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Supplemental Methods

Axonal length measurements. Cells were filled with biocytin (1-2 mg mI™") during
whole-cell recording and subsequently fixed with 4% paraformaldehyde in 0.1 M
phosphate-buffered saline. After washing, tissue sections were incubated with
fluorescein isothiocyanate (FITC)-conjugated avidin-D (2 pl mlI™; Vector Laboratories,
Burlingame, CA, USA) and 0.3% Triton X-100 during 24 h at 4° C. Slices were
embedded in Prolong Antifade Gold (Invitrogen). Fluorescence was analysed with
two-photon microscopy using a pulsed titanium:sapphire laser (Chameleon-XR tuned
to 790 nm; Coherent, Santa Clara, CA, USA) attached to a Zeiss LSM 510 that was
equipped with a 40x/1.3 numerical aperture oil-immersion objective. The morphology
of the axon was reconstructed from a stack of 60-100 images (voxel size, 0.1-
0.2 um in the x-y plane; 0.2—0.3 um along the z-axis). The axon was then manually
traced within the three-dimensional image stack using a filament tracing software
(Imaris 4.5; Bitplane, Zurich, Switzerland), and the length of the axon was measured
from its somatic point of origin. In some cells (n = 5 out of 37 cells) the axon could not
be fully reconstructed from the fluorescence data. For these reconstructions, the
axonal length was approximately estimated from the shortest distance between the
tips of the recording pipettes using the IR-DIC images acquired during the

experiments (Kole et al. 2007).

Modelling. Simulations were performed using NEURON 6.0 (Carnevale & Hines,
2006) running under GNU/Linux. A detailed compartmental cable model of a granule
cell (cell 7 from Schmidt-Hieber et al. 2007) was used as a passive skeleton into

which we inserted kinetic models of Na* and K™ conductances previously determined



in mossy fibre boutons and granule cell somata (Engel & Jonas, 2005). The passive
membrane properties were assumed to be uniform, with a specific membrane
capacitance of 1 uF cm™, a specific membrane resistance of 36 kQ cm? and a
specific intracellular resistivity of 163 Q cm (Schmidt-Hieber et al. 2007). Increasing
axonal Ry, to 60 kQ cm? (Alle & Geiger, 2006) had only minor effects on initiation site
and propagation velocity (data not shown). Na® and K* channels were implemented
as Hodgkin-Huxley models (Hodgkin & Huxley, 1952). The Na® current density (/na)

was calculated as Ina= gy, M - h- (V- Ena), where En, is the Na* equilibrium

potential (assumed to be +60 mV), V is the membrane potential and m and h are the
activation and inactivation state variables, respectively. A noninactivating K* current
density (k) was described by Ik = g, “n* (V- Ex), where Ex is the K* equilibrium
potential (assumed to be -85 mV) and n is the activation state variable. For activation
of Na® channels, m was calculated using the voltage-dependent rate constants
(Engel & Jonas, 2005):

am (V) =-93.8 ms™ " (V-117.0 mV) / {exp[-(V - 117.0 mV) / 17.7 mV] - 1} and

Bm (V) =0.168 ms™ - exp[-(V — 12.0 mV) / 23.3 mV].
h was calculated using the following inactivation rates for Na* channels:

an (V) = 0.000354 ms™ - exp[-(V — 12.0 mV) / 18.7 mV] and

Bn (V) =6.63ms™ / {exp[-(V + 5.68 mV)/ 13.3 mV] + 1}.
n was calculated using the following activation rates for K™ channels:

an (V) =0.01 ms™ * (-V-55mV) /{exp[-(V + 55 mV)/ 10 mV] - 1} and

B, (V)=0.125 ms™ - exp[-(V + 65 mV) /80 mV].
To account for the 2-times slower Na* channel inactivation recorded in granule cell
somata (Engel & Jonas, 2005), a, and B in the soma and dendrites were scaled by a

factor of 0.5. The reversal potential of the leak conductance was set to -85 mV.



The time step was set to 5 ys. Segment length was adjusted according to the
"d_lambda rule" (Carnevale & Hines, 2006) as follows. The alternating current (AC)
length constant Aac at 1 kHz was calculated for each section, and the number of
segments per section (nseg) was increased until the length of segments was below
10% of Aac. To obtain estimates of the maximal Na* and K" conductance densities

(gy. @nd gy ), a representative axon with a length of 24 um, a proximal diameter of

1.8 ym and a terminal diameter of 0.25 uym was connected to the soma. During the
initial 8 um, the diameter decreased monotonically from 1.8 to 0.8 um, corresponding
to a representative axon hillock. A bleb (diameter: 2.5 ym; length: 3 um) was added

to the end of the axon. g,, and g, were then varied to minimise the sum of squared

errors between the maximal slopes during the rising and decaying phases of
simulated and experimentally measured APs, respectively. Minimisation was
performed using Brent's principal axis algorithm built into NEURON. For synaptic
simulations, an intact axon with a total length of 1 mm was used. Synaptic
conductance changes were simulated using the sum of two exponential functions
with Tise = 0.2 s and tgecay = 2.5 ms, a reversal potential of 0 mV and peak
conductances ranging from 0.1 — 1 nS, as described previously (Schmidt-Hieber et

al. 2007).



Supplemental Results
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Supplemental Figure 1. Simulated APs are initiated in the proximal axon. A, Three-dimensional
plot of the membrane potential V,, plotted against both time and distance from soma. Positive values
denote the axon. In addition, membrane potential was colour-coded. The plot shows the initial rising
phase of a simulated AP evoked by an excitatory synaptic conductance (same as in left panel of Fig.
4F). B, Density plot of the membrane potential V,, (colour-coded) which is plotted against both
distance from soma and time (same AP as in A). The black contour lines indicate voltages between
-60 mV to -40 mV in steps of 2.5 mV. Note that above a membrane potential of -55 mV (arrow), the
voltage is always most positive in the initial part of the axon (at 20-30 um from the soma).

4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /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 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /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 0.15
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


