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With the use of Petri net methodology a mathematical simulation model able to predict simultaneous
changes in biophysicochemical parameters of mitochondria functioning was developed. The model allowed
to interconnect in time the changes in mitochondria hydrodynamic diameter, electronic transport chain func-
tioning, endogenous fluorescence of adenine nucleotides, DCF fluorescence signal of ROS production and
NaN, effects. It was shown that the calculated values of the studied biophysicalchemical parameters corre-
spond to those obtained experimentally. The model permit to link mitochondrial functional changes and their
structural representation and to optimize significantly experimental procedures.
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iochemistry and molecular physiology of
B mitochondria, which combines the pro-

cesses of oxygen consumption, oxidative
phosphorylation, catabolism of lipids, biosynthesis
of heme, maintenance of Ca? homeostasis, pro-
duction of reactive oxygen and nitrogen species,
apoptosis, etc. are the priority directions of modern
biological science [1-3]. Further elucidation of the
electronic transport chain functioning mechanisms
and ways of breaking mitochondrial bioenergetics
is important for understanding the causes and ef-
fects of mitochondrial dysfunction, which is the
basis of the smooth muscles contractile function
pathology. In particular, the generation of ATP and
the functioning of low-affinity and high-capasitive
Ca?* uniporter significantly affects the path of Ca?
signaling in myocytes and is an important factor in
reducing the concentration of this cation in the myo-
plasm after the Ca?* transient [4-5]. This also applies
to the mitochondria of the uterus smooth muscle,
where the electrochemical gradient dissipation of the
internal membrane leads to a generalized increase in
the myoplasm concentration of Ca?* [6]. Inhibitors of

some complexes of the respiratory chain are widely
used in order to study thise.

Biomarkers of mitochondria functional activi-
ty are parameters such as the endogenous fluores-
cence signal from adenine nucleotides (NADH), the
volume of mitochondria (hydrodynamic diameter),
the intensity of reactive oxygen species production
(DCF fluorescence), the efficiency of the Ca®* ac-
cumulation, etc [4, 7-11]. The possibility of simul-
taneous simulation of these processes is important
for understanding the functioning of mitochondria
as a holistic system and will enable to predict the
consequences of the violation of certain electronic
transport chain components for bioenergy, Ca?" ho-
meostasis and programmed cell death. In particular,
it seems advisable to construct a model based on
data from the known inhibitor of the IV complex of
the respiratory chain and the “indirect NO donor”
[12] sodium azide action on the biophysicochemi-
cal parameters of the mitochondria. The actuality of
this work is due to the widespread use of NaN, as
a tool for inhibiting oxidative phosphorylation and
transport functions of mitochondria, as well as the

© 2021 Danylovych H. V. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are

credited.

101



ISSN 2409-4943. Ukr. Biochem. J., 2021, Vol. 93, N 3

possibility of endogenous synthesis of NO in these
subcellular structures.

We are developing a simulation model that links
changes in the functioning of the electronic transport
chain, the production of reactive oxygen species, the
endogenous fluorescence of adenine nucleotides,
and mitochondria swelling for the formalization and
generalization of experimental data, in order to carry
out the predictive function, and also to find the cor-
respondence between the theoretical predictions and
real results. We use the methodology of hybrid func-
tional Petri nets as a modeling tool. The advantages
of hybrid functional Petri nets as a modeling method
include the following [13]: (1) capability to structura-
Ily represent the states of the modeled system and
the processes occurring in the system; (2) quantita-
tive modeling of three types of states and processes
simultaneously, namely discrete, continuous, and
associative (forming); (3) possibility to consider the
activating, inhibiting, and catalytic effects by the
means of a special type of bonds.

The aim of the paper was to use Petri nets to
create an imitation model for simultaneous changes
in the fluorescence of endogenous NADH, the
characteristic size of mitochondria and the genera-
tion of reactive oxygen species in real experimental
conditions, which would combine functional changes
with the structural representation of these processes.

Materials and Methods

Experiments were performed on white wild-
type nonpregnant rats weighing 150-180 g. All ma-
nipulations with animals were carried out according
to the European Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purposes, and the Law of Ukraine “On
protection of animals from cruelty”. Rats were anes-
thetized by diethyl ether inhalation and decapitated.

Isolation of mitochondria from the smooth
muscle of the uterus (myometrium) of nonpregnant
rats. The mitochondrial fraction was isolated from
the myometrium of nonpregnant rats using differen-
tiation centrifugation, as described by Kosterin and
coworkers [14]. For the duration of the experiment,
the isolated mitochondrial fraction was kept on ice.
The protein content of the mitochondrial fraction
was determined by a standard procedure by Brad-
ford [15]. The total protein content in the mitochon-
drial fraction was 2 mg/ml.

Registration of DCF-fluorescence in mitochon-
dria. The loading of mitochondria by reactive oxy-
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gen species sensitive DCF-DA fluorescence probe
at a concentration of 25 uM was performed in a
medium containing 10 mM Hepes (pH 7.4, 37°C),
250 mM sucrose, 0.1% bovine serum albumin for
30 min at 24°C. The Pluronic F-127 dye was added
(0.02%) to improve the loading process. DCF-fluo-
rescence in isolated mitochondria was studied using
the flow cytometry method on the COULTER EPICS
XL™ (Beckman Coulter, USA) equipped with an ar-
gon laser (A, = 488 nm, A, = 525 nm (FI1 channel).
The incubation medium consisted of 20 mM Hepes
(pH 7.4, 23°C), 2 mM K*-phosphate buffer (pH 7.4,
23°C), 125 mM KCI, 25 mM NacCl. The reaction was
initiated by adding aliquots (20 ul) of 5 mM pyru-
vate + 5 mM succinate. Incubation time was 35 min.
Sodium azide was added for 15 min. The protein
content in the aliquot of the mitochondria fraction
was 20-25 pg.

Estimation of mitochondrial hydrodynamic
diameter. To assess changes in the mitochondrial
volume, we used the Dynamic light scattering
method, which allowed us to determine their sizes
(average hydrodynamic diameter). The volume of the
particles in suspension was analyzed using the cor-
relation spectrometer ZetaSizer-3 (Malvern Instru-
ments, UK) equipped with He-Ne laser LGN-111
(P =25 mW, A = 633 nm). Its operation principle is
based on the analysis of time-dependent fluctuations
in the scattering intensity when a laser ray passes
through a medium with the mitochondria. The tem-
poral intensity changes are converted into the mean
translational diffusion coefficient (D) [16]. The trans-
lational diffusion coefficient is related to the duration
of the correlation t_ with the following ratio:

Dg? =1/, ()

The wave vector of the concentration fluctua-
tions (q) is described by the following expression:

4n ., 6

q==-sin (E) @
where n is the refractive index of the medium
(liquid), A, is the wavelength, and & is the scattering
angle.

Using the Stokes—Einstein equation that con-
nects the particle size, the translational diffusion co-
efficient, and the viscosity of the liquid, we could
calculate the size (diameter) d(H) of the spherical
particles as follows [16]:

k .
d(H) = —3;;,
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where k is the Boltzmann constant; T is the absolute
temperature, K; # is the shear viscosity of the me-
dium in which the particles are suspended; and D is
the translational diffusion coefficient.

The recording and statistical processing of the
changes in the scattering intensity in the mitochon-
dria water suspension (n = 1.33) were performed 10
times for 10 min at 22°C, at a scattering angle of
90°. The obtained results were processed using the
PCS-Size mode v1.61 software.

The incubation medium consisted of 20 mM
Hepes (pH 7.4, 23°C), 2 mM K*-phosphate buffer
(pH 7.4, 23°C), 125 mM KCI, 25 mM NaCl, 5 mM
pyruvate, and 5 mM succinate.

Detection of NADH fluorescence in mitochon-
dria using spectrofluorometry. The relative values of
NADH intrinsic fluorescence were determined with
Quanta Master 40 PTI (Canada) using the FelixGX
4.1.0.3096 software. The detection was conducted
in 2 ml of the following medium: 20 mM Hepes
(pH 7.4 at 37°C), 2 mM K*-phosphate buffer (pH 7.4
at 37°C), 125 mM KCI, 25 mM NaCl, 5 mM pyru-
vate, and 5 mM succinate. The protein concentration
in the sample was 50 pg/ml.

Simulation of DCF-fluorescence, mitochondri-
al swelling and changes in NADH fluorescence. For
the simulation, we chose the Cell Illustrator v.3 soft-
ware (Human Genome Center, University of Tokyo,
Japan), the basis of which is a hybrid functional Petri
net. A Petri net is a directed bipartite graph with two
types of nodes (Table): places and transitions, which
are connected by arcs, reflecting the structure of
the net. Places usually characterize the objects, ele-
ments, and resources of the modeled system; transi-

tions are the events that occur in the system and the
logical conditions of their implementation [17].

Assessment of the content of ionized calcium
in the mitochondria. Loading of the mitochondria
by the probe Fluo-4 AM at a concentration of 2 uM
was carried out in the medium that contained (mM):
Hepes — 10 (pH 7.4, 37°C), sucrose — 250, and 0.1%
bovine serum albumin for 30 min at 37°C. To im-
prove the process, the dye was mixed with Pluronic
F-127 (0.02%). The relative values of Ca*" content
in the matrix of mitochondria, loaded with Fluo-4
AM (A, =490 nm, A, = 520 nm) was investigated
using the fluorometric method on spectrofluorimeter
Quanta Master PTI 40 (Canada) with software Fe-
lixGX 4.1.0.3096. The medium, from which energy-
dependent accumulation of Ca?" was carried out by
the mitochondria, had a composition (mM): 20 mM
Hepes (pH 7.4, 37°C), 2 mM K*- phosphate buffer
(pH 7.4, 37°C), 250 mM sucrose , 3 mM MgCl,,
3 mM ATP, 5 mM sodium succinate, concentration
of Ca? — 80 uM [18].

In the work the following reagents were used:
Hepes, sucrose, sodium succinate, sodium pyruvate,
bovine serum albumin, ATP, NaN,, Pluronic F-27,
DCF-DA (2',7'-dichlorodihydrofluorescein diacetate),
EGTA, CaCl,, A-23187 (Sigma, USA); Fluo-4 AM
(Invitrogen, USA). Any other reagents are produced
in Ukraine.

The solutions were prepared on bidistilled wa-
ter, which had a specific electrical conductivity of
not more than 2.0 pecm/cm. The electrical conductivi-
ty of the water was recorded using a conductometer
OK-102/1 (Hungary).

Main structural elements of the hybrid functional Petri nets (see the main text for the explanation)

Type Places Transitions Label Arcs
threshold
Discrete O integer W delay Normal m—
Discrete place Discrete transition Normal arc
threshold
Continuous © real number — rate Test ----p
Continuous place Continuous transition Test arc
threshold
Generic @ any types === any operation Inhibitory _|
Generie place Generie transition Inhibitory arc
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Results and Discussion

We have developed a simulation model (Fig. 1)
that connects changes in the endogenous NADH
fluorescence (Fig. 2), production of reactive oxygen
species (Fig. 3) and mitochondria swelling (Fig. 4)
for the formalization of experimental data in this
work, in order to carry out the predictive func-
tion, and also to find the correspondence between
the theoretical predictions and real results. We have
used the “indirect donor” of NO sodium azide as a
biologically active compound that causes changes in
the corresponding biophysicalchemical parameters
of the mitochondria (Fig. 3, 4).

It was established, that NaN, increased the
mitochondria hydrodynamic diameter (causing
swelling) and amplified their DCF fluorescence (it
stimulated the formation of reactive oxygen forms),
depending on its concentration (1-3-5-7 mM) and
time (0-15 min), see Fig. 3, 4. Inhibition of the
respiratory chain IV complex results in the slowing
down of the mitochondria functioning, the reduc-
tion of the electrical and chemical potential on the
internal membrane (ApH), the opening of tthe mito-
chondrial permeability transition pore (MPTP) and
the mitochondria swelling [19-23]. The accumulation
in the electron transport chain of the semi-reduction
components, especially in Q-cycle, leads to an in-
crease in the process of one-electron oxygen reduc-
tion [24]. Thus, the generation of superoxide anion
and other reactive oxygen species will be intensi-
fied. Simultaneously, the chemical decomposition of
sodium azide with the formation of nitrogen oxides
will be accompanied by an increase in the genera-
tion of peroxynitrite, which contributes to DCF fluo-
rescence too. Strengthening under these conditions
the content of reactive nitrogen and oxygen species
in mitochondria will further reduce the functional
activity of the electron transport chain and matrix
enzymes, especially those containing iron-sulfur
centers and metal proteins [25-27]. The latter will
result in the processes of the mitochondrial dys-
function, collapse of bioenergetics up to cell death
[21, 23, 28]. Using Petri hybrid functional nets, we
simulated the effect of sodium azide, depending on
the time and concentration, on the hydrodynamic
diameter and DCF fluorescence of the myometrium
isolated mitochondria.

The components of the mitochondria incuba-
tion medium and the effects of sodium azide on their
biophysicochemical parameters were taken into ac-
count in the simulation. We operated the following
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experimental facts in the process of the model crea-
tion: (1) — succinate and pyruvate are added to the
mitochondria incubation medium for their energized,
(2) — sodium azide, as an “indirect NO donor”, has
an inhibitory effect on the electronic transport chain
as a whole, but the greatest effect on the morpho-
functional parameters of the organelles has inhibi-
tion of the I, 111 and 1V complexes (3) — inhibition of
the electron transport chain activity results in the in-
tensification of the reactive oxygen forms production
in the mitochondria and, consequently, DCF fluo-
rescence (direct inhibition of the IV complex within
the framework of the simulation model); (4) — inhibi-
tion of the electron transport chain by sodium azide
leads to an increase in the hydrodynamic diameter of
the mitochondria: the osmotic balance between the
matrix and the nonmitochondrial medium is broken
due to the activation of MPTP with the subsequent
H,O entrance to the matrix and swelling of the mi-
tochondria (this is the result of inhibition of I, IlI
and IV complexes and depolarization of the internal
mitochondrial membrane in the framework of the
simulation model).

The structure of hybrid functional Petri nets,
which simulated the sodium azide effect on the
changes in the hydrodynamic diameter, NADH and
DCEF fluorescence of the myometrium mitochondria,
is presented in the scheme (Fig. 1). Symbols in the
scheme are explained in the caption. Some particular
specifications are listed below. The place m15 is a
timer that controls the time of the inhibitor inser-
tions in the amount determined by the place m16.
Before the insertion of a specific inhibitor of electron
transport chain, the mitochondrial hydrodynamic
diameter, measured by Zeta-sizer (transition ZS and
place m4) practically does not change. The fluores-
cent response of NADH/DCEF is registered by the
spectrofluorimeter QM (place m5) and corresponds
to the “control” curves (Fig. 2, 3).

The insertion of sodium azide (NO,, Fig. 1)
breaks the work of electron transport chain that de-
creases the electric potential of the inner mitochon-
drial membrane W (place m6). It causes an activa-
tion of MPTP, H,O transport into the matrix (place
m7), and an increase in the mitochondrial hydrody-
namic diameter. The fluorescence response changes
are simulated by the NADH and DCF transitions
with velocities in accordance with equations (5, 7)
as described below.

Through the modeling, we obtained mathemati-
cal equations that formalized the process of mito-
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Fig. 1. Structure of hybrid functional Petri nets, which simulated the sodium azide effect on the changes in the
hydrodynamic diameter and the NADH, DCF fluorescence of the myometrium mitochondria. Symbols in the
scheme: NO_ - nitrocompounds, particularly sodium azide; Suc — sodium succinate; Pyr — sodium pyruvate;
W — electric potential of the inner mitochondrial membrane, 1, I, I1I, and 1V as well as FADHZ, FAD, and
NADH (inscribed in a rhombus in the mitochondrial membrane) — complexes of the electron transport chain
and the appropriate cofactors; O, — superoxide anion;, DCF — DCF-DA fluorescence probe; UQ — ubiqui-
none; cyt C — cytochrome C; symbol -| | — inside a rhombus — cyclosporine-sensitive permeability transition
pore, MPTP; and arrows: — — activation of the process and T — inhibition of the process

chondria swelling and the changes in the NADH/
DCF fluorescence in the medium supplemented
with sodium azide. In particular, these equations
adequately described the time characteristics of
the mitochondria swelling (Fig. 4), changing of the
NADH/DCEF fluorescence (Fig. 2, 3) simultaneously.
The permeability of MPTP and the intensity of the
NADH/DCF fluorescent response are the time de-
rivatives from the corresponding dependencies.

The substrate of pyruvate dehydrogenase com-
plex (5 mM pyruvate) that produced NADH for
electron transport chain, and 5 mM succinate, a sub-
strate of FAD-dependent succinate dehydrogenase
was added to incubation medium in order to pro-

duce the energized state of mitochondria [29]. It has
been shown that NADH fluorescence decreased in
time in the presence of respiratory substrates, which
indicates increase in NAD" content resulting from
functioning of NADH-ubiquinone oxidoreductase
of electron transport chain (Fig. 1). We have used
experimental results from reduce the autofluores-
cence of NADH in isolated mitochondria over time
under the condition of the electron transport chain
functioning for modeling in this study. The time de-
pendence of the average change in the fluorescent
response of NADH (autofluorescence) was approxi-
mated by polynomials as follows:

Fn(NADH) = -0.07t3 + 2.54t - 32.72t - 12.19.  (4)
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Fig. 2. Changes in fluorescence of NADH in the isolated mitochondria from the myometrium cells. These data

represent a typical experiment

The intensity of the NADH fluorescent re-
sponse:

dFn/dt = -0.2112 + 5.1t — 32.72. )

The concentration-time dependencies of the
DCF fluorescence can be approximated by polyno-
mials as:

Fn(DCF) = (-0.99¢? + 2.57c + 1.854)t +

+ 2.506¢ + 990.7, 6)
where ¢ — concentration of sodium azide, mM, t —
time, min.

The intensity of the DCF fluorescence:

dFnldt = -0.099¢? + 2.57c + 1.854. (7)

The obtained expressions make it possible to
predict the time dependence of DCF fluorescence,
for example, for 10 mM concentration of sodium
azide (Fig. 3):

Fn(DCF) = 17.65t + 1015.8. )

According to results for 1-7 mM NaN, (Fig. 4)
dynamics of the concentration-dependent changes in
the average values of mitochondria hydrodynamic
diameter during swelling can be approximated as:

AD = (0.7c + 31) In(t) + 16.6¢ — 39, )
where ¢ — concentration of sodium azide, mM, t —
time, min.

So, the permeability of MPTP is described as:
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d(4D)/dt = (0.7c + 3D)/t. (20)

It is possible to predict theoretically the course
of the corresponding curves for unknown sodium
azide concentrations based on this equation. Fig. 4
shows an example of such a curve for 10 mM sodium
azide.

Our model enabled a simultaneous prediction
of the changes in the organelle NADH/DCF fluo-
rescence and their hydrodynamic diameter in time,
which enabled us to significantly optimize the time
of the experimental procedures, the consumption of
reagents, and the use of laboratory animals. Moreo-
ver, it allowed us to analyze the dynamics of the pro-
cesses and compare the modeling results with the
actual observations, considering the changes in the
abovementioned parameters (the composition of the
incubation medium and the presence of the activa-
tors/inhibitors).

Sodium azide is known to degrade in water so-
lutions, producing hydrazoic acid, hydroxylamine,
and, possibly, nitrogen oxides, which act as reactive
nitrogen species in biological systems [12]. In our
previous experiments, sodium azide (5 mM) caused
a more pronounced decrease in NADH fluorescence
than in control, and also an increase in FADH, con-
tents, which may indicate blocking of electron trans-
fer from succinate to ubiquinone [30]. We have at-
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Fig. 3. The concentration-time dependencies of the DCF fluorescence in the isolated mitochondria. The
straight red line is theoretically calculated according to equation (8) for 10 mM sodium azide; dotted brawn
line — experimentally obtained curve for 10 mM sodium azide. These data represent a typical experiment
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Fig. 4. The values of mitochondria hydrodynamic diameter during swelling on NaN, action. The curve for
10 mM sodium azide is theoretically calculated according to equation (9). These data represent a typical

experiment

tributed the decreased NADH and FAD levels under
nitrocompounds to drop in activity of enzymes of
citric acid cycle due to inhibition of electron trans-
port chain in mitochondrial membrane. Thus, we
investigated with flow cytometry the effect of the
sodium azide on matrix content of Ca ions in mi-

tochondria to confirm the effect of NO,_ on the mi-
tochondria functional activity (Fig. 5). Addition of
exogenous Ca?" to mitochondria suspension was as-
sociated with the increase in fluorescence of Fluo-4
that had been loaded into them in advance, which
indicates increased matrix Ca?* concentration. The
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Fig. 5. Effects of Ca?*-ionophore and sodium azide on matrix Ca?" content. The cation had been accumulated

in an energy-dependent manner. Endogenous ionized Ca —

mean £ SEM, *P <0.05, n =5

cation was accumulated in the presence of Mg-ATP?
and succinate for 5 min, at which moment the sta-
ble level of Ca?* accumulation was achieved (Fig 5,
column 1). We ascertained the barrier function of
mitochondrial inner membrane towards Ca ions by
addition of A23187 Ca?*-ionophore to suspension.
This was associated with rapid release of the accu-
mulated cation (Fig 5, column 2). The sodium azide
caused efficient release of accumulated Ca?* from
mitochondria (Fig 5, column 3). The de-energizing
effect of sodium azide on mitochondria has been re-
liable established. The slight increase in ionized Ca
in the matrix was observed, as well as a significant
decrease in Ca accumulation in comparison with
the control, under conditions of mitochondrial pre-
incubation with sodium azide (depolarization of the
internal membrane) (Fig. 5, column 4 and 5 respec-
tively).

Thus, using the Petri nets, the simulation model
for simultaneous changes in the fluorescence of en-
dogenous NADH, the characteristic size of mito-
chondria, and the generation of reactive oxygen
species under real experimental conditions has been
created, which combines functional changes with
the structural representation of these processes. The
simulation results in mathematical equations that
formalize simultaneous processes of mitochondrial
swelling and DCF fluorescence in a medium with
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“1, starting level. The data are presented as

NaN,. The de-energizing effect of sodium azide on
mitochondria results in disturbance in their func-
tioning, namely the ability to effectively accumulate
and maintain Ca?" in their matrix.

Conclusions. The simulation results in mathe-
matical equations that formalize simultaneous pro-
cesses of mitochondrial swelling, changes in NADH
and DCF fluorescence in a medium in which NaN,
is presented. These equations are able to adequately
describe the time and concentration characteristics
of these processes, as well as predict the intensity
of their occurrence. In particular, the response of
mitochondria over time to the action of NaN, in a
concentration, that was not used in the experiment,
was predicted. The calculated values of the studied
biophysicochemical parameters were consistent with
experimentally obtained data. The creation of an ad-
equate model optimizes experimental procedures
(time, costs of reagents and laboratory animals), al-
lows analyzing the dynamics of processes and com-
paring experimental results with theoretical calcula-
tions provided that the composition of the incubation
medium changes.
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I3 BuKopucTaHHIM MeTomonorii Mmepex [lerpi
po3pobIIeHO MaTeMaTHYHY IMITAlliifHy MOIEb,
sIka JTO3BOJISIE TIPOTHO3YBAaTH OMHOYACHI 3MiHH
010(bi3UKO-XIMITHUX TapaMeTpiB (PYHKIIIOHYBaHHS
MITOXOHApiH. Moaenb B3a€EMOIIOBSI3y€ 3MIiHU B
gaci TiAPOAMHAMIYHOTO JiaMeTpa MITOXOHAPIH,
(byHKITIOHYBAaHHS CJIEKTPOHHOT'O TPAHCIOPTHOTO
JIAHITIOTa, CHIOTEHHOI ()ITyOPECIeHITiT HyKJICOTHIiB
aneHiny, curaany ¢mayopectennii DCF momo mpo-
nykysanus A®K Ta epekrie NaN,. Pospaxosani
3HaUEHHS JOCHIKYBaHUX  010(i3UKO-XIMITHUX
rmapaMeTpiB  BIAMOBITAIH  CKCICPHUMEHTAJIBHO
oJicp>)KaHUM JIaHUM. MoJiesib J03BOJISIE MO€HATH
(hyHKITIOHATBHI 3MiHA MITOXOHIPIH Ta iX CTPYKTYP-
HY pelpe3eHTallifo, a TAKOXK 3HAYHO ONTHMIi3yBaTH
EKCIIePUMEHTATbHI YMOBH.

KnrmouoBi cuosa: mepexi [lerpi, matema-
TUYHE MOJICIIFOBAHHSI, MITOXOH/IPi1, CIEKTPOHTPAH-
CIOPTYBaJbHUN JIAHLFOT, OKCUJ a30TY.
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