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Efficiently encoding sound features, e.g. temporal fine
structure or envelope, is critical for perception tasks such
as sound localization and identification. Whereas the audi-
tory nerve (AN) fibers convey all information transduced
at the cochlea, the pathway bifurcates in the cochlear
nucleus, the first station after AN. The auditory system of
the barn owl is a good example of such functional differ-
entiation, where one subdivision of the cochlear nucleus
(Nucleus Angularis, NA) is thought to encode sound
intensity information used for interaural intensity differ-
ence processing whereas the other (Nucleus Magnocellu-
laris) encodes temporal fine-structure information
necessary for interaural time difference processing [1].
The fact that NA responses to frozen broadband

sounds are very reproducible on a slow time-scale [2]
led to think that this center is also involved in the
encoding of the slow-time-varying sound envelope. By
using coherence and phase-locking analysis of NA
responses to amplitude-modulated broadband sounds,
we show that NA indeed encodes the envelope better
than AN at the cost of losing the fine -structure infor-
mation. A detailed analysis of the modulation filters esti-
mated using reverse correlation on the envelope signal
shows that NA neurons low-pass or band-pass filter the
envelope with time constants of an order of magnitude
faster than in higher centers (e.g. [3]). Population-wide
there is a heterogeneous distribution of the center fre-
quencies of those filters that does not depend on the
best frequency of the neurons. This suggests that NA
could implement a bank of modulation filters, each with
different center frequencies (up to 600 Hz) and
bandwidths.

Because the AN encodes sounds through frequency-
selective channels that exhibit low-pass modulation
sensitivity the question then arises as to how NA cells,
receiving a few (around 5 [4]) AN inputs, can imple-
ment band-pass modulation filtering. While most
existing models of such temporal modulation rely on
delayed inhibition (e.g. [5]), there is no evidence of
time-locked GABAergic input to NA. We therefore
hypothesize this function can be based on cellular
mechanisms. Using a model fitting approach [6] we
show that a spiking neuron model including an adap-
tive threshold based on sodium inactivation [7] can
predict the spike timing and the response statistics of
NA neurons. In particular we hypothesize that the
high-pass filtering effect of the dynamic threshold on
the membrane potential, in conjunction with the low-
pass filtering properties of the cell, serve as a neural
substrate for implementing the observed band-pass fil-
tering properties of AN neurons. Population heteroge-
neity in the model parameters, especially in the time
constant of the threshold dynamics, would ensure to
have a bank of filters with different frequency
responses. This finding indicates that a basic cellular
mechanism, in our case spike threshold adaptation, is
sufficient to implement neural band-pass filtering.

Acknowledgements
This work was supported by a European Marie Curie fellowship (PIOF-GA-
2011-300753) to BF, and by the National Institute of Health (DC007690) to
LJS and JLP.

Published: 8 July 2013

* Correspondence: Bertrand.fontaine@einstein.yu.edu
D. P. Purpura Department of Neuroscience, Albert Einstein College of
Medicine, Bronx, New York 1046, USA

Fontaine et al. BMC Neuroscience 2013, 14(Suppl 1):P312
http://www.biomedcentral.com/1471-2202/14/S1/P312

© 2013 Fontaine 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:Bertrand.fontaine@einstein.yu.edu
http://creativecommons.org/licenses/by/2.0


References
1. Takahashi T, Moiseff A, Konishi M: Time and intensity cues are processed

independently in the auditory system of the owl. The Journal of
neuroscience 1984, 4:1781-1786.

2. Steinberg LJ, Peña JL: Difference in response reliability predicted by
spectrotemporal tuning in the cochlear nuclei of barn owls. The Journal
of Neuroscience 2011, 31:3234-3242.

3. Miller LM, Escabí MA, Read HL, Schreiner CE: Spectrotemporal receptive
fields in the lemniscal auditory thalamus and cortex. Journal of
Neurophysiology 2002, 87:516-527.

4. Köppl C, Tonotopic: Projections of the auditory nerve to the cochlear
nucleus angularis in the barn owl. J Assoc Res Otolaryngol 2001, 2:41-53.

5. Rodríguez FA, Read HL, Escabí MA: Spectral and temporal modulation
tradeoff in the Inferior Colliculus. Journal of Neurophysiology 2010,
103:887-903.

6. Rossant C, Goodman DFM, Fontaine B, Platkiewicz J, Magnusson AK,
Brette R: Fitting neuron models to spike trains. Front Neurosci 2011, 5:9.

7. Platkiewicz J, Brette R: Impact of fast sodium channel inactivation on
spike threshold dynamics and synaptic integration. PLoS Computational
Biology 2011, 7:e1001129.

doi:10.1186/1471-2202-14-S1-P312
Cite this article as: Fontaine et al.: Sound envelope extraction in
cochlear nucleus neurons: modulation filterbank and cellular
mechanism. BMC Neuroscience 2013 14(Suppl 1):P312.

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

Fontaine et al. BMC Neuroscience 2013, 14(Suppl 1):P312
http://www.biomedcentral.com/1471-2202/14/S1/P312

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/6737040?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6737040?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21368035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21368035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11784767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11784767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11545149?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11545149?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20018831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20018831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21415925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21573200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21573200?dopt=Abstract

	Acknowledgements
	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


