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Introduction biotechnical system as rectangular 2D plate with
ultured brain neurons constructed as 2D matrix. In

Experimental study of the structure and funCtioﬁetails such construction we observed in our previo
of neurons in the brain and other cells is an irtgrar o i P
publications [4; 8]).

area of brain research during last decades [1n-2] i
cluding research with fluorescent markers. One in- Task statement
teresting way of further carrying of such investiga

tions is a construction of biotechnical systemsahe Basing on the results of electrical and optical

. . \ ) properties of natural brain neurons studying we
technical part and biological one (implants, cudtur suggest the way of development of computer models

samples etc.) may be combined. Such c_omblnatl?& 2D neuronal matrix with properties of memory
have good prospects for the use for organism damag,?d symbols coding

corrections, for disabled peoples cure, and etso Al
there are some supposing that the results of st Main part. Physical and biochemical nature of
research may be used for the construction of tnovel 2D screen from bionic elements

screens on the base of obtained data about intra

:clljlar I|qU|dtcrystkaI suEsé[gnces thal:[) candlnte{ﬁn:hw 2-dimentional network from brain neurons) experi-
uorescent markers. Screen based on e USE o101 results described in our previous articles a

quujd crystal m_ixtures of bioIQgicaI o'rigin' may ¥ put [4 — 6]. The sense of registered phenomenis [4]
optical properties that are interesting in terms

i i ; Desnite the fadt tlm a fact that input electric signal changes optica
creating new types ol screens. Despiie the 1a properties of the neuron — luminescence of neuron
the experiments in this area of science is extrgme

. ) ) . become more intensive (fig. 1) [4]. Other resulesav
labor-intensive, hlgh.-tech and expenswg,anumbertaken into account during modeling — results of
local rese_arche_rs still l_<eep t.he”.‘ now .|n Ukraine transmembrane electric currents studying in experi-
collaboration with foreign scientists [3; 4]. Amongments with patch-clamp, voltage-clamp, and etc. [1;
Iocql researchgrs several research' groups perfcz; 5; 6]. Basing on these facts the 2D model of hy-
o_ptlcal registration on the ce_IIs of various tlss;a_ed pothetic “quasi screen” was elaborated. Screen ma-
single cells [3]. All such S“%d'es have to be @“W trix is formed by brain neurons in culture conditio
under the control of luminescent, confocal micrc

ing ¢ K . .~ ~on plastic chess-like plate armed with electro@s [
SCOPES using Tluorescent Markers, in our EXPErdne s pigtechnical construction is incorporated into
— primulin and bis benzimid [4]. Tracking the

duri . ¢ : diaital pict the electric circuit with measuring and information
Processes during experiments pertorm digial pe ustorage devices described in numerical manuals [1;
sets that are written in the computer memory. Oth2
fsourcez Olf experlmelnteil dar:a ?“Ie t‘?‘kel” INt0 ACCOI = At the next step we would like to elaborate a
or Modelings areé €electropnysiological experimen program model of this neuronal “quasi screen”. Ab-
(patch-clamp, voltage clamp, and others [1; 2;]5; ¢

Results of such experiments were combined Wistract neurons were ordered on 2D matrix and cor-
P responded to screen pixels.

optical ones in attempts to analyze whether attem All these stages of our investigations were done,

gf blcl)tech][l[[(r:]al bsy§tem construction is 30.3?'b!['and results were already published in differer¢rsci
ampies of he brain neurons were inquired It tyge ang technical journals [4; 7 — 9]. Furtheaigets we

In base of original model (version of
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planned were: 1 — simulation of 2D “quasi-screen” 3. The demonstrational velocity of the model has
functioning (model 1), and 2 — elaboration of pesgr been increased 60 times: one minute of real presess
for the simplest symbols coding at such screen {moih nature (as recorded in the experiment), corres-
el 2). Obtained results are given below. ponds to 1 second model.

4. Image coding occurs by the establishing of a
different color points set in a given time interval

Description of bionic elements

As mentioned above, the light-sensitive elements
of the screen are bionic elements with variablecapt
properties. According to our experiments theseibion
elements may be following.

1. Complex protein molecule and molecule opti-
cally active substance (fluorochrome).

2. “Luminescent” neurons described in our article

a b [4].
Fig. 1. Effect on neurons labeled by primulin antvated Our model is deS|gned for the second version of
by agonist-neuromediator GABA. Fluorescent granulestN® Screen where optically active elements are the
containing primulin complexes with proteins arersee neurons with fluorochrome molecules inside. We
a— control. Fluorescence in the absence of agoinists have developed a model based on dynamic changes
fluence:b — enhanced fluorescence of neurons in case dfi the optical characteristics of the neurons that
gamma-aminobutyric acid (GABA) influence on the neu described previously in [4].

ron . . -
Dynamics of optical neuron characteristics

Description of “quasi screen” with bionic ele- changes in screen matrices

ments for biotechnical system According to the results of the experimental

Probable “quasi screen” with bionic elements fcneuron reaction studying, the receipt of the esioiba
biotechnical system may be imagine as 2D neur signal can be represented as three consecutivephas
matrix on plastic plate with cultural brain neurans that have their physical, biochemical and physielog
dissociated culture incorporated into electric leirc ical sense (fig. 2). Besides of them we suggest to
with standard measuring and data stored devices. include to our model other points too, for more-ade
neuron matrix may be imagined as a model likquate reflexion of studied phenomena.
chessboard with alternating rows and columns tr
separate the cells which contain optically activ
elements. Designing a screen in a modern biopHysi
laboratories are absolutely real. This screen & s
cially designed plastic lining with specific
«chess-like” geometric profile, armed with electsd
The structure of such a screen we described prayiol

in details [8]. For our model-1 we assume thabime a b
cells of this screen there are bionic photosermsiti
elements [8]. Fig. 2. Each pixel of the screen works by three-imem

cycle (difference betweemandb is described in text)

Assumptions of the model "
Vectors mean transition of the system from one

When designing a model, we made the followingtate to another. Vertices of the triangle areethre

assumptions. _ _ states in which the system can be (fig. 2). Thiesset
1. Each screen pixel can be in 3 states, the mo@gites on the model are colored with white, red and
color coded by “red”, “yellow”, “achromatic”. yellow colors. Respectively:

2. Actions of a pixel can be described by a motiel 0 — top 1 corresponds to described phases 1 and 4
the 4 phases. Nature of these phases correspodds gachromatic);

defined states of protein molecules of channelptece ~ — top 2 corresponds to phase 2 (red);
complex (CRC) that contains channel of electrical — points at vector 2 — 3 means transition (yellow,
current (phase description see further). orange);

— top 3 corresponds to phase 3 (achromatic).
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Model 1 The next figure shows the model at 101-th second
Jhom process start. It is possible to see thatelae
kaent is at the second phase, some other elements ar
at phase number three.

Model 1 demonstrates the activity of quasi scre
with neurons for the case when activated signal
inputted to active element at the left top of neato P
matrix and then is moved to the right bottom angle. 101000 | Clear |
We suppose that each active element of the screer| || || || = || || || = || || || = |
may be activated with further relaxation. Below we | ” a ” ” ” 5 ” ” ” ” ¥ ” |
describe these phases of activation and deactivatio
of each element. L el LI 0 el I JIe]
|
|

1. The first phase of bionic element activation in ] |-| I el I |
time momentt,, before activated signal is inputted ” ” ” ” ” ” ” ” ” |
(see fig. 2). Moment, is characterized by signal ° =

amplitudeA = 0, fluorescence intensity is going tOFig. 4. Working model at 101th second from procstast

zero Eo). Such pixels are achromatic at our model _
(figs 3 — 5). At the last picture one can see the work program at

2. The second phase of bionic element excitatigr?0-th second from process start. We can also see
is at time momentt{). The phase is depicted at fig. 21€"€ that all elements gradually, after a specified
as point 2. Intervat —t,= 20 s. During system tran- period of time move from one phase to another. It
sition from the phase 1 to phase 2 the amplitude Bfeans that activated signal is moving from the uppe
activated signal — electrical current grows to thteft angle to the bottom right angle.
maximumd4 = Amae Pixel luminescence is maximal "

(Emay- At model the neurons of this phase are marked L ide Cieas)
by red color (figs 4 and 5). LI lefl oL el | el

3. Additional points are characteristic (middle | || = || || || o || || || || o || |
points) for the excitation of bionic elements ahei | “ a ” ” ” ” ” = ” ” ” & |
|
|

moment ({,, t3) (depicted at fig. 2 as points at vector
between 2 and 3). Intervd — t; = 30 s and time || || || B || || || || = || ” |
points near it. At these time points the amplitudis |-| || || || || || o || || |
activated signal (electrical currents) are going to
decrease (bionic element luminescence is decreased) Fig. 5. The final phase
A = Anin. Pixel luminescence falls to minimal values Mathematic simulation of 3 stages of screen
(Emin). At model elements of this phase are marked by, | functioning
yellow and orange depending on current amplitudes
and intensity of luminescense (figs 4 and 5). Mathematic simulation of 3 stages of screen pixel
4. The fourth phase of bionic element activation iginctioning may be done for each pixel using ma-
at time momenty. Intervalt, —t,= 180 s. The phase isthematic approaches and models developed for si-
characterized by signal amplitude (electric cuirentmulation of single molecular channel functioning [2
A =0, luminescence intensity is going to zetg)(  The conditional probability of finding a channeh¢a
These elements are achromatic at model too (fig. 3espectively a pixel in our model) in state j atdit, if
At the screen at figs 3 — 5 the bionic elements aitewas in the state i at zero time is denoted ag)pi
depicted by the circles at defined positions oeacr The conditional probability can also be writterttie
matrix. This arrangement of bionic screen elemisntsform of a matrixP(t) = (pij(t)). Since the behavior of
determined by conditions in which the existence ahe channel corresponds toMarkov process, the
bionic elements is possible under the experimentalatrix P(t) satisfies the direct differential equation of

conditions. The initial view of the model and th&olmogorov
initial step of the program is shown at fig. 3.

PO - by At

2500 | Clear | ot

| || ” || 2 || ” ” 2 || “ ” 2 | Methods of fluctuation analysis may be used for
[ el T el I el | our model as for single molecular channel one. One
| || = ” || || ” || = || || || = | important application of the fluctuation analysigad
|
|

” ” ” ” ” ” ” ” ” | measure the conductivity of a single channel. The
D N same problem can be solved, and with reference to
|| 2 || || || || || || Zs || || | systems that exist in multiple states. The relatayn

Fig. 3. Initial phase conduction of channels with two states includes
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dispersion and average conductivity. These two psymbols CIRCLE and TRIANGLE may be coded in
rameters corresponds exactly @) andg(«); for framework of our assumptions.
the calculation o€(0) note thaP(t) approaches to 0. At fig. 6 the initial phase of model functioning is

Then the formula can be written as demonstrated. All neurons in all positions are not
) active: electrical currents are absent and lumerase
i Zyizg(oo) _(Zyi R () is absent also.
y=— ' , On fig. 7 the second phase of model functioning is
Zyi R () demonstrated. Neurons only on first 13 positiors ar
Zyipu(”) 1_'T active (the first and partially the second ling). |

means that electric currents in them are preset an
where § — average conductivity of open channeluminescence is present also. Values of electrie cu
defined by way described abov&) — maximal rents amplitudes and intensity of neuron lumines-

possible conductivity. The same approaches we usC€NCe are described in [5; 6]. Only one neurorat 1
also in terms of our model positions demonstrates maximal values of electric

The equations used in the fluctuation analysis ofcUITent amplitudes and intensity of neuron lumines-
elementary currents cence. This order of maximally luminescent neurons

Such equations are following. is coded by th€IRCLE .
1. Johnson noise (voltage) in resistance for co
ditions of current fixation

S( f) =4kTRe Z( f);

af = [S( f)df = 2nkTf R= 2,55010% § R
0

0, =1,6010%° f R".

2. Johnson
W(f)=9 f)/| Z f)f= 4kTRe[l/ Z( )];

TW( f)df = 2rkTf / R-2 551 02° £ B Fig. 6. Initial phase (explanation see in text)
0

ay

0, =1,6010%°f /R".

3. Time constant, frequency of reaction rate cutc

T=(2rf,)™;
a=1/t1=2rf_.

c

4. Dispersion, the autocorrelation function and tf

spectrum r 1
6>=C(0)= Y fr/2.

5. Conductivity of the single channel

Fig. 7. Phase of the circle coding (explanationisgext)

_0¢ _ 0, _C(0 _1fW(O) _W(Oa On fig. 8 the third phase of model functioning is
e KV pVv 2y, VvV TAVA demonstrated (phase of triangle coding 1). Neuabns
first 14 positions are active (the first and palgithe
Model 2 second line). It means that electrical currenthiém

Next step of model development is to state th@ré present and luminescence is present also. The
activated neurons in some positions mean sopvalues of electric currents amplitudes and intgruit

symbols. Phenomena like this are characteristic {1€Uron luminescence are described in [5; 6]. Two
human brain activity and we desided to spread ¢"€Urons in positions 10 and 14 demonstrate maximal

model possibility for cases of symbols coding bvalues of electric current amplitudes and intensfty

- _ neuron luminescence. This phase is coded by the
neuronal 2D matrix. Figures 6 — 9 demonstrate thRIANGLE .
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and TRIANGLE 2 is in fact that two active neurons

are coding triangles, independently on activityabf
- other neurons in all other 48 positions. In termis o
designed model triangle may mean any searched
flying object, and the circle means the absence of
such object.

3. Results of mathematical description of few phase
molecular element simulation for matrix are
representedsystems which may be described in such

a way potentially are systems with “memory” if
A system can stay in some of the states longer than i
other states. Thus, the proposed model can be ex-
Fig. 8. Phase of triangle coding 1 (explanationisdext) tended for modeling the screen with elements that

On fig. 9 the fourth phase of model functioning i§!ave properties of memory.
demonstrated (phase of triangle coding 2). Neurons  References
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