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Neurofilaments, one of cytoskeletal filaments determin-
ing the axonal calibers, are transported by molecular
motors along microtubule tracks in a stochastic manner
named ‘stop and go’[1,2,4,7], which is called the slow
axonal transport. Experiments using photo-bleached live-
cell imaging observed that the slow axonal transport of
NFs is characterized by a rapidly intermittent, bidirec-
tional movement [1,3]. The overall process of brief mov-
ing interspersed by short or long term pausing can be
modeled by a well-tested mathematical model [5,6],
where NFs could stay on-track running, on-track pausing
and off-track pausing for both anterograde and retro-
grade directions. The shortage of photo-bleached live-cell
imaging is that it under-estimates the population of NFs
which stay in the long-term pausing state. Fluorescence
photo-activation pulse-escape method is designed to
observe the long-term decay of the total population of
NFs, which can provide accurate information about the
time that NFs stay off-track. We developed a systematical
method based on the model [6] and analyzed the pulse-
escape experimental data in Superior Cervical Ganglion
(SCQ) and Dorsal Root Ganglion (DRG) neurons. The
fluorescence decay of the photo-activated neurofilaments
can be fit by a double exponential function, where we
can extract the short-time initial decaying rate and long-
term decaying rate; simultaneously, those two rates can
be obtained by solving the partial differential equation
which describes the stochastic movement of NFs. By
using those two conditions we constrain our parameter
space such that we can find a unique set of transition
rates that describe the kinetics of NFs. Therefore, all the
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other dynamic characterization such as the average velo-
city of NFs, average on-track running and pausing, off-
track pausing time, percentage of population of NFs at
each state can all be predicted.

An important advantage of our new analytical approach
is that it can permit the characterization of neruofilament
transport in mature axons for which single-neurofilament
tracking is optically challenging due to the thickness or
abundance of neurofilaments. This combined experimen-
tal and computational approach is a powerful tool for the
analysis of the moving and pausing behavior of neurofila-
ments in axon.

Acknowledgements
This project was funded by collaborative NSF grants to Anthony Brown and
Peter Jung and by a grant of the China Scholarship Council to Yinyun Li.

Authors’ details

1Departmem of Physics and Astronomy, Ohio University, Athens, OH 45701,
USA. “lll Institute of Physics-Biophysics, Georg-August-University Goettingen,
Goettingen, 37077, Germany. *Department of Neuroscience, Ohio State
University, Columbus, OH 43210, USA.

Published: 21 July 2014

References

1. Brown A: Slow axonal transport: stop and go traffic in the axon. Nat. Rev.
Mol. Cell Biol 2000, 1:153-156.

2. Brown A: Axonal transport of membraneous and nonmembranous
cargoes: a unified perspective. J Cell Biol 2003, 160:817-821.

3. Brown A: Live-cell imaging of slow axonal transport in cultured neurons.
Methods Cell Biol 2003, 71:305-323.

4. Brown A, Wang L, Jung P: Stochastic simulation of neurofilament
transport in axons: the “stop-and-go” hypothesis. Mol. Biol. Cell 2005,
16:4243-4255.

5. Trivedi N, Jung P, Brown A: Neurofilaments switch between distinct
mobile and stationary states during their transport along axons.

J Neurosci 2007, 27:507-516.
Jung P, Brown A: Modeling the slowing of neurofilament transport along
the mouse sciatic nerve. Phys Biol 2009, 6:046002.

© 2014 Li et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons

( BioMVed Central

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.


http://www.ncbi.nlm.nih.gov/pubmed/11253369?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12642609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12642609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12884696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16000374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16000374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17234583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17234583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19700813?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19700813?dopt=Abstract
mailto:leeyinyun@gmail.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

Li et al. BMC Neuroscience 2014, 15(Suppl 1):P132 Page 2 of 2
http://www.biomedcentral.com/1471-2202/15/51/P132

7. Brown A, Jung P: A critical reevaluation of the stationary axonal
cytoskeleton hypothesis. Cytoskeleton (Hoboken) 2013, 70:1-11.

doi:10.1186/1471-2202-15-51-P132

Cite this article as: Li et al: Deciphering the axonal transport kinetics of
neurofilaments using the fluorescence photo-activation pulse-escape
method. BMC Neuroscience 2014 15(Suppl 1):P132.

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

e Convenient online submission

e 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 BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/23027591?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23027591?dopt=Abstract

	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


