare previously described neural com-
putations using models ranked according to level of
detail and complexity.
Single neurons propagate neural signal by following

steps. The first is the synaptic processing, realized by
function of pre- and post- synaptic membrane. Next is
signal recoding and encoding and information proces-
sing, which is realized by dendrites. As next step follows
binary decision spike generation with yes-or-no logical
value. This occurs at the axonal hillock. Further signal
recoding and encoding is computed by axonal propaga-
tion. Finally there is again synaptic processing at the
synapse to the next neuron.
In past, some salient features amongst these steps were

implemented in biophysically detailed neuronal simula-
tions of anatomically reconstructed neurons. This was
achieved via brute-force numerical solution of many par-
allel instances of cable equation solved by numerical sol-
ver of partial differential equations named GENESIS [1].
The experimental observation of voltage dependent ion
currents (active currents) in dendrites has been a mile-
stone confirming high complexity and high information
throughput in single neurons [2].
We use computational description of the pyramidal neu-

ron CA3 and the MSO neuron. The CA3 is anatomical

acronym of Cornu Ammonis, 3rd area of hippocampus
and the MSO, medial superior olive is a nucleus in the
binaural auditory pathway. These model neurons are
embodied into three implementations differing by their
levels of complexity, as follows.
1. The first level (macroscopic) unit is phenomenolo-

gical model with black-box components containing ele-
mentary arithmetic units connected together, generating
spikes as uniform, unitary events [3].
2. The second level (mesoscopic) unit is medium com-

plexity model with delays and voltages described in
experiments [4].
3. The third level (microscopic) unit is biophysically

realistic detailed model based on the anatomical recon-
struction of single neuron [1].
In the three levels we describe necessary time step dura-

tion and computational complexity, which has as its prac-
tical consequence ration of simulated versus real time on a
prototypical contemporary personal computer [5,6]. The
implementation details may vary. We use GCC, gcc.gnu.
org; www.scholarpedia.org/article/GENESIS [1]; MATLAB
(TM), www.mathworks.com; octave, wiki.octave.org [3];
and other software and libraries. In order to abstract
the implementation details, we theoretically estimate and
recommend the useful range of time step sizes, number of
compartments and computational complexity. This
enables us to obtain asymptotic and converging figures of
information transfer rates and therefore a measure of
computational complexity, obtained by the units of three
different levels. Finally, we analyze several models in com-
putational neuroscience literature (including our previous
works). Based on this analysis, we discuss whether the
computational resources were used efficiently.

* Correspondence: Eduard.Kuriscak@lf1.cuni.cz; Petr.Marsalek@lf1.cuni.cz
1Institute of Physiology, First Faculty of Medicine, Charles University in
Prague, 128 00, Czech Republic
2Inst. of Pathological Physiology, First Faculty of Medicine, Charles University
in Prague, 128 53, Czech Republic
Full list of author information is available at the end of the article

Kuriscak et al. BMC Neuroscience 2015, 16(Suppl 1):P158
http://www.biomedcentral.com/1471-2202/16/S1/P158

© 2015 Kuriscak 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.

gcc.gnu.org
gcc.gnu.org
www.scholarpedia.org/article/GENESIS
www.mathworks.com
wiki.octave.org
mailto:Eduard.Kuriscak@lf1.cuni.cz
mailto:Petr.Marsalek@lf1.cuni.cz
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


Acknowledgements
This work is funded by the Institutional Support for Long-term Development
of Research Organizations (PRVOUK) P 24 to P. M. at the Charles University
in Prague.

Authors’ details
1Institute of Physiology, First Faculty of Medicine, Charles University in
Prague, 128 00, Czech Republic. 2Inst. of Pathological Physiology, First Faculty
of Medicine, Charles University in Prague, 128 53, Czech Republic. 3Czech
Technical University in Prague, Zikova 1903/ 4, 166 36, Czech Republic.

Published: 18 December 2015

References
1. Bower JM, Beeman D: The Book of Genesis. 2nd edition. New York: Springer

Verlag; 1998.
2. Koch C: (Book Chapter:) Voltage-Dependent Events in the Dendritic Tree.

Biophysics of Computation. Information Processing in Single Neurons Oxford
University Press, New York; 1999, 428-452.

3. Bures Z: The stochastic properties of input spike trains control neuronal
arithmetic. Biol Cybern 2012, 106(2):111-122.

4. Bures Z, Marsalek P: On the precision of neural computation with inter-
aural level differences in the lateral superior olive. Brain Res 2013,
1536:16-26.

5. Kuriscak E, Trojan S, Wunsch Z: Model of spike propagation reliability
along the myelinated axon corrupted by axonal intrinsic noise sources.
Physiol Res 2002, 51:205-215.

6. Kuriscak E, Marsalek P, Stroffek J, Wunsch Z: The effect of neural noise on
spike time precision in a detailed CA3 neuron model. Comput Math
Methods Med 2012, 2012:595398, (pp. 1-16).

doi:10.1186/1471-2202-16-S1-P158
Cite this article as: Kuriscak et al.: Voltage sensitive currents and
information processing by single neurons. BMC Neuroscience 2015 16
(Suppl 1):P158.

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

Kuriscak et al. BMC Neuroscience 2015, 16(Suppl 1):P158
http://www.biomedcentral.com/1471-2202/16/S1/P158

Page 2 of 2


	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


