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What Is KInNeSS?

The KDE Integrated NeuroSimulation Software (KINNeSS) is
built using modern object-oriented approach based on C++,
utilizes standard KDE interface libraries, and has a plugin
based architecture to help third party developers.

General Public License ensures a complete freedom for
devel opers and simple example of plugin shell codeis
provided with the distribution to encourage the devel opment.

KInNeSS uses NeuroML (Goddard et a. 2001) (aversion of
XML that isspeci cally tailored for neurophysiological data
and is intended to bridge the gap between different smulation
packages) to describe the ssimulations.

The ability to integrate an arbitrary number of arbitrary
eguations spawns from

# Polymorphism —the ability to determine at run-time which
speci ¢ implementation of the function should be called for
the object depending on the type of this object.

#® Using functional objects — objects that can be both passed
as a parameter and called as a function, moreover they also
can keep all internal variables between calls.

® A set of template classes, which provide all the necessary
basic functionality.

Each equation is combined from pieces according to the
structure de ned by the user.

A set of standard building blocksis provided by the software,
and the user can always derive additional blocks from those
that are provided.



Biophysical foundations |

The current through the cell membrane consists of
the capacitive and resistive component and resultsin
acurrent

dVi

Im = CmT + GV (1)

Form the extracellular point of view:

# If thiscurrent ow inthe cedll then it creates a
current sink

o If it owsoutside of the cdl It creates the current
source

In this particular part of the membrane.

If the electrode is placed at a distance twice as large
as the distance between parts of the cell with major
currents, then the ®eld this electrode will be similar
to the ®eld generated by the current dipole
(Humphrey 1979).

Assuming the extracellular uid has constant
conductance, the potential on the electrode is
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where | -sand r-s are currents and distances, respectively, + and  mark the attributes of
source and sink, respectively, and isthe extracellular conductivity. Note, that currents
have opposite signs. | * is positive, while| isnegative. Therefore, if r* > r then
Ve< O0,andifr* < r thenV.> 0.




@»  Biophysical foundations Il

In the case of more complex cell with many possible
sources and sinks

1 X
Vo= = b 3
T4 (3)
or rewriting it for current densities J in [2;]
1 X3S
Vo= = O 4
4 N )

where §; Is the area of the membrane that isa
subject to the I-th current.

From here Humphrey (1979) goes to the continuous
case with the sum replaced by the integral and then
discusses the effects of the cell morphology.

Thisis not necessary for the ssimulation of

extracellular recordings with KINNeSS since

» Compartmental cell models are discrete
approximations of cells

» KINNeSS so far only allows linear
(non-branching) cell architectures



Software foundations

KInNeSS uses compartmental cellular architecture.

Each cell model consists of several compartments
representing dendrites and a compartment
representing soma.

The somatic compartment provides its output to a
delay line that represents an axon.

Each compartment is implemented using

Cm—— = Ji ()

where Cy is membrane capacitancein [Cm—FZ], Vm ismembrane potentia in[mV], t istime
in [ms], and J; isthe density of thei-th current (in [cm_A2]) in this compartment.

KINNeSS allows a set of different currents on the right
side of the equation (5).

We are only interested in thesethat  ow across the
membrane.

Bad news. most of them do.
Good news. we can apply Kirchhoff's law.

The sum of all currentsthat do ow across membraneis
equal to the sum of all currentsthat don't.

The only currents that do not ow across membrane are
the intercompartmental currents®. There are at most two
of these currents for any compartment no matter how
complex itis.

1Thus measuring CSD or LFP in KInNeSS for a single compartmental cell makes no sense, it does not create any currents.



Calculating the
- Transmembrane Currents

Intercompartmental current is calculated in
KINNeSS according to

.d
J; = g3”—i2(vm Vi) (6)

where V,, is the membrane potential of the neighboring compartment in [mV], g; isthe
axial conductance? in [%], di and |; are the diameter and length of the compartment in
[cm], respectively.

As any respectable simulation software, KInNeSS allows
to record voltages in all compartments throughout the
simulation.

Equation (6) allows us to restore the value of J; from
these voltages of ine any time after the smulation.

There is no need to slow down the ssmulation by
recording the extra data.

Each compartment has ®ed dimensions and area. So
I :JS = 93(V  Vin) 2%+ gl =

(7)

Thisissaved in* TMC. dat ®lesfor each compartment.
Therefore these ®les contain precise values of total
transmembrane current for each compartment in[ A ].

Note that these currents do not depend on the position of
the electrode

20ften in the literature this value is given as an axial resistance R in[kOhm cm], whichistheinverse of g;.



Positioning the Electrode

For each electrode tip the distancer; to the compartment center
IS different

Need to determine the placement of the electrode and the
number of tips

KINNeSS generates the electrode positioned parallel to all cells
In the population

The distance to the selected cell is drawn from a uniform
distribution onthe interval [10 200] m

The distance to all other cellsin the population is drawn from a
uniform distribution on theinterval [10  1000] m.

You select the number of tips
KINNeSS computesr;-s and calculates local ®eld potentials Ve
for every electrodetipusing = 15T2,

Local ®eld potentials have the magnitudein[V ]. They are
saved in* LFP. dat , where the ®st column istime, and each
other column corresponds to the electrode tip

This ®le can be plotted with athird party plotting program



Current Source Density

CSD is calculated both in experimental studies and
In KINNeSS by linear approximation of the second
derivative of voltage

Ver1t Ve 1 2Ve

CSD = > (8)

where X isthe distance between neighboring
electrode tips.

Since this calculation cannot be done for the ®rst
and the last electrode tips, KINNeSS simply
calculates it for N-2 intermediate electrode tips.

Theresults are saved in * CSD. dat , where the ®rst
column istime, and each other column corresponds
to the electrode tip

What if you do not have or do not want to use
external plotting tools?

KINNeSS can plot your results for you.




Further Analysis and
Limitations

You can analyze these results with conventional
techniques used for experimental data analysis

This example shows the power spectrum of the local
®eld potential from previous slides

Software limitations
KInNeSS only calculates local ®eld potentials
and CSDs for a single population
Compartments are considered as points for the
purpose of LFP/CSD calculations

These problems will be corrected in the future

versions of KINNeSS

Currently they can be overcome by some extra work
on the user side as shown in the rest of this poster



Reconstruction of a Laminar
Cortical Area

Spatial con®guration of the cortical 6-layered laminar circuit
used in the following plots

Here we are not concerned about the details of the model.
These details will be presented at Society for Neuroscience
later this year (Versace and Grossberg 2005)

Each 10x10 cell population is spatially organized ina 1.2 mm
laminar cortical sheet. In the ®gure, only one cell per
population is shown.

Abbreviations: Lx = layer x; S= soma; Dx = Dendrite X,
INT = interneurons.

All measurements are in mm.



Relationship Between CSD
and Membrane Potential

Example of relationship between membrane
potential of acell situated in layer 6, and the CSD
(Rltered at gamma frequency band) measured in an
electrode tip close to the laminar depth where the
recorded cell is situated.



Spontaneous Gamma
Oscillations

CSD and LFP of a1.2 mm thick laminar cortical
sheet during 1 second of sensory stimulation.

Top: color image plot of CSD and LFP.
Bottom: contour plot of CSD and LFP.

Color bars show current sources/sinks (CSD) and
depolarization/hyperpolarizations (LFP).



Long-term Potentiation of
Thalamocortical Synapses |

Heynen and Bear (2001) have shown how LTPis
readily induced in primary visual cortex of adult rats
In vivo after application of theta-burst stimulation to

the dLGN.

Current-source density analysis suggests that
thalamocortical and intracortical synapses are
potentiated, and CSD analysis allows determining
the laminar location, nature (source vs sink),
temporal order and magnitude of transmembrane
currents generating local ®eld potentials (LFP).



Long-term Potentiation of
Thalamocortical Synapses Il

The ®gure on the previous slide shows the typical
CSD pro®le of cortical activation (occipital cortex)
following visual stimulation.

CSD analysis of the model shows an early
development of sources and sinks in the vicinity of
layer 4.

In Heynen and Bears data and in the model, the ®rst
prominent current sinks occurring in
geniculo-recipient layer IV and deep I11.

(a) Data: image plots of CSD data showing
activation pro®les in occipital cortex (rats) after
photic stimulation of the dLGN. Horizontal thick
dashed line indicates the border of layer VI with
white matter (WM) (modi®ed from

Heynen and Bear, 2001).

(b) Model: CSD analysis of response in alaminar
primary sensory cortical area shows asimilar pattern
of CSD, with acurrent sink following a current
source in layer 4 and a current source in layer 1,
which qualitatively matches the data.

Note that the alignment of layersis only acrude
approximation. Dashed boxes shows similaritiesin
the pattern of activation in roughly corresponding
layers.



Long-term Potentiation of
Thalamocortical Synapses Il

Data: Photic stimulation of the retinas produces the laminar
activation pro®lesin Ocl shown by LFP and CSD.

L FPs recorded at different cortical depths with a 16-tips
electrode.

Cortical layers and boundaries (arrowheads) are indicated on
the left.

In the CSD pro®les, current sinks are downward and are
shaded, and current sources are upward-going.

Bottom trace (S) is summation of all CSD traces across depth
(modi®ed from Heynen and Bear, 2001).

Model: sensory stimulation of alaminar primary sensory
cortical area shows a negative potentialsin the LFP, and a
prevalence of sinks in the supragranular and infragranular
layers.



Long-term Potentiation of
Thalamocortical Synapses IV

Data: LTPin Oclin vivo isaccompanied by an increase in
granular and supragranular current sinks.

Note the increase in FP amplitude through layers 1V (modi®ed
from Heynen and Bear, 2001).

CSD show an increase in current sink amplitude in
thalamorecipient (layer 1V and deep I11) and supragranular
(layer 11/111) cell layers after LTP induction. (modi®ed from
Heynen and Bear, 2001).

Model: LFP and CSD plots at an early (before learning) and
|ate (after learning) trial in a 1-second sensory stimulation.



Spontaneous Gamma
Oscillations Il

Spontaneous fast and slow oscillationsin
anesthetized cats resemble fast stimulus-dependent
oscillations in amodel of laminar visual cortical
area.



Spontaneous Gamma
Oscillations Il

(a) Simultaneous recording through multiple
electrodes inserted at various depths of area 5.
Averages CSD Rltered between 15 and 80 Hz,
display in-phase fast (about 35 Hz) oscillations,
transiently suppressed during the depth-positive
phase of the slow oscillation.

The black thick trace is an un®ltered wave
superimposed on ®Rltered activities.

(b) CSD measured by an 8-tip-electrode in a
primary sensory area during presentation of an
external stimulation, and ®ltered at gamma
frequency (15-80 Hz).

(c) CSD contour plot analysis of the period
Indicated in (a).

Note fast (about 35-Hz) alternating sinks and
SOUrces.

(d) CSD contour plot of the period indicated in (b).

Arrows highlight laminar depth of fast source-sink
alternation. Plotting conventions (sink and sources)
were mapped in order to confront simulations and
data (Steriade and Amizca 1996).



Conclusions

We suggest a ssmple method to construct
extracellular recordings from simulations of
multicompartmental cells.

This method is based on equations that describe the
physics of real extracellular recordings.

Our implementation of this method in KINNeSS
simulation software package works of ine and does
not increase the computational load during the
simulation.

KInNeSS implementation is currently limited to
extracellular recordings in a single population, but
provides suf®cient data to reconstruct ®eld
potentials in more complex neuronal structures.

The suggested method provides the ability to
compare simulation results with the huge volume of
the experimental extracellular recordings that was
accumulated over last decades.

Often extracellular recordings are the only
description of the neural dynamics during
experiment, and in these cases our method isthe
only way to compare simulation results with the
experimental data.
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KINNeSS is available from http: //mawww.kinness.net
We suggest using the CV S to keep your version up-to-date



