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Supplementary Figures 1-5, Supplementary Movies 1-3 to the article: 
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Supplementary Figure 1. Spike evoked [Na+]i changes in cerebellar Purkinje cells 
recover slowly in the soma, rapidly close to the soma, and have a delayed time course in 
the more distal axon, consistent with Na+ entry in a short (~15 µm) AIS.  

(a)  [Na+]i changes in response to a short (black traces) and a long (red traces) spike burst 
evoked by 100 and 500 ms depolarizing pulses to the soma. The short transient close to 
the soma recovered with a time constant of about 100 ms, faster than in neocortical 
pyramidal neurons (Fig. 1). In the soma there was almost no recovery. In response to the 
longer pulse the transient in the axon recovered with a rapid time course and then 
plateaued, consistent with reaching an equilibrium with the somatic [Na+]i.  

(b) A similar experiment shows the response in four axonal regions to a 250 ms 
depolarizing pulse. The inset shows the times to peak of the transients at all locations; 
they increased approximately linearly with the square of the distance from the soma. This 
linearity is consistent with diffusion from a short AIS. As shown in Fig. 3d a 
computational model suggests that the AIS is ~15 µm long, consistent with anatomical 
measurements. 
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Supplementary Figure 2. Changes in focus or changes in the size of regions of interest 
(ROI) affect the amplitude of fluorescence measurements.  

(a)  Top: a small, 5 µm diameter fluorescent bead was placed on a slide and images were 
taken when the bead was in focus and when the focus was changed by +20 µm and -20 
µm.  Bottom, left:  a small (red) and large (light blue) ROI was marked around the image 
of the bead. Bottom, right: histograms of the total fluorescence intensity within each box 
determined from measurements as the focal plane was changed. Within the smaller box 
the intensity changed more rapidly than within the larger box, as expected as the image 
became blurred when defocused. These measurements suggest that the error in measuring 
the fluorescence of the soma will be in error by ~10% since the soma of pyramidal 
neurons is less than 20 µm in diameter.  
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(b)  Left:  fluorescence image of an L5 pyramidal neuron filled with SBFI with several 
ROIs marked over the axon and the soma. The three ROIs in each location include a large 
box, a small box, and a contoured region matching the shape of the soma or axon. In 
response to a train of APs the amplitude of the ∆F changes (fluorescence change 
normalized to the area of the ROI) were different in both the soma (middle) and the axon 
(right), while the ∆F/F changes were constant, independent of the size of the ROI. 
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Supplementary Figure 3. Sodium flux into the soma and AIS following single action 
potentials. 

Left,  Fluorescence image of an SBFI filled pyramidal neuron with regions of interest 
marked with rectangles. 

Right,  Comparison between the ∆F and ∆F/F signals in the soma and two locations on 
the AIS. The sharp rise in the ∆F signal in the soma corresponds to the Na+ flux through 
the membrane and is about half the magnitude of the ∆F signals in the AIS. The slower 
rising signal may correspond to diffusion of Na+ into the marked region. The much larger 
∆F/F signal in the AIS compared to the soma reflects the large difference in 
surface/volume between the two compartments. Twenty sweeps were averaged. 
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Supplementary Figure 4.  The time course of the Na+ transients elicited by a train of 
five action potentials reflects localized Na+ influx into the node of Ranvier followed by 
diffusion to the neighboring myelinated segments. 

(a)  Experimentally observed (left) and simulated (right) changes in [Na+]i at the 
indicated locations along the axon.  The green arrow indicates the region (~100 µm from 
the hillock) where the fluorescence change was maximal; the fluorescence change 
decayed in both directions from this region as predicted by the model, which assumed 
only diffusion. 

(b)  Experimentally observed (left) and simulated (right) changes in [Na+]i elicited by a 
train of five action potentials plotted against the distance from the presumed node.  Dots 
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are ∆F values at the peak of the last spike in train (black) and 20 ms (red) and 40 ms 
(green) later.  Here and in A, in order to compensate for the limited sampling rate of the 
fluorescence recording, the simulated changes in [Na+]i were sampled at 500 Hz.  
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Supplementary Figure 5. Small spike evoked [Na+]i and [Ca2+]i increases in the 
myelinated region.  

(a)  In a few cells there was a weak but clear spike evoked [Na+]i increase in the 
presumed myelinated region. These signals (blue, green, and purple traces) had small 
amplitude but no delay in comparison to the large signal in the region close to the soma, 
consistent with Na+ entry through the plasma membrane.  

(b)  Spike evoked [Ca2+]i changes in the axon are small but detectable even in the 
myelinated region. Signals away from the axon (green boxes and traces) are probably due 
to light scattering but the difference images (between the times indicated by arrows) 
clearly show localized changes on the axon. Note that these signals are smaller than the 
signals from the basal dendrites (red arrows). The axon image and signals in the lower 
boxes are from a region just distal to the region in the upper boxes.
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Supplementary Movie 1.  Single action potential elicited a prominent change in [Na+]i in 
the AIS.  The changes in [Na+]i in the soma and in the nearby basal dendrites were too 
small to be detected.   

Supplementary Movie 2.  In a model with the equal Na+ channel density in soma and 
AIS (250 pS/µm2), somatic current injection (1 nA, 3 ms) produces a relatively slowly 
rising action potential which initiates simultaneously in soma and in nearby processes. 
Waveform represents membrane potential across the axo-dendritic axes at different time 
points starting 1 ms before the beginning of the current step and ending 0.5 ms after its 
end. 

Supplementary Movie 3.  In a model which assumes the AIS Na+ channel density three-
fold higher than in the soma, the time constant of Na+ channels activation accelerated 
(τmx0.2, see Fig. 8a) and persistent Na+ conductance which comprises 5% of the total 
AIS Na+ conductance, the spike initiates in the AIS, propagates rapidly into the axon and 
more slowly into the soma and the apical dendrite. Same time window as in 
Supplementary Movie 2.  

 

Nature Neuroscience: doi:10.1038/nn.2574



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /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 300
  /GrayImageDepth -1
  /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 0.15
    /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 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




