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Abstract. This paper presents an influence of the number of ion channels on information transmission
when a filtered Poisson process of supra-threshold stimuli is presented to a population of stochastic
Hodgkin-Huxley neuron models. It was shown through computer simulations that as the number of ion
channels (patch size) of model neurons was decreased, a variation of spike firing times in response to
the filtered Poisson process was increased, and eventually, spontaneous spike firings were observed in
a smaller number of ion channels. It was found that the mutual information of population spike firing
rates increased, reached a maximum, and then decreased as the number of ion channels in model
neurons decreased, i.e., a stochastic resonance phenomenon.The typical curve of stochastic resonance
was better observed as the number of model neurons was increased. It is suggested that stochastic ion
channel gating plays an important role in information transmission in a population of neurons with “*an
intrinsic supra-threshold stochastic resonance".
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1. Introduction

Stochastic resonance (SR) is a phenomenon that involves coupling between deterministic and
random dynamics in non-linear systems [ Gammaitoni et al., 1998]. This phenomenon can be interpreted
as an improved detection of sub-threshold stimuli when the noise level in the nonlinear system increases.
Supra-threshold stochastic resonance (SSR) refers to a phenomenon what an optimally added noise can
enhance information transmission when a supra-threshold stimulus is driven into an array of non-linear
systems possessing threshold values [Stocks, 2000]. The fluctuation or noise in neurons has been
considered to come up from not only randomness of synaptic vesicle secretions (extrinsic fluctuations)
but also stochasticity of ion channel gating (intrinsic fluctuations). Some review articles are found in the
literature [Destexhe et al., 2003; Stein et al., 2005; Faisal et al., 2008; McDonnell and Ward, 2011].

However, it has been unclear if and how the SSR could be observed due to randomness of ion
channel gating itself (intrinsic fluctuations) in a population of stochastic Hodgkin-Huxley models. In
the present paper an intrinsic SSR due to random ion channel gating is investigated through computer
simulations when a filtered Poisson process of supra-threshold stimuli is applied to a population of
stochastic Hodgkin-Huxley models. Of particular interests are to see if random ion channel gating can
enhance information transmission with SSR, and to see how the number of ion channels (patch size) can
maximize information transmission.

In this paper, SSR is evaluated using the mutual information of population spike firing rates as the
patch size of neuron models varies from 100 to 700 pm® in which the stochastic Hodgkin-Huxley
neuron model consists of stochastic sodium channels with 60 channels/um” as well as stochastic
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potassium channels with 18 channels/um’. The mutual information is estimated in which the number of
neuron models is varied ranging from 1 to 50, and when the intensity of filtered Poisson processes is set
at 10 Hz.

2. Material and Methods

2.1. Preliminaries

In this paper, the Hodgkin-Huxley model [Hodgkin and Huxley, 1952] with stochastic ion channel
models is used in order to investigate the influence of the number of ion channels on the mutual
information. Stochastic ion channels can be modeled well as continuous-time discrete-state Markov
processes (Markov Jump Processes) [Neher, 1977; Colquhoun, 1977].

The transmembrane potential V,,/(1) of the k-th neuron (k=1, 2, ..., N; N, the number of neurons) is
described as a function of time by:

A0 NY¥ (@) N¥ (1)
c—=n + N 2 (VI —E V+eo, X2V H@)-E
dl gNa N;:x ( m () Na) gK N[,:ax ( m () K) (l)

+4; (Vn[1k] —-E)=1,(®)

where C=1 pF/cm?, ana=120 mS/cm?, Ny,"“=60 channels/um” X patch size, Ey~=50 mV, gx=36
mS/cm?, Ny"*=18 channels/p m> X patch size, Ex=-77 mV, g;=0.3 mS/cm’, E;=-54.4 mV, the resting
potential was set at -65 mV. The transition rates were set at those described in Appendix. Other
parameters were adopted from [Hodgkin and Huxley, 1952]. Ny,/“(1) and N/ (1) stand for the number
of sodium and potassium channels activated at time ¢ in the k-th neuron under consideration, and they
were calculated by the channel number tracking algorithm [Mino et al., 2002]. [,.(?) denotes the
stimulus current representing the filtered Poisson process. In this algorithms, the number of sodium
channels activated, Ny, (1), and the number of potassium channels activated, Nx/*/(1), play a key role in
introducing its stochasticity into the transmembrane potentials.

2.2. Simulation procedures

The filtered Poisson process of supra-threshold stimuli, [I,,(?), was applied into an array of 50
stochastic Hodgkin-Huxley (HH) neuron models:

L@ =[ h(@)dN,(t-7)
2)

in which the intensity, A, of the counting process N,(#) was adopted as 10 Hz. The impulse response
function of /(?) was expressed as:

h(t) = a, (0 t<7) ;
o (otherwise) ¢

where the pulse width t,, was set at 1 ms, and the amplitude a; was set at 10 nA / umz so that I;,(1)'s
can be a supra-threshold pulsatile stimulus. The transmembrane potentials V,,//(z) were generated in 1 s
time length by numerically solving Eq. 1 with the Euler method at a sampling step of 5 us. The spike
firing times in a population of neuron models were determined by finding the peak amplitude of the
action potentials in transmembrane potentials to generate the output spike trains s™ (). Each output
spike train taking a value of zero or one was gathered like post-stimulus time histograms and moving-
averaged with a triangle window of the 5 points widths for calculating the population spike firing rate,

r():

r(t)=——> 5"
Wain AV k=1

“4)

where in practical situations 7(2)'s were discretized with a bin width of 10 ms, wy;,.
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Ten kinds of input realizations were applied repeatedly ten times to a population of neuron models
in order to estimate the total and noise entropies of the spike firing rate for calculating mutual
information, 7,1, 7):

]m (]stim (t)’ l") = Htotal (r) - Hnoise (7"

L (D)

(5)
where
H,,,(r)==2 p(r)log, p(r;)
i=0
(6)
and
Hnoise (]"| ]stim (t)) = _E[Z p(rl Istim (t)) 10g2 p(rl Istim (t))]
i=0
(7)

where p(ry), p(rillsin(t)) denote the probability and the conditional probability of the spike firing rate
discretized with a bin width of 5 Hz, »,?). E[ ] stands for the expectation operation. In practical
situations, E[ ] was performed by taking an ensemble average of ten sample realizations.

The patch size was set at 100, 200, ..., or 700 pum” in order to investigate a dependency of the patch
size on mutual information.

Computer simulations were performed on an IBM compatible PC with an Intel Core 2 Quad Q9650
CPU. The computer codes were written in JAVA, while the graphics were depicted with MATLAB.

3. Results

It was shown [Chow and White, 1996; Schmid and Haggi, 2007] that the stochastic Hodgkin-
Huxley model can create a large variation of spike firing times (i.e., jitter), and then generate
spontaneous spike firings as the patch size decreases (i.e., a smaller number of ion channels), while it
may approach asymptotically to the deterministic regular Hodgkin-Huxley model as the patch size gets
close to infinity.
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Figure 1 Spontaneous spike firing rate as a function of patch size. Spontaneous firing rate with mean (circle)
and standard deviation (bar) calculated from ten samples decreases as the patch size increases (left column).
The transmembrane potentials V,,(t) as a function of time are plotted as an illustrative example for various
patch areas of 10 (vight top), 100 (vight 2nd row), 200 (vight 3rd row), and 400 un?’ (right bottom). Note that
fluctuations of V,(t) between spikes are observed due to stochastic gating of the sodium channels: the
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fluctuations tended to decrease as the patch size increases, since increasing the number of sodium channels
makes it more deterministic.

Figure 1 shows spontaneous spike firing rate as a function of patch size. Spontaneous firing rate with
mean (circle) and standard deviation (bar) calculated from ten samples decreases as the patch size
increases (left column). Spontaneous firing rate tended to disappear when the patch size was greater
than 500 um®. The transmembrane potentials ¥,,(2) as a function of time are plotted as an illustrative
example for various patch areas of 10 (right top), 100 (right 2nd row), 200 (right 3rd row), and 400 pm’
(right bottom). Note that fluctuations of the transmembrane potentials between spikes are observed due
to stochastic gating of the sodium channels: the fluctuations tended to decrease as the patch size
increases, since increasing the number of sodium channels makes it more deterministic.
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Figure 2 Raster plots of spikes for 50 neurons (middle) in response to the pulsatile stimulating current I, (t)
with a duration of 1 ms and an amplitude of 10 [nA/um’] (top) at a patch area of 100 [um’]. Expanded
raster plots (495-498 [ms]) are drawn (bottom) where the mean and jitter (6=JT) of spike firing times and
the firing efficiency (FE) are calculated to be 496.26 [ms], 0.491 [ms], and 0.6.
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Figure 3 Raster plots of spikes (middle) in response to I (1) (top) at a patch area of 500 [um’]. Expanded
raster plots (495-498 [ms]) with a mean, jitter, and FE being estimated as 496.47 [ms], 0.446 [ms], and 0.92.
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Figure 4 Raster plots of spikes (middle) in response to Iy, (1) (top) at a patch area of 700 [um’].Expanded
raster plots (495-498 [ms]) with a mean, jitter, and FE being estimated as 496.35 [ms], 0.331 [ms], and 0.98.

The dot raster plots of spike firings for 50 neurons are shown in Figures 2-4. Figure 2 depicts
raster plots of spikes for 50 neurons (middle) in response to the pulsatile stimulating current Iy, () with
a duration of 1 ms and an amplitude of 10 nA/um? (top) at a patch size of 100 pm?”. The temporally
expanded raster plots (495-498 ms) are drawn (bottom) where the mean and standard deviation (jitter)
(0=JT) of spike firing times and the firing efficiency (FE) are calculated to be 496.26 ms, 0.491 ms,
and 0.6. The firing efficiency is defined by the number of spike firings, divided by the number of
stimuli applied. Figures 3 and 4 show those data at a patch size of 500 p m’® and of 700 pm’. The
temporally expanded raster plots (495-498 ms) are drawn with a mean, jitter, and FE being estimated as
496.47 ms, 0.446 ms, and 0.92 for 500 umz (bottom in Fig.3), and as 496.35 ms, 0.331 ms, and 0.98.
for 700 pm? (bottom in Fig.4), respectively.
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Figure 5 Spike firing rate [Hz] as a function of time (left) and histogram of spike firing rate (right) at a patch
area of 100 [um’]. These are used for estimating the total and noise entropies to calculate the mutual
information.
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Figure 6 Spike firing rate as a function of time (left) and histogram of spike firing rate (right) at a patch area
of 500 [unm’].
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Figure 7 Spike firing rate as a function of time (left) and histogram of spike firing rate (right) at a patch area
of 700 [unm’].

The population spike firing rate in Hz as a function of time (left) and histogram of population spike
firing rate (right) are depicted at a patch size of 100 um” in Fig.5, of 500 um” in Fig. 6, and of 700 pm’
in Fig. 7. The spike firing rate with a constant value means an activity of spontaneous spike firings, like
that at patch size of 100 um® in Fig. 5. It also follows from those histograms that the mean value of the
spike firing rates decreases as the patch size increases, indicating a decrease in spontaneous spike
firings. The histograms of the spike firing rates, p(r), were used for estimating the total and noise
entropies to calculate the mutual information according to Eq. 5.

The mutual information in bits is depicted as a function of patch size for N=50, 20, 5, and 1 in
which A = 10 Hz with error bars calculated from three samples, as shown in Fig. 8.The mutual
information increases, reaches a maximum value, and then decreases as the patch size increases. This
implies that the mutual information is maximized at an optimal number of ion channels (patch size) with
intrinsic supra-threshold stochastic resonance due to random ion channel gating. SSR was observed
remarkably for N greater than 20, while it was not clearly shown in N smaller than 5.
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Figure 8 Mutual information [bits] as a function of patch size for N=50, 20, 5, and 1 in which A = 10 [Hz]
with error bars calculated from three samples.

4. Discussion

In the present paper, an intrinsic supra-threshold stochastic resonance due to random ion channel
gating has been investigated when a filtered Poisson process of supra-threshold stimuli is applied to a
population of stochastic Hodgkin-Huxley models. It follows from the results that the mutual
information was maximized at an optimal number of ion channels (patch size) in a population of
stochastic HH neuron models, and therefore that SSR was observed in the presence of intrinsic

195



fluctuations. It was also shown that the typical curve of stochastic resonance was better observed as the
number of model neurons was increased.

As shown in Fig. 1, as the patch size decreased (i.e., the number of ion channels decreased),
spontaneous spike firings can be observed as is expected from the literature [Chow and White, 1996;
Schmid and Haggi, 2007]. Although the spontaneous spike firings have shown to play a key role in
enlarging dynamic range of the sinusoidal signals encoded in the auditory nervous system [Liberman,
1978; Liberman, 1982; Liberman, 1991; Liberman, 1993], in this investigation it may act as a
disturbance to encoding the filtered Poisson process of supra-threshold stimuli into individual spike
trains in a population of neuron models. The dot raster plots in the middle row of Fig. 2 tells us a noisy
encoding due to spontaneous spike firings, so that the information transmission could be expected to be
degraded. When the patch size increased (i.e., the number of ion channels increased), randomness of
spike firing times got smaller, as shown in the dot raster plots of the middle raw in Fig. 4. These data
may verify the fact that stochastic Hodgkin-Huxley neuron models possessing a greater number of
random ion channels can asymptotically approach to the deterministic regular Hodgkin-Huxley neuron
model. The deterministic model is expected to encode the filtered Poisson process of supra-threshold
stimuli into individual spike trains with the same spike firing pattern in a population of neuron models.
It is implied, therefore, that there exists an optimal number of ion channels, which enables neuron
models not to create spontaneous spike firings and not to generate spike firings without temporal jitter.

In recent years, as many investigators have focused on and paid attention to some different
categories of stochastic resonance phenomena [McDonnell and Ward, 2011], an intrinsic supra-
threshold stochastic resonance has been reported as one of those publications [Ashida and Kubo, 2010].
However, the situations in that paper [Ashida and Kubo, 2010] were quite different than those adopted
in the present paper, since the mutual information presented in this paper was quantified in the case
where the stimulus waveform was assumed to be a more biologically realistic filtered Poisson process,
rather than a single alpha function stimulus repeatedly presented without temporal dynamics.

5. Conclusions

Taken together, these results shows that an optimum number of ion channels makes it possible to
efficiently encode a supra-threshold stimulus being filtered Poisson processes to a population of
stochastic Hodgkin-Huxley neuron models with the intrinsic supra-threshold stochastic resonance due
to stochastic ion channel gating.
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Appendix
The transition rates of the sodium channels possessing eight discrete states are expressed as:
0.1(V, +40)
1- g (Vmtd0)/10
B.(V,)= fo Vut65)/18
a,(V,)=0.07¢ V20

1
B, = 1 4 oV 39)/10

a,V,)=

while those of the potassium channels possessing five discrete states are expressed as:
0.01(V, +55)

-V t59/10
B, (V) =0.125¢ Vo0

in which the transition rates have units of ms™ and the transmembrane potential V,, has units of mV.

a,V,)=

196



References

Gammaitoni L., Hanggi P., Jung P., Marchesoni F., Stochastic resonance. Rev. Mod. Phys. 70, 223-287, 1998. .

Stocks N. G., Suprathreshold Stochastic Resonance in Multilevel Threshold Systems. Phys. Rev. Letters, 84, 2310-2313, 2000.
Destexhe A., Rudolph M., Pare D., The high-conductance state of neocortical neurons in vivo. Nature Rev. 4, 739-751, 2003
Stein R. B., Gossen E. R., Jones K. E., Neuronal variability: Noise or part of the signal?, Nature Rev., 6,389-397, 2005.
Faisal A. A., Selen L. P. J., Wolpert D. M., Noise in the nervous system. Nature Rev. Neurosci., 9,292-303, 2008.

McDonnell M. D., Ward L. M, . The benefits of noise in neural systems: bridging theory and experiment. Nat Rev Neurosci. 12,
415-426, 2011.

Hodgkin, A. L., Huxley A .F., A quantitative description of membrane current and its application to conduction and excitation
in nerve. J. Physiol.(Lond.), 117, 500-544, 1952.

Colquhoun D., Hawkes A. G., Relaxation and fluctuations of membrane currents that flow through drug-operated channels.
Proc. Royal Soc. Lond. B, 199, 231-262, 1977.

Neher E., and Stevens C. F., Conductance fluctuations and ionic pores in membranes. Annu. Rev. Biophys. Bioeng. 6, 345-381,
1977.

Mino H., Rubinstein J. T., White J. A., Comparison of Computational Algorithms for the Simulation of Action Potentials with
Stochastic Sodium Channels. Ann. Biomed. Eng. 30, 578-587, 2002.

Chow C. C., White J. A., Spontaneous Action Potentials due to Channel Fluctuations. Biophys. J., 71, 3013-3021, 1996
Schmid G., Hanggi P., Intrinsic coherence resonance in excitable membrane patches. Math. Biosci. 207, 235-245, 2007.
Liberman L. C.,Auditory-nerve response from cats raised in a low-noise chamber. J. Acoust. Soc. Am., 63, 442-455, 1978.
Liberman L. C., Single-neuron labeling in the cat auditory nerve. Science, 216, 1239-1241, 1982.

Liberman L. C., Central projections of auditory-nerve fibers of different spontaneous rate I. Anteroventral cochlear nucleus. J.
Comp Neurol., 313, 240-258, 1991.

Liberman L. C., Central projections of auditory-nerve fibers of different spontaneous rate II. Posteroventral and dorsal cochlear
nuclei. J. Comp Neurol., 327, 17-36, 1993.

Ashida G., Kubo M., Suprathreshold stochastic resonance induced by ion channel fluctuation. Physica D, 239, 327-334, 2010.

197




<<

  /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 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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 300

  /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 300

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



