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What factors limit the minimum 
diameter of an axon? And what is 
that minimum diameter? Faisal and 
colleagues used biophysical theory 
and stochastic simulations to inves-
tigate these questions, and concluded 
that ion-channel noise sets a lower 
limit of ~0.1 µm on the diameter of 
axons that carry action potentials.

Action potentials are generated 
and propagated by ion channels, 
which open and close in response 
to changes in membrane voltage. 
However, the opening and closing of 
these channels is probabilistic, which 
means that random channel events 
introduce channel noise into the sys-
tem. Because the effect of a single Na+ 
channel on the membrane potential 
of an axon increases with decreasing 
axon diameter, in very thin axons the 
random opening of a single channel 
could, in theory, generate a sponta-
neous action potential. However, it 

is hard to record from the thinnest 
axons in the nervous system, so it 
has been difficult to determine the 
importance of this effect.

The authors investigated this 
issue by using stochastic simulations 
of axons. These simulations draw on 
empirical data on the responses of 
single channels to generate models 
of how a system containing these 
channels will behave. Simulating 
action potentials in axons is very 
demanding, but the authors devel-
oped a stochastic simulator, called 
Modigliani, that uses special routines 
to tackle this challenge.

Initially, the authors simulated 
the behaviour of two types of axon 
— pyramidal cell axons, which form 
most connections in cortical net-
works, and the squid axon, which 
has been extensively studied. They 
investigated how the generation 
of spontaneous action potentials 
by channel noise varied with axon 
diameter. Despite the differences 
between the two types of axon, both 
began to produce significant num-
bers of spontaneous action potentials 
at a critical diameter of about 0.15–
0.30 µm — considerably lower than 
previous estimates. Below this point, 
the number of spontaneous action 
potentials increased exponentially as 
axon diameter decreased further.

Additional analysis and theoreti-
cal work led the authors to conclude 
that the critical diameter of an 
axon is relatively insensitive to its 
biophysical properties, and that 
most axons will have similar critical 

diameters — of the order of about 0.1 
µm. When they studied published 
electron micrographs of axons from 
various species, Faisal and colleagues 
found that the minimum diameter of 
most axons was about 0.1 µm, with a 
few exceptions that might represent 
developing axons. However, on the 
basis of structural considerations 
alone, it should be possible to con-
struct an axon with a diameter of as 
little as 0.06 µm, which indicates that 
channel noise is the limiting factor 
when it comes to axon miniaturiza-
tion. Interestingly, neurites that do 
not conduct action potentials, such 
as those of Drosophila amacrine 
cells, can be as small as 0.05 µm in 
diameter, which indicates that the 0.1 
µm limit applies only to axons that 
conduct action potentials.

Further simulations using this or 
similarly powerful systems should 
shed more light on the importance of 
channel noise in neuronal function, 
and on how the properties of axons 
might be fine-tuned to optimize sig-
nalling reliability.

Rachel Jones
References and links
ORIGINAL RESEARCH PAPER Faisal, A. A. et al. 
Ion-channel noise places limits on the 
miniaturization of the brain’s wiring. Curr. Biol. 15, 
1143–1149 (2005)
FURTHER READING White, J. A. et al. Channel 
noise in neurons. Trends Neurosci. 23, 131–137 
(2000)
WEB SITES 
Laughlin’s laboratory: http://www.zoo.cam.
ac.uk/zoostaff/laughlin/index.html 
White’s laboratory: http://www.bu.edu/ndl/ 
The Modigliani simulation framework: http://
www.modigliani.co.uk/ 

B IOPHYS ICS

Signals and noise in tiny axons

NATURE REVIEWS | NEUROSCIENCE  VOLUME 6 | AUGUST 2005 | 1

R E S E A R C H  H I G H L I G H T S


	Signals and noise in tiny axons
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


