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SUMMARY

The growth properties of the nutrient medium for the cultivation of pathogenic mycoplasmas depend on the type of blood serum it is supplemented with. Compar-
ative tests of two cell-free nutrient media supplemented with bovine and porcine blood sera for the cultivation of strains “S6” Mycoplasma gallisepticum and “WVU
1853" Mycoplasma synoviae were performed. Growth properties of the tested nutrient media were assessed by determining the activity of the resulting biomass in
the hemagglutination and agglutination assays, as well as by determining the concentration of viable cells after the 9™ passage. It has been shown that a cell-free
nutrient medium supplemented with the porcine blood serum is optimal for the cultivation of pathogenic mycoplasma species causing infectious diseases in birds.
The hemagglutinating activity of the Mycoplasma gallisepticum culture reached 5 HAU log, after 72 hours of cultivation, the agglutinating activity of Mycoplasma
synoviae reached 5 AU log, during the 88-hour incubation period, the concentration of viable cells of both strains was 10° CFU/cm?®. The low growth properties
of the medium prepared with the addition of bovine blood serum are most likely associated with its biochemical composition, which contains 5-20 times more
provitamin A than the porcine blood serum, and high density lipoprotein cholesterol. On the contrary, in the porcine blood serum, most of the lipoproteins have a
low density, containing a large amount of fatty acids and cholesterol, which are the main structural elements of mycoplasma cells. The obtained test results are of
practical value and can be used in the technology of cultivation of pathogenic species of avian mycoplasmas in the production of diagnostic and preventive tools.
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PE3IOME

PoctoBble (BOICTBa NUTaTeNbHbIX CPef ANA KYNbTUBUPOBAHMA NaTOreHHbIX MUKOMNA3M 3aBUCAT OT BIAA CbIBOPOTKI KPOBI B iX cocTae. [IpoBefeHbl cpas-
HUTeNbHble UCMbITaHNA ABYX OeCKNETOUHBIX NUTaTeNbHbIX CPef ¢ l06aBNeHNeM CbIBOPOTOK KPOBU CBUHEIA 1 KPYMHOTO POraToro ckoTa AnA KynbTUBUPOBaHMA
wrammos «S6» Mycoplasma gallisepticum v «WVU 1853» Mycoplasma synoviae. 3yueHue pocToBbIX CBOICTB UCMIbITYeMbIX NUTATENbHbIX CPezl MPOBOANNM NyTeM
onpefieneHa aKTUBHOCTI NOAYYEeHHOI 6roMacchl B peakLi reMarrnioTUHALMN 1 PeaKkLy arrNoTUHALMM, @ TaKKe OLIeHKI KOHLIEHTPaLIMM XU3HeCnocobHbIX
KNeToK nocse 9-ro naccaxa kynbTusupoBaua. Mlokasawo, uto beckneTouHas nuTaTenbHas Cpefa ¢ CbIBOPOTKOI KPOBY (BUHEI ABNAETCA ONTUMANbHOI AN
KyNbTVBIPOBaHWA NaTOTeHHbIX BYZ0B MUKOMNA3M, Bbi3bIBAIOLLMX UHeEKLMOHHbIe 3aboneBaHya Y nTuL. [emMarrnioTMHNPYIOLLAA aKTUBHOCTb KynbTypbl Myco-
plasma gallisepticum gocturana 5 TAE log, nocnie 72 4 KynbTUBIPOBAHWA, arTIOTUHUPYIOLLAA aKTMBHOCTL Mycoplasma synoviae — 5 AE log, 3a 88-uacoBoii nepuop
WHKYOaLWK, KOHLEHTPALIA XXIN3HECTOCOOHbIX KNEToK 06oux LWTammoB 6bina Ha yposHe 10° KOE/cm®. Huskue pocToBble CBOIACTBA Cpebl, NPUTOTOBNIEHHOI € A0-
baBneHnem CbIBOPOTKI KPOBY KPYMHOTO POraToro CKOTa, BepOATHee BCero, (BA3aHbI C ee H1OXMMIYeCKIM COCTaBOM, KOTOpas cofiepxwT B 5-20 pa3 bonbLue
MpOBUTaMIHA A, HeXenu CbIBOPOTKA KPOBI CBUHE, a XONeCTepUH B OCHOBHOM MpPeACTaBeH MNONPOTeNHaMI BbICOKOW nNoTHOCTA. HanpoTuB, B CbiBOPOTKe
KpOBM CBUHet 60bLIAA YACTb NMNONPOTENHOB UMEET HU3KYH MOTHOCTb, COACPXKALLIMX OONbLIOE KONMYECTBO XUPHBIX KCNOT M XONecTepuHa, KOTopble 1 AB-
NAITCA OCHOBHDIMY CTPYKTYPHbIMM 3N1eMeHTaMI KI1eToK MuKonna3m. MoftyyeHHble peynbTaTbl UcciieloBaHuil MeIoT NPaKTUYeCKyH LEHHOCTb U MOrYT ObiTb
1CNONb30BaHbI B TEXHONOTNM KyNbTUBUPOBAHMA NATOreHHbIX BUAOB MUKONAA3M MTUL NPW NPOU3BOACTBE CPE/CTB ANATHOCTUKI 1 NPOGUNAKTUKM.

Kniouesbie cnosa: Mycoplasma gallisepticum, Mycoplasma synoviae, nuTatenbHas cpeaa, KynbTUBMPOBaHMe, CbIBOPOTKA KPOBM
bnaropgapHocTy: Paborta BbinonHeHa 3a cuet cpeacTs OIBY «BHIUU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe bnarononyune.
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INTRODUCTION

Mycoplasmas are bacteria, the key difference of which
from other representatives of prokaryotes is the absence
of a cell wall, which explains their resistance to a number of
antibacterial drugs. The variety of forms of these microor-
ganisms includes spherical, disk-shaped, rod-shaped and
filamentous structures, varying in size from 0.1 to 1.5 mi-
crons. Another feature of mycoplasmas is that during
growth on nutrient media and cell division, their size is less
than the theoretical limit of self-reproduction. Mycoplas-
mas reproduce by budding, binary fission, fragmentation,
divide by cells of unequal size, as a result of which one
of the newly formed cells may not be viable. Many myco-
plasma species are difficult-to-cultivate microorganisms
and are poorly adapted to nutrient media, which creates
certain difficulties in the technology for the production of
diagnostic systems and vaccine preparations [1, 2].

In the process of growth, they need amino acids (argi-
nine, isoleucine, methionine, phenylalanine, asparagine).
A need for bile salts and fatty acids has been noted. One
of the media that can ensure the growth of many types
of mollicutes is modified Frey’s medium, which includes
PPLO-broth, dextrose, pig blood serum, B-nicotinamide
adenine dinucleotide and L-cysteine hydrochloride. This
medium is a source of amino acids, carbohydrates, and
various vitamins necessary for the growth of mycoplas-
mas [2, 3]. The blood serum for the nutrient medium is
obtained mainly from pigs or horses, since the blood
serum of other animals can not only slow down growth,

but rather completely inhibit it. Blood serum, as a growth
stimulator of mycoplasmas, is an important component
of the medium, without which cultivation on cell-free nut-
rient media becomes impossible.

The study of the possibility of using blood sera from
different animal species as part of nutrient media for my-
coplasmas can be a positive experience in the issue of their
laboratory or industrial cultivation.

When it comes to oxygen requirements, mycoplasmas
belong either to strict aerobes or to obligate anaerobes.
Their growth lasts from 3 to 7 days at first inoculations,
then in the process of reinoculation they can grow sig-
nificantly faster.

The cultivation of these microorganisms is an important
link in the creation of diagnostic tools, specific prophylaxis,
which is an alternative to antibiotic therapy in the eradi-
cation of infections of mycoplasma etiology on industrial
poultry farms [4].

The problem of mycoplasmoses arose as a result of
the introduction of intensive poultry rearing methods
at establishments, which in turn led to their wide spread
among poultry [5, 6]. Infections such as respiratory myco-
plasmosis and infectious synovitis affect chickens, turkeys,
pigeons, quails and partridges. Clinical manifestations of
respiratory mycoplasmosis (causative agent - Mycoplasma
gallisepticum) are respiratory system disorders (rhinitis, lar-
yngitis, aerosacculitis, pneumonia), conjunctivitis, sinusitis,
bursitis, anemia, tendovaginitis are distinguished among
systemic disorders [7-9].
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The economic damage caused by these diseases
consists of a decrease in the laying productivity of poul-
try, slow growth, and a decrease in the egg hatchability.
Moreover, an infection caused by Mycoplasma synoviae is
characterized by a decrease in the quality of the eggshell -
a manifestation of the vitreous apex syndrome [10]. The
immunosuppressive properties of mycoplasmas make
ineffective measures for the specific prevention of other
economically significant diseases, preventing the deve-
lopment of an immune response during live vaccine ad-
ministration [11-13].

The study of the influence of essential components in
the medium affecting mycoplasma growth, in this case
in the bovine blood serum, is a serious challenge in my-
coplasmology when creating means for diagnosing and
preventing the infections in question.

MATERIALS AND METHODS

The “WVU 1853" Mycoplasma synoviae and “S6” Myco-
plasma gallisepticum strains from the FGBI “VGNKI” (Mos-
cow) were used in the study.

Mycoplasma gallisepticum and Mycoplasma synoviae
were cultivated on a liquid and dense modified Frey’s nut-
rient medium, which included distilled water, a medium
for the cultivation of pleuropneumonia-like organisms
(PPLO broth base), yeast extract, glucose, thallium acetate,
and bovine as well as porcine blood serum [14]. Previous
studies have shown that a 12% concentration of porcine
blood serum in the medium ensures optimal growth of
Mycoplasma gallisepticum and Mycoplasma synoviae, so
the concentration of this component was not changed
during the experiment. When growing Mycoplasma syno-
viae, B-nicotinamide adenine dinucleotide (1% solution)
and L-cysteine hydrochloride (1% solution) were also ad-
ded to the nutrient medium as a V-growth factor. Phenol
red served as an indicator of biomass growth control. Since
mycoplasmas are sensitive to the acidity of the medium,
the acid-base balance during the preparation of the me-
dium was adjusted to pH 7.8-8.0.To prevent the growth of
foreign microorganisms, antibiotics (benzylpenicillin sodi-
um salt) and thallium acetate (10% solution) were added
to the medium [15].

The cultivation of mycoplasmas was carried out in
a thermostat at a temperature of (37.5 + 0.5) °C. The cul-

Table 1

tivation time depends on the type of mycoplasma. Thus,
the optimal duration of Mycoplasma gallisepticum cultiva-
tion ranged from 48 to 96 hours, and Mycoplasma synovi-
ae - from 3 to 7 days. The growth of biomass was moni-
tored by the change in the color of the indicator and the
transparency of the nutrient medium. During growth, the
medium changed color from red-brown to yellow-brown
and became slightly cloudy or opalescent. The growth of
Mycoplasma synoviae was accompanied by the formation
of an oil film on the surface of the medium.

The concentration of living cells of mycoplasmas was
determined by titration on dense nutrient media in Petri
dishes. For this, 10-fold dilutions were prepared for the cul-
ture of Mycoplasma gallisepticum and 5-fold dilutions for
the culture of Mycoplasma synoviae, which were incubated
for 5 days at a temperature of (37.5 + 0.5) °C. Then the
dishes were examined under a Micros MC 50 X microscope
(Austria) at 200x magnification to detect characteristic co-
lonies that looked like “fried eggs”. The arithmetic mean
of the colonies in several non-overlapping fields of view
corresponds to the number of colony-forming units (CFU).

The calculation of CFU in the field of view of the micro-
scope was carried out according to the formula:

T=Nx10¢xK/V,

where T-CFU titrein 1 cm?;

N - arithmetic mean number of colonies in one
field of view of the microscope;

d - culture dilution rate;

K - a coefficient equal to the ratio of the dish area
to the area of the field of view of the microscope (the area
of the field of view of the microscope was determined
using a measuring glass);

V - volume of culture biomass added.

When evaluating the growth properties of a cell-free
nutrient medium, attention was also paid to the determi-
nation of the hemagglutinating activity of Mycoplasma
gallisepticum and the agglutinating activity of Mycoplas-
ma synoviae in the hemagglutination and agglutination
reactions, respectively to solid nutrient medium [16, 17].

RESULTS AND DISCUSSION

The main criterion in the selection of blood serum for
the preparation of a nutrient medium is to obtain the

Growth properties of the cell-free nutrient medium supplemented with the bovine blood serum for Mycoplasma gallisepticum cultivation

Biomass growth

Biomass growth

Cell-free nutrient (attle blood serum LIRS GO rate (h), rate (h), G agtlwty at T AR
. rate (h), passage 9 in HA test at passage 9
medium samples contents (%) passage 1-3 after passage 1-3 after 3
passage 1-3 : : (HAU log.) (CFU/em?)
cloning recloning 2
1 12 118-120 115-120 94-96 2.0 10%
2 15 118-120 115-120 94-96 2.5 10°
3 20 117-120 114-120 92-94 30 10°
4 25 115-120 112-120 90-94 30 10°
Control
(cel-free nutrient n 72-78 68-72 68-72 50 10°
medium with pig
serum)
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maximum amount of biomass of cultivated cultures with
the highest possible hemagglutinating (for Mycoplasma
gallisepticum) and agglutinating (for Mycoplasma syno-
viae) activity.

During the experiment, 9 passages and 2 cloning pro-
cedures of both cultures were carried out at the 3 and
6" passages. The cultures after the last passage were exa-
mined in hemagglutination and agglutination reactions to
establish activity and growth properties after adaptation
to a nutrient medium; at the same time passages in the
control cell-free nutrient medium were performed (with
porcine blood serum) to compare the results.

The criterion for selecting the type of blood serum for
the preparation of the nutrient medium was based on
the calculation of CFU for Mycoplasma gallisepticum and
Mycoplasma synoviae under microscope on solid nutrient
medium. The results of the experiment are presented in
Table 1 and 2.

It was established that the cell-free nutrient medium
supplemented with the bovine blood serum at a concen-
tration of 12 to 25% ensured the growth and accumulation
of Mycoplasma gallisepticum over 3 passages in the range
from 115 to 120 hours. At the same time, the concentration
of bovine blood serum in the medium did not significant-
ly affect its growth properties. When using porcine blood
serum at a concentration of 12% in the cell-free nutrient
medium the cultivation time was reduced by 40-45 hours
already at passage 1, which is an important factor in the
technology for the production of diagnostics and preven-
tion of infectious diseases of birds of mycoplasmal etiology.

To obtain an axenic culture of the microorganism at
passage 3, cloning was performed on Frey’s dense nutrient
medium with thallium acetate. The use of the Mycoplasma
gallisepticum clone enhances the adaptation of the micro-

organism to such new conditions as changing the com-
position of the culture medium, which in turn reduces the
cultivation time and increases the concentration of myco-
plasma cells in the biomass volume. Thus, after repeated
cloning at the passage 3, the growth time significantly
decreased from 120 to 96 hours.

When evaluating the hemagglutinating properties of
Mpycoplasma gallisepticum culture in HA test, it was found
that after the 9" passage, the activity of the culture grown
on the medium supplemented with bovine blood serum
ranged from 2.0 to 3.0 log,, which is a relatively low indica-
tor compared to the growth of the culture on the control
medium with the porcine blood serum, where the HAU
was 5.0 log,,.

The calculation of living cells in T cm?® of the nutri-
ent medium showed that their lowest concentration
(10%> CFU/cm3) was observed when using a medium con-
taining 12% of bovine blood serum, while when using por-
cine blood serum (12%), the concentration of mycoplasma
cells was the highest and amounted to 10° CFU/cm3. An
increase in the concentration of cattle blood serum in
the medium from 15 to 25% had a positive effect on its
growth properties, while the CFU titer was in the range of
10°-10° per 1 cm?. However, the quality of the resulting an-
tigen is determined not only by the concentration of cells
in the volume of the medium, but by a set of indicators,
including growth time, hemagglutinating and agglutina-
ting activity, CFU. Thus, the porcine blood serum in Frey’s
nutrient medium ensures the maximum accumulation of
the Mycoplasma gallisepticum culture with a minimum
cultivation time.

Figure 1 shows micrographs of Mycoplasma gallisepti-
cum colonies grown on a nutrient medium with bovine
blood serum. The colonies of the pathogen in the field

Fig. 1. Mycoplasma gallisepticum colonies, grown on the cell-free nutrient medium supplemented

with the bovine blood serum (magnification 200x)

Fig. 2. Mycoplasma gallisepticum colonies, grown on the cell-free nutrient medium supplemented

with the porcine blood serum (magnification 200x)
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Growth properties of the cell-free nutrient medium supplemented with the bovine blood serum for Mycoplasma synoviae cultivation

Cell-free nutrient

Biomass growth
rate (h),

Biomass growth rate (h),
passage 1-3 after

(attle blood serum

Biomass growth rate (h),

Culture activity at pas-

sage 9in HA test Growth properties

passage 1-3 after

medium samples contents (%) passage 1-3 doning recloning (HAU log,) at passage 9 (CFU/cm?)
140-144 115-120
2 15 140-144 115-120 94-96 2.5 10°
3 20 138-140 114-120 92-94 3.0 10t
4 25 138-140 112-120 90-94 3.0 10t
Control
(cell-free nutrient 1 78-96 78-88 78-88 50 10°
medium with pig
serum)

160

of view of the microscope are unevenly distributed, their
morphology is polymorphic, there are oval, pear-shaped,
poorly formed colonies of different sizes, the center is not
pronounced or occupies most of the colony.

Figure 2 shows colonies of Mycoplasma gallisepticum
grown on a nutrient medium supplemented with the
porcine blood serum. Despite the colonies varying in size,
round shapes with smooth edges and a distinctly formed
and denser optical center predominate, which gives them
the “fried egg” appearance characteristic of mycoplasmas.

The results of studies on the growth properties of the
cell-free nutrient medium, which includes bovine blood
serum, for growing Mycoplasma synoviae showed that the
cultivation time is at least 140 hours at a serum concen-
tration in the medium of 12 and 15% and 138 hours at a
concentration of 20-25% (Table 2). When accumulating
the biomass of Mycoplasma synoviae, it should also be
taken into account that this type of mycoplasma belongs
to difficult-to-cultivate microorganisms and has a lower
adaptive capacity compared to Mycoplasma gallisepticum.

Similar to the results obtained in the study of the
growth properties of the cell-free nutrient medium for the
cultivation of Mycoplasma gallisepticum, when using the
Mycoplasma synoviae clone, a reduction in the cultivation
time to 96 hours was observed at passages 7-9.The agglu-
tinating activity of Mycoplasma synoviae culture and the

Fig. 3. Mycoplasma synoviae grown on the cell-free
nutrient medium supplemented with bovine blood serum
(magnification 200x)

concentration of viable cells increased with an increase in
the concentration of bovine blood serum in the medium
from 12 to 20% and were in the range from 2.0 to 3.0 log,
and 103-10* CFU/cm?, respectively. At the same time, the
activity of the culture grown on Frey’s medium with por-
cine blood serum (12%) was 5.0 log,, and the CFU value
was 10° per 1 cm?, which reliably indicates the clear advan-
tages of using porcine blood serum in the cell-free nutrient
medium for cultivating Mycoplasma synoviae.

Figure 3 shows the result of cultivating Mycoplasma
synoviae on dense cell-free nutrient medium supplemen-
ted with the bovine blood serum (day 6 of culturing). The
grown colonies are small in size, their diameter does not
exceed 0.1 mm, and there is no optically dense center in
their structure. The micrograph of Figure 4 shows colonies
of Mycoplasma synoviae grown on a medium with porcine
blood serum (6 days after seeding). Colonies are character-
ized by the appearance of “fried eggs”, they are larger — up
to 0.2 mm in diameter.

Thus, the results of the tests performed indicate that
the growth properties of nutrient media for the cultivation
of pathogenic mycoplasmas depend on the type of blood
serum in their composition. It was noted that an increase
in its concentration stimulated the growth of biomass
with a reduction in the cultivation time. The use of porcine
blood serum in the composition of the nutrient medium

Fig. 4. Mycoplasma synoviae grown on the cell-free
nutrient medium supplemented with porcine blood serum
(magnification 200x)
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ata concentration of 12% provided a more active biomass
both in terms of the concentration of viable cells and the
hemagglutinating and agglutinating activity of the culture
with a minimum cultivation time of 78-96 hours.

To establish the reason for the low growth properties
of the nutrient medium with the addition of cattle blood
serum, a comparative analysis of some biochemical para-
meters of bovine and porcine blood serum was performed
(Table 3) [18].

Despite the fact that the bovine and porcine blood se-
rum contains a comparable amount of cholesterol, cattle
have a large amount of high-density lipoproteins, charac-
terized by a significantly low content of cholesterol and
phospholipids [19]. Thus, serum with a high content of
these lipoproteins may not meet the needs of mycoplas-
mas in fatty acids and cholesterol. On the contrary, the
blood serum of pigs contains mainly low-density lipopro-
teins, which actively carry cholesterol and fatty acids, which
can partially precipitate without any external influence. It is
known that the causative agents of mycoplasmoses need
these components, and the porcine blood serum makes up
for the need for these compounds when cultivating myco-
plasmas on the free-cell nutrient medium [14, 20].

Also, from the presented data, it can be seen that the
carotene content in the bovine blood serum exceeds
its concentration in the porcine blood serum from 5 to
20 times, and retinol — 3 times. Given that the components
in question are the strongest antioxidants, they can slow
down oxidative processes in cells, thereby increasing the
interphase period or slowing down the process of accumu-
lating resources for normal cell division, thereby initiating
the appearance of non-viable mycoplasma cells. The close
to zero carotene content in the porcine blood serum elimi-
nates the risks associated with its potential impact on the
growth and reproduction of mollicutes.

The results of the study indicate that the porcine blood
serum is a significant growth component for the cultiva-
tion of Mycoplasma gallisepticum and Mycoplasma syno-
viae and provides a more active biomass in the medium.

CONCLUSION

As a result of the research, it was found that the cell-
free nutrient medium supplemented with porcine blood
serum has the most suitable growth characteristics for the
optimal growth of Mycoplasma synoviae and Mycoplasma
gallisepticum culture. The medium supplemented with
bovine serum can also be used for the cultivation of these
species of mollicutes, but it does not provide the same
growth properties as the cell-free nutrient medium with
porcine blood serum.

The low growth properties of the medium prepared
using bovine blood serum are most likely associated with
its biochemical composition, which contains 5-20 times
more provitamin A than porcine blood serum, and cho-
lesterol is mainly represented by high density lipopro-
teins. On the contrary, in the porcine blood serum, most
of the lipoproteins have a low density, containing a large
amount of fatty acids and cholesterol, which are the main
structural elements of mycoplasma cells, in particular for
the cytoplasmic membrane, which ensure its fluidity. The
high content of carotene in the blood serum of cattle can
increase the period of interphase during the reproduction
of mycoplasmas.

Table 3
Biochemical parameters of the bovine and porcine blood sera

Parameters Bovine blood serum Porcine blood serum

Serum cholesterol:
mg/100 mL 50-170 60-110
mmol/L 1.30-4.42 1.56-2.86
Serum carotene:
1g/100 mL 500-2,000 -
mg/L 5.0-20.0 0-0.1
Serum Vitamin A:
pg/100 mL 30-90 10-35
umol/L 1.05-3.14 0.35-1.22

Twelve percent concentration of porcine blood serum
in the cell-free nutrient medium is optimal for preparing
a culture with high biological activity with a short cultiva-
tion time (72-96 hours).

Adaptation of Mycoplasma gallisepticum and Mycoplas-
ma synoviae to the cell-free nutrient medium supplemen-
ted with the bovine blood serum prior to passage 9 did not
allow preparing a biomass with an activity similar to that
of the medium with porcine blood serum, which should
be taken into account when cultivating these species of
mollicutes on a large scale.
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Koznoe Amutpunit AnekcaHpapoBmu4, acnupaHT, Beaywui
BETepVHapHbI Bpay nabopatopuv NpodpunakTnuky 6onesHen ntuy
OrBY «BHUW3XK», r. Bnagumup, Poccus.

Bonkos Muxaun CepreeBuY, KaHAuAaT BeTepUHaAPHbIX
HayK, AOLEHT, 3aBefywowuii nabopaTopueinn 3nn3ooToNorumn
1 MmoHuTopuHra OIbY «BHUW3XK», r. Bnagumunp, Poccua.

YepHsaesa TatbAHa lOnbeBHa, KaHAMAAT BETEPUHAPHBIX HayK,
BeAyWnii HayuHbI COTPYAHUK nabopaTtopum NpodunakTuky
6onesHen ntuy OreY «BHUU3XK», r. Bnagumunp, Poccus.

CopokunHa MapuHa MiBaHOBHa, Beflylwmin 6uonor nabopartopun
anm3ooTonornu n MoHuTopuHra OrbY «BHUU3XK», r. Bnagumup,
Poccus.

Wpsa Buktop Hukonaesuny, OKTOP BETePUHAPHbIX HAYK, AOLIEHT,
rNaBHbIV HayYHbI COTPYAHUK MHPOPMALMOHHO-aHAITUYECKOTO
ueHTpa OIBY «BHUN3X», r. Bnagummp, Poccusa.
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