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PLACES OF GROWTH AND BIOLOGICAL CHARACTERISTICS
OF HEPATICA FALCONERI (THOMS.) STEWARD
AT THE NORTHERN BORDER OF ITS DISTRIBUTION AREA

The article provides the most up to date information on the distribution of the red-listed species
Hepatica falconeri (Thoms.) Steward (Ranunculaceae), and on its ecological and altitudinal preferences
within the mountain ranges of southeastern Kazakhstan based on the analysis of literature sources, her-
barium specimens, data from the site https://www.plantarium.ru/, as well as our own research. The
authors’ data confirm that the studied species is a forest petromesophilic ecological element. As a result
of the research, the floristic composition of plant communities with the participation of H. falconeri in
the Taldy gorge (northern macroslope of the Kungei Alatau) was established. It is represented by 107
species from 46 families. The most important are 13 families (64.5%): Asteraceae, Fabaceae, Poaceae,
Rosaceae, Ranunculaceae, Apiaceae, Crassulaceae, Caryophyllaceae, Orchidaceae, Lamiaceae, Gera-
niaceae, Papaveraceae and Primulaceae. The floristic core of the describe communities consists of 15
species: Picea schrenkiana, Atragene sibirica, Ribes meyeri, Lonicera stenantha, Rosa alberti, Sedum
hybridum, S. ewersii, Aegopodium alpestre, Fragaria vesca, Geranium collinum, Galium turkestanicum,
Poa nemoralis, Polypodium vulgare, Kaufmannia semenovii, Rheum wittrockii, which are forest, forest-
meadow or petro-lithophilic ecological-phytocenotic elements. We studied some morphometric param-
eters of H. falconeri. The bract consists of three upper stem leaves, and the calyx, in most cases (94.5 %),
of six sepals. The latter parameter has a small coefficient of variation and, in our opinion, is a stable trait
of this species. Due to the early and long flowering period, H. falconeri is of interest for introduction as
an ornamental plant.

Key words: rare species, area, altitude, aspect, Hepatica falconeri, Kungey Alatau
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AViMaKTbIH, COATYCTIK LuekapacbiHAarbl Hepatica falconeri (Thoms.)

steward TapaAy epekiueAikTepi xoHe OMOAOTUSChI

Makanrapa Kbisbia KiTanka eHrisiared Typ Hepatica falconeri (Thoms.) Steward (Ranuncula-
ceae) apebn Aepekkesaepai, repbapuit yariaepin, https://www.plantarium.ru/ caiTbiHaH aAblHFaH
AEPEKTEPAI >KOHE Keke 3epTTeyAepAl TaAAady HeridiHae KasakCTaHHbIH OHTYCTiK-LUbIFbICBIHAQFbI Tay
>KOTaAapbl LEriHAEr 3KOAOIMSIABIK, XKaHe OMiKTiKTeri 6oMbiHIWa MOAIMETTEP GepiAreH. ABTOpAapAbIH
MBAIMETTEPI 3ePTTEAETIH TYPAIH OPMaH-Me30(UAbAT SIKOAOTUSIABIK, SAEMEHT €KeHiH pacTaiAbl. 3epTTey
HaTuxKeciHAe Taaabl waTkaAbiHAaFbl (KyHren AaaTaybiHblH COATYCTIK Makpobetken) H. falconeri
KATbICYybIMEH OCIMAIK KaybIMAACTbIKTAPbIHbIH (PAOPAAbIK, Kypambl aHbiKTaAAbl. OA 46 TYKbIMAQCTbIH,
107 TypiMeH yCbiHbIAFaH, OAapAbiH, 13-i (64,5%): Asteraceae, Fabaceae, Poaceae, Rosaceae, Ranuncu-
laceae, Apiaceae, Crassulaceae, Caryophyllaceae, Orchidaceae, Lamiaceae, Geraniaceae, Papaveraceae
>kaHe Primulaceae. CunattaAraH KaybIMAACTbIKTapAblH (DAOPaAbIK, sApOCbiHa 15 Typ Kipeai: Picea sch-
renkiana, Atragene sibirica, Ribes meyeri, Lonicera stenantha, Rosa alberti, Sedum hybridum, S. ewer-
sii, Aegopodium alpestre, Fragaria vesca, Geranium collinum, Galium turkestanicum, Poa nemoralis,
Polypodium vulgare, Kaufmannia semenovii, Rheum wittrockii opmaHabl, opMaHAbI-LLIAAFbIHABI HEMECE
NeTPO-AUTOMUABAI SKOAOTUSIABIK, XKBHE (PUTOLEEHOTUKAABIK, SAeMeHTTepre xaTaabl. H. falconeri kenbip

4 © 2022 Al-Farabi Kazakh National University
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MOPMOMETPUSIAbIK, MapamMeTpAepi HakThiAaHAbl. Cabarbl 3 Kofapfbl 6araHaAbl cabak, >karblpakTapAaH
TYpaAbl, Kemn >aFaanaa KyATexxanblpakTtapbl (94.5%) — 6 >xanbipakTaH Typaabl. COHFbl MHAMKATOP
Bapmaums Ko3PPUUMEHTIHIH TOMEH AEHIeiHe Me >XaHe aBTOPAAPAbIH, MiKipiHLue, 6YA TYPAIH TypaKTbi
Gearici. EpTe >aHe y3ak ryapeHy keseHine 6araaHbicTbl H. falconeri caHAiK eciMAiK peTiHAe eHrisyre
KbI3bIFYLUBIABIK, TYABIPAABI.

Ty#in ce3aep: crpek Typ, ayMak, 6uikTik, acnekT, Hepatica falconeri, KyHren Aaaray
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Ocob6eHHoCcTH pacnipocTpaHeHusi u 6uororum Hepatica falconeri (Thoms.)
steward Ha ceBepHO rpaHuLLe apeara

B cTaTbe npeaOCTaBAEHbl YTOUYHEHHbIE CBEAEHMS O PACNpPOCTPAHEHUM KPACHOKHMXKHOrO Buaa He-
patica falconeri (Thoms.) Steward (Ranunculaceae), akoAOrMuyeckor 1 BbICOTHOW MPUYPOUYEHHOCTU B
npeseAax ropHbix XpebToB 1ro-soctoka KaszaxcraHa Ha OCHOBE aHaAM3a AMTEPATYPHbIX UCTOUYHMKOB,
repbapHbix 00pasLoB, AaHHbIX C canTa https://www.plantarium.ru/ 1 COOGCTBEHHbIX WUCCAEAOBAHMIA.
AaHHble aBTOPOB MOATBEPXKAQIOT, UTO MCCAEAYEMbIA BUA SIBASETCS AECHbIM METPOMEe30(UAbHbIM
3KOAOIMYECKMM 3AeMeHTOM. B pesyabTate MccAepOBaHUIA yCTAHOBAEH (DAOPUCTUYECKMIA COCTaB
pacTuTeAbHble coobulecTBa ¢ yyactiem H. falconeri B yuieabe TaaAbl (CEBEPHbIM MaKpOCKAOH KyHren
Anatay). OH npeactaBaeH 107 BuAaMK 13 46 CEMENCTB, BEAYLLMMU M3 KOTOPbIX BASoTCa 13 (64,5%):
Asteraceae, Fabaceae, Poaceae, Rosaceae, Ranunculaceae, Apiaceae, Crassulaceae, Caryophyl-
laceae, Orchidaceae, Lamiaceae, Geraniaceae, Papaveraceae u Primulaceae. ®DAopuctuueckoe sapo
onMcaHHbIX coobLecTB BKAOYaeT 15 BMAOB: Picea schrenkiana, Atragene sibirica, Ribes meyeri, Loni-
cera stenantha, Rosa alberti, Sedum hybridum, S. ewersii, Aegopodium alpestre, Fragaria vesca, Ge-
ranium collinum, Galium turkestanicum, Poa nemoralis, Polypodium vulgare, Kaufmannia semenovii,
Rheum wittrockii, oTHocsWwMXCS K AECHbIM, AECO-AYrOBbIM WAM METPO-AMTOMPUAbHBIM 3IKOAOTO-
(PUTOLLEHOTUYECKMM IAEMEHTaM. YTOUHEHbI HEKOTOpble MopcomeTpuueckme napameTpbl H. falconeri.
[puuBETHOE MOKPbIBAAO COCTOUT M3 3 BEPXHMX CTEOAEBbLIX AUCTbEB, OKOAOLBETHUK B OOAbLUMHCTBE
cayyaeB (94.5%) — n3 6 AMCTOUKOB. [ToCAEAHUI MOKa3aTeAb MMeEeT HU3KMIA YPOBEHb KoahpuLmeHTa
BapuaLMmM U, MO MHEHMIO aBTOPOB, IBASIETCS YCTOMYMBbIM MPM3HAKOM AQHHOTO BUAA. B CBSI3W € paHHUM
U NMPOAOAXKMTEABHBIM NMEepUoAOM LiBeTeHus H. falconeri npeacTaBAseT MHTEPEC AASI MHTPOAYKLIMU Kak
AEKOpaTUBHOE pacTeHue.

KAroueBble cAOBa: peAkUIA BUA, apeaa, BbiCOoTa, acrnekT, Hepatica falconeri, KyHren Aaatay

Introduction

Rare plants with limited distribution ranges
and low abundances are especially vulnerable to
the global climate change and the constantly in-
creasing anthropogenic impact on natural ecosys-
tems. Their numbers are declining due to the influ-
ence of unfavourable natural or anthropogenic fac-
tors, for example, due to harvesting as medicinal
raw materials or as ornamental plants. In the late
1960s, Commissions for the protection of rare spe-
cies were created on an international and national
scales, and then the Red Data Books of the Inter-
national Union for Conservation of Nature (IUCN)
and of individual countries were created. Later, in
the majority of countries, including Kazakhstan,
Red Books and Strategies for the conservation of

biological diversity were developed and published
[1,2].

First of all, attention should be paid to the study
and protection of species of the first category, de-
fined as “endangered: species in immediate danger
of extinction; their further existence is impossible
without the implementation of special protection
measures” [3]. In Kazakhstan, one of such rare spe-
cies listed in the Red Book of Kazakhstan (2014)
is Hepatica falconeri (Thoms.) Steward from the
family Ranunculaceae Juss. Moreover, this species
has been insufficiently studied, in contrast to another
representative of the genus, Hepatica nobilis Mill.
(H. triloba Gilib.) which is widespread in the north
of the European Russia, the Baltic States and West-
ern Europe [4, 5, 6, 7]. Due to its high decorative
qualities, H. nobilis has been widely cultivated since
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1440 [8]. This species has also been studied in detail
in natural populations, including its morphological,
anatomical and biological characteristics, flower-
ing, seed germination, pollen structure, as well as
karyology; there were also comparative studies in-
volving representatives of other genera of the family
Ranunculaceae [9, 10, 11, 12, 13].

In contrast to H. nobilis, the information avail-
able in the literature on H. falconeri is fragmentary
and in many cases contradictory. This applies to
all species’ characteristics: its distribution range in
Kazakhstan, morphological features, ecological and
phytocenotic preferences, phenology in nature, and
the population numbers and population structure.

In this regard, the purpose of our work was a
complete revision of the available literary and her-
barium information on this species, verification of
its distribution range in Kazakhstan, and the study
of the ecological, morphological and biological
features of the natural populations growing on the
northern slope of the Kungey Alatau, including an
assessment of their condition and development of
recommendations for their improved protection.
In this article, we present the first results of our re-
search.

Materials and Methods

The studies were carried out on the territory of
the State National Natural Park (GNPP) “Kulsay
kulderi” (established by the Decree of the Govern-
ment of the Republic of Kazakhstan No. 88 dated
February 7, 2007), in 2018-2020.

One of the methods was a route-reconnaissance
survey of the territory. Field trips were carried out
in the spring, summer and autumn, when, in addi-
tion to studying the general composition of the flora
and monitoring of permanent plots, we purposefully
searched for the populations of H. falconeri. The
survey was carried out using existing maps of the
area, as well as a GPS navigator (GPS ETREX 20,
Garmin). All locations were recorded and surveyed
in detail. To do so, geobotanical plots were estab-
lished, the survey of which was carried out accord-
ing to the generally accepted method [14]. To study
the floristic composition of the communities, about
100 herbarium specimens were collected and pro-
cessed. The species were identified using the main
reports [15, 16, 17]. Considering that H. falconeri is
a rare and poorly studied species, special attention
was paid to the study of its morphological charac-
teristics. For this, measurements of generative and
vegetative individuals (50-100) were carried out,

and data on the morphological variability of flowers
and fruits were collected (also 50-100 individuals at
each point).

To verify the distribution range of H. falconeri
in Kazakhstan, all available floristic summaries and
other literary sources, as well as the herbarium of
the Kazakh National University named after S. al-
Farabi, the Institute of Botany and Phytointroduc-
tion (Almaty), the herbarium of the Moscow State
University [18] and materials from the Plantarium
website [19] were consulted.

In this article, the taxonomic affiliation of spe-
cies is given according to the summary by S.A. Ab-
dulina [20]. Statistical data processing was carried
out using the Descriptive Statistics MS Excel 2007
program.

Results and Discussion

The genus Hepatica Mill. belongs to a large
family Ranunculaceae Juss. of the subclass Ranun-
culidae, which is closely related to the most ancient
order of angiosperms, Magnoliidae [21]. Accord-
ing to the researchers who analyzed the geography
of this family [22, 23], it is distinguished by a high
level of generic endemism: 32% of all genera are
distributed only in one specific floristic region, as
reported by A.L. Takhtadzhyan [21]. The level of
species endemism is even higher, about 50%, and
the highest number of endemics is concentrated in
the largest genera (Aconitum, Delphinium, Aquile-
gia, Ranunculus, etc.). It is these large genera that
have been most thoroughly studied by international
researchers in terms of their phylogeny and origin
[24].

Thanks to the use of a variety of research meth-
ods, it was possible not only to confirm the ancient
origin of the family and to clarify its taxonomic
and phylogenetic structure, but also to single out
individual genera as independent families, for ex-
ample, Paeoniaceae, and also to prove a closer re-
lationship with other families than was previously
thought, for example Berberidaceae [25, 26]. The
results of this revision were confirmed by other
authors and were reflected in the system of A.L.
Takhtadzhyan [21].

The genus Hepatica is rather small. It has only
about 10 species, the ranges of which cover four flo-
ristic regions of Eurasia and North America. It is be-
lieved to have a disjunct Eurasian-North American
distribution. Hepatica is a relatively ancient genus,
being a relic of the forest temperate flora of the early
Tertiary period [23, 27, 28, 29].
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Among the representatives of the genus, the
most widespread is Hepatica nobilis Gars. which
grows in deciduous forests of Western Europe, the
Baltic States, Ukraine and six regions of the north
of European Russia [4, 5, 6, 7]. A detailed study of
this polymorphic species, in the distribution range
of which S.V. Yuzepchuk [52] also included the Far
East region, made it possible to distinguish several
independent taxa, including H. asiatica Nakai, H.
yamatutai from Primorye and Japan, as well as H.
maxima Nakai from Korea [30, 31, 32].

The best known species, H. nobilis, officially
described by K. Linnaeus in 1753 under the name
Anemone hepatica L., due to its extensive distribu-
tion in densely populated Europe, as well as high
decorativeness (the species has been cultivated for
almost 500 years [8]) has been studied in detail;
however, this is not the case when H. falconeri is
considered.

H. falconeri (Figure 1) was described in 1952
from Kashmir and, was originally assigned to the
genus Anemone [51]. However, S.V. Yuzepchuk,
when studying these closely related genera for the
report “Flora of the USSR, transferred it to the ge-
nus Hepatica, describing it as a new combination.
This opinion was later adopted by both Soviet and
international taxonomists who studied pollen, kary-
otypes, and morphology of these two closely related
genera [9, 10, 23, 29, 32, 33, 34].

Figure 1 — Mass flowering of H. falconeri.
LVL Taldy Gorge, 1694 m above sea level, 15.05.2019

Distribution area in Kazakhstan

According to the habitat type, H. falconeri is a
Dzungar-Himalayan species; it has been found from
the Tien Shan to the Himalayas, in Iran, Kashmir,

India, Pakistan, and Western China [16, 34, 35, 36,
37, 38, 39, 40]. The northern border of the distribu-
tion area is in Kazakhstan. In Kyrgyzstan, this spe-
cies grows in the Fergana region, including the Alai
ridge (the point of the Archaty pass was indicated by
S.V. Yuzepchuk, 1937), and the Western Tien Shan
[41]. In the Issykkul depression, all known locations
are on the southern slope of the Kungey Alatau, the
Chon-Aksu gorge [19].

In Kazakhstan, H. falconeri was originally re-
corded only in the Zailiyskiy Alatau (Tobulga-Su),
where in 1884, E. Regel described a variety of the
species, H. falconeri var. semenovii Regel [15, 16].
Later, it was reported from two ridges, Dzhungarsky
and Zailiysky [37], Dzhungarsky and Kungei [42],
Zailiysky and Ketmen [2]. Unfortunately, data on
the occurrence of this rare species in specific loca-
tions of individual ridges became available only in
recent years: along the Dzhungarskiy Alatau, the
Kugaly gorge [43]; along the Ketmen ridge, the
Hasansai gorge, near the village Kolzhat [44]. The
most incomprehensible is the situation with the dis-
tribution of H. falconeri in the Zailiyskiy Alatau, be-
cause, apart from the above-mentioned reference by
E. Regel provided in the “Flora of the USSR” and
“Flora of Kazakhstan”, there are no other confirma-
tions. A photograph of a vegetating specimen pro-
vided by L.I. Kokoreva (2007) is of a different plant
(most likely, it is a rosette of Trollius dshungarica)
[45]. A report by 1.O. Baytulina et al. [46] with a ref-
erence to M.G. Popova [47] refers not to the Zaili-
yskiy Alatau, but to another ridge, since the author
gives only one point, the Kungei Alatau, the Taldy
gorge. In the collections of the Institute of Botany
and Phytointroduction, there are herbarium speci-
mens of H. falconeri from only two ridges (Table 1).

Thus, H. falconeri is most widespread, almost
along the entire ridge, in Ketmentau. In 2018-2020,
during the survey in the Kungey Alatau, as a result
of special searches, we managed to find several iso-
lated cenopopulations of the species studied, but
only in the valley of the river Taldy. In the gorges of
Saty and Kurmeta, where H. falconeri was recorded
by S.K. Mukhtubaeva [48], we have not yet been
able to find any individuals of the species.

Since this species grows locally, in separate
small populations, additional research is needed,
which we are continuing at the present time. An-
other point of growth of H. falconeri requires veri-
fication. This is the Tarbagatai Ridge mentioned by
Czech botanists in their monograph [49]. However,
we have not yet found any support for this location
either in herbariums or in other literary sources.
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Table 1 — Data from herbarium specimens of Hepatica falconeri (Thoms.). Steward

Ridge Collection Location Date Collected by
Kyrgyzay gorge, 5 km from Podgornoye, southeast 08.06.1970 Stepanova E.F.
Ketmen Tegermen gorge 17.06.1958 Godvinsky M.I.
B. Murab gorge, under the rocks 05.07.1964 Roldugin LI, Fisyun V.V.
Kungey Taldysu pass, southern slope, rocks 01.07.1937 V.P. Goloskokov
Alatau Merkov pass to Kyrgyzstan 02.07.1937 Gorbunova E.P.

Ecological and phytocenotic features

The most common ecological conditions for H.
falconeri are rocky slopes and rocks of the subalpine
belt. This description of A.P. Gamayunova from
“Flora of Kazakhstan” (1961) is repeated in most
other literary sources [2, 42, 48], since their authors
were usually familiar with this rare species because
of the information available from publications and
a few herbarium specimens. Unfortunately, this in-
formation concerns only some individual habitats
of the species studied and does not fully reflect the
features of its ecological preferences and altitudi-
nal-belt distribution. The altitude range of the spe-
cies was first mentioned by V.P. Goloskokov, who
pointed out [37] that in the Dzhungarskiy Alatau, H.
falconeri grows in cracks on rocks and stony slopes
of'the middle mountains. In terms of cenotic confine-
ment, L.I. Roldugin [39]. who had been researching
spruce forests of the Northern Tien Shan for many
years, provided the most accurate, in our opinion,
ecological characterization of H. falconeri, assign-
ing it to the “petromezophyton” ecomorphic group
and the forest ecological-cenotic group. Later, such
an extended range of altitude-ecological preferences
of H. falconeri was confirmed in Pakistan, where it
was found in forests within the altitudinal range of
1800-2800 m [40].

On the territory of SNPP “Kulsay kulderi”, in
the lower part of the river valley Taldy at an altitude
of 1692 m, there is the lowest in terms of altitude
and, apparently, the most numerous mountainous
population of this rare species in Kazakhstan. It
was first reported by researchers from the Institute
of Botany and the State Scientific and Production
Enterprise “Kulsay kulderi” [50]. A monitoring plot
was established there, where we began a more de-
tailed study of this species in 2018.

Having analyzed all the materials on the eco-
logical preferences of H. falconeri available to us,
it should be emphasized that this species is distrib-
uted from the lower part of the spruce belt (1690

m) to the upper part of the subalpine belt (herbari-
um specimens of V.P. Goloskokov and E. Gorbu-
nova from the passes Taldy and Merke). It grows
on rocks of various steepness and exposistions,
clearly preferring eastern and north-eastern expo-
sitions; less often it is found on north-western and
south-eastern slopes, and only single specimens
are available from southern slopes (Goloskokov,
herbarium). When substrate is considered, this spe-
cies prefers rocks and stony slopes, sometimes it is
found under spruce trees, and even less often, on
soddy slopes.

The plant communities with the participation of
H. falconeri are most often spruce forests, sparse
grass associations with shrubs on rocky outcrops, or
grass-forbs associations on hedged or stony slopes.
According to our descriptions supplemented by lit-
erature data [48], in the valley of the river Taldy
there are 107 species from 46 families. The most
species rich 13 families are: Asteraceae (12 spe-
cies), Fabaceae (9 species), Poaceae and Rosaceae
(8 species each), Ranunculaceae (6 species), Api-
aceae (5 species), Crassulaceae, Caryophyllaceae,
Orchidaceae, Lamiaceae, Geraniaceae, Papaverace-
ae, Primulaceae (3 species each). The share of spe-
cies from these families in the species list is about
64.5%. Nine families are represented by two spe-
cies, and the remaining 24 families, by one species
each. By the type of ecobiomorphs, herbaceous per-
ennials prevail; there are 15 tree and shrub species,
and only three annuals.

The most frequent companions of H. falconeri
that make up the floristic core of communities with
its participation are 15 species recorded in more than
half of the descriptions: Picea schrenkiana Fisch. et
C.A. Mey., Atragene sibirica L., Ribes meyeri Max-
im., Lonicera stenantha Pojark., Rosa alberti Regel,
Sedum hybridum L., Sedum ewersii Ledeb., Aegopo-
dium alpestre Ledeb., Fragaria vesca L., Geranium
collinum Steph., Galium turkestanicum Pobed., Poa
nemoralis L., Polypodium vulgare L., Kaufmannia
semenovii (Herd.) Regel, Rheum wittrockii Lundstr.
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Apart from H. falconeri, only the last two species
are listed in the Red Book of Kazakhstan (2014).
According to the ecological type, all of the flo-
ristic core species belong to the group of forest,
forest-meadow, or petro-lithophilic ecological-phy-
tocenotic elements according to I.I. Roldugin [39].

Morphology and morphological variability

H. falconeri is a very rare and poorly studied
plant, and the data on its morphology are limited to
brief descriptions in floristic summaries [16, 36, 40,
49], which practically do not differ from the origi-
nal description of T. Thomson [51] and the data
provided by S.V. Yuzepchuk [52] in “Flora of the
USSR”. In this regard, we consider it necessary to
provide the most complete description of the gen-
erative specimens of the species studied, taking into
account the available literature data and the results
of our studies of the population in the Taldy gorge.

H. falconeri is a perennial herb with a short, fi-
brous rhizome, on top of which there are membra-
nous oblong scales. There are few (3—12) leaves in
the basal rosette. The petioles are long, pubescent, the
plates are reniform-heart-shaped, divided into three
rounded-rhombic lobes, which, in turn, are incised
into 2-3 small lobes with obtuse or slightly pointed
teeth. There is usually a single stalk, and only occa-
sionally there are 2-4 stocks. The stock is thin, sinu-
ous, slightly pubescent, usually the same length or

slightly longer than leaves. A characteristic feature
of all representatives of the tribe Anemoneae includ-
ing the Hepatica species is the presence of a bracts
on the stem, formed by the whorls of the upper stem
leaves [21, 23]. According to S.V. Yuzepchuk, the
number of these leaves is 3-4, but according to our
observations, there are usually three narrow sessile,
entire leaves (we did not see a toothed leave even
once) [52]. Japanese botanists who studied samples
of H. falconeri from north-eastern Pakistan indicate
the shape of the veil leaves as one of the features
distinguishing this species from H. nobilis, as well
as making it similar to Anemone flaccida [32].

Flowers are single, bisexual, actinomorphic,
with a spiral arrangement of elements, the number
of which vary [21, 23]. The perianth is simple; its
sepals are white, ovate-oblong in shape, with a blunt
rounded apex. The data on the number of sepals are
very different: for the genus, 610, and for H. fal-
coneri, five or less often six sepals have been re-
ported [16, 52].

We examined 400 flowers in four areas of the H.
falconeri population on the left and right banks of
the lower part of the Taldy river valley (1694-1710
m) and obtained very different data. Flowers with
six sepals always predominate. On average, their
share is 94.5%. In the second place (3%), there are
flowers with five sepals. There are very few (1.7%)
flowers with seven sepals, and only single flowers
(0.3%) have eight sepals (Figures 2 and 3).

Figure 2 — Flowers of H. falconeri with different numbers of sepals
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Figure 3 — Distribution of H. falconeri flowers by the number of sepals, %.

Thus, for H. falconeri, we consider flowers with
six sepals to be the norm, while flowers with a re-
duced or increased number of sepals (5, 7, or 8) are
less common. At least, such a pattern has been es-
tablished for our research area. Therefore, it is nec-
essary to collect additional material on this subject
in other points of the species distribution range.

The numbers of other elements of the flower, an-
droecium and gynoecium, vary. The Hepatica fruit
is a multi-nutlet consisting of non-opening single-
seeded nutlets [53]. In the descriptions of the spe-
cies, the number of stamens and carpels is described
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as “indefinitely many”. We made an attempt to ana-
lyze this character using generative individuals in
one of the most numerous cenopopulations (Taldy,
eastern rubble slope, moss-and-ground elder spruce
forest, 1694 m above sea level). According to the
results of 50 surveys, the number of nutlets per one
fruit is very variable and ranges from five to sixteen,
averaging 10.04. The distribution of such individ-
uals is uneven: from 2 to 4% of individuals have
minimum (5-7) and maximum (12-16) numbers of
nutlets per one fruit, while up to 10% and even 20%
of individuals have 9-12 nutlets (Figure 4).

pcs

Figure 4 — Distribution of H. falconeri fruits by the number of nutlets, %
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Our research established that the number of
flowering stems in tufts of Hepatica falconeri is also
very variable. It is associated not only with the age
of generative individuals, but also with the habitat
conditions. These data were obtained when studying
two cenopopulations on the right bank of the river
Taldy, lower (1710 m) and upper (Tsar’s Gate gorge,
1914 m). In the first cenopopulation, the number of
flowering stems per one generative individual is on
average 1.68 = 0.16, and in the second, 1.4 + 0.16.

In both habitats, individuals with one generative
stem (and single flower) prevail. However, the share
of stronger individuals with three or four generative

stems in the cenopopulation at the lower border of
the species distribution is quite high (15.7% in to-
tal), while at the upper border the number of gen-
erative stems per individual does not exceed two. In
both cases, the proportions of individuals with one
generative stem were nearly the same, 57.9% and
60%, respectively.

According to our data (Table 2), one more pat-
tern can be observed. In individuals of the upper ce-
nopopulation (No. 2), the vegetative parts are more
developed: the average number of leaves per indi-
vidual is 7.9, while in individuals from the lower
cenopopulation, 6.1.

Table 2 — Morphometric characteristics of generative individuals of Hepatica falconeri in different cenopopulations

. Cenopopulation 1 Cenopopulation 2
Indicators
M=+m Cv, % M=£m Cv, %
Stem height, cm 13.80+0.51 23.93 12.90+0.57 13.89
. 4.05+0.14 21.61 4.40+0.16 11.70
Clump diameter, cm

2.59+0.09 21.43 3.3+0.15 14.63
Number of leaves 6.16+0.34 33.66 7.9+0.53 21.05
Number of sepals 5.95+0.03 4.71 6.10+0.23 12.13

Number of nutlets per one fruit 10.39+0.34 23.20 No data

At the same time, the indicators of the genera-
tive parts were lower in individuals of the upper ce-
nopopulation. In addition to differences in the num-
ber of flowering stems, there was also a decrease in
their height depending on the habitat (Table 2). It is
possible that this is due not only to the difference in
elevation, but also in the illumination. Both cenopo-
pulations are located on rocks, but the lower one is
on the rock with a north-western exposure, and the
upper one, with an eastern exposure.

The first results of our research indicate a high
morphological plasticity of H. falconeri and the
need for a more detailed study of this issue in other
populations and points of the distribution range.

One of the most important methods of preserv-
ing rare plants is their cultivation in a protected
environment. In this regard, H. falconeri has been
insufficiently studied. In Kazakhstan, the first liv-
ing plants were added to the collection of the ex-
perimental site “Rock garden” of the botanical

garden of Almaty, Institute of Botany and Phytoin-
troduction in 2017; there it still grows, blooms and
bears fruit irregularly [54]. Our experiments on the
cultivation of this species began in the fall of 2020
on an individual personal plot in the village Saty
(1444 m). The distance from the cultivation point
to the place of the species natural growth is about
30 km (Figure 5).

The survival rate of plants transferred from the
Taldy gorge (1692 m) was 100%. In 2021, the grow-
ing season started on March 20, the beginning of
flowering was on March 29, the massive flowering,
on April 17, and the end of flowering, on May 23.
The total duration of flowering was 55 days, and for
one flower, from 17 (first opened, April) to 6 days
(last opened, May). Post-generative vegetation con-
tinued until autumn snowfall (November). Thus, the
studied species is of great interest for landscaping as
an ornamental plant due to its early and long flower-
ing (about two months) [55].

11
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Figure 5 — Location of points of the natural growth
1 — Taldy gorge) and cultivation (2 — village Saty).

Conclusion

As a result of our own surveys, H. falconeri
was found both on the northern and southern mac-
roslopes of the Kungei Alatau. Unfortunately, in
2021, the authors failed to find this species in Ket-
mentau and Dzhungarskiy Alatau indicated in the
literature and herbarium specimens, which points to
the need for repeated surveys in these regions. The
presence of H. falconeri in the Zailiyskiy Alatau
raises big questions, since it has not been confirmed
by any herbarium material.

The study of scattered coenopopulations of H.
falconeri in the Taldy gorge (northern macroslope of
the Kungei Alatau) confirmed that this species is a
forest element and belongs to the petromesophyton
ecomorph, because it grows from the lower part of
the spruce belt to the upper part of the subalpine belt,
preferring rocks and gravelly slopes of various steep-
ness and exposition. The lowest mountain population
of this species on the Kungey Alatau ridge was found
in the lower part of the Taldy river valley (1692 m).
In the same gorge, the floristic composition of plant
communities with the participation of H. falcon-
eri was studied in detail. It comprised 107 species
from 46 families. The 13 most species-rich families
(Asteraceae, Fabaceae, Poaceae, Rosaceae, Ranun-
culaceae, Apiaceae, Crassulaceae, Caryophyllaceae,
Orchidaceae, Lamiaceae, Geraniaceae, Papaveraceae
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and Primulaceae) accounted for 64.5% of all species.
The composition of ecobiomorphs was dominated by
herbaceous perennials (89 species), followed by tree
and shrub species (15 species) and annuals (3 spe-
cies). The floristic core was formed by 15 species:
Picea schrenkiana, Atragene sibirica, Ribes meyeri,
Lonicera stenantha, Rosa alberti, Sedum hybridum,
Sedum ewersii, Aegopodium alpestre, Fragaria
vesca, Geranium collinum, Galium turkestanicum,
Poa nemoralis, Polypodium vulgare, Kaufmannia
semenovii, Rheum wittrockii, which are, by ecologi-
cal type, forest, forest-meadow or petro-lithophilic
ecological-phytocenotic elements.

We have verified some of the morphological
characteristic of H. falconeri. Thus, the bracts are
formed by three upper sessile, entire stem leaves,
and not by 3-4 toothed leaves, as reported in literary
sources. In addition, the number of sepals is usually
(in 94.5% of cases) six, very rarely (3%), five, and
only occasionally, 7-8. It is this morphometric indi-
cator that has a low level of the coefficient of vari-
ation and, possibly, is a stable trait for this species.

According to the results of the initial testing of
H. falconeri in cultivation (in the village Saty), it
was found that this species is of great interest for
landscaping as an ornamental plant due to its early
and long flowering and a long (until late autumn)
period of post-generative vegetation when plants re-
tain their decorative effect.
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SOME FEATURES OF THE HISTORY
OF FLORA FORMATION
IN THE CHU RIVER VALLEY

The article describes the history of the formation of vegetation and flora of the Chu river val-
ley, its floristic composition and structure by geological periods. According to the results of many
years of floristic research, today on the territory of the Chu River valley within Kazakhstan, there
are 730 species of vascular plants belonging to 350 genera and 70 families. According to the spe-
cies composition, the division Magnoliophyta dominates in the studied territory of the Chu River
valley, which accounts for 99.3% and 17.6% belongs to Liliophyta. The largest number of species
is concentrated in the subclasses Rosidae, Caryophyllidae, Lamiidae, Dilieniidae and Ranuncu-
lidae, each of which has families of 1-2 families, abundant genera and species, the rest of the
families are represented by a small number. The history of the development of vegetation and flora
of the river valley. Chu is only a part of the history of vegetation in Central Asia and Kazakhstan
as a single region of major rank. Analysis of paleobotanical spore-pollen spectra of Tertiary and
Quaternary deposits showed that the most ancient types of vegetation in the Chu River valley are
xerophytic steppe and desert vegetation.

Key words: biodiversity, flora, vegetation, valley, Chu river.
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Yy e3eHiHiH, aAKabblHbIH, PAOPACHIHbIH,
KAAbINTaCy TapUXbIHbIH, KeHOip epekLueAikTepi

Makanrapa LLly e3eHiHiH aAkabblHAAFbl ©CIMAIKTEDP MeH (pAOpaHblH KAAbINTacy TapuXbl, OHbIH
(AOPUCTUKAABIK Kypambl XX8HE TEeOAOTMSAbIK, KE3EHAEP KYPbIAbIMbl KEATipiAreH. JKyprisiareH ken
SKbIAABIK, (DPAOPUCTMKAABIK, 3ePTTEYAEPAIH, HaTuXKeAepi GorbiHwa 6yriHri kyHi LLly e3eHiHiH aAkabbi
aymarblHAQ KasakcTaH weriHae 350 ypnakka skaHe 70 TyKbIMAACKA XKATATbIH TaMbIPAbl 6CIMAIKTEPAIH,
730 Typi Gap. Typaep kypambl GorbiHwa LLly e3eHiHiH aAKaOblHbIH 3epTTeAreH aymarbiHaa Magno-
liophyta 6eAiMi 6acbiM, OHbIH, yAeci 99,3 % >xaHe 17,6% Liliophyta-ra xxataabl. TypAepAiH eH Ker caHbl
rosidae, Caryophyllidae, Lamiidae, Dilieniidae >xaHe Ranunculidae il cbiHbINTapbiHAQ LLIOFbIPAAHFAH,
OAaPAbIH BPKaMCbICbiHAA 1-2 0T6AChI, MOA YPrakKTap MeH TypAep 6ap, KaAFaH 0TOACbIAAP a3 MOALLIEPAE
yCbiHbIAFaH. LLly e3eHi aAkabbiHbIH ©CIMAIKTEpI MeH (PAOPACBIHbIH AaMy TapuXxbl ipi AdpexeAeri
GipblHFait eHip peTiHae OpTa A3msa MeH KasakcTaHHbIH ©CiMAIKTEP TapuXbiHbIH, 6ip GOAiri FaHa 6OAbIN
TabblAaAbl. YiiHLWI >koHe TOPTiHWI WeriHAIAepAiH NaAeob60TaHMKAAbIK, Cropa-To3aH, CreKTPAEepiH
Tanpay LUy e3eHiHiH aAKabbiHAAFbI OCIMAIKTEPAIH €H KeHe TypAepi KCepoMUTTI AAAa >KOHE LLOAA]
OCIMAIKTEpD eKeHiH KepceTTi.

Tyiin cesaep: broapTypaiaik, haopa, ecimaikTep, aakarn, Yy e3eHi.
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HekoTopble 0cO6eHHOCTU UCTOPUU
chopmupoBatms pAoOpbl AOAMHBI peku Yy

B cratbe npmBoAnTCS MCTOPUS HOPMMPOBAHUS PACTUTEABHOCTU M (DAOPbI AOAMHDBI pekn Yy, ee
(hAOPUCTUYECKMIT COCTAB M CTPYKTypa MO recAOrMyecknm nepropam. 1o pesyabtatam npoBeAEHHbIX
MHOIOAETHUX (PAOPUCTUUECKMX MCCAEAOBAHUI HA CErOAHSALWHUIA AEHb Ha TEPPUTOPUN AOAMHBI PeKn
Yy B npeaenax KazaxcrtaHa HacumtbiBaeTcs 730 BUMAOB COCYAMCTbIX pacTeHMil, oTHoCsWmxcs K 350
posam n 70 cemeiictBam. Mo BMAOBOMY COCTaBY, Ha MCCAEAYEMOM TEPPUTOPUN AOAMHBI pekn Yy
AOMUHMPYET oTAEA Magnoliophyta, Ha AoAto KoToporo npuxoamntcs 99,3 % n 17,6 % oTHOCUTCS K
Liliophyta. HanboAbluee KOAMYECTBO BMAOB COCPeAOTOYeHO B noakAaccax Rosidae, Caryophyllidae,
Lamiidae, Dilieniidae n Ranunculidae B KaxAOM 13 KOTOPbIX MMEIOTCS ceMeNcTBa no 1-2 ceMencTBa,
OBUABHBIMU POAAMM U BUMAAMM, OCTaAbHblE CEMENCTBA MPEACTABAEHbl HEGOABLUIMM KOAMYECTBOM.
McTopma pasBUTUS pacTUTEABHOCTM W OAOPbl AOAMHBI p. Yy SBASETCS AMLIb YacCTblO UCTOPUM
pactuteabHocT CpeaHelrt A3mm m KasaxcTaHa Kak €AMHOro pervoHa KpymHOro padra. AHaAu3
NaAeo60TaHUYECKMX CMOPO-TIbIAbLIEBBIX CMEKTPOB TPETUUHbBIX M YETBEPTUUHBIX OTAOXKEHMI MOKAa3aA,
YTO CaMbIMW APEBHMMM TUMAMKW PACTUTEABHOCTU AOAUHBI pekn Yy, SBASIOTCS KCepohrTHAd CTemnHas 1

NMYyCTblHHAaA PACTUTEAbHOCTb.

KatoueBblie croBa: briopasHoobpasme, haopa, paCTUTEAbHOCTb, AOAMHA, peka Yy.

Introduction

The aim of this work was to study the history
of the formation of the flora of the Chu river valley.
The study of the history of the formation of the flora
of desert territories in recent years is of great scien-
tific interest [1,2,3,4,5]. It is especially important to
study the flora of individual, poorly studied regions
located in the desert zone, where the flora and veg-
etation of the floodplains of rivers, terraces, coastal
strip are most vulnerable, which in turn is expressed
in a significant change in pristine biocenoses, a de-
crease in the areas and stocks of species populations
and even their destruction. One of these regions is the
river valley. Chu, which has long been experiencing
significant anthropogenic pressure associated with
increased economic activity.The Chu River origi-
nates from the glaciers and snowfields of the Terskey
Alatau and the Kirghiz ridge, formed by the conflu-
ence of the Dzhuanaryk and Kochkar rivers (in the
northern spurs of the Tien Shan) (42°41" N, 75°55" E)
slightly west of the lake. Issyk-Kul through the Boam
gorge, it enters the plain and, describing a giant arc,
carries its waters into the desert [6,7].

Valley of the r. Chu is located in the south of
Kazakhstan between the Betpak-Dala desert and the
Chu-Ili mountains in the north and the Moyinkum
sands in the south. The length of the Chu river val-
ley is about 1186 m (Figure 1).

The headwaters and part of the middle reaches
of the Chu River, with almost the entire catch-

ment area, are located in Kyrgyzstan. Within Ka-
zakhstan, the valley stretches for 800 km, part of
the middle reaches and the lower reaches of the
river. The Chu River below the Furmanovka vil-
lage splits into a number of channels and forms
several extensive floods. Administratively, the
lower reaches of the Chu river valley (Furmanov,
Ulanbel and Kamkaly) lie in Kazakhstan within
two regions — Zhambyl and South Kazakhstan.
The territory of the river. Chu with the adjoining
Betpak-Dala and the Moyinkum sands belongs to
the dry hot zone of deserts, and only the southern
and southeastern part (the territory of the Tas-Ut-
kelsky massif) is located in the arid hot zone of the
foothills and flattened low mountains. On the ter-
ritory of the river valley. Chu, there is a contrast
in climatic conditions, significant fluctuations in
the hydrothermal coefficient, the values of aver-
age annual precipitation. The average annual tem-
perature is positive 8-9 © C. The coldest month is
January (- 9 — 10), especially hot — July-August
(from +22 to +29). In the spring, the temperature
rises rapidly. In the second decade of February
and the first decade of March, the snow melts ends
[8]. Frosts in the air in the northern part cease on
21. 1V, in the southern part 29. IV. The frost-free
period lasts 161 days. The average annual precipi-
tation varies from 265-268 mm (Chu-Tolebi) to
170-167-140 mm (Furmanov, Ulanbel, Kamkaly).
In summer, the amount of precipitation decreases
significantly. In spring, precipitation is 30-42% of
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the annual amount, in summer — 12-16%, the rest  out the year (Figure 2). The strongest winds are
falls in autumn and winter. The territory of the  observed in winter and spring, the speed reaches
river Chu is subject to systematic winds through-  2.5-7.6 m / s [8].
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Figure 1 — Shu River

Figure 2 — Chu river
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Materials and research methods

In the process of writing the history of the forma-
tion of the flora of the Chu river valley, there were
sources:, “Flora of the USSR” [9], “Trees and bush-
es of the USSR” [10], “Flora of Kazakhstan™ [11],
“Trees and bushes of Kazakhstan” [12], “Plants of
Central Asia” [13], “Key to Plants of Central Asia”
[14], “Illustrated Key to Plants of Kazakhstan” [15],
as well as the works of L.Ya. Kurochkina [16, 17,
18], E.P. Korovin [19, 20, 21], B.A. Fedorovich [6],
V.I. Eliseev [22], K.V. Nikiforova [23], L.S. Berg
[24], E.F. Wulf [25], V.M. Sinitsyn [26], M.M.
Ilyin [27], E.D. Zaklinskaya [28, 29], B.A. Bykov
[30, 31], M.G. Popov [32], A.N. Krishtofovich [33],
V.S. Kornilova [34, 35, 36], E.F. Kutuzkina [37],
P.Ya. Abuzyarova [38], Z.A. Svarichevskaya [39],
N.N. Kostenko [40]. To clarify the specific and ge-
neric names, the latest reports by S.K. Cherepanov
[41], S.A. Abdulina [42], A.L. Takhtadzhyan [43].

Research results and their discussion

As a result of long-term studies of the flora of
the Chu river valley, we have identified 730 species
belonging to 350 genera and 70 families. Angio-
sperms form the basis of the flora of the Chu river
valley. Flora of angiosperms according to the sys-
tem of A.L. Takhtadzhyana is represented by 7 sub-
classes from Magnoliopsida (dicotyledonous) and
3 subclasses from Liliopsida (monocotyledonous).
The largest number of species is concentrated in the
subclasses Rosidae, Caryophyllidae, Lamiidae, Dil-
ieniidae and Ranunculidae, each of which has fami-
lies of 1-2 families, abundant genera and species,
the rest of the families are represented by a small
number. The subclass Asteridae is represented by
one polymorphic family, Asteraceae. The smallest
number of species is represented in one subclass of
dicotyledons (Magnoliidae), and in two subclasses
of monocotyledons (Alismidae and Arecidae). In
monocotyledonous the majority of species are con-
centrated in the subclasses Liliidae, in particular in
the families Poaceae, Cyperaceae, Juncaceae and
Liliaceae.

Valley of the r. Chu occupies the eastern part
of the vast Chuya depression, the formation of the
ancient relief of which is reflected in the works of
B.A. Petrushevsky [44], S.S. Shultz [45], V.I. Eli-
seev [46], K.V. Nikiforova [47] and others. Their
brief position is as follows. The formation of the de-
pression belongs to the lower cretaceous [47, 48].
However, the main landforms were laid down in

the Paleozoic, when the areas of depression of the
Chuya depression, the large southeastern and small
northwestern ones, were mainly determined [49].
The depression is filled mainly with loose mesozoic-
cenozoic sediments. Cretaceous deposits are strong-
ly eroded and kept only in the form of a weathering
crust on the remnant uplands of the Paleozoic. To
a large extent, the depression is filled with paleo-
gene sediments, among which the Upper oligocene
red-colored gypsum clays of the Kendyrlyk Forma-
tion (according to K.V. Nikiforova) are the most
widespread. In the neogen, due to the dominance
of denudation and removal processes, deposits are
enriched with pebbles, gravel, and debris. These
deposits, which received the most widespread de-
velopment, were united by K.V. Nikiforova [47]
into the Andassai formation. Towards the end of the
pliocen, in connection with climate change towards
cooling and humidification, there is an accumulation
of pale-chocolate lacustrine sediments, identified by
the same author, in the Kendyrlyk formation. On the
border of the neogen and anthropogen, intense tec-
tonic movements begin, the Tien Shan grows, the
climate becomes humid, and erosional phenomena
intensify.

The alluvial-proluvial deposits of the Kirghiz
ridge overlapped with a thick layer from the south
a significant part of the ancient surface of the Fur-
manov (Gulyaev) depression before the penetration
of the river. Chu. From the north and north-east, a
stratum of coarse proluvial deposits of the Chu-Ili
and Kendyktas mountains descended here. The allu-
vial-proluvial deposits of the northern and southern
mountain framing converged at an oblique angle,
forming a giant depression from the Ulan-Tumsuk
scarp in the southeast to a remnant plateau called
Tas-Suek-Oba in the west, which was used by the
Chu River, forming its first large intravalley delta.
The geomorphological structure and relief of the
Chu river valley largely determines the direction of
soil formation processes, which contributes to the
distribution of river runoff, which is closely relat-
ed to the history of the development of the valley,
which is a series of deltaic expansions of different
ages connected by narrow necks. Its formation was
carried out by sequential filling with alluvium of the
Furmanov, Ulanbel, Kamkaly depressions and took
place in several stages. The first area of accumula-
tion of the Chu sediments (stage 1) was the Fur-
manov depression, vast and deep, which by the time
of the penetration of the Chu River was largely filled
with alluvial-proluvial drifts from this mountain
frame. With a small thickness of the river, lateral
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and bottom erosion was insignificant, here the river
deposited material brought from the upper reaches.
In the middle course, due to the large slopes, the riv-
er had greater strength; it cut off the proluvial plain
of the Chu-Ili and Kendyktass mountains. The ero-
sion was based on the area of the Karabugut expan-
sion. The bulk of the Chu water flowed into the Fur-
manov depression, forming the shallow Karabugut
lakes. Most of the water was spent on evaporation
and transpiration, since the climate did not undergo
sharp changes in the Quaternary period [49]. Thus,
at the first stage of development, the vast area of the
Furmanov spills was an intravalley delta, the head
part of which can be traced somewhat below the
settlement of Berlik, where the first fork begins —
the dried up right-bank channel of the Saksaul-Dala.
As the mountains rose, the runoff increased. Due to
regressive erosion, the size of the valley increased
both in length and in the volume of annual water
flow. The increasing mass of water of solid suspen-
sions could no longer fit in the Furmanov delta and
two branches of the Saroi and Kazykty branches,
penetrated into the Ulanbel depression (2nd stage),
where it formed a new Ulanbel delta. The river out-
burst caused geomorphological restructuring above
the formed valley.

Due to the lowering of the groundwater level,
significant areas were prone to drying out and de-
sertification, the right-bank alluvial plain of Saksaul-
Dala got lost. The next third stage of the formation
of the valley is associated with the penetration of
the river. Chu into the Kamkaly depression and the
formation of the next Kamkaly delta. The new basis
of erosion caused the formation of another terrace
above the floodplain in the previously formed val-
ley. This terrace (1 above the floodplain) is narrow
and fragmentary; it is compressed on the Tas-Utkel
massif and in the head of the Ulanbel spills, at the
exit from the Kazykty mouth. The penetration of the
Chu into the area of the final runoff (stage 4), after
filling the shallow Kamkaly depression, proceeded
smoothly almost simultaneously with the Kamkaly
depression, without causing changes in the relief
above the formed valley; therefore, no terraces are
observed in the Kamkaly floods. Large remnant is-
lands, composed of paleogene rocks, rise above the
flat surface of the scattered floodplain of channel
channels [49]. M.A. Orlova [49], summarizing all
available information on paleogeology and calculat-
ing the time of filling the depressions, concludes that
the Chu river penetrated into the Furmanov basin in
the neopleistocen (Ist stage) about 130 thousand
years ago, that is 96% of the entire time, the activ-
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ity of the river was aimed at filling the Furmanov
(the old name of the Gulyaev) hollow with alluvi-
um. After filling the Furmanov depression, the river
with two branches — the Saroi and Kazykty, skirting
the Tas-Suek-Oba plateau, broke through into the
Ulanbel and then into the Kamkaly shallow depres-
sions. Having reached the territory of the modern
final flow (the area of Lake Ashchikol), the river,
according to M.A. Orlova turned out to be dammed
by the keltiminar deposits of the Syr-Darya, which
had formed long before the Chu river penetrated
here and had a slope of about 0.000022 from the
Syr -Darya towards the lower reaches of the Chu
river and the Sarysu alluvium. Thus, the most an-
cient sediments of the Chu River valley in the lower
reaches were formed in the Furmanov spills. Mod-
ern landforms are mainly formed by the activity of
the river, which branches into a mass of branches in
the areas of wide parts of the floodplain and merges
into one or two channels in places of its narrowing.

The history of the formation of the flora of the
Chu river valley is associated with the uplift of the
Buruntau mountains and adjacent parts of the East-
ern Betpak-Dala upland, as well as with the uplift of
the Kirghiz and Karatau ranges. The uplift of these
mountains in the Paleogene epoch led to a reduc-
tion in the water surface of the Tethys Sea and, con-
sequently, increased climate aridization [47]. Ac-
cording to geologists [48], the northern arcs of the
Tien Shan are characterized by continental deposits,
which indicates the long existence of land in this re-
gion. As noted by V.M. Sinitsyn [26], in the paleo-
gene era, the Tien-Shan was already a highland with
clearly marked blocky ridges and intermontane de-
pressions. However, the general hypsometric level
of the country in the paleogene was 2-3 times lower
than the present one. At the same time, peripheral
depressions open to the Turan plains (Fergana, An-
gren, Chui and others) were flooded by the sea.

The history of the development of vegetation in
the valley of the river. Chu is only a part of the his-
tory of vegetation in Central Asia and Kazakhstan
as a single region of major rank. Paleobotanical re-
mains of that time from the territory of the Northern
Tien-Shan and the Chu river valley are absent, and
the complex of flora can be judged from the buri-
als found in a number of places in Central Asia and
Northern Kazakhstan, including both plant remains
and data from spore-pollen complexes. Thus, ac-
cording to the numerous data on the Late Cretaceous
floras [15, 45], as well as according to the spore-
pollen analysis of the Cretaceous strata [23], it can
be assumed that in the upper cretaceous, up to the
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paleogene borders, the territory of Central Kazakh-
stan, including the Betpak-Dala desert and the adja-
cent valley of the river. Chu was still in the zone of
influence of the vast Tethys Sea. In this area with a
humid and warm climate, rich subtropical flora was
developed, which contained a large number of ferns,
conifers and ancient angiosperms. As noted by V.M.
Sinitsyn [22] the upper cretaceous dinosaurs were
accompanied by crocodiles and aquatic turtles,
whose remains in places form whole layers of bone-
bearing breccias. The earliest mammals, dinocerates
and creodonts, appeared on the border with the pa-
leogene. Already at the end of the cretaceous, when
the temperature began to drop to 8-6, at which rep-
tiles lose their activity and even stop moving, gi-
ant representatives of this class, most characteristic
of the mesozoic fauna, begin to die out quickly, in
the paleogene they are replaced by warm-blooded
mammals, able to withstand significant fluctuations
in ambient temperature. In the early paleogene, on
the territory of Betpak-Dala and adjacent regions
of Central Asia, the subtropical Poltava flora of the
savanna type dominated in upland areas and of the
type of island forests in depressions. This is con-
firmed by the data of the analysis of the spore-pollen
spectrum of the lower sediments [28] which indicate
that a rich subtropical flora of the xerophytic type
existed in the oligocene. According to paleobotani-
cal data the first desert elements — Chenopodiceae,
Fabaceae, Caryophyllaceae, Limoniaceae, Rosace-
ae, Ephedra, Haloxylon, Artemisia and others — ap-
peared on the territory of South Kazakhstan by the
end of the eocen, where their role increased even
more in the oligocene [28]. In our opinion, accord-
ing to the studies of E.P. Korovin [19], B.A. Bykov
[30], E.M. Lavrenko [50] on the territory of the river
valley. Chu species of the following genera could
have survived as relicts: Calligonum, Artrophytum,
Ephedra, ljinia, Zygophyllum and others. At the
same time, at the end of the cretaceous and at the
beginning of the Tertiary period, the penetration
of northern Turgai type settlers into the territory of
Kazakhstan begins. One of the first waves of boreal
flora took place in the first half of the Tertiary. As
noted by V. M. Sinitsyn [22], the change of floras
took place in connection with the cooling and the
manifestation of sharper zoning. The composition of
the Turgai flora was more or less uniform through-
out the warm temperate zone. In the historical devel-
opment of the faunas of the Paleogene, the transition
of the leading role from the forest fauna at the begin-
ning of the period to the fauna of open spaces at the
end of the period is noted. According to the data of

M.G. Popov [32], M.M. Ilyin [27], E.M. Lavrenko
[47] in the middle of the Tertiary period, due to the
reduction of the ancient Tethys sea, climate aridiza-
tion occurs, where the deserts of Turan, Western
Asia, partly Mongolia and Kashgaria. At the begin-
ning of the neogen, on the basis of mesophilic el-
ements and the modernization of the Poltava flora
preserved in the composition of the oligocene flora,
the ancient Mediterranean flora was formed. In the
course of the miocene, the ancient Mediterranean
flora gradually acquired a xerophilous appearance,
where the xerophilic desert flora then developed.
Hence, it can be assumed that from the deserts of
Turan and Central Asia there was a settlement on
the territory of the valley of the river. Chu Turanian
and Central Asian species. In the upper paleogene-
oligocene, there are also no plant remains directly
related to the region of the Northern Tien Shan [51].
In relation to the valley of the river. Chu there are
materials on the fossil fauna mainly related to the
territory of the river valley. Chu from the northwest
and northeast. Spore-pollen spectra are known for
vegetation of the upper oligocene and lower mio-
cene in the regions of the southeastern Betpak-Dala.
Thus, in the flora of the Chu-Sarysu depression and
Betpak-Dala, the remains of which were collected in
the Aquitanian deposits of the Askazansor suite (up-
per oligocene) south of the Ak-oi depression in the
southeastern part of Betpak-Dala, wood remains,
spores and pollen were found: Abies — 1, Picea -16,
Pinus -33, Betula— 11, Alnus -1, Artemisia— 1, other
forbs — 1 grain [46]. According to E.D. Zaklinskaya
[28,29] the pollen of woody species is 90,9%, non-
woody species — 9,1%. Judging by the list of pollen
and spores given in the work, it can be seen that the
upper oligocen is characterized by a predominance
of angiosperms of the Turgai broad-leaved flora, but
still with a rather large participation of rigid-leaved
evergreen flora. Summing up the results of the study
of the oligocene flora E.P. Korovin [20] comes to
the conclusion that on the same territory, side by
side, there were various flora with their heredity and
in their own way adapted to the habitat conditions:
Turgai forest and Turkmen (Poltava) xerophilous.
For a long time these floras were the sources from
which nature drew material for the autochthonous
development of Central Asia. The composition of
the fauna, according to V.I. Eliseev [22] combines
elements of the middle and upper oligocen, and part-
ly the miocene (Askazansor) fauna. So, along the
right bank of the Chu, on the highlands of the east-
ern Betpak-Dala, in pebble and cross-bedded sands,
remains of bones and teeth were collected, among
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which E.I. Belyaeva [22] identified: Indricotheri-
idae, Allaceropinae, Enteldonidae, Anthracotheri-
idae and Hyaenodontidae. As noted by V.1. Eliseev:
“the structure of the skeleton of the listed animals
allows the assumption that they ate the leaves of
trees, from which we can conclude that there were
forests in the territory under consideration in the up-
per oligocene. However, the forests, apparently, did
not cover the investigated territory with a continu-
ous cover, among them there were also open spaces
necessary for the habitation of Allaceropinae, the
structure of the skeleton of which suggests that they
were good runners” [22]. The spore-pollen complex
of the Tortonian deposits in the middle miocene, ac-
cording to E.D. Zaklinskaya [28,29] is characterized
by the presence of a steppe complex of vegetation
with a predominance of pollen from non-wood spe-
cies. Herbaceous species include pollen Artemisia,
Ephedra, Poaceae, Apiaceae, Chenopodiaceae, As-
teraceae and a group of forbs. The pollen of tree
species is no more than 10-15%, and contains the
genera Pinus, Picea, Taxodium, single Betula, Al-
nus, Ulmus.

Thus, the above spore pollen analysis of Torto-
nian deposits showed that mesophilic tree species
begin to disappear in the middle of the miocene, and
instead of forest formations, herbaceous cenoses
appear, which consist of grasses, wormwood, and
others. The territory of Betpak-Dala and the adja-
cent valley of the Chu river during the miocene is
a treeless space, with a predominance of vegetation
of the steppe and semi-desert type, with separate
island forests along the river banks. And, as noted
by E.P. Korovin [21] treeless plains continue to ex-
ist in the pliocene. Starting from the middle of the
miocene, the climate shifted towards cooling, which
resulted in the ancient glaciation of the quaternary
period. Until that time, most of Europe was oc-
cupied by the Poltava flora of deciduous elements
[25,33]. However, by the time of glaciation, the Tur-
gai cold-resistant species displaced the Poltava flora
to the west and southwest, and a uniform type of
flora was established throughout Northern Eurasia.
In the second half of the tertiary — neogen, an inten-
sive uplift of the Tien Shan takes place. Not only
its geomorphological appearance is changing, but
also the climate. The fossil flora of the Tien Shan is
of great interest, since it is a direct witness, allow-
ing one to imagine the ways of the formation of the
modern flora and vegetation of the Chu river valley.
Plant remains of this time are known from various
intermontane depressions of the Central and Eastern
Tien-Shan (Kochkor, Issykul, Karkarinsk, Tekes).
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Thus, in the generalized list of V.S. Kornilova [35]
from the Middle Miocene occurrences of the Koch-
kor depression along the banks of the Chon-Tuz
and Kichik-Tuz rivers, E.F. Kutuzkina [37] estab-
lished the following species for this locality: Gra-
mineae gen. et. sp. indet., Potamogeton miralibis
Kutuz., Potamogeton sp., Phragmites oeningensis
A. Br, Populus nigra L., P. praeeuphratica Kutuz.,
P. pruinoza Schrenk, Salix of. argyraceac Wolf, S.
densinervis Kutuz., Ulmus carpinoides Goepp., Ul-
mus sp., Trap asp., Fraxinus sp., Lonicera sp., Acer
of. turkestanicum pax. In the same deposits of R.
Ya. Abuzyarova [143] a spore-pollen complex was
isolated (in%): Lycopodiaceae, Polypodiaceae, Fili-
cales no more than 0.3; Abies sibirica — 3,5; Picea
sect. Eupicea — 1-2; Pinus s/g, Haploxylon — 14-40;
Diploxilon — 0,5-1; Ephedra sp. — 0,5, Salix sp. — 1,
Alnus sp. — 0,5, Betula sp. — 15, Carpinus sp. — 0,5-
1, Ulmus sp. — 4-12, Ulmaceae — 0,5-1,5, Celtis —
0,5, Magnolia sp. — 0,5-1,5, Acer sp. — 0,3, Tilia sp.
— 1-3, Quercus sp. — 0,5 -1, Juglans sp. — 0,5-6,5,
Ericaceae — 1 -2,5; Rododendron sp. — 0,4; Lonicera
sp. — 0,5; Gramineae — 0,5; Caprifoliaceae — 0,5, Ty-
pha sp. — 0,5; Phragmites sp. — 0,3; Chenopodiaceae
—0,5; Sparganium sp. — 0,5-3,0.

By the end of the Pliocene, in connection with
climate changes towards cooling, intensive tectonic
movements began on the border of the neogen and
the anthropogen. The Tien-Shan grows, and appar-
ently, at this time, as a result of endogenous forces,
a number of second-order depressions are formed:
Furmanov (vast and deep), Ulanbel (narrow and
shallow), Kamkaly with large differences in relief
[52]. According to the data of Z. A. Svarichevskaya
[39], at the border of the pliocen and the quaternary
time, the Saroi depression (area of subsidence) is
formed, which, as will be seen later, was used by
the r. Chu on a breakout. Towards the end of the
pliocene (at the border with the quaternary), along
with the growth, the Tien-Shan glaciation occurs
[36,40]. The climate became so humid that the
lake basins began to overflow and overflow their
waters one into another, which further contributed
to the formation of the river network. There was
an increase in erosional phenomena. Friable mate-
rial accumulates, especially along the mountains.
The spore-pollen spectrum of the Akchagyl and
Apsheron deposits, dating back to the upper plio-
cene age, indicates that at the end of the neogen,
xerophilic forms prevailed in the vegetation, but
some relics of more moisture-loving plants were
preserved. Thus, E.D. Zaklinskaya [28] spore-
pollen analysis of Akchagyl deposits showed the
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predominance of steppe herbaceous vegetation and
forbs, constituting 98%, while the pollen of tree
species is 2% and is represented by single grains.
As a result of the spore-pollen analysis of the Qua-
ternary and Upper Miocene sediments in the area
of the lake. Kamkaly-Kol and Bural-kenyntuz in
the north of the southeastern part of the Chu-Sary-
su depression, it was found that, starting from the
Middle Absheron, throughout the entire period of
accumulation of sediments, the spore-pollen spec-
tra repeatedly change their character, which is a re-
flection of rhythmic changes in natural conditions
in the northern parts of Eurasia. It should be noted
that the structure of the earth’s surface and all the
main elements of its reliefs in the quaternary peri-
od begin to approach modern ones, and, therefore,
the conditions of the continental climate prevail
everywhere. With the glacial epoch, writes .M.
Krasheninnikov [54], a lake-river regime arises
and, accordingly, forest vegetation develops. Xe-
rophytic vegetation retreats to the south, spreading
interglacial dry ages.

Thus, as a result of tectonic processes of post-
glacial accumulation by the Neopleistocen, a sur-
face was formed, the modeling of which determined
the direction of the R. Chu and the outline of its
valley. Obeying the general law of the dynamics of
the earth’s surface, the river has done a great job of
leveling the ancient relief. Destroying the rocks of
mountain structures, it carried out the material and
filled them with the most lowered areas of the an-
cient plains [53]. The influence of the floodplain-al-
luvial regime, as well as the vegetation of the water-
sheds of the Moyinkum sands and the Betpak-Dala
desert, created conditions for the formation of the
flora of the Chu river valley.

As for the history of the development of flora in
the Quaternary period on the territory of the Chu riv-
er valley, there are materials of palebotanical stud-
ies of the intermontane depressions of the northern
Tien-Shan. V.S. Kornilova [35] two localities were
established, where one of the localities of the fos-
sil flora was found in the Boam Gorge of anthro-
pogenic age, and the second location, this burial of
plant remains was found on the southern bank of the
Issyk-Kul near the mouth of the Akterek river. Thus,
in the upper section of the Boam gorge, on both
banks of the Chu river, quaternary astracodes and
gastropods, the jaw of a large deer — Megaloceras
and a fern imprint — Onoclea sensibilis L, as well
as imprints of bog plants were found. From plant
residues: Monocotyledoneae — 12.6%; Sparganium
sp. — 3%, Potamogeton pliocenicum — 6%, Myrio-

phyllum boamicum Korn. — 44%. As can be seen
from the spore-pollen spectrum, the flora from the
Boam gorge from the middle anthropogenic depos-
its is represented by the remains of coastal water and
submerged herbaceous plants, composed of fossil
forms of modern species. Hence, it can be assumed
that the meadow-bog vegetation of the river valley.
Chu descended from the mountains of the Northern
Tien Shan. V.I. Zauer [23] isolated the pollen of
taxa Chenopodiaceae, Caryophyllaceae, Crucife-
rae, Umbelliferae, Artemisia from the sediments of
the upper anthropogen in the Saroi depression and
the lower reaches of the Chu river, of which haze
pollen prevailed. Pollen analysis of the Saroi forma-
tion from the Saroi Basin, according to the data of Z.
I. Gurieva [23] showed the presence of steppe semi-
desert vegetation. As noted by V.S. Kornilova [36]
tree species were not found, since in the era of the
upper anthropogen here, as well as on a larger area
of flat Kazakhstan, apparently, treeless spaces were
already undividedly dominated.

Conclusion

Thus, paleobotanical spore-pollen spectra of
tertiary and quaternary deposits showed that the
most ancient types of vegetation in the valley of the
river. Chu, are xerophytic steppe and desert vegeta-
tion. Their roots go back to the Paleogen, where,
with the reduction of the Tethys Sea, the deserts of
Turan, Iran and Central Asia arise, from where the
Turanian and Central Asian species began to settle.
Found remains of Populus, Tamarix, Haloxylon,
Callygonum and others indicate that in the valley
of the river. Chu, at the end of the Tertiary period,
tugai forests already existed. As noted by B.A.
Bykov [31] tugai forests and light forests, especially
along the rivers of South Kazakhstan, are associ-
ated with the former savannah. Turanga forests are
formed by special poplars from the Turanga desert
section (Populis diversifolia, P. pruinosa), oak tree
(Elaeagnus oxycarpa), silver shengil shrubs (Hali-
modendron halodendron), comb beetles (Tamarix
ramosissima, T. laxcium), lyceum, clematis (Clema-
tis orientalis) and others. In addition to the physical
and geographical factors of the environment, human
activities influenced the formation of the flora of the
Chu river valley. It is known that the valley of the
Chu river stood in the way of the movement of cara-
van routes, which connected the southern cities with
settlements of Central Kazakhstan, where cultural
and trade relations between Central Asia and Sibe-
ria were carried out. Also, the activity of farmers,
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plowing the most fertile areas of the middle part of  river valley has long been a pasture for winter graz-
the Chu river valley, had no less influence on the im-  ing, which explains the significant presence of weed
poverished flora of the valley, in addition, the Chu  species in the flora.
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RESEARCH OF THE PROPERTIES
OF PHOSPHATMOBILIZING BACTERIA PERSPECTIVE
FOR INCREASING THE PRODUCTIVITY
OF AGRICULTURAL GRAINS

Phosphorus is one of the main nutrients that ensure the formation of high and stable crop yields
with a favorable quality of marketable products. One of the promising directions for improving the
phosphorus nutrition of agricultural crops is biological phosphate mobilization with the help of soil
microorganisms, which contributes to the transfer of sparingly soluble phosphorus compounds from the
soil and fertilizers into a form accessible to higher plants. Aboriginal soil phosphate mobilizing bacteria
were isolated from the rhizosphere soil of the northern region of the Republic of Kazakhstan. Of the five
phosphate mobilizing bacteria: Acinetobacter calcoaceticus 2/5 pr, Stenotrophomonas rhizophila 1/7 ¢,
Pseudomonas koreensis 4/5 kr, Acinetobacter calcoaceticus 1/5 pr, Pseudomonas koreensis 3/4 pr, three
strains were selected: Acinetobacter calcoaceticus 2/5 pr, Pseudomonas koreensis 4/5 kr, Acinetobacter
calcoaceticus 1/5 pr, with high soil phosphate mobilization activity. The properties of phosphate-mobi-
lizing bacteria have been studied, their ability to stimulate plant growth and convert insoluble tricalcium
phosphate Ca,(PO,), into a form accessible to plants has been established. The ability to phosphate mo-
bilization and stimulation of plant growth determines the positive effect of the introduction of phosphate
mobilizing bacteria on crop yields.

The selected strains of phosphate-mobilizing bacteria are promising as a basis for creating a complex
biological fertilizer for a wide range of agricultural crops.

Key words: phosphate mobilization, soil, bacteria, growth stimulation, wheat seeds.
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'YATTBIK, 61oTexHOAOrMS opTaAbiFbl, KasakcraH, Hyp-CyATaH K.
2KasakcTtaH-beAapycb FbIABIMU-TEXHUKAABIK, bIHTBIMAKTACTbIK, OPTAAbIFbI,
A.H.'ymunaes atbiHaarbl Eypasusa YATTbIK yHuBepcuTeTi, KasakcraH, Hyp-CyATaH K.
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AybIA LLIAPYALUBIAbIFbI AAKbIAAAPbIHbIH, OHIMAIAINIH apTTLIPY YLUiH
nepcnekTuBTi pochaTMmobMAM3aLIMSIAQYLLIbI
6aKkTepUsIAApAbIH, KacHeTTepiH 3epTTey

Mocdop TayapAblk, ©HIMAEPAIH KOAAMAbI CanacbIMEH YKOFapbl )K&HE TYPaKTbl aybIA LLAPYALLbIAbIFbI
AAKbIAAAPbIHBIH OHIMIH KaAbINTACTbIPYAbl KamTamMacbl3 €TeTiH Herisri KOopekTik 3arTapAbiH  6ipi
6OAbIN TabblAaAbl. AybIA LIAPYALIbIAbIFbI AAKBIAAAPBIHBIH (hOCHOPMEH KOPEKTEHYIH >KaKCapTyAblH
nepcnekTUBTI GaFbITTapbiHbIH Gipi TOMbIPAK, MUKPOAF3aAapbIHbIH, KOMEriMeH OGUOAOTMSAbIK, (POCHATTbI
SKYMbIAABIPY GOAbIN TabblAaAbl, BYA TOMbIPAKTHIH, XKOHE ThIHAMTKbILUTAPAbIH KYPAMbIHAAFbI a3 epUTIH
ocop KOCBIABICTAPbIH >KOFapbl CaTblAAFbl OCIMAIKTEPre KOAXETIMAI Typre Kellipyre bIKMaA eTeAl.
Kasakcran PecnybAMKacbIHbIH, COATYCTIK aiiMafblHbiH, PU30CepaAblk, TOrbiparbiHaH aGopureHAiK
ocatTbl  KYMbIAABIPFbIL  GakTepusAap OOAIHIN aAblHAbl. bec docdaTTbl  KyMbIAAbIPATbIH
GakTepusaapaaH: Acinetobacter calcoaceticus 2/5 np, Stenotrophomonas rhizophila 1/7 ¢, Pseu-
domonas koreensis 4/5 kp, Acinetobacter calcoaceticus 1/5 np, Pseudomonas koreensis 3/4 np,
ToMbIPaK, (hOCaTbIHbIH KYMbIAAbIPY OGEACEHAIAIT Ofapbl, Yyl GEACEHAl LWTaMM TaHAAAAbL: Aci-
netobacter calcoaceticus 2/5 np, Pseudomonas koreensis 4/5 kp, Acinetobacter calcoaceticus 1/5 np.
DochatTbl MOOGMAM3aLMSIAQYLLBI GAKTEPUSIAAPABIH KACUMEeTTePi 3ePTTEAAl, OAAPAbIH, OCIMAIKTEPAIH
6CYiH bIHTaAQHABIPY >KOHE epiMenTiH yuKaAbumii ocdatbiH Ca,(PO,), ecimaikTepre KOAXETIMAI
TYpre anHaAAbipy KabiaeTi aHbikTaaAbl. DochaTTbl MOOMAM3ALMLAAY XKOHE OCIMAIKTEPAIH OCYiH
bIHTAAQHABIPY KabiAeTi hochaTMobuAmM3aumsAayLibl GakTeEPUSIAAPAbI EHTI3YAIH ayblA LIAPYyaLbIAbIFbI
AAKbIAAAPBIHBIH, OHIMAIAITIHE OH 8CepiH aHbIKTalAbI.
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DochatMobuAM3aLmsAayLlbl  GaKTEPUSAAPABIH, TAaHAAAFAH LUTAMAAPbI  ayblA  LIAPYALUbIAbIFbI
AAKBIAAAPBIHBIH, KEH ayKbIMAbIAbIFbI YLLiH KelWeHAl GUOAOTUSAbIK, ThIHANTKbILUTAPAbI KYPY YLUIH Heri3
peTiHAE NMepcrnekTUBTI 6OAbIN TabblIAAAbI.

Tyiin cesaep: ocopAbl >KYMbIAABIPY, TOMblpak, OakTepus, ©CyAi bIHTaAaHAbIPY, Ouaan
TYKbIMAQPDI
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UccaepoBanue cBoicTB pochatmodomAnsmpytomx bakrepmii,
NnepCcrnekKTUMBHbIX AASI MOBbILLUEHUA ypO)KaﬁHOCT
M CEAbCKOXO3SIMCTBEHHbIX KYAbTYP

Dochop OTHOCUTCS K OCHOBHbBIM MMUTATEAbHbIM DAEMEHTaM, obecreurBalommM hopMrpoBaHUue
BbICOKMX M YCTOMUMBbIX YPOXKAEB CEAbCKOXO3SMCTBEHHbIX KYAbTYP C 6GAAronpusTHbIM KauecTBOM
TOBapHOM MpPoAyKUMM. OAHMM U3 MEPCEKTUBHBIX HAMPABAEHWI YAyULLeHWs POCOPHOro nmMTaHuUs
CEAbCKOXO034MCTBEHHbIXKYAbTYP ABASETCA OMOAOTMUecKas octhaTMOBUAM3ALIMS CTTOMOLLLLIO MOYBEHHbIX
MMKPOOPraH1M3MoB, CrocoOCTBYlOLas NMEPEBOAY TPYAHOPACTBOPUMbIX COEAMHEHWI ocdopa K13
MOYBbI U YAOBPEHMIN B AOCTYTIHYIO AAS BbICLUMX pacTeHuit hopmy. M3 prusocdepHoit MouBbl CEBEPHOTO
pervoHa Pecnybavkn KasaxcraH BblAeA€Hbl abopureHHble MnouBeHHble hochaTMOBUAM3MPYIOLLME
6akTepun. M3 natn ochatmobmamnsmpytowmx baktepuit: Acinetobacter calcoaceticus 2/5mp, Ste-
notrophomonas rhizophila 1/7 ¢, Pseudomonas koreensis 4/5 kp, Acinetobacter calcoaceticus 1/5
np, Pseudomonas koreensis 3/4 np, otobGpaHbl TpU aKTMBHbIX LWiTamma: Acinetobacter calcoaceticus
2/5 np, Pseudomonas koreensis 4/5 kp, Acinetobacter calcoaceticus 1/5 np, C BbICOKOI aKTUBHOCTbIO
Mo6MAM3aLmMK pocaToB NMousbl. M3yueHbl cBOMCTBA hochaTMOOMAM3YIOLWMX GaKTEPUI, yCTAaHOBAEHA
MX CMOCOBHOCTb CTUMYAMPOBATb POCT PACTEHWI M MEPEBOAMTHL B AOCTYIMHYIO AASl pacTeHuin (popmy
HepacTBOpMMbIt TprkaAbumidocdaT Ca,(PO,), CnocobHocTb kK hocthaTMOOMAM3ALMI 1 CTUMYASILIM
pOCTa PacTEHWI OMPEAEASIET MOAOKMTEABHOE BAUSIHME BHECEHMS (HOCHATMOBUAMIYIOLLMX GaKTepuit
Ha YPO>KaMHOCTb CEAbCKOXO3SMCTBEHHbIX KYAbTYP.

OTo6paHHble WwTammbl GochaTMOONAMZUPYIOLLMX GAKTEPMI NEPCTIEKTUBHDI B KAUECTBE OCHOBbI AAS
CO3AaHUS KOMMAEKCHOrO GUOAOTMUYECKOTO YAOBPEHMS AASI LLIMPOKOTO CMEKTPA CEAbCKOXO3SMCTBEHHbIX

KYAbTYP.

KatoueBble caoBa: mMobGuam3aumst grocchopa, nousa, 0GakTepus, CTUMYASIUMS POCTa, CemeHa

nweHnubl.

Abbreviation

PMB - phosphate mobilizing bacteria;
PCR — polymerase chain reaction;
DNA — deoxyribonucleic acid;

rRNA — ribosomal ribonucleic acid.

1. Introduction

Phosphorus is one of the most important mineral
elements in plant life which can absorb it only in
an inorganic form, mainly in the form of phosphate
ions [1,2,3]. Despite the high content of total phos-
phorus in the soil, its bioavailability is a limiting fac-
tor in the growth, development and productivity of
plants; this phenomenon is called by many authors
as the “phosphorus paradox” [4, 5]. Between the
phosphoric solution, there is a significant concen-
tration gradient of neo-organic orthophosphate and
the cytoplasm of plants. In the first concentrations of

the phosphate ions, it rarely exceeds 10 uM, while
in plants the cytoplasmic concentration is probably
about 10 mM of phosphate ions [6,7].

In agriculture, the problem of a shortage of
available phosphorus in the soil is solved by regular
application of mineral fertilizers. However, only 10-
15% of the applied phosphorus fertilizers are assim-
ilated by plants and most of them pass into a form
that is difficult for plants to access or are washed
out with groundwater [8]. An alternative to the non-
ecological use of mineral phosphorus fertilizers to
increase the yield of agricultural crops is the bio-
logical mobilization of phosphates from insoluble
compounds through the use of phosphate-mobiliz-
ing microorganisms capable of converting insoluble
phosphates from fertilizers and soil into a soluble
form [9-17].

Grain farming is the main branch of agriculture
in Kazakhstan. In recent years, the total sowing of
grain crops has occupied over 80% of the sown area
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of agricultural crops. The average seed yield is on
average 10-13 c/ha. The country produces about
13.5 —20.1 million tons of seed, which is a low fig-
ure in comparison with other countries. One of the
reasons for this is the lack of phosphorus nutrition
in plants. To solve this problem, we tried to isolate
effective phosphate-mobilizing bacteria for creating
a biological product.

The purpose of the study is the isolation of phos-
phate-mobilizing bacteria from the rhizosphere of
plants, the selection and production of active strains
that have a positive effect on the development of ag-
ricultural plants.

2. Materials and methods

2.1 Isolation of phosphate-mobilizing bacteria.

The object of the study was microorganisms iso-
lated from the rhizosphere soil of agricultural plants
in the Akmola region Republic of Kazakhstan. Soil
samples for microbiological analyzes were taken
from the root and root zones of plants in compliance
with the rules of asepsis and placed in sterile parch-
ment bags. The average soil sample was obtained
by mixing three soil samples taken according to the
“envelope principle”. Isolation of microorganisms
from soil was carried out by sowing on elective nu-
trient media, that dissolve calcium orthophosphates
were detected on solid nutrient media of Pikovskaya
— M1 [18], Muromtsev — M2 [19], and NBRIP (Na-
tional Botanic Research Institutes phosphate growth
medium) with tricalcium phosphate — M3 [21].

Active strains were selected from colonies form-
ing zones of phosphate dissolution. The culture me-
dium prepared in this way was poured 25 ml into
Petri dishes and, after the agar had solidified, 0.1
ml of soil suspension from dilutions 10 — 10”7 was
inoculated superficially. The dishes were incubated
at 28°C for 3 — 10 days. Colonies were taken into
account, around which large zones of calcium phos-
phate dissolution were formed.

2.2 Identification of phosphate mobilizing bac-
teria

The identification of PMB strains was carried
out by determining the direct nucleotide sequence
of the 16S rRNA gene fragment, followed by de-
termining the nucleotide identity with the sequences
deposited in the international database GeneBank.
Extraction of DNA followed by PCR and sequenc-
ing. Genomic DNA of strains was isolated using
the Genomic DNA Purification Kit (Fermentas,
Germany) according to the manufacturer’s instruc-
tions. The statistical significance of phylogenetic
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reconstructions was assessed by the “jackknife”
method (“Bootstrap”) by constructing alternative
trees [22,23].

The identification of microorganisms was also
carried out on the basis of comparing data on the
composition and ratio of peptides. The peptides
were obtained by hydrolysis of proteins in the colo-
nies of the studied microorganism, with similar data
of typical strains from the Maldi Biotyper database
(Bruker Daltonic Germany) by mass spectrometry
on MALDI-TOF, Microflex LT. The instrument
was calibrated using a commercial protein mixture
(Bruker Daltonics). On the basis of these data, the
similarity (belonging to the same species and genus)
of the studied organism with the organisms present-
ed in the database was estimated [24,25].

2.3 Activity estimation of phosphate-mobilizing
strains.

The evaluation of phosphorus mobilization of
motile forms in a liquid medium under the action of
the studied bacteria was carried out according to the
method [19]. Sterile medium was poured into 100
ml flasks and inoculated with bacterial cultures. A
non-inoculated medium served as a control. Then
the flasks were incubated on a shaker for 15 days at
a speed of 180 revolutions per minute at 28°C. The
mobilization activity of mobile phosphorus was de-
termined on the 3, 5, 7, 10 and 15 days after the start
of the experiment. The concentration of phosphates
in the solution was determined by the colorimet-
ric method using the yellow phosphomolybdenum
complex [26].

2.4 Biological activity of phosphate-mobilizing
microorganisms.

For inoculation of seeds, 3-day-old cultures
grown on a nutrient medium SPB were used [21].
The study of the effect of seed inoculation was car-
ried out with phosphate-mobilizing microorgan-
isms: (Acinetobacter calcoaceicus 2/5 pr (option
2 in the 5" sample of wheat rhizosphere soil), Ste-
notrophomonas rhizophila 1/7 ¢ (option 1 in the 7®
sample of beet rhizosphere soil), Pseudomonas ko-
reensis 4/5 kr (option 4 in the 5th sample of maize
rhizosphere soil), Acinetobacter calcoaceicus 1/5
pr (option 1 in the 5" sample of wheat rhizosphere
soil), Pseudomonas koreensis 3/4 pr (option 3 in the
4™ sample of wheat rhizosphere soil),. The density
of the bacterial suspension is 10° cells / ml. To as-
sess the effect of phosphate-mobilizing microorgan-
isms on seed germination, the objects of study were
the seeds of the “Rubin” radish variety (Raphanus
sativus var. Radicula), the “Turkestan” cotton seeds
(Gossypium hirsutum L.) and the “Astana 2” wheat
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varieties (Triticum aestivum L.). The seed surface
was sterilized with a 10% sodium hypochlorite solu-
tion for 20 min, after which the seeds were washed
with 70% ethanol and three times with sterile dis-
tilled water.

Observing the rules of asepsis, the inoculated
seeds were placed on a moistened filter paper in Pe-
tri dishes. As a control seeds soaked in sterile water
and sterile medium were used for the cultivation of
bacteria. Incubation was performed at 28°C. The ex-
periment was repeated three times. All parameters
were measured at least three times.

Static data processing was performed using Mi-
crosoft Office Excel 2007 spreadsheets. The signifi-

cance of differences was assessed by the Student’s
criterion for p<0.05.

3. Results and discussion

3.1 Isolation of active phosphate-mobilizing
bacteria

During the study, 130 bacterial strains were
isolated, of which 28 were pure cultures of phos-
phate-mobilizing bacteria. It was noted, that when
isolating phosphate-mobilizing bacteria from soil
samples on M1 and M3 media, clearly visible
zones of phosphate dissolution were observed
(Figure 1).

Zones of dissolution around bacterial colonies A — M1 (Pikovskaya medium);
B — M2 (Muromtsev medium); C — M3 (NBRIP medium), on the 5th day of cultivation

Figure 1 — Zones of phosphate dissolution

At the next stage, the ability of bacteria to mo-
bilize phosphate from various insoluble compounds
was assessed. The highest phosphate-dissolving ac-
tivity have bacterial isolates Acinetobacter calco-
aceticus 2/5 pr, Stenotrophomonas rhizophila 1/7
¢, Pseudomonas koreensis 4/5 kr, andPseudomonas
koreensis 3/4 pr and Acinetobacter calcoaceticus
1/5 pr with the diameter of the dissolution zones

ranged from 15 mm to 30 mm. On M2 medium, the
appearance of clearing zones was not observed even
when the most active microorganisms were culti-
vated for more than 7 days (Table 1).

Thus, the glucose-ammonium medium M1 and
M3 medium can be used as alternatives to M2 me-
dium, when isolating soil phosphate-mobilizing mi-
croorganisms.

Table 1 — Phosphate-mobilizing activity of bacteria on various media according to the diameter of the phosphate dissolution zones

. . Diameter of Ca,PO, dissolution zones in different media, d _mm
Strain name of bacterial culture - -

M1 M2 M3
Acinetobacter calcoaceticus 2/5 pr 15 00 25
Stenotrophomonas rhizophila 1/7¢ 17 00 19
Pseudomonas koreensis 4/5 kr 30 00 30
Pseudomonas koreensis 3/4 pr 25 02 30
Acinetobacter calcoaceticus1/5 pr 23 01 28
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Identification of phosphate-mobilizing bacteria.

When carrying out the genetic identification of
strains 1/5 pr, 2/5 pr 3/4 pr, 4/5 kr and 1/7 ¢, a nucle-
otide sequence of 660 bp was obtained based on the
analysis of the 16S rRNA gene nucleotide sequence
after the removal of terminal fragments, which was
identified in Gene Bank using the BLAST algorithm.
When identified using the international database
NCBI, the strains identified had the maximum iden-

tity (97.66 — 99.86%). However, taking into account
the literature data indicating the presence of nucleo-
tide sequence errors in such international banks as
the Gene Bank and the Ribosomal Database Proj-
ect (RDP-II), a phylogenetic tree was additionally
built with the 16S rRNA nucleotide sequences of the
gene for reference strains of this species (NCBI Na-
tional Center for Biotechnology Information, USA)
(Figure 2).
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Phylogenetic tree showing phylogenetic relationships between strains
1/7 ¢, 3/4 pr, 1/5 pr, 4/5 kr and 2/5 pr and typical strains of related species.

Figure 2 — Phylogenetic tree based on the analysis of the 16S rRNA
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Analysis of the nucleotide sequences of the 16S
rRNA gene made it possible to assign strains 1/5 pr
and 2/5 pr to the genus Acinetobacter, strains 3/4 pr
and 4/5 kr to the genus Pseudomonas, and strain 1/7
¢ to the genus Stenotrophomonas. Strain 1/7 ¢ had
99.58% identity with the Stenotrophomonas rhi-
zophila strain. Strains 3/4 pr and 4/5 kr had 99.81%
and 100% identity with the Pseudomonas koreensis
strain, and strains 1/5 pr and 2/5 pr had 99.81% and
99.50% identity with the strain Actnetobacter cal-
coaceticus.

In order to assess the ability of PMB strains
to mobilize phosphorus from insoluble soil phos-
phates, an experiment was performed with strains
of Acinetobacter calcoaceticus 2/5 pr, Stenotroph-
omonas rhizophila 1/7 ¢, Pseudomonas koreensis
4/5 kr, Pseudomonas koreensis 3/4 pr Acinetobacter
calcoaceticus 1/5 pr bacteri within 15 days on
NBRIP medium. The content of soluble phosphates
was determined in the culture liquid.

As a result of the studies, the phosphate-mobi-
lizing ability of the strains was determined. With a
constant level of soluble phosphate fraction in ster-
ile control (3.1 mM/1), the increase in soluble phos-
phates by the biomass of the strain Nel4 — Acineto-
bacter calcoaceticus 1/5 pr and Ne7 — Pseudomonas
koreensis 4/5 kr was — 25.5 mM/1, biomass of strain
Ne5 — Stenotrophomonas rhizophila 1/7 ¢ — 27.0
mM/1, biomass of strain Nel2 — Pseudomonas ko-
reensis 3/4 pr — 34.3 mM/I, biomass of strain Ne4
— Acinetobacter calcoaceticus 2/5 pr — 30.0 mM /1
(Figure 3).

Of the five PMB strains, the most active were
strains Nel4 — Acinetobacter calcoaceticus 2/5 pr —
30.0 mM/1, Nel12 — Pseudomonas koreensis 3/4 pr —
34.3 mM/1, Ne5 — Stenotrophomonas rhizophila 1/7
¢ — 27.0 mM/1 of soluble phosphates, respectively.
Strains Nel4 — Acinetobacter calcoaceticus 1/5 pr —
25.0 mM/L and Ne7 — Pseudomonas koreensis 4/5
kr — 25.5 mM/I had a slightly lower activity.

Growth of soluble phosphates
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Figure 3 — Dynamics of the formation of phosphorus mobile forms by phosphate-mobilizing bacteria.
Ned — Acinetobacter calcoaceticus 2/5 pr; Ne5 — Stenotrophomonas rhizophila 1/7 ¢; Ne7 — Pseudomonas
koreensis 4/5 kr; Nel12 — Pseudomonas koreensis 3/4 pr; Nel4 — Acinetobacter calcoaceticus 1/5 pr.

To explain the mechanisms of the phosphate-
mobilizing ability, it was suggested that bacteria
acidify the medium with organic acid.

Therefore, an experiment was carried out to
determine the total acidity of the medium. The ti-
trated solution of sodium hydroxide 0.025 M was
prepared and determined the acidity of the envi-

ronment of these strains by acid-base titration of
the indicator phenolphthalene. The amount of total
acidity directly correlates with an increase in the
concentration of soluble phosphates and, in fact,
with the effectiveness of the strain. The results
were expressed in mMol equivalent of hydrogen
ions (Figure 4).
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Figure 4 — Influence of the total acidity of the environment
on the phosphate-mobilizing activity of phosphate mobilizing strains

It was found that five promising phosphate-
mobilizing strains also produced more organic ac-
ids. Strains Ned — Acinetobacter calcoaceticus 2/5
pr, Ne5 — Stenotrophomonas rhizophila 1/7 c, N7
— Pseudomonas koreensis 4/5 kr, Nel2 — Pseudo-
monas koreensis 3/4 pr and Nel4 — Acinetobacter
calcoaceticus 1/5 pr, which acidity approached 50
mMeq/L, which directly correlates with their phos-
phate-mobilizing ability. From five PMB strains, the
most active were strains Ned — Acinetobacter calco-
aceticus 2/5 pr — 63.75 mMequiv/L, Ne5 — Steno-
trophomonas rhizophila 1/7 ¢ — 51.25 mMequiv/L,
Nel4 — Acinetobacter calcoaceticus 1/5 pr — 51.25
mMeq/L and Nel2 — Pseudomonas koreensis 3/4 pr
— 58.75 mM eq/L, strain N7 — Pseudomonas kore-
ensis 4/5 kr — 48.125 mMeq/L had a slightly lower
activity. Selected phosphate-mobilizing bacterial
strains are a potential basis for creating bacterial
fertilizers to improve phosphorus nutrition of agri-
cultural plants.

Testing the effect of phosphate-mobilizing bac-
teria on agricultural crops in laboratory conditions.

Active strains of PMB were selected to study
the growth-stimulating effect on seed germination,
growth and development of agricultural crops seed-
ling in laboratory experiments. The selected isolates
stimulate the germination of the most studied crops.
A higher germination rate compared to the control
was revealed in variants of the experiment with seed
treatment with strains of Acinetobacter calcoace-
ticus 2/5 pr, Stenotrophomonas rhizophila 1/7 c,
Pseudomonas koreensis 4/5 kr, Pseudomonas kore-
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ensis 3/4 pr and Acinetobacter calcoaceticus 1/5 pr
-80%), while in the control the germination rate was
only 20-30% (Figure 5).

Based on the data obtained, it can be seen that
under the influence of pre-sowing treatment of cot-
ton seeds with strains of phosphate-mobilizing rhi-
zobacteria, a stimulating effect on the growth and
development of cotton plants was observed. In all
variants of the experiment, the green and dry weight
of cotton plants was greater than in the control. At
the same time, the wet weight of one plant increased
4.0 — 4.5 times in comparison with the control vari-
ant. It was shown that the maximum accumulation
of green mass of plants was observed when cotton
seeds were treated with Pseudomonas koreensis 4/5
kr, Pseudomonas koreensis 3/4 pr and Acinetobacter
calcoaceticus 1/5 pr strains, which have the highest
positive effect on plant development (Figure 6).

Thus, bacterization of cotton seeds by phos-
phate-mobilizing rhizosphere bacteria has a com-
plex effect on plants. At the stage of manifestation
of'the first roots, the mineral nutrition of the seedling
improves due to a more developed root system, and
on the other, due to an increase in the concentration
of phosphorus compounds available for plants in the
rhizosphere and rhizoplane (phosphate-mobilizing
activity of rhizosphere bacteria). This promotes the
development of stronger seedlings and gives a start
for further growth and development of plants. After
germination, inoculated cotton seedlings accumu-
late biomass faster due to a well-developed root sys-
tem and photosynthetic apparatus.
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Figure 5 — Growth-stimulating effect of crops on the germination of cotton, radish and wheat seeds.
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Figure 6 — Influence of strains of phosphate-mobilizing bacteria
on the biomass of a cotton plant variety “Turkestan”

In laboratory studies with wheat seedlings, it
was shown that the strains of Acinetobacter calco-
aceticus 2/5 pr, Stenotrophomonas rhizophila 1/7 c,
Pseudomonas koreensis 4/5 kr, Pseudomonas ko-
reensis 3/4 pr and Acinetobacter calcoaceticus 1/5
pr exhibit growth promoting activity, in addition to
phosphate stimulating. Bacterization of wheat seeds
with the strains Acinetobacter calcoaceticus — 2/5
pr and Pseudomonas koreensis — 4/5 kr accelerated

seed germination. At the stage of the first roots ap-
pearance, the mineral nutrition of the seedling im-
proves, on the one hand, due to a more developed
root system. On the other hand, due to an increase
in the concentration of phosphorus compounds in
the rhizosphere and rhizoplane for plants. This pro-
motes the development of stronger seedlings and
gives a start for further plant growth and develop-
ment (Figure 7).
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The effect of the selected strains of phosphate-
mobilizing bacteria on wheat seedlings was ex-
pressed in a change in root morphology: an increase
in the number and length of roots by 2.5-3.0 times.
The most active stimulants were isolates of Aci-
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Pseudomonas koreensis - 3/4 pr

B Acinetobacter calcoaceticus —1/5pr

netobacter calcoaceticus 2/5 pr and Pseudomonas
koreensis 4/5 kr, a statistically significant increase
in root length was obtained on average by 74.5%
— 100% and wheat seedlings on average 88.4% —
100%, respectively.

|
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Average root length
B Pseudomonas koreensis - 4/5xr

Acinetobacter calcoaceticus —2/5 pr

Data on the effect of PMB on the biometric parameters of wheat seedlings
of the “Astana-2” variety (after 21 days of laboratory microvegetation experiment)

Figure 7 — The influence of phosphate-mobilizing bacteria strains on the growth of seedlings
and root formation of spring wheat variety “Astana — 2”

Thus, the data obtained made it possible to es-
tablish that the strains of rhizosphere bacteria are
able not only to dissolve trisubstituted calcium or-
thophosphate, but also to actively stimulate the
growth of wheat plants.

Evaluation of the biological activity of phos-
phate-mobilizing strains showed that they have
growth-stimulating properties.

As a result of the data obtained, it was found
that all the studied crops had the ability to increase
the germination of radish plant seeds by 80 — 100%
compared to the control. It was also noted that as a
result of seed treatment with phosphate-mobilizing
rhizobacteria, there is a significant stimulation of the
embryonic roots and shoots (Figure 8).

The research results show that under the action
of biologically active substances of bacteria, the
growth force of seeds increases, which is manifested
in the length increase of the embryonic roots and
shoots. The greatest length of seedlings and roots
was established when seeds were treated with phos-
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phate-mobilizing microorganisms Acinetobacter
calcoaceticus 2/5 pr, Pseudomonas koreensis 4/5
kr and Acinetobacter calcoaceticus 1/5 pr etc. The
length of seedlings increased by 5.6 cm, germ roots
by 5.2 cm, compared with control. The studied ag-
ronomically valuable microorganisms based on
phosphate-mobilizing rhizobacteria had a positive
effect on the growth of radish plants from the earli-
est stages of seed inoculation.

Based on the results of the data obtained, the
most promising phosphate-mobilizing strains of soil
microorganisms were selected for further research.

Thus, the experiment made it possible to deter-
mine the strains of rhizosphere bacteria most active
in terms of their ability to phosphate mobilization,
which was expediently tested in field experiments as
a basis for bacterial fertilizers.

To assess the effect of phosphate-mobilizing
bacteria on the yield of spring wheat, field experi-
ments were carried out on southern carbonate cher-
nozem soil.
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On the crops of spring wheat variety “Shortan-
dinskaya 20127, the effectiveness of phosphate-
mobilizing bacteria on the provision of southern
carbonate chernozem soil with phosphorus and
the dose of phosphorus fertilizers was studied.
The dependence of the yield of spring wheat on
the content of mobile phosphorus in the southern
calcareous chernozem soil has been established.
The introduction of drug 1 (based on phosphate-
mobilizing rhizobacteria) against the background
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without the introduction of P,O, made it possible
to obtain reliable increases in yield — 2.26 t/ha of
grain, respectively. When the soil was saturated
with mobile phosphorus on average up to 123.5
kg/ha, the effect of bacterization of spring wheat
decreased, the increase in grain was 2.18 t/ha. The
use of preparation 1 (based on phosphate-mobiliz-
ing rhizobacteria) was effective only without the
addition of PO, the increase from seed bacteriza-
tion averaged 2.28 t/ha of grain.

Average plant length
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Figure 8 — The influence of strains of phosphate-mobilizing bacteria
on the seedlings growth and root formation of the “Rubin” radish variety

Accordingly, the effectiveness of the use of
phosphate-mobilizing rhizobacteria on spring wheat
was established, depending on the application of
P,Oj in the southern-calcareous chernozem soil. The
introduction of P,O, with Preparation 1 (phosphate-
mobilizing bacteria) when the soil is supplied with
mobile phosphates is impractical.

Conclusion

Modern trends in the creation, development and
promotion of “organic” farming technologies imply
the replacement of chemicals used in intensive ag-
ricultural production with biological ones. In this
regard, the creation of biological products based on
effective native phosphate-mobilizing microorgan-
isms is an actual task of modern agriculture.

Thus, based on the data obtained on the prop-
erties of new strains of phosphate-mobilizing bac-

teria, the degree of phosphate mobilization and
the ability to stimulate plant growth and develop-
ment, the selected phosphate-mobilizing bacterial
strains is a potential basis for a new bacterial fer-
tilization to improve the phosphorus nutrition of
agricultural crops. Improving the mineral nutri-
tion of plants contributes to an increase in yields
and an improvement in the quality of agricultural
products.
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MOAOKOCBEPTbIBAIOLUAAA AKTUBHOCTbDb
PEKOMBMHAHTHOTI O BEPBAIOXbEIO XMMO3UHA

OAHMM 13 CaMbIX PaHHUX GMOTEXHOAOTMYECKMX MPUMEHEHWI (DEPMEHTOB SIBASIETCS MPOM3BOACTBO
cbipa. Bbicokas cneumduueckas MOAOKOCBEPTbIBalOLLAS AaKTMBHOCTb XMMO3MHa obecrieunBaer ero
NPenMyLLECTBO MNepes APYrMMM MpoTeazamu B CbIpOAEAMM. AENCTBME XMMO3MHA OCHOBAHO Ha
TMAPOAM3E CBSI3M MEXAY aMMHOKMCAOTHbIMM ocTatkammu Phe'® 1 Met'% B MoAekyAe k-KasenHa,
UTO BbI3bIBAET AECTAOMAM3ALMIO KA3EMHOBbIX MULIEAA, CBEPTbIBAHME MOAOKA M PA3AEAEHME €ero
Ha CrycTOK M CbiBOPOTKY. C MOMOLLbIO APOXKXKEBOrO LUTaMma-npoAyueHTa Pichia pastoris GS115/
pGAPZaA/ProchymCB noAyueH pekombOuHaHTHbIA XMMO3MH AByropb6oro Bepbaioaa Camelus bactria-
nus. PEKOMOMHAHTHbIN XMMO3MH ObIA OUMLLEH C MOMOLLbIO MOHHOOOMEHHO XpomaTorpadun. M3yueHa
MOAOKOCBEPTbIBAIOLAS  AKTMBHOCTb PEKOMOMHAHTHOrO BEpPOAIOXKbLEr0 XMMO3MHA B OTHOLLEHUM
KOObIALEr0 MOAOKA B 3aBUCMMOCTM OT pH 1 TemnepaTypbl. YCTAaHOBAEHO, YTO OMTUMAAbHbIM 3HAYEHUEM,
npu KOTOPOM HAaBAIAQETCS MaKCHMaAbHAs aKTMBHOCTb PEKOMOMHAHTHOIO BEPOAIOXKbErO XMMO3MHA B
OTHOLLEHNM KOObIAbero MoAoka pH coctaeasiet 4.0, a ontumanbHoi Temnepatypoit 70°C. AKTUBHOCTb
PEKOMOMHAHTHOTO BEPOAIOXKBEIO XMMO3MHA HA KOObIALEM, KOPOBbEM M KO3bEM MOAOKE COCTaBMAQ
123, 9605 n 4650 ea/Mr, COOTBETCTBEHHO. [10Ka3aHO, YTO PEKOMOMHAHTHbIN BEPOAIOXKMIA XMMO3UH
00AQAQET BbICOKOM KOAryASILMOHHOWM aKTUBHOCTbIO, AOCTATOUYHOWM AASI MOAyYEHMsI TBOpOra U Cbipa.
BbIXx0A CbIPHOrO Cryctka ¢ 6 A KO3bero MOAOKa COCTaBMA 936 rpamMm. PeKOMOMHAHTHbBIN BEPOAIOKMI
XVUMO3MH MMEeT NepCrieKTUBY NPYMEHEHUs B TEXHOAOTMSIX nepepaboTku KOPOBLErO M KO3bero MOAOKA
M MOAYYEHUS Cblpa.

KAtoueBble CAOBa: XMMO3MH, MOAOKO, PEKOMOMHAHTHbBIM (PEPMEHT, MOAOKOCBEPTbHIBAIOLLAS
AKTMBHOCTb, KOAryAaums.
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Milk clotting activity of recombinant camel chymosin

One of the earliest biotechnological applications of enzymes is cheese production. The high specific
milk-clotting activity of chymosin gives it an advantage over other proteases in the cheese industry.
The action of chymosin is based on hydrolysis of the bond between the amino acid residues Phe' and
Met'% in the x-casein molecule, which causes destabilisation of casein micelles, coagulation of milk and
its separation into a clot and a whey. A recombinant chymosin of the camel Camelus Bactrianus was
obtained using the yeast producer strain Pichia pastoris GS115/pGAPZaA/ProchymCB. The recombi-
nant chymosin was purified by ion exchange chromatography. The milk-clotting activity of recombinant
camelian chymosin against mare’s milk was studied as a function of pH and temperature. It was found
that the optimum value at which the maximum activity of recombinant camel’s chymosin with respect
to mare’s milk is observed is pH 4.0 and the optimum temperature is 70°C. The activity of recombinant
camel chymosin on mare, cow and goat milk was 123, 9605 and 4650 units/mg, respectively. Recom-
binant camel chymosin was shown to have high coagulation activity, sufficient to produce curd and
cheese. The yield of cheese clot from 6 | of goat milk was 936 grams. Recombinant camel chymosin has
prospects for use in cow’s and goat’s milk processing and cheese production technologies.

Key words: chymosin, milk, recombinant enzyme, milk-clotting activity, coagulation.
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PeKOMOMHAHTTbI Tyieé XMMO3HUHIHIH, CYT YO OeACEHAAIri

DepMeHTTEPAI BMOTEXHOAOTUSABIK, KOAAAHYAbIH €H aAFallKbl TYPAEpiHiH O6ipi ipiMLIiK eHAipy
GOAbIN  TabblAaAbl. XMMO3WMHHIH >KOFapbl CrneuumKaAblK, CYT YO OEACEHAIAIr OHbIH ipiMLLiK
acayparbl 6acka rnpoTeas’asapAaH apTbIKWbIAbIFbIH - KaMTaMachi3 eTeAi. XMMO3WMHHIH opeKeTi
K-KasenH MoAeKyAacbliHaarbl Phe'® sxaHe Met'% aMUHKbILIKbIAAAPbIHBIH KAAAbIKTapbl apacbIHAAFbI
6alAQHbICTbIH TMAPOAM3IHE HEri3AeAreH, OyA KasemH MULUEAAAAAPbIHbIH TYPaKCbI3AQHYbIH, CYTTiH
KOAryAiLMSICbIH >KOHE OHbIH, YHbIFbIL MeH capbiCyFa GOAIHYIH Tyablpaabl. PekoMOMHaAHTTbI GakTpuaH
Tyre xumo3suHi Camelus bactrianus alwbiTkbl WiTammMbiHbIH, Pichia pastoris GS115/pGAPZoA/ProchymCB
KOMETriMeH aAbIHAbBI. PEKOMOUHAHTTbI XMMO3MH MOH aAMacy XpOMaTorpadusiCbl apKbiAbl Ta3apTbIAAbI.
Bue cyTiHe KaTbICTbl PEKOMOMHAHTTbI TYME XMMO3UHIHIH CYT Yo 6eAceHAiAiri pH >xeHe Temnepartypara
GaliAaHbICTbI 3epTTeAal. bue cyTiHe KaTbiCTbl PEKOMOMHAHTTbI TyMe XMMO3MUHIHIH, MaKCHMMaAAbI
GeACEeHAIAIrHIH OHTanMAbl MaHi pH 4,0, an oHTamabl Temnepatypa 70°C 60AaTbiHbl aHbIKTAAAbI.
Bue, cublp >keHe eLKi CYyTIHAeri peKOMOUHAHTTbI TyiMe XMMO3WHIHIH GeACEHAIAIr comkeciHwe 123,
9605 >xaHe 4650 GipAIK/MI Kypaabl. PEKOMOMHAHTTBI TyMe XMMO3MHIHIH Cy30e MeH ipiMLLiK eHAipyre
JKETKIAIKTI YKOFapbl KOAryAsiUMSIAbIK, GEACEHAIAIr 6ap eKeHi ADAEAAEHAI. 6 AMTP eLlKi CYTi KOCbIAFaH
iPIMLLIK YMbIFbILbIHBIH, WbIFbIMbI 936 rpaMm GOAABI. PEKOMOUHAHTTbI TYME XMMO3MHIH CUbIP MEH eLLKi
CYTiH BHAEY XK8He ipIMLLIK BHAIPY TEXHOAOIMSIAAPbIHAA KOAAAHY MYMKIHAITT Gap.

Ty¥iiH ce3Aep: XMMO3MH, CYT, PEKOMOMHAHTTbI (DEPMEHT, CYT VIO BEACEHAIAITT, KOaryAsumsl.

BBenenne

OfHMM W3 CaMbIX PAHHUX OMOTEXHOJIOTHYE-
CKHX TIPUMEHEHNH (EPMEHTOB SBISETCS TPOU3-
BOJCTBO Chipa [1]. AKTUBHBIE HHIPEAMEHTHI 3TOTO
rporecca OBITH HICHTH(DHUIIMPOBAHBI KaK MPOTEO-
JIUTHYECKUE (PePMEHTHI TIENICHH U XMMO3UH, U3BECT-
HBIE KaK «ChIUyXHBIH pepmerT» [2]. Xumoszun (EC
3.4.23.4) — acmapruHoBas MenTuaa3a, IpuHaIeKa-
mas K CeMEMCTBY NEeTNCHHOMOIAO0HBIX (epMEHTOB
[3]. HeiicTBue XuMO3MHA OCHOBAHO Ha THUIIPOJIU3E
CBSI3M MEXly aMUHOKHCIOTHBIMHU ocTaTkamu Phe!%
u Met'” B Monekysie Kama-Ka3euHa, YTO BbI3bIBACT
JIECTa0MIIN3aINI0 Ka3eMHOBBIX MHIIEII, CBEPThIBA-
HUE MOJIOKa U pa3JielieHHe ero Ha CTYCTOK U CBIBO-
potky [4]. Beicokas crieruduyueckas MOJIOKOCBep-
TBHIBAIOIIAs AKTUBHOCTh XHMO3HMHA OOecreYrBaeT
€ro NPeMMYIIECTBO HaJ APYTUMH TNpOTea3aMd B
CBIPOJICIINH.

Jlo HemaBHETO BpEeMEH! TEXHOIOTHSI TIOTYYeHHS
XMMO3MHA OblJla OCHOBaHA Ha BBIJICJICHUU (DepMeH-
Ta U3 JKEITyAKa HOBOPOXKIEHHBIX TEIAT, ITHAT U KO3-
JISIT, HO B HACTOSIIIIEE BPEMsI XUMO3UH, MOYKHO TIOJTY-
YaTh C HCIIOJIb30BAaHUEM PEKOMOWHAHTHOW TEXHO-
soruu. CrlenyeT OTMETUTh, YTO PEKOMOMHAHTHBIN
TEJSTYUN XUMO3HMH SBIISIETCS TEPBBIM (DEPMEHTOM,
onoOperHbiM FDA K HCIIOJIB30BaHUIO B MHUIICBON
npomeinuieHHocTd [5]. K ceropnsmuaemy a0 0o-
nee 90% HCIONB3yeMOro ChIyKHOTO (hepMeHTa B
MHUpE SIBIAETCS XMMO3WHOM, ITOJIy9€HHOM ITyTeM
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¢depmenrtanuu [6]. Ha peiHke KoMMepueckux ¢ep-
MEHTOB JIJIsl CHIPOBAPCHUSI JOMHHUPYET TEISTIUi
XMMO3HH, HO HCCIICAOBAHMS 110 MPAKTHYECKOMY HC-
MOJIb30BAHUIO MPOBOJSITCS U B OTHOIICHUH XHUMO-
3MHOB, MTOJYYEHHBIX OT APYTHX XKUBOTHBIX, HAIIPH-
Mep, siKka (Bos grunniens) [7] u anraiickoro mapana
(Cervus elaphus) [8].

[lepcreKTUBHBIM CHIYYXKHBIM (EPMEHTOM BBI-
CTynaeT BepOJIOKMI XMMO3HMH, KOTOPBIM MOXKET
OBITh MCIIOJIH30BaH JIJIsl TPOU3BOJICTBA ChIpa U3 KO-
poBbero [9-12] u BepOmrokbero momoka [13, 14].
N3BectHO, uTO BepOIIOKMI XMMO3UH 00JaaeT Ha
70 % OonplIell MOJIOKOCBEPTHIBAIOIIEH aKTUBHO-
CTBIO M SBISETCS OOJiee TEPMOCTAOMIIBHBIM, YEM
Tenstunii xumo3uH [15, 11], uro menmaer ero mpu-
BJICKATEBHBIM JIJISl KOMMEPYECKOT0 MPOU3BOICTBA
celpa. B wactHOCTH, M3yUeHHE XMMO3UHA U3 OIHO-
rop6oro Bepomrona Camelus dromedarius o3BoIN-
JIO €r0 PEeKOMEHJ0BaTh B KAYECTBE MOJIOKOCBEPTHI-
Baromero pepmenra [15, 11, 16]. PekoMOHMHaHTHBIH
xuMo3uH Camelus dromedarius ObLT yCTIEIIHO KC-
MIPECCUPOBAH B MUICIHAIBHBIX Tpubax Aspergil-
lus niger [15] u B npoxokax Pichia pastoris [17].
VY3Ke IocTyIHa ero peKOMOMHAHTHAS BEPCHS B BUJIC
KOMMEPUYECKOro MNpoaykra mnoj Ha3BanueM Chy-
MAX M (Ch. Hansen). N3yuenbl OnoxumMudyeckue
CBOICTBa XUMO3HHA CPEIHEA3NATCKOTO ABYTopOOro
BepOmona Camelus bactrianus [18], KoTopble MO
psiny mapaMeTpoB OKa3aaucCh OJMM3KH XMMO3HMHY U3
Camelus dromedarius HeCMOTpPs Ha TO, YTO HMEIOT-
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Csl pa3iuuusl B JABYX aMHUHOKHCIIOTHBIX 3aMCHax B
nostoxkeHusx Val229Leu u Ser294Asn.

HawnGornee w3BECTHBIM U TMPAKTUYECKH CIIUH-
CTBEHHBIM MOJIOYHBIM TIPOAYKTOM W3 KOOBUIHETO
MOJIOKA SIBJISIETCSI KyMBIC. DTO KUCIOMOJIOYHBIH asi-
KOT'OJIbHBIM HAIUTOK, KOTOPBIN CO3/1a€TCs IIpUMep-
HO ¢ 2000 roma mo wHamieit 3pel. OH Haubosee u3-
BECTCH U MIUPOKO MOTpedssieTcss B peruonax LleH-
TpanbHOW A3uu. ETo 1osty4aroT U3 CBEKETo ChIpOro
MOJIOKA, 3aKBalIEHHOTO 3aKBackaMd (B OCHOBHOM
MOJIOYHOKHUCIIBIMA OaKTepUSIMU H JPOXIKAMH) B
nmo3e 20-30% u XpaHsIIerocs: B MOAXOISIICH eMKO-
CTH WK B (DEPMEHTAIMOHHOM MEIIKE, OOBIYHO TIPU
temriepatype 20-30°C [19]. [Ipou3BoACTBO ChIpa U3
KOOBUTBETO MOJIOKA CUUTAETCS HElleleco00pa3HbIM
n3-3a mpobiem co cBepThiBaeMocThio [20]. OmHako,
CPaBHHUTEIBHO HEJABHO OBLJIO MOKAa3aHO, YTO CHIP
MOJKET OBITh M3TOTOBJIEH U3 MOJIOKA OCJHII (OTHO-
CAIIMXCS KaK M KOOBUIHIIBI K poay Equus) mipu co-
OJFOCHUH CTEIUATBHBIX TEXHOJIOTHIECKUX TIOJI-
XOJIOB, TaKUX KaK HCIIOJIb30BAHHE OIPEACICHHBIX
BUJIOB CBHIYYXXHOTO (epMeHTa, OCOOBIe YCIOBHUS
KOaryJisiuu, o0orameHne APYruMu BUIAMH MOJIO-
Ka 1 100aBJIeHNEe TPAHCTIIyTAMHUHA3BI IS Ty4IIero
CIITMBAHUS MOJIOYHBIX OenkoB [21].

IIpencraBmsieTcsi WHTEPECHBIM anmpoOUPOBaATH
MOJIOKOCBEPTHIBAIONIYI0 ~ aKTUBHOCTH  PEKOMOM-
HAHTHOTO BepOyoxbero xumosuna Camelus bac-
trianus B OTHOIICHUU KOPOBBETO, KO3bETO U KOOBI-
JIBETO MOJIOKA, YTO U OTPEACIUIIO IeNIb HACTOAIIEH
paboTHI.

MarepuaJjibl 1 METOBI

Bexmopul, wmammel, Kionupyowue gepmen-
mbl U XUMUKAMbL

XUMHYECKHE PEAaKTUBBI, HCIIOJIb30BAHHBIC B
JTAHHOM HCCJICAOBAHUH, OBUTH MOJICKYJISIPHO-OMO-
JIOTHYECKOTO MJIM YHCTOTO aHAIMTHYECKOTO Kilac-
ca u npuobpetensl y Sigma-Aldrich (Cent-Jlywuc,
CIOA) u AppliChem (Japmmraar, 'epmanus).
®epmenTs! Xpanwn npu -20°C, a XuMuueckne pe-
AKTHBBI — B COOTBETCTBHUH C PEKOMEHIAIMSMH TIPO-
W3BOJIUTEIIS.

Onpedenenue konyenmpayuu oeixa

KonmenTparuro 6enka onpeensuim Mo MeTOLy
Bpendopna [22] ¢ ucnons3zoBanueM peaktusa Bio-
Rad (Bio-Rad Protein Assay Day, Miouxen, ['epma-
HUS) U OBIYBETO CHIBOPOTOYHOTO ajdbOyMHHA B Ka-
YyecTBe CTaHaapTa. Mi3aMepeHus mpoBOIMIIICE B TPEX
HE3aBUCHUMBIX MIOBTOPHOCTSIX, IPH 3TOM B Ka4eCTBE
YKa3aHHOTO pe3yJibTaTa PUBOJIMIIOCH CpeTHEE 3HA-
YEHHUE U3 TPEX MOBTOPHOCTEH.

Ananuz ceepmvigaemocmu MOJI0KA

AHanu3 CBEpTHIBAEMOCTH MOJIOKA MPOBOIMII-
¢4 B cooTBeTcTBUHU C [23]. B KauecTBe KOHTPOIb-
HOTO CyOCTpaTa HWCIIOJIB30BATH CYXO€ KOpPOBBE
00e3KHUpEeHHOE MOJIOKO U CyX0e, THO(PHUILHO BbI-
CyIIeHHOE, 00e3)KMpEeHHOe KO3he MOJIOKOo, 12%
(B/0) cycnenaupoBanu B 0,025 M HaTpuii-anerart-
HOM Oydepe, pH 6,0. DepMeHTATHBHEBIE peaKIun
MPOBOAMINCH, KaK MHUHHUMYM B TPEX IMOBTOPHO-
ctsx, ipu 37°C B mpobuprax ¢ 20 MKJI pacTBOpa
(dbepmenta u 1 ma cyocTpata. MoJIOYHBIE CTYCT-
KU BH3yaJIH3UPOBAJH, NepeBOpadnBasi IPOOHUPKH
BBepX MHOM. OJHA eJUHUIIA MOJIOKOCBEPTHIBAIO-
el aKTUBHOCTH OTpeJeNsiiach Kak KOJIMYECTBO
(hbepMeHTa, HEOOXOIUMOE JIJIsi CBEPThIBaHUS 1 M
cyoctpara 3a 40 munyT nipu 37°C. EquHAIbl ak-
tuBHOCTH xuMo3uHa (Ex) paccuutheiBanu mo cie-
nyromemy ypaBaeHHIo (1):

Veniin 2400
Er[[ — THLLLA x (1)
V:'h}'mu.s[n Tme
rac:
V. .~ 00beM MosoKa (M),

hymosin 00beM 100aBIEHHOTO XUMO3HWHA (M),

T . — BpeMs CBEPTBIBAHHS MOJIOKA (CEK).

g aHanm3a cBEpPTHIBAEMOCTH MOJIOKA UCTIONh-
30BN CyOnMMUpoBaHHOE KOObUIbE MoJioko (TOO
«CaymanbuoTex», Kazaxcram). Cyxoe MOJIOKO BOC-
craHaBiauBaiu Ha 20% B IEMOHU3UPOBAHHON BOJIE,
npeaBaputensHo Harpetoir 1o 40°C, obe3xuprBa-
nu ueHtpudyrupoanueM npu 3000 x g B TeueHue
15 mur (Eppendorf Centrifuge 5415R, Hamburg,
Germany). OkOHYaTEIBHBIN COCTaB pacTBOpa Cyo-
cTpata ObLT puBeneH K crneaytomemy: 10% xoObI-
abero MoJioka, 0,2M Oy epHBIil pacTBOp C COOTBET-
crytomm pH, 30 MM CaCl,. Ouninennblii pexoM-
OMHAHTHBIA BEPOJIFOKUN XUMO3UH Pa30aBIsUIH 10
50 HI/MKI IS KOPOBBETO MOJIOKA U J0 2 MKT/MKJI
JUTSE KOOBUIbero Mosioka 10 MM HaTpwuii-alieTaTHbIM
oydepom (pH 5,5) u 10 Mxir hepmerTa HHKYOHPO-
Baiu ¢ 1 M MosouHoro cybcrpata nipu 37°C. s
KOPOBBETO M KO3bEro MOJIOKAa BPEMS CBEPTHIBAHHS
B KaXJI0W MPOOUPKE M3MEPSUIH 110 BPEMEHHU MOSIB-
JICHHSI TIEPBBIX XJIONBEB, HAOIIOIAEMBIX TIPH TIepe-
BOpauuBaHUM MPOOUpKH. [l KOOBUILErO MOJIOKA
peakIuio B KaXIOH BPEMEHHOW TOYKe (MHTEPBAT
15 cekyHnm) ocraHaBnuBaIK JTOOABICHHEM IICTICTA-
THHA A B KOHEUHOH KOHIIEHTpAIHH B mpodupke S50
MKTr. OCTaHOBJIICHHYIO PEaKIMI0 3aTeM LEeHTpUudy-
rupoBanu mpu 3500 X g B TedeHne 3 MUH IS pas3-
JICJICHUS] OCAXKICHHOTO Ka3enHa. Bpemst mosBiIeHus
MIPOCBETIICHHUS HAJIOCAIOYHON )KUIKOCTH PETHUCTPH-
pOBaJI KaK BpeMsl CBePThIBAHUSI.
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Buidenenue u ouucmra pexombunanmmozo eep-
O1I0XHCbE20 XUMO3UHA

PexomMOMHAaHTHBII BepOIIOKUNA XUMO3MH OYH-
AT U3 KYJIBTYPHI IPOXKIKEH C TOMOIIHI0 HOHO00-
MEHHOU Xxpomarorpaduu. PeKOMOMHAHTHYIO KYJiIb-
Typy Aposoked BeIpamuBamu B 200 M cpemsl Ha
cpene, coaepxkaiieit 1% apoxckeBoi IKCTPakT, 2%
renToH, 3% rimoko3sl, 100 MM nutpat-hocdaTHbii
oydep pH 4,0, 10 MM ackopOuHOBOi1 KHCITOTHI, 5%
copbuToa, 10 /11 CBEeKJIOBUYHOM MEITacChl B KOJIOax
B TeueHue 120 yacos npu 28°C u 250 06/mun. Knet-
KU coOupanu 1eHTpudyrupoBanueM mnpu 3500%xg,
+4°C B Teuenue 15 muH. Hagocagounyro )KMIKOCTb
(bumsTpoBany gepes 0,22 MkM u moBIaIH pH 10
4,5 ¢ momomnipto 25 MM arerara HaTpUs U HHKYOH-
pOBaIH IMPH KOMHATHOM TeMIlepaType B TeueHue 24
yacoB. O0beM pacTBopa ¢ nmomolipio 25 MM arnera-
Ta HaTpus goBoawm 10 600 M, a pH mormkamu 1o
3,0 ¢ momomrio HCI. Cmech 3arpysaiu B KOJOH-
ky ¢ DEAE-cedaposoii, ypaBHOBemeHHOH 25 MM
NaCl B 50 MM tutpar-natpueBom 0ydepe (pH 3,0).
O06pa3er, Tpome AN CKBO3b KOJIOHKY COOHNpaITH U
3arpyaiu B KOJIOHKY ¢ SP-ceapo3oii, ypaBHOBe-
merHoi 25 MM NaCl B 50 MM HaTpUH-ITUTPATHOM
oydepe (pH 3,0). Kosmonky npombiBaiu 5 M 25 MM
NaCl B 50 MM natpumit-iutpataoM 6ydepe (pH 3,0)
u 15 mu 50 MM NaCl B 25 MM HaTpuii-arieTaTHOM
oydepe (pH 5,5). Hanee, komoHKY TTpoMbIBamu 750
MM NaCl B 25 MM Hatpuii-aueratHoMm Oydepe (pH
5,5) m nmroupoBanu 0eloK (PPaKITMOHHPOBAHUEM.
Opaknuy MpoBepsUIH Ha MOJOKOCBEPTHIBAIOIIYIO
aKTUBHOCTD, TIOJOKUTEIbHBIC (QPAKIIUNA 00bEIU-
HsU1M ¥ toBowui KoHieHnTpanuto NaCl o 25 mM
¢ moMoIIpio 25 MM HaTpuii-arieTaTHBIM Oydepom
(pH 5,5) u 3arpyanu B KoJOHKY ¢ Q-cedapo3oi,
ypaBHoBemeHHo 25 MM NaCl B 25 MM nHatpuii-
aneratHoM Oydepe (pH 5,5). Kononky npombiBanu
25 MM NacCl B 25 MM 6ydepe arerata mHatpust (pH
5,5) u amronpoBanu XUMo3uH rpaaueHToM 50-2000
MM NaCl B 25 MM nHatpmii-anierataoMm Oydepe (pH
5,5). ®pakuuu aHAIU3UPOBAIN ¢ HOMOIIBI0 SDS-
PAGE. Dnektpodopes B momuakpuIaMUIHOM Tele
rpoBoauiIH 110 JIammun [24] B siuelike miniProtean-
IV (Bio-Rad Laboratories Inc).

Hzmepenue onmumanvrozo pH cyocmpama ons
AKMUBHOCMU C8EPMbIBAHUSA MONOKA

Hiist 5TOr0 cyxoe 00e3KHMPEHHOE MOJIOKO pac-
tBOpsutH B 200 MM HaTpwmit-iuTpaTHOM Oy depe (pH
3,0-3,5), 200 MM Hatpwmii-aneratHoM Oydepe (pH
4,0-5,5), 200 MM mmmmazomoBom Oydepe (pH 6,0-
6,5) umu 200 MM Tpuc-HCI 6ydepe (pH 7,0-8,0).
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MosouHbIe pacTBOPHI NMOMEIIAIN B KauecTBE CyO-
cTpata B IpoOUpKH 00BeMOM 2 MJI. MakcuMaabHas
AaKTUBHOCTb (pepMeHTa onpeaersuiach kak 100% ak-
TUBHOCTb, U OCTaJIbHBIE 00pa3Ilbl OICHUBAIUCH HA
OCHOBAHUH 3TOTO.

Onpedenenue onmumanbHOU —MeMNepamypol
OJ15 AKMUBHOCMU C8EPIBIBANUS MOTOKA

AKTHBHOCTBh CBEPTHIBAaHHS MOJOKA H3MEPSIIH
B auanazone temneparyp 0-70°C (¢ uHTepBajioMm
5°C) B 200 MM mnHatpwmii-anieratHoM Oydepe (pH
5,0) nast koObUTEETO MOJIOKA. PacTBOpHI cyOcTpara
1 epMeHTa MpeIBapUTEIHHO HArPEBAIH JI0 TEMIIe-
paTypsl peakiy B T€UEHHE 5 MUHYT, MOCIE YEro
pacTBOPHI CMeNUBAINA. MaKkcuMaabHasi aKTHBHOCTb
(depmenTa onpenensiach kak 100% akTUBHOCTH, U
ocTanbHBIe 00pa3Ibl OIEHUBAIUCH HA OCHOBAHHH
3TOTO.

Koaeynayus ko3ve2o monoxa

Monoko B obbemMe 6 JTUTPOB MPOrPEeBAIN IO
temriepatypbl 37 °C B ChIpoBapHE W J00ABISUIH
KYJIBTYPY ME30(QMIBHBIX JaKTOOAKTEpHii, BHOCHIN
CyXO# mperapar peKOMOMHAHTHOTO BEPOII0KBETO
XUMO3MHa B KojndyecTtBe 200 MI M1 MHKYOMpOBaIN
B Teuerne 30 muHyT. Kak Tompko oOpa3oBhIBaICA
CT'YCTOK €T0 pa3pe3ajy ChIPHBIM HOXKOM Ha KyOUKH
pasMepoM 2X2 ¢M ¥ TPOBOAWIN OTACIICHUE CHIBO-
POTKH OT CTyCTKa, TyT€M BBIMEIIMBAHUS B TEUCHHUE
15 munyT. ChlpHYI0 MacCcy HaHOCWIH B (opMy U
MIPOBOJIMIIM CaMOIIPECCOBAaHUE ChIpa B Te€UeHHE 18
gacoB nipu Temrieparype 32°C. ChopmupoBapiIyio-
Cs1 CBIPHYIO TOJIOBKY BbIAepkHuBain B paccoe (1,5%
NaCl) B Teuenne 120 gacoB npu temnepatype 4°C.
[IpoconeHHslit CbIp 3aBOpayMBaJId B MEPraMeHT H
BBIIEp)KUBAIH Tipu Temnepatype 8°C B Teuenue 28
CYTOK.

IIpozpammnoe obecneuenue u cmamucmuye-
CKULL aHanu3

Bce ananmsbl MpoBOAMINCH B TPEeX HE3aBUCH-
MBIX MOBTOPHOCTSX. B KonmmuecTBEeHHOM Hccieo-
BaHWU CpPEIHHE 3HAYEHUS M CTaHAApTHBIE OTKIIO-
HEHMs OBUIM TOJYYEHBI C TOMOLIBIO MPOrpamMM-
Horo obecneuennuss GraphPad Prism Version 8.0.1
B JaHHOM pabore. CpenHee 3HaYCHUE aKTUBHOCTU
(epmenTa OBUTO TTOKA3aHO, APYTHE 3HAYCHHS ObLTH
MIpEJICTaBJIEHB] KaK CpefHee + CTaHIapTHOE OTKIIO-
uHenue (SD; n = 3). Pacder MoneKkynsIpHOW MaccChl
OesKa, U303JEKTPUUECKONW TOYKHM, YTCHHUE HYKJIEO-
TUJIHOW MOCTIEI0BATEIbHOCTH U IU3aiiH TpaiiMepoB
U JpyTue MaHUMYJSIUHM MPOBOIMIN C HCIOJB30-
BaHWEM TporpamMMmHOro odecmeuenus Vector NTI
Advance 11 u SnapGene Viewer 5.2.4.
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Cmpykmypa Xumosuna

XUMO3HH OTHOCUTCS K acCapriHOBBIM TpoTea-
3aM crerupuIecKoro AeicTBus [25]. Bepomroxnii
xumosuH u3 Camelus bactrianus uMeeT TPOTSHKEH-
HOCTb 381 aMUHOKHCIOTHBIX OCTaTKa, M3 KOTO-
peix mepele 16 a.o. (MRCLVVLLAALALSQA)
ABISIIOTCA  ceKpeTopHbIM mentugom (Pre-peptide)
00€ecTIeunBaOMUM CEeKpEnio (epMEHTa B IKEITY-
nok. Ilocnenyromme 42 a.o. (SGITRIPLHKGK-
TLRKALKERGLLEDFLQRQQYAVSSKYSSL)
sBisitorest miporientunom (Pro-peptide), dyHKmImo-
HaJIbHBIM JIeHICTBHEM KOTOPOTO SIBISICTCS OJIOKH-
pOBaHKe MPOTEOIUTUIECKOTO JIeHCTBUS (hepMeHTa.
Cnenyrome 323 a.o. HaunHas ¢ Gly” xomupyroT
COOCTBEHHO caM (pEepMEHT XHMO3WH B m30(opme
b, xoropas Oosiee aktuBHA yem u3odopma A [23]
IlepBoHa4YaIbHO, XMMO3UH CEKPETUPYETCS] B MHAK-
TUBUPOBAaHHOU (hopMe — IPOXMUMO3UHA U 3aTEM ITy-
TEM aBTOKATAJIUTUYECKOTO IPOTEOIM3a IPU HU3KOM
sraueHnu pH (4.0) akTuBUpyeTCs B OCIOK XMMO3UH
¢ MmonekysipHor Maccoit 35,5 x/la. CpaBHeHue
MTOCJIETOBATEIBHOCTEH XHMO3WHOB KOPOBBI (Bos
taurus), xko3bl (Capra hircus), oBua (Ovis aries) u
nByropooro Bepomona (Camelus bactrianus) mo-
Ka3bIBAET JIOCTATOYHO BHICOKYIO KOHCEPBATHBHOCTh
xumo3uHa (Pucynox 1).

W neHTHYHOCTh OTHOCUTEJIBHO XOPOILO U3yUYeH-
HOT'O TEJISIYBET0 XMMO3HMHA C BEPOIIIOKBIM XUMO3H-
HOM cocTapJsieT nouTtn 84%. Ilyrem kimoHnpoBaHus
MPOXUMO3MHA B COCTABE YEITHOYHOIO JIPOXKIKEBOTO
BEKTOpa coOpaHa reHHO-WH)KEHEepHasi KOHCTPYKLIHUS
pGAPZa/ProchymCB (PucyHok 2), momydeHue Ko-
TOpoi moaApoOHO onrcaHo B [18].

OOmas NpoTSHKEHHOCTh BEKTOpa COCTABIISIET
4202 n.o. B coctaBe JaHHOTO BEKTOpa reH MPOXH-
Mo3uHa (1098 1m.0.) BCTpOEH IMOa KOHTPOIb KOH-
CTUTYTHUBHOI'O TJIHLEPOIaibaAerua-3-pochar aeru-
npareHassl (glyceraldehyde-3-phosphate dehydro-
genase, GAP) npomotopa. C N-koHIIa reH npoxu-
MO3HHA HECET HYKJICOTHIHYIO ITOCIIEI0BATEIbHOCTh
a-nientuaa u3 Saccharomyces cerevisiae nist cexpe-
UM TIPOXMMO3UHA B KYJIBTYPaIbHYIO CPEIy IPOXK-
xei. Tpancopmarnmeil J7aHHBIM BEKTOPOM KOMIIe-
TEHTHBIX KJIETOK JIpoxcked Pichia pastoris mtamma
GS115 momydeH IPOXKEBOH IITaMM-TIPOAYLCHT

PEKOMOMHAHTHOTO TPOXUMO3UHA Pichia pastoris
GS115/pGAPZoA/ProchymCB.

Tonyuenue xumo3suna

HpoxokeBoit mramm Pichia pastoris GS115/
pGAPZaA/ProchymCB nokasan Xopoiiyroo mpoay-
LUPYIOIIYIO0 CIOCOOHOCTH Ha Cpejie C 100aBICHHEM
ACKOpOMHOBOM KHCJIOTHI M CBEKJIOBHYHOW MeJac-
cbl. Beixon akTUBHBIX eauHuIl cocTaBwia 1411 En/
M, uTo Ha 40% TpeBbIIIaeT MPU HCIOIB30BAHUH
u3BecTHOW cpeapl YPD, 00bl4HO HcIonb3yemMoin
JUIS KyJTbTHBHPOBaHUs Apoxoker. [lpemmaraemas
kommnanueir Invitrogen OasanbHas cojeBas cpefa
HCIIONIB3YETCA Ul TOJIyYEHUS] KYJIbTYp BBICOKOU
IJIOTHOCTH, OJTHAKO OHA HE BCETJa SBISETCA TOJ-
XOASUIUM JOTOJHEHUEM U3-32 YPEZMEPHOU NOHHOM
CHWJIBI, BBITIQJICHUS B OCAJIOK JO00ABOK Cpeibl U He-
cOaaHCUPOBAHHON KOHIIEHTPAIlMH THTATENbHBIX
BewlecTB [26]. JlaHHas cpena MalONpUrolHA HJist
KpyITHOMAcIITaOHOTO HCTOJIB30BAHUS HEIOPOTHX
OuonpenaparoB, Tak Kak TpeOyeT noOaBieHHs J0-
porocrosimero ButamMuHa H m cmecu mukpooie-
MEHTOB, PAJl KOTOPBIX MOTYT HHIMOUPOBATh MPOU3-
BOJICTBO pEKOMOHMHAHTHBIX OenkoB [27]. ['mroko3a B
cpene HeoOXOoanMa He TOJIBKO KaK MCTOYHHK yTJie-
pona, HO M Ui akTHBanuu npoMoropa GAP [28].
JpoxoKkeBOil HKCTPAKT W MENTOH SIBISIOTCA MCTOY-
HUKOM aMHJIHOTO a30Ta, KOTOPbIH HEOOXOIUM IS
MOJIHOLEHHOTO U YCTOMYMBOro pocta mramma [29].
OnTtumansHbiM pH cpess! U1t TPOU3BOACTBA XUMO-
3uHa sBisiercss pH 4,0 u ero nogaepxuBaiu ¢ Mo-
MoTIIbIo TTUTpaT-hocharHoro o6ydepa.

KoMOuHanusi aHMOHOOOMEHHOHW U KaTHO-
HOOOMEHHOH XpoMarorpauu TO3BOJHIA OYH-
CTUTh XHMO3HUH U3 Cpeabl U CKOHIEHTPUPOBATh
pexomOuHaHTHEIN Oernok. Ilyrem pacuera ObLIO
YCTAHOBJICHO, YTO 3pEJblii XUMO3UH HMEET H30-
3JEKTPUUYECKYI0 TOUKY paBHOU 4,87 U HE CBA3BI-
Baetcs ¢ DEAE-cedapo3oii u cBsa3piBaeTcs ¢ SP-
cedaposoii ipu pH 3,0 u ¢ Q-cedapo3soii npu pH
5,5 (Pucynok 3).

Kak nokaszaHo Ha pucyHke 3, peKOMOWHAHTHBIH
XUMO3HH, OYHWIICHHBIH Ha KojJoHke SP-Sepharose
COJIEPKUT OOJIBIIOE KOIWYECTBO NMPUMECHBIX Oell-
koB maccou Hmxke 30 x/la. JlampHeiimas oyucTka
Ha Q-ceapose 1mo3BONMIIA CKOHIICHTPUPOBATh XH-
MO3HH M U30aBUTHCSI OT APYTHX OCITKOB MOJydas 10
95%-0i1 cTeneHn YUCTOTHI (PEPMEHT.
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Unconserved [[i[fl 234 & 7 Bl 8 [l conserved

Bos_taurus
Capra_hircus
Ovis_aries
Camelus_bactria
Consistency

Bos_taurus
Capra_ hircus
Ovis_aries
Camelus bactria
Consistency

Bos_taurus
Capra_ hircus
Ovis_aries
Camelus_bactria
Consistency

Bos_taurus
Cap;a_hircus
Ovis_aries
Camelus bactria
Consistency

Bos_taurus
Capra_hircus
Ovis_aries
Camelus_bactria
Consistency

Bos_taurus
Capra hircus
Ovis aries
Camelus_bactria
Consistency

Bos_taurus
Capra hirecus
Ovis_aries
Camelus_bactria
Consistency

Bos_taurus
Capra_hircus
Ovis_aries
Camelus_bactria
Consistency

Pucynok 1 — [locnenoBarenbHOCTH XUMO3UHOB Bos taurus (NP_851337.1),
Capra hircus (NP_001272688.1), Ovis aries (NP_001009804.1), Camelus bactrianus (XP_010946582.1)
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Pucynok 2 — [Ina3mMuHas kapra BeKTOpa

pGAPZaA/ProchymCB
kDa M 1 2 3 4 5 6
100 :
oo
28
s " R
300

-

M — GenkoBblif Mapkep; 1- CKOHIIEHTpUpPOBaHHAS
KYJIBTypajibHas )KUAKOCTh; 2 — OpakIys He CBA3aBIIAsICS
¢ DEAE-cedapo3oii; 3 — smrorpoBanHas Gppaxius ¢ SP-
ceapo3ssl; 4-6 Gpakiyu roUpoBaHHbIe ¢ Q-cedapossl.

PucyHok 3 — Pe3ynsTar 04ncTKM peKOMOHHAHTHOTO
BepOMIOKBETO XUMO3HHA

Monokoceepmuieaiowasi akmueHOCMb XUMO3U-
Ha 0J151 KOObLIbE20 MOJIOKA

B KkoObUIbEM MOJIOKE AaKTHBHOCTh XHUMO3U-
Ha HaOroganace ToiapKo B amamazoHe pH 3,0-5.5.
OntumaneHbll pH U1 aKTHBHOCTH PEKOMOHMHAHT-
noro xumosuHa C. bactrianus st KOOBUILETO MO-
noka coctaBui 4.0 (Pucynox 4). C moBblieHHEM
U yMeHbIIeHHeM pH oTHocHTenbHas aKTUBHOCTH

CBEPTHIBAHUS CHIDKAJIAch. bolee HU3KUE 3HAUCHUS
pH m1s Momoka m3-3a €ro KHCIOTHOW KOAryJISIHH
[20] He MornM OBITH JOCTUTHYTEHI, a IpH OoJiee BbI-
COKHMX 3HaUYCeHUAX pH Koaryssius He HaOJIr01aach.
B cnyuae ke ¢ KO3bUM MOJIOKOM HauWBBICIIAS aK-
TUBHOCTBH JocTtHraercs mpu pH 4.5. DTu nannbie
MTOKA3aJIH, YTO BEPOIFOKUN XUMO3WH, KaK U IPYTHe
XHUMO3HWHBI, 00J1aJ1aeT HanOOJIbIIICH aKTUBHOCTHIO B
KHUCJIBIX YCIOBHUSIX.

110+
1004
=@ Koabe MOnoKko

904 - Kobblnbe MonoKo
80
704
60

50

407

QOTHoCKUTENELHAA aKTUBHOCTE, %

304

204

O+ T T T T T T T T T T 1

3.0 35 4.0 4.5 5.0 55 6.0 6.5 7.0 75 8.0 8.5
pH

PucyHnoxk 4 — 3aBUCHMOCTb MOJIOKOCBEPTBIBAIOLIEH
AKTHBHOCTH PEKOMOMHAHTHOTO XUMO3HHA BEpOIroIa
ot pH koObLIBEr0 MOJIOKA

W3BecTHO, 4TO Ha MOJOKOCBEPTHIBAIOIIYIO AK-
TUBHOCTh XMMO3WHA CHJIBHO BJIHSIET TeMIepaTypa
[15, 17, 30]. B Hamewm uccienoBaHuu ObUIO ycTa-
HOBJIEHO, YTO ONTHMAaJlbHAA TeMIleparypa Jjs OT-
HOCUTEIIbHON aKTUBHOCTU CBEPTHIBAHUS KOOBLIbE-
ro monoka siBisierca 70°C (Pucynok 5). B nannom
cilyyae CKopocTb peakiuu npu 70°C Ha KOObUIbEM
MOJIOKE YBENMYMJIAch B TP pasa Mo CPaBHEHHIO C
¢uznonornyeckoit remneparypoit 37°C. ns cpas-
HEHHs ONTHUMAJIBHOM TEMIIEpaTypoul Ul CBEPTHI-
BaHUsI KO3bErO MOJIOKA BEpOJIIOKBUM XHMO3HHOM
coctaBisier 60°C. Ilpu 70°C akTHBHOCTH XUMO3HU-
Ha Ha KOpOBbEM MoJloke cHmkaeTcs 10 20%, B TO
BpeMs KaKk Ha KOOBIJIbEM MOJIOKE OHA JIOCTHTaeT
MakcuMyMa. PasnuuHble 3HaYeHMsI ONTHUMAaJIbHOU
TeMIepaTypsl i ABYX CyOCTpaToB (KO3b€ U KO-
ObUIbE MOJIOKO) MBI CBSI3BIBAEM C Pa3IMYHBIMU Me-
XaHU3MaMHM JICUCTBUS BEpOIIOKBETO XMMO3nHa. B
KO3bE€M MOJIOKE OCHOBHBIM CYOCTPaTOM JUISI XUMO-
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3WHA SIBIISICTCSI Kalllla-Ka3enH, KOTOPhIH o0ecreyn-
BaeT CTaOMIFHOCTH Ka3eMHOBBIX Mumesut [31], a ms
KOOBUIBETO MOJIOKA, KOTOPOE SIBIICTCS aabOyMU-
HOBBIM, Kalla-Ka3ewH HE UTPAET TaKOW KITFOUEBOM
ponu [32] u B 3TOM cllydyae BCE KOMIIOHEHTBHI MO-
JIOKa TIOJIBEPTAIOTCS MpoTeoau3y. KoOsuibe Molio-
KO MMEET MHAYLUHUPOBAHHYIO XHMO3UHOM CHCTEMY
CBEPTHIBAHUS, KOTOpAsi, BEPOSTHO, OTIMYACTCS OT
KOPOBBET'0 MOJIOKA.

1004 =@ Koabe Monoko

] - KoGbinbe Monoko
80—
60—

OTHOCUTENLHAA aKTMBHOCTE, %

0 10 20 30 40 50 60 70
Temneparypa, °C

PucyHnok 5 — 3aBHCHMOCTH MOJIOKOCBEPTHIBAIOIICH
AKTHBHOCTH PEKOMOMHAHTHOTO XUMO3WHA BEpOIIoaa OT
TeMITepaTypbl KOOBLILETO MOJTOKA

Ko0b1b€ MOJIOKO MII0X0 MOJaeTCs KOATYJIISIIH.
B wacTtHOCTH, €ro coBepLIEHO HEBO3MOYKHO CBEp-
HYTbH C IOMOIIBIO TCJIAYBETO XUMO3MHA. HeCMOTpH
Ha TO, YTO SKCHEPHUMEHTAILHO OBLIO MMOKA3aHO, YTO
BepOIIOKUI XUMO3WH 00JIaaeT MOJIOKOCBEPTHI-
BAIOIEH aKTUBHOCTHIO B OTHOIICHWH KOOBLIBETO
MOJIOKA JJIs TIOJTyYEHHSI CBIPHOTO CT'YCTKa U3 KOOBI-
JIBETO MOJIOKA TPEOYIOTCS AOTIOTHUTEIBHBIE TEXHO-
JIOTUYECKHE MPOLEAYPBI: CMEIIMBAHUE C APYTUMU
BUJIaMH MOJIOKA, ONTHUMHM3AIMSA TeMIlepaTypsl U
BpemeHHu koarymsuuu [20].

Koaeynayus kopogveco u kozvezco monoka

B ominumne oT KOOBUILErO MOJIOKA KOPOBbE W
KO3b€ MOJIOKO TOpa3io Jy4Ile MOAaeTCs CBEpPThIBa-
HUIO. AKTUBHOCTh PEKOMOMHAHTHOTO BEPOIIOKBETO
XMMO3WHA B OTHOIIEHHU KOPOBBETO M KO3bEro MO-
noka coctaBuia 9605 u 4650 ex/mr, COOTBETCTBEH-
HO, yTO B 80 1 40 pa3 npeBbIIACT aHAJTOTUYHBIN MO~
Kazarelb sl KoObuibero Mosoka (Tabmuma 1).
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Taomuna 1 — MosokocBepThIBarONIasi aKTUBHOCTh PEKOMOM-
HAHTHOTO BEpOJFOKBETO XUMO3UHA B OTHOIICHUU KOOBUIBETO,
KOPOBBETO U KO3bEro MOJIOKA

Monoko AKTHUBHOCTH

KoObuibe 123 ex/mr

Koposne 9605 ex/mMr
Kosbe 4650 en/mMr

B xozme »skcnepuMeHTaIbHBIX HCCIEAOBAaHUN
YCTaHOBJICHO, 4TO IPHU COOJIFOJICHUU CJICIYIOIINX
napamerpos: 30 MM CaCl,, pH 5.5, 37 °C a¢-
(DEKTUBHO MTPOTEKALT MPOLIECC KOATYIISAINH KO3bEro
Moitoka. CrycTok obpasyercs Ha 30 munyTe (Pucy-
HOK 0).

PucyHnok 6 — Koarymnsuus Ko3pero Mojioka moj AeicTBuemM
PEKOMOMHAHTHOTO BEPOITIOKBET0 XMMO3HHA

OpraHoJenTHYECKUE CBOWCTBA CTYCTKa COOT-
BETCTBOBAJIM MSTKMM COPTaM ChIpa, YTO COOTBET-
CTBYIOT TpeOOBaHMSAM JJIsi ChIpoBapeHusi. Macca
MTOJIy9eHHOTO OpycKa ChIpa cocTaBmiia 936 rpamm,
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YTO COOTBETCTBYET 15% OT HayanbHOW Macchl MO-
JIOKa.

Takum 00pa3oM, IKCIIEPUMEHTAIILHO MTOKA3aHO,
YTO TIOJYYEHHBIN BEpOIOKUI XUMO3HH 00IaTaeT
JIOCTAaTOYHOU MOJIOKOCBEPTHIBAIOILIECH AKTUBHOCTHIO
B OTHOIIICHUH KOPOBBETO M KO3hETO MOJIOKA U UMe-
€T MEPCHEKTUBY HCIOIb30BAHUS ISl IMOIYUYCHUS
TBOpOTa  ChIpa.

3akjaoueHmne

[lyrem  wcnonb3oBaHUsT  MOJUGUIIMPOBAH-
HBIX Apoxoked Pichia pastoris GS115/pGAPZaA/
ProchymCB momyden peKkOMOMHAHTHBIA XUMO3HWH
nByropooro BepOmona Camelus bactrianus, KOTO-
PBIi OBLT OYHINCH U3 KYJIBTYPBI IPOAOKEH METOIaMH
MOHHOOOMEHHOH Xpomarorpaduu. PexomOuHaHT-

HBII BepOTIOKHI XMMO3UH 00JIaJjaeT MOJIOKOCBEP-
THIBAIOIIICH aKTUBHOCTBIO B OTHOIIICHUH KOPOBBETO,
KO3bEro U KOOBLTILEro MoJjioka. Ha kKo3beM MOIOKe
MoKa3aHa KOaryJsi[HOHHAs aKTHBHOCTh, JOCTATOY-
Has JUIs TIOJYYeHHs TBOpora u chipa. [lomy4eHHsbIi
PEeKOMOVHAHTHBIN BEpONIOKUI XUMO3HH HWMEET
MIEPCIICKTUBY NMPUMEHEHUS B TEXHOJIOTUSAX TIepepa-
OOTKH KOPOBBETO M KO3bEr0 MOJIOKA M MOJYUYCHHUS
chIpa.

baarogapHocTh, KOH(PJIMKT HHTEPECOB

[IpoBenennble uccnegoBanust ObLIM (HUHAH-
CUPOBaHbI MHHHCTEPCTBOM CEIBCKOTO XO3SH-
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BMOTECTUPOBAHUE DHTOMOIMNATOTEHHbIX TPUBOB
BEAUVERIA BASSIANA TIPOTUB BEAOKPbIAKA
(Trialeurodes vaporariorum): AABOPATOPHDIE
M MOAEBbIE SKCIMEPUMEHTbI

B HacTofwem wnccaepOBaHMM MPOBOAMACS MOMCK COCTaBa AELLEBbIX MUTATEAbHbIX Cpea WM
BblpallMBaHMe Ha HWMX MeCTHbIX M30AATOB Beauveria bassiana (Ascomycota: Clavicipitaceae),
BbIAEAEHHbIX MX Pa3HbIX MPUPOAHbBIX MCTOUHMKOB KbiprbidcTaHa. AAS BbipalmBaHus 61MomMaccsl 13
wramMmoB Beauveria bassiana B AaGOpaTOpHbIX YCAOBMSX M OMPEAEAEHWUS ee IHTOMOMATOreHHoM
AKTMBHOCTM ObIAM  UCMOAb30BaHbl OTXOAbl MULLEBOM MPOMbBILIEAEHHOCTU: TOpoOXoBas Kpyna,
OBC9Hag Kpyna u coeBag mMyka. LLItammbl 501 B, 502BB 1 503BB AaAm xopoLumii poCcT MuULLeAUS U
KOHWAMOHOLLEHWE HA NMOBEPXHOCTU OBCSHOM KPYTbl M FTOPOXOW KPYribl, MpW NMoacyeTe 06pasyomxcs
KOHWMAMI B 1T MOAyYeHHOM GMOMACChl, MAOTHOCTb KOHWMAMIA COCTaBUAQ B TeveHue 15 aAHen 1.2-
1.4 x10°%nopWa. CAabblit poCcT GbiA OTMEYEH Ha COEBOM MyKe, KOAMYECTBO KOHWMAMI COCTaBMAQ
1.0x10* cnop\Ma. Pe3yAbTaTbl in vitro 61MOTECTMPOBAHUS MOAYUEHHbIX GMOMNpPenapaToB Ha rOPOXOBOWA
M OBCSIHOW Kpyre nokasaAu, Y4TO M3 BCeX MCMbITaHHbIX WTammoB, 502Bb nposiBuA Goaee BbICOKYIO
3(pPeKTUBHOCTb B OTHOLLIEHMM 060mX cTaamil BpeanTeas (92.00 £1.13% y AmumHok 1 65.0 £0.89%
y umaro, P<0.05) npn po3e 1 x 10° KOHUAMIA/MA.

[Mpn ABYXKpPAaTHOM OMPbICKMBAHMM TEMAMYHbIX PACTEHMIA OrypLOB CYCMeH3uel npenapara,
coaep>katen 2.2x10°KOHUANIA B\MA T TbeAb AMUMHOK AOXOAMAA A0 80+ 1.41%, a umaro Ao 71+1.13
% MpU MCMOAb30BaHUM OMOMPOAYKTa Ha OcHoBe LWTamma 502Bb, mpu onpbicKMBaHMU CycrieH3uei
6ronpoaykta Ha ocHoBe 501Bb u 503 Bb cmepTHOCTb AMuUMHOK cocTtaBuAaa 76 +1.27%, umaro —
65+1.15%; 77+ 1.17% AnumHOK M 67% 1.23% wumaro cootBeTcTBeHHO (P<0.05). [NoAyueHHble
pe3yAbTaTbl MOATBEPXKAQIOT, UTO BHEAPEHME 3TUX MaTOreHHbIX rPUbbl Kak areHTbl 6MOAOrMUECKON
60pbObl C 3TUMU BPEAMTEAEM CMacCyT MOCEBOB OT HEM3BMPATEAbHOrO MPUMEHEHUS XMMUYECKMUX
MHCEKTULMAOB, BHECET 3HAUMMbIN BKAQA B 3alUMTY OKpY>KaloLen cpeAbl M MOAE3HbIX KOMMOHEHTOB
NPUPOAbI OT YPE3MEPHOI0 3arpsa3HeHNs NeCTULIMAAMMU.

KatoueBble caoBa : GMOAOTMYECKME areHTbl, SHTOMOMATOreHHble rpubbl, COCyLIME BPEAMTEAM,
GMOKOHTPOAD

T. Doolotkeldieva, S. Zholdoshbekova, E. Ismailova

Kyrgyz-Turkish Manas University, Kyrgyzstan, Bishkek
e-mail: tdoolotkeldieva@gmail.com

Biotesting of entomopathogenic fungi Beauveria bassiana against
the whitefly (Trialeurodes vaporariorum):
laboratory and field experiments

In the present study, we searched for the composition of cheap nutrient media. We grew local
isolates of Beauveria bassiana (Ascomycota: Clavicipitaceae) isolated from various natural sources in
Kyrgyzstan. To produce biomass from strains of Beauveria bassiana in laboratory conditions and de-
termine its entomopathogenic activity, food industry wastes were used: pea groats, oatmeal and soy
flour. Strains 501Bb, 502Bb and 503Bb gave a tremendous growth of mycelium and conidia formation
on the surface of oatmeal and pea groats when counting the resulting conidia in 1g of the biomass, the
density of conidia was 1.2-1.4 x 10° spores/ml within 15 days. Weak growth was noted on soy flour;
conidia was 1.0x10* spores/ml. The results of in vitro bio testing of the obtained biological prepara-
tions on pea and oat groats showed that of all tested strains, 502Bb showed higher efficiency against
both stages of the pest (92.00 + 1.13% in larvae and 65.0 £ 0.89% in adults, P<0.05) at a dose of 1
x 10° conidia/ml.

When greenhouse cucumber plants were sprayed twice with a suspension of the bioproduct con-
taining 2.2x10° conidia per ml\g, the death of larvae reached 80+ 1.41%, adults up to 71+ 1.13% when
using a bioproduct based on strain 502Bb, when spraying with a suspension of bioproduct based on
501Bb and 503Bb larval mortality was 76 + 1.27%, adults — 65 + 1.15%; 77+ 1.17% larvae and 67 +
1.23% adults, respectively (P<0.05). The results obtained confirm that introducing these pathogenic
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fungi as agents of biological control against these pests will save crops from the indiscriminate use of
chemical insecticides and will significantly contribute to the protection of the environment and valuable
components of nature from excessive pesticide pollution.

Key words: biological agents, entomopathogenic fungi, sucking pests, biocontrol
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Beauveria bassiana SHTOMONATOreHA CaHbIPAYKYAAKTaPbIH aK, LUbIObIHFA
(Trialeurodes vaporariorum) kapcbl 6uorecTiaey:
3epTXaHaAbIK, )XoHe AaAaAbIK TaXipubeaep

byA 3epTTeyae 6i3 ap3aH KOPEKTiK OpTarapAblH KypamblH i3AEAIK XoHe oAapAa KbIpFbi3CcTaHHbIH,
BPTYPAI TabMFK Ke3aepiHeH okayAaHFaH Beauveria bassiana (Ascomycota: Clavicipitaceae) xepriaikTi
M30ASTTapbIH 6CIPAIK. 3epTXaHaAbIK Xarsanaa Beauveria bassiana wiramaapbiHaH 6Momacca ecipy xxeHe
OHbIH, BHTOMONMATOreHAIK GEACEHAIAIMH aHbIKTAy YLWiH Tamak, eHepkaCiBiHiH KaAAbIKTapbl: Oypluak,
>Kapmachbl, CyAbl XKapMachl >KaHe Cosl yHbl narAaAaHbiaabl. 501 Bb, 502 Bb >kaHe 503 Bb wrammaapbl
CYAbI XKapMacbl MeH Oypluak, >kapMacbIHblH, OETIHAE MULIEAMIA MEH KOHMAMOHHbIH, XKaKCbl 6CYiH 6epAi,
aAblHFaH O6MoMaccaHbiH 11 aAblHFaH KOHMAMMAEPAI CaHaraHAQ KOHUAMMAEPAIH TbIFbI3AbIFbI 1,2-1,4 X
10%cnopa/mMa 6oaabl. Cost yHbIHAQ BACI3 ©cy GanKaAAbl, KOHMAMS caHbl 1,0x10* criopa/MA. AAbIHFaH
GUOAOIMSIABIK MpenapaTTapAbl GypLUIaK, >koHe CyAbl >KapMachl 6OibIHLLA in Vitro 6UoTecTiAey HOTUXeAEPI
6GapAbIK, TEKCEPIATEH LITAMMAAPAbIH, iliHAe 502Bb 3usHKecTepaiH eki caTbiCbiHa AQ XKOFapbl TMIMAIAIK
KepceTKeHiH KepceTTi (AMumnHkasapaa 92,00 + 1,13% >xaHe epecektepae 65,0 + 0,89%, P< 0,05)
1 x 109 KoHUAMA/MA A03aAad. XKbIAbDKAMABIK, KMSP eciMaikTepiHe 2,2x107 KOHMAMSIABI MA T Mpenapar
CyCreH3usICbIMEH eKi peT BypKy Ke3iHAe AepHaciAsepAiH eAimi 80+ 1,41%, an epecekTtepae 502Bb
LITaMM HerisiHaeri GuoeHIMAepAl KoAapaHFaHaa 71+1,13% aeniH, 6ypky kesiHae. 501Bb >koHe
503Bb HerisiHaeri 6106HIM CyCrieH3UsICbIMEH AEPHBCIAAEPAIH BAIMI 76 + 1,27%), epecekTep — 65 +
1,15% Kypaabl; 77+ 1,17% AepHacCiA xoeHe 67+ 1,23% epecekTep (P<0,05). AAbIHFaH HOTMXeEAep
OCbl MaTOreHAl CaHbIPayKyAaKTapAbl OCbl 3MSIHKECTEpPre KapcCbl OMOAOIUSIAbIK, KYpec KypaAsapbl
peTiHAE €Hri3y ayblAllapyallblAbIK, AAKbIAAAPBIH XUMMSABIK, MHCEKTULIMATEPAI PETCi3 MaiAaraHyAaH
KYTKApaTbIHbIH XX&He KOplUaFaH OpTaHbl >XoHe TaburaTTblH ManAaAbl KOMIMOHEHTTEPIH WaMaAaH ThiC
NecTUUMATEPAEH KOPFayFa eAeyAi YAEC KOCATbIHbIH pacTanAbl.

TyiiH ce3aep: 6MOAOTUSAABIK areHTTep, SHTOMOMATOrEHA| CaHblpayKyAaKTap, COPFbILL 3USHKECTep,
61obakbiray

1. BBenenue

Hacekomble-BpeIUTeNIM  SIBJISIOTCS  OJTHUM
3 HambOoyiee BaXXHBIX (PAKTOPOB, OrpaHUYHBA-
IOIUX  YPOKAMHOCTU  CEIbCKOXO3SICTBEHHBIX
KyneTyp. Esxeromno Oenoxpouika (7rialeurodes
vaporariorum, Aleyrodidae ) HAHOCUT 3HAYHTEIb-
HBII yIIepO B TCIUIMYHBIM KYJIbTypaMm. DTO MEJIKOE
HacekoMoe pasmepoM ot 1,3 no 1,8 MM ¢ nByms na-
pamu OeJBIX KPBLIbEB, MOKPBITHIX MYYHHUCTHIM Ha-
NETOM, TIMTACTCS COKOM pAacTEHH, HAXOJWUTCS Ha
KapaHTHHE B HECKOJBbKUX CTpaHax mwupa. M3Bect-
HbIE BUJBL: OPAHKEPEHHON, LUTPYCOBOI U pO30BOI
0a00YKH, KOTOpBIE IIUPOKO PacIpOCTPaHEHBI Ha
tepputopun CHI'. B 3akpbITOM rpyHTE 3TOT BpEIH-
TeJIb aKTUBHO Pa3BUBACTCS B TEUEHUE BCEX CE30HOB,
B OTKPBITOM TPYHTE COXPAHSCTCS B IOXHBIX paio-
Hax [19, 11].

XHUMHYECKHE CUCTEMHO-KOHTAKTHOTO 1CHCTBUS
npenapaTsl BaKHbI 151 9((PEKTUBHON OOpHOBI €
OCTOKPBUIKONH BO MHOTHX YacTsSX MHUpPa, HO MX He-

U30HMpaTeNbHOE HCIIOJIb30BAaHUE TI03BOJIMIIO Ha-
CEeKOMBIM BBIPa0OTATh YCTOMYUBOCTH KO MHOTUM
XMUMHYECKUM HHCEeKTHIUAaM. Kpome Toro, Hepas-
YMHOE UCIIOJIb30BaHNE XUMUYECKIX MHCEKTHIINIOB
NPUBEJIO K MOBBIIEHHOMY 3arpsi3HEHHUIO OKPYKako-
e cpesibl U BPEJTHOMY BO3JICHCTBUIO Ha 3]I0POBHE
4yeoBeKa M HereneBble opraHu3Mel [3]. Ilo stum
MIPUYMHAM SHTOMOIIATOT€HHBIC TPUOBI, B TOM YHCIIE
Beauveria bassiana (Ascomycota: Clavicipitaceae)
MIPEJICTABIISIOT HHTEPEC KaK allbTEPHATUBHBIC CPE/I-
cTBa OOpBHOBI C HACEKOMBIMU-BPEIUTENSAMHU. OTH
rpUOBI MOTYT BBI3BIBATH MUKO3bI U IIOPAXKATh OKOJIO
700 BUIOB BpEIHBIX HACEKOMBIX M3 PA3JIUIHBIX OT-
PAI0B (YENIyeKPBUIBIX, PABHOKPBUIBIX, MTEPEIIoHYa-
TOKPBUIBIX, JKECTKOKPBUIBIX, IBYKPBUIBIX U 1p.) [4,
25,2, 14].

Bunsl Beauveria bassiana, B oTimuue ot 0akre-
puil ¥ BUPYCHI, MOTYT IPOHUKATH U 3apakaTh Hace-
KOMBIX, HEMIOCPEICTBEHHO Uepe3 X KYTHKYJIISIPHBIN
IIOKPOB, paspymias KyTUKYJISPHbIE KOMIIOHEHTHI C
MIOMOIIBIO TIPOJIYIIUPYEMbIX UMH (EPMEHTOB- TPO-
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Teasbl, 3CTepasbl, JUMa3bl U XUTUHA3HI [16, 13, 20,
23]. I'pubBI BTOPTAIOTCS B TEMOIIETh HACEKOMOTO
yepe3 MOBPEKACHHBIN MOKPOB, TE CIIOPHI Mpopac-
TaIOT B TU(BI WK 00JIee KOPOTKUX TH(AITBHBIX TE,
HCIIOJIB3YIOT MHUTATENIbHBIC BEIIECTBA TeMOJUMQBI
JUTSL TalTbHEUIIETO Pa3MHOXKESHHUS, BBIICIISIS PSiJ] TOK-
CHHOB, KOTOPHIC B KOHEUHOM UTOTE YOMBAIOT Hace-
KOMBIX. [3-32 HCTOIIEHNS TeMOLICITBHBIX TUTATEIh-
HBIX BEIIECTB, TU(BI TOSIBIIOTCS U KOHUIUHPYIOT
Ha MTOBEPXHOCTH TPYIla HACEKOMOTO, UTO MPUBOUT
K MyMH(UKaIMU HACEKOMOT0-XO035MHA, TTOPaKEeH-
HBIM BPEIUTEIb CHAPYKH HOKPHIBACTCS OCJIBIM ITy-
IIUCTBIM HAJIETOM, COCTOSIIUM WX MHOTOYHCIICH-
HBIX KOHUJTMOHOCIIEB ¢ KOHUIusAMU [7, 22].

OpHaKo I BOSHUKHOBEHUSI HH(PEKIIUU TPpeOy-
€TCsl OTHOCHTENHHO Ooubinas WH(GEKINOHHAS Ha-
rpy3ka (2-6 mipj cnop/t). [Tostomy B ecrecTBeH-
HBIX YCIIOBHUSIX 3TOT TPUO HE HAHOCUT 3HAYMTEIIh-
HOTO Bpema. Ero addekTuBHOCTE BO3pacTaeT Mmpu
yXyALIICHHH (PU3UOTOTHUECKOTO COCTOSIHUSL 0CO0CH
U TIpU TOBBIIICHHOW BIJIAXXHOCTH OKpY’Karouen
cpenbl. nsi coznanusi OMoNpenapaToB Ha OCHOBE
Beauveria bassiana ¢ TUTpOM HE MEHbIIE 2-MJII.
CIIOp, HEOOXOIUM OTOOp KOMIIOHEHTOB JCIICBBIX
MUTATEeIBHBIX CPEJ, OTBEUAIONINX BCeM (DHU3UOJIO-
THYECKUM TTOTPEOHOCTSIM 3TOTO rprba m obecrre-
YUBAIOIIMX MAaCCOBOI'O BBIXOJIa KOHUMIA B TpaMMe
nuTaTeabHou cpeasl [8, 12].

B Hacrosmem uccieaoBaHUM MPOBOIUICS TIO-
HCK COCTaBa JCIIEBBIX MUTATEIbHBIX CPE U BHI-
pallMBaHUEe HA HUX MECTHBIX M30JISTOB Beauveria
bassiana, BRIIEICHHBIX MX Pa3HBIX MPUPOTHBIX UC-
TOYHUKOB W XPaHUBIINXCS B JaOOpaTOPHOU KOJI-
Jekuu oTAenenus 3amutel Pactennit Keipreizcko-
Typeukoro YHusepcuteta «MaHacy.

OCHOBHOW TICNIBIO MCCIICIOBAHUS SBHJIOCH W3-
Y4E€HHE SHTOMONATOTCHHOW aKTUBHOCTH Jiabopa-
TOPHBIX 00pa3loB OHOMPOIYKTOB IMOJYICHHBIX Ha
OCHOBE M30JIATOB Beauveria bassiana B OTHOIICHUT
JIUYMHOYHOW CTaJM W WMaro OENOKPBUIKH B Jia-
0OOpaTOPHBIX OIBITaX U B TCIUIMYHBIX YCIOBUSAX Ha
oryprax.

2. MaTtepuaJ 1 MeTOAbI

2.1.Ucnonvzosannvie 6
wmammol Beauveria bassiana
s 1abopaTOPHBIX HUCIBITAHUA W B TEIUIAY-
HBIX JKCIEpUMEHTax 3 mramma Beauveria bassi-
ana (501 Bb, 502 Bb u 503 Bb) Obutm ucCmons-
30BaHbl. OHU HMMEIU CBOC MPOUCXOXKJCHHE U3

6u0mecmup06anuu
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€CTECTBEHHOITOTUOIINX HACEKOMBIX, HAH/ICHHBIX B
mpupoze: 50/ Bb uzomsaT ObUT BEIIENEH U3 TPYIIOB
JIMYMHOK TIPOBOJIOUHUKA (Agriotes mancus (Say);
502 Bb u308T U3 TPYTIOB JTHYUHOK OOJIBIITON BOCKO-
Boii momu (Galleria melonella ); 503 Bb wuzomst
13 TOruOImMX 0co0e MMaro KOJOpaJCKOro KyKa
(Leptinotarsa decemlineata). KynsTypbl BBIIIICyKa-
3aHHBIX IITAMMOB XPaHWIUCh NpPU TeMIepaTrype
4 °C ma araposoii cpeme Yameka (Caxapoza-20,0
r; NaNO3 -2r; KH,PO, -1r; MgSO,7H,0-0,5 r;
KCI-0,5 1; FeSO4 -0,01 r; arap-20r; aucrt. Boma —
1000 mm).

2.2. Iloobop Hedopozux numamenvHuix cpeo,
omeeuarwux  usuorocuteckumM  mpedo8aHuIM
wmammos Beauveria bassiana

Jns BelpammBaHus OWOMAacChl W3 IITaMMOB
Beauveria bassiana B 1a0OpaTOPHBIX YCIIOBUSIX U
OTIpesIeNiCHNs] €€ DHTOMOIIATOTEHHONW aKTUBHOCTH
ObBUTH WCTIOJB30BaHBl OTXOZBl THIIEBOH IMPOMBI-
LIEJICHHOCTH: TOPOXOBasi KpyIa, OBCSHAs Kpymna U
coeBast MyKa.OTH PacTUTENbHbBIE OTXOMbI CTEPUIIH-
30BaJlM B aBTOKJIAaBE XOPOIIO, TaK KaK OHU COJEp-
JKaT MHOTO Jpyroil HeHyxkHoi Mukpodopsl. Ilo-
cJie JIOTIOJTHUTENILHOW aBTOKIIABHON 00pabOTKH TIH-
LIEBbIC CpeJlbl CYIIWIM B CYyIIMJIBHOM MIKady npu
120-140°C myis DOTIOMHUTENHFHON CTEPUITH3AITNH.
l'oToBBIE THIIEBBIE CpEAbl PACHpEnessaan B CTe-
pUiIbHBIE TOCYIBI citoeM 5-10 cM. [l uHOKyIsuuu
MOJITOTOBJIEHHOW CpeAbl TOTOBHIM WHOKYJISHT W3
Beauveria bassiana mitaMMOB, BBIPAIIIEHHBIX MPEJI-
BAPUTEIIHHO B JKUIKOH MOIU(DHUIIMPOBAHHOHN cpere
Yaneka (KOpMOBBIE APOXKKHU — 15T ; caxaposza — 3,0r;
(NH,),SO, - 0,3r; KH,PO, - 0,1r; MgSO, — 0,05r;
KCl - 0,05r; ZnSO4 - 0,002r; KI — 0,003r; FeSO4
— cnenpl; Boga — 100 mur) Ha meiikepe (Illevikep-
unkybarop ES-20/8, BIOSAN, USA) B Teuenue
48 4vacoB. Yepes 2 nHsA KOIWYECTBO crop B 1 mu
KHUIKOCTH, U3MEPSUTH C TIOMOIIBI0 CHEKTPOQOTO-
metpa (UV/VIS, Jenway, Stone, UK) nipu 600 nm.
['oToBBIE MHOKYJISHTHI cojeprxkamiue 1x10°cmop\mi
BHOCHJIM B TIO/ITOTOBJIEHHBIE CPENbl U3 MHUIIEBHIX
OTXOZOB, IIEPEMEIIATH XOPOLIO JUIsl PABHOMEPHOTO
pacmpeaeneHus Crop mTaMMoB Beauveria bassiana
Ha BCEX CIJIOSIX MUTATEILHON CPEe/bl M BBIPAIIMBAIN
B TeueHue 14 nHeil. Uepes 1eHb BCTPSIXUBAIU NIOCY-
JIbl JUISI pPaBHOMEPHOTO pacHpesieNieHus] U a’paruu
pa3BUBaroIIUiics MULIENHIA B cpene (puc.l).

2.3. buomecmuposanue 6uonpenapamos Beau-
veria bassiana  1a60pamopHvIX YCI08USX.

W3 wmunenuiiconepkaiieid cyxoi Omomaccsl
IITaMMOB TOTOBHII CYCTICH3WH B TEIUION CTEPUIIh-
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Hoii Bojie ¢ goOasiienuem 0.01% Twin 80 u cycnen-
3uM pa30aBsIn 10 KoHeHtparun 1 x 10° konumamii/
MJI TTOCJIE OTIPEAETIEHHSI KOHLIEHTPALUH ITyTEM IO~
c4yeTa KOHUJAUN B /MJT C TIOMOIIIBIO TeéMOIIUTOMETPA.
ITo 1 M3 KOHMIMANTBHON CYCIIEH3UHU KayKA0T0 H30JIsI-
Ta HAHOCWJTU Ha IMCKU U3 QHIBTPOBAIBHOM OyMaru
(mmametrp 9 cm) B wamkax Ilerpu. Jluctes orypua
C 3aCeJIeHHBIMH JIMYMHKAMU W UMaro OeIOKpBUTKA
(mpubnm3utensHo mo 30 SK3eM) NOMEIAIN B Yalll-
Ky Iletpu u onpsickuBanu eme ¢ 1My cycrneHsuei
Oounonpenapara. Takum 00pa3oM, B KQKIYIO YaIIKy
BHOCHIIA TI0 2MJI CyCeH3uu comepskamiei 1 x 10°
KOHMJHI/MJI HTOMOINATOICHHOrO Ipuda. ONBITHI
MPOBOJMJIMICH B TPEX MOBTOPHOCTSIX. B KoHTpose
MOJIOTIBITHBIE HACEKOMBIE OIPBICKUBAIM TEMJION
CTepUJILHOM BOJION. EkeaHEBHO MNPOBOAMIM Ha-
OmofeHne 3a pa3BUTHEM MHKO3a Ha TOJOMBIHTHIX
HAaCeKOMBIX M 3a BJIAXKHOCTHIO B yamkax llerpwm.
YroObl co31aBaTh BIAXKHBIE YCIOBHUS AJISI IpOpac-
TaHUs KOHUAUN rprda, TI0 Mepe YMEHBIIICHHS BIIaX-
HOCTHU JIONOJHUTEIBHO ONPBICKUBAIN CTEPUIBLHON
BOJION (QUIBTpOBaNbHYIO Oymary. CMepTHOCTh Ha-
CEKOMBIX YUHUTHIBAJIU B TEUEHHE 7 CYTOK.

2.4. Buomecmupogarue buonpenapamos Beau-
veria bassiana 6 meniuye Ha 02ypyax.

OrtsemmBanu 20 r mrrammoB Beauveria bassiana,
BBIPAIIEHHBIX HAa TBEPJIOM NHIIEBOM OTXOZE, CMe-
[IUBAJIY C TETUION TUCTUUITMPOBAHHOM BOJIOM U TOTO-
BHJIN CIIEIMANBHYIO cycrersuto (2.2 x 10° kouuauii/
M ). IlpuroroBneHHoOl cycrnieH3neil ONpbICKMBAIN
HIKHIOIO ¥ BEPXHIOIO TTOBEPXHOCTH JIUCTHEB OTypIia
C 3aCEJICHHBIMU KOJIOHUSIMU CIEIUAILHBIM PACIIbI-
JUTENeM OOMIIBHO, YTOOBI CTEKaIa KHUIKOCTH IO Kpa-
SIM JIMCTOBOM IIIACTHHKH. [ Ka)KI0To 1mraMmma 1o
5 pacteHui, pacioIOKEHHbIX U30JIUPOBAHO JPYT OT
Jpyra ObLIH UCIIOIBb30BaHbl. PacTeHui 3aBopaunBaiu
B CIIETIHABHYIO TOHKYIO MapIIIO, YTOOBI OCTTOKPBIIKA
HE JIeTeNu ¢ Apyrux pacreHuii. KommdyectBo noruod-
X ¥ 0CTIabJICHHBIX 0c0o0el (JTMIMHOK M B3POCIBIX
oco0eit) B cyTku Ha 10 JTUCTBSAX C KAKIOTO PACTCHUS
OTIPEIEISUTA BU3yaIH3alliel C MOMOIIBI0 MUKPOCKO-
na. J{yist KaKaoro JIMCTa BHUMATEIBHO OCMATPHUBAJIH
BEPXHIOIO ¥ HWYKHIOIO CTOPOHBI U TTOJICUUTHIBAIIN Ha-
CCKOMBIX B KaXJIOH KaTeropuu (MepTBbIe, OOJIBHBIC U
SIBHO 37I0POBEIC HACEKOMBIE) B TeueHue 10-1HeBHOTO
nepuoaa (Puc.2).

Pucynoxk 1 — Cxema nmomydenust 1abopaTtopHbIX 00pa3IoB OHonpenapara
Ha ocHOBe Beauveria bassiana Ha MHIIEBBIX OTXOIAX

Pucynok 2 — [IpoBeeHne onpeICKUBaHKE CYCIIEH3UEH OHonpenapaToB Ha OCHOBE
Beauveria bassiana mpoTHB opeHXepeiiHol OETOKPBIUIKY Ha OTyplax B TEITMYHBIX YCIOBHIX
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Pucynox 3 — Kononuu na cpezne Yaneka
1 MUKpocKonnieckas kaptuna (x100) koruarodopos
" KOHHHUH n30714TOB Beauveria bassiana

Cmamucmuueckue obpabomku Oannvix. JlaH-
HbIE O CMEpPTHOCTH, MOJIy4€HHBIE B XOJI€ HCCIIEN0-
BaHUsl, ObUIM HOPMAaJIM30BaHbl C HCIOJIb30BAHHEM
npeoOpa3oBaHMs KBaAPaTHOTO KOPHS M TIOABEPTHY-
ThI ucniepcuonHomy ananmuzy (ANOVA). Herpanc-
(hopMHpOBaHHBIE CPETHUE 3HAUYCHHSI TIPE/ICTABIICHBI
31ech Kak 3HaueHus P: P<0.05 cumrammchk craTtu-
CTMYECKH 3HAYMMBIMH (TIpOrpaMMHOE oOecriedeHne
STATISTICAR 6.0).

CHUMKHM OaKkTepHalbHBIX KJIETOK IOJIydain
C TMOMOILBI0 Kamepsl Aisi Mukpockomuu (Motic
Images Plus, Bepcus 2.0 ML, kpaTkoe pyKOBOJCTBO
nojb3oBarelisi, CocTaBHbIE OMOJIOTHUYECKUE MUKPO-
ckombl cepuu 163).

3. PesyabTathl M 00cy:KIeHHE

3.1. Kpamkas xapaxmepucmuxa wmamvmos
Beauveria bassiana

Hcnonb30BaHHbIE B AKCIEPUMEHTE H30JIATHI
Beauveria bassiana xopormo pociu Ha cpene Yarme-
Ka, 00pa3ysl IUIOTHBIC XJIONKOBUJIHBIC BO3JYIIHBIC
KOHHJIUH OEJI0-CepPOro Wi OeJI0->KEJITOTO IIBETa MPH
28 °C. YV Bcex M30JITOB YE€TKO BBIACISUINCH KOHUIN-

0(OpBI, COCTOAIIHE U3 MYTOBOK U TIOTHBIX CKOTLIIE-
HUI CUMIIO/IUAIbHBIX, KOPOTKUX U IMAPOBHUIHBIX KO-
HUJIMOTEHHBIX KJIETOK C 3Ur3aro00pa3HbIM BHIOM Ha
BEPIIUHE M OJTHOKJICTOYHBIX CPEPUUCCKUX KOHUIUH.

3.2. Iloobop Hedopoeux numamenbHuIX Cpeo,
OMBEUAIOWUX  PUIUOTOUYECKUM — TPEOOBANHUAM
wmammos Beauveria bassiana

[IpoBepsii CKOPOCTH pOCTa KaXKIOTO IITaMma
Ha cyOcTparax MUIIeBOT0 0TXO0/a M UCTIOIh30BAHHE
uX rpudaMu B KauecTBe MUIU. beuto oOHapyKeHO,
YTO MTaMMbl Beauveria bassiana Xopomio pacTyT
Ha TOPOXOBOM KpyTE, MOJHOCTHIO MOKPHIBAs TaH-
HYIO cpefy ¥ 00pasysl TUIOTHBII BaTOOOPa3HBIN MH-
LEMUNA C KOHUAMSIMH. A Tak:ke TpUObl XOPOIIO UC-
TTOJIE30BAJIH JIJISl CBOETO Pa3BUTHS U OCBSIHYIO MYKY,
a B COEBOI Myke OHM janu cia0biii poct (Puc.4).
[MIrammsr 501 Be, 502BB u 503BB panu xopowmuit
POCT MHULIECTHS U KOHUJUOHOIICHHE HA TOBEPXHO-
CTH OBCSIHOHM KPYTIBI M TOPOXOH KPYTIBI, TIPH MOJICUe-
Te 00pa3yoIuXcs KOHUIUN B 1T mojydyeHHON OHo-
MAacChl, TUIOTHOCTh KOHHMJIUI COCTaBWIIa B TEUCHHE
15 mueir 1.2-1.4 x10°crop\wuit. Cnabsiii pocT ObLT
OTMEUYEH Ha COEBOU MYKE, KOJIMYECTBO KOHUJIUHU CO-
craBuia 1.0x10* cmop\mut (Puc.5).

Pucynok 4 — Poct mumienuii rpuOoB Ha MOBEPXHOCTH MUIIEBBIX OTXOI0B
B TeyeHHUe 12 nHei a) Ha OBCSIHOU KpyTie 0) Ha TOPOXO0il KpyIe, B) Ha COCBOH MyKe
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Pucynok 5 — Poct mrtamMmoB Beauveria bassiana 06pa3oBaHIe KOHUIUH Ha TIOBEPXHOCTH:
1 — OBCSIHOM KpYHBI; 2 — TOPOXOBOH KPYIIBI; 3 — COEBOM MyKH

3.3. Buomecmuposanue buonpenapamos Beau-
veria bassiana é 1a60pamopHuIX YCI08USAX.

PesynbraThl in vitro OGMOTECTUPOBAHHS TIO-
JyYeHHBIX OMOTpenapaToB Ha TOPOXOBOH U OB-
CSIHOM KpyIle MOKa3alik, YTO B T€UEHUE 7 CYTOK
BCEC TPU HITaMMa MPOSIBUIM 3HAYHUTEIBHYIO aK-
TUBHOCTb B OTHOLICHUH JTUYMHOK U UMaro 0ejo-
KpbUIKA. CMEPTHOCTHh JIMYMHOK MPU TPUMEHE-
HUU OMonpoayKTa Ha ocHoBe mrtamMma S01Bb co-
crapmia 87.0 +1.02; mpu Bo3nelcTBUU OUOMPO-
IyKTa Ha ocHoBe mTtamma 502Bb rubens nuuum-
HOK nmoxoauia 92.00 +1.13; a npu npuMeHeHUuHU

503Bb 6uonponykra — 89.05 £1.19 ( P<0.05).
B TO Xe BpeMs cMEpPTHOCTb MMaro BpEaUTENs
ObuTa HIDKE YeM Yy JIMYMHOK, TaK IpPH BO3MICH-
CTBHM OMONpOAyKTa Ha ocHoBe mTamma 501Bb
cocraBuna 61.0+0.92; mpu OWpPBHICKUBAHHUH Cy-
cnensueit ouonpoaykra S02Bb- 65.0 £0.89; npu
503Bb -62.0 +£0.82(P<0.05). 13 Bcex ucmbITaH-
HBIX WTamMMoB, S02Bb nposiBun Gosiee BEICOKYIO
3(peKTUBHOCTh B OTHONIEHWH OOOWX CTaJHui
Bpenurens. B KOHTpPOJbHOM BapHaHTE OIBITA
cMepTHOCTH coctaBuina 12 £0.07% y TUIUHOK U
5,0 £0.03% y umaro (P<0.05) (Puc.6).
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Pucynok 6 — buonHcekTHHIIHAS aKTUBHOCTH ITAMMOB Beauveria bassiana
B OTHOIICHUH JIMYMHOK U uMaro 6enokpbeuiku (Trialeurodes vaporariorum) in vitro ycnoBusix,
3a 7 CyTOK
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2.4. Buomecmupogarue buonpenapamos Beau-
veria bassiana 6 meniuye Ha o2ypyax.

[Ipu ONPBICKUBAHWM TEIUIMYHBIX PACTCHHM
OTYpIIOB CYyCIIEH3MEH Ipenapara, cojepiKaiieit
2. 2x10°konuauii B\MI1 uepe3 3 mHS HaOIOma-
JIOCh 3aMETHOE YMEHBIIICHHE JIETAIOINX UMaro Ha
HIKHEH CTOPOHE JIMCThEB PACTCHHI. YUUTHIBAIH
KOJIMYECTBO TOTHOMINX M OCIAOJIEHHBIX 0C00ei
o MuUKpockoroMm (Puc.7) exenHeBHO B TeYCHHE
10 cytok. Ilpn OmHOKpAaTHOM OMPBHICKUBAHUH TH-
Oesib HacekoMbIX goxoamia o 45- 50 £1.35 %
pu BinaxkHoctu 60% BHyTpHu Teruiel. g mo-
BbIIICHUST A(P(EKTHBHOCTH JHTOMOIIATOICHHOIO
rpuba HEOOXOIUMO TMOIACPKATh BIAKHOCTH IO
80%. Uepe3 10 nHel mpoBOAMIA BTOPOE OOUIBHOE
onpsickuBaHue coiepxarieii 2.2x10°koHuanii B\
Mi. Uepe3 Tpoe CyTOK IOCie BTOpPOW 00pabOTKH

rubenp TMYuHOK poxoamia 10 80+1.41%, a umaro
o 71£1.13 % mpu MCHOIB30BaHUN OMOTIPOAYKTA
Ha ocHoBe mTamma 502Bb, mpu omnpeickuBaHun
cycriensuei omomnpoaykra Ha ocHoBe S01Bb u 503
Bb cmepTHOCTH NMuMHOK coctaBuina 76 +1.27%,
umaro — 65+1.15%; 77+ 1.17% nuunuHox u 67+
1.23% wumaro coorBerctBernno (P<0.05). B kon-
TPOJHHOM BapHaHTE OIbITA CMEPTHOCTh COCTABH-
na 10 +£0.13% y auunnok u 2,0 £0.05% y umaro
(P<0.05). [Ipu nonesbix ycnoBuax mramm 502Bb
TaK)Xe ToKa3aj 0ojiee BBICOKYH 3(()EKTUBHOCTH
MO0 CPaBHCHUIO C OCTAIBHBIMH MPOTECTHPOBAH-
HBIMU IITaMMaMH. TakuM oOpa3oM, pe3ylbTaThl
MOKa3alld, 4TO JJIs JOCTHKEHUS BBICOKON 3 dek-
TUBHOCTH B TIOJIEBBIX YCJIOBHSX HEOOXOIUMO CO3-
JIaBaTh JIOCTATOYHYIO BIQKHOCTh W TIOBTOPHOCTH
006pabotku (Puc.8).

b B

Pucynox 7 — Kaprunsl nox mukpockornom ( x40): A- ociabieHHbIe U TOTHOIINE UMaro,
MOKPBITHE OeJIbIM MULeTHeM Iprda; b- muuuHKN norudime, TOKPHITHE MULIEIUEM rpuda;
B-I0THOCTBIO TTOKPBITHE MULIEIUEM rprUda TPYIbl HACEKOMBIX.
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Pucynox 8 — buonHcekTuIIHast aKTUBHOCTD IITAMMOB Beauveria bassiana
B OTHOILICHHUH JINYNHOK U uMaro Oenokpwliku (7Trialeurodes vaporariorum) in vivo yCIOBHSX,
3a 13 cyToK mocie AByXKpaTHOH 00paboTKu
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Takum 00pa3oM, MONTy4YCHHbIE HAMH DPE3Yib-
TaThl TTOATBEPXKIAIOT JTAHHBIE PYTUX HCCIIe0Ba-
Huil. K npumepy no uccienoBanusm aBTopos [13],
MPH HCHBITAHUU TPEX KOHIEHTPAIUI WHOKYIISATA
B. bassiana npotus T. vaporariorum (Hu3Kas, 9 X
10%; cpennss, 6,24 x 10'%; u Boicokas, 2 x 10'! ko-
HUIUI "' MTHOKYJISITa) BBI3BIBAIH THOeNb y 18, 54 u
56% B3pocibix ocobeit u 17, 29. u 32% nnsa HUM-
¢banbHON cTaguu y BpEIuTeNss COOTBETCTBEHHO,
CpenHssa KOHIICHTpAIus Obljia BEIOpaHa KaK OMTH-
MasbHas, MMOCKOJIbKY OHa oOecrednBajia HamIyd-
myo 00prOy C BpemuTeneM. A TakXe BUPYIICHT-
HOCTB JIBaJllaTh MSITh aOOPUTCHHBIX M30JSTOB B.
bassiana s 60psOBI C OEITOKPBUIKOH OBIIa OT[eHE-
Ha 110 OTHOLICHUIO K HUM(]aM 4eTBepTOl CTaiuu B
KoHtenTparuu 1 x 107 koruaunii /mi. Bee H30a9THI
Obun maToreHHsl st Trialeurodes vaporariorum
, TIPH 3TOM TIOKAa3aTell CMEPTHOCTH BapbHUPOBAIIN
oT 3 1o 85%. Ha ocHOBaHMM MX BUPYJIEHTHOCTH
W TeMIIepaTypHbIX TPeOOBAHUN TpU H30JIATA TIO-
Kazanu ce0ss MHOrooOeIaoMy B Ka4eCTBE KaH-
IAIATOB 7151 OOPHOBI ¢ OCTOKPBITKONU B CPEIH3EM-
HoMopckux Terunax [18]. B apyrom wuccneno-
BaHWHU JIBa YHTOMOIIATOT€HHBIX Tpuba, Beauveria
bassiana wn Verticillium lecanii, 0p1m1 TpoBepe-
HbI Ha UX 3(Q(EKTUBHOCTh MPOTHB OCIOKPBUIKH.
CwmepTtHOCTB OT B. bassiana Oblna BBIIIE, Y€M OT
V. lecanii. CMepTHOCTb, BbI3BaHHAs 1O (UIBTPa-
TaM OBLTM 3HAYUTENILHO BBIIIE, YEM M0 KOHUAMIM
oboux rpuboB [24]. EcTecTBeHHAss CMEPTHOCTH B
NOMYJIALNN OEJOKPBUIKA ObLIa 3aperucTpUpoBa-
Ha M3-32 SHTOMOIIATOT€HHBIX I'PHOOB, MPEUMYIIIE-
CTBEHHO Aschersonia spp.,Beauveria bassiana,
Lecanicillium spp. [1]. Cpenn uux B. bassiana
ABIIsieTCsl HanOoJiee PacpOCTPaHEHHBIM U JIETKO-
JIOCTYIIHBIM BHJIOM [6, 20, 15, 5, 9] nmst 60ps0O5I C
OCJIOKPBUIKOW U TIEH.

3akmouenue (KopbiThinabl, Conclusion)

B nanHOM wuccnenoBaHWU ObLIM 1MO0OPaHBI
JIeIIeBbIe MMUTATENbHBIE CPENbl IS MTPOU3BOJICTBA
OMOMAacCChl IPUPOTHBIX SIHTOMOIIATOICHHBIX TPHOOB
Beauveria bassiana, 9T0 UMeeT IIEHHOE TTPaKTHYe-
CKO€ 3HAa4YeHHE ISl MOJMYYCHUS UMIIOPT 3aMela-
FOIIIUX MECTHBIX OMOJIOTUYECKHX CPEJICTB 3aIIUTHI
pacTeHuil IPOTUB COCYIIUX BpPEIUTENEH TEIInd-
HBIX KYJBTYp C HU3KOH cebecTonMocThio. Onpene-
JICHBI JI03bI U KPaTHOCTH TIPUMEHEHHSI OHoTpenapa-
Ta B TEIUIMYHBIX yCIOBHSIX. bBUTO MOKa3aHo, 4TO 3a-
paKkeHHe HACEKOMBIX SHTOMONATOTEHHBIM TPHOOM
MIPOUCXOANT TOJHKO B OIMPEIEICHHBIX YCIOBHUSIX
BJIaXHOCTH. [IpoTecTHpoBaHHBIC MECTHBIE IITAMMBI
Beauveria bassiana MOTyT OBITH PEKOMEHIOBAHBI
JUISL CO3/IaHMsI Ha MX OCHOBE OMOJIOTMYECKUX Tpe-
apartoB JJIsi OOPHOBI C OMACHBIM COCYIIIUM BpPEIH-
TeJeM Kak OeJIOKphIIKA.

Kon¢aukr narepecon

Bce aBTOpbI npounTaNi ¥ 03HAKOMJIEHBI C CO-
JepKaHUEeM CTaThU M HE MMEIOT KOH(JIMKTA WHTE-
pecoB.
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IN SILICO IDENTIFICATION
OF EQQUS CABALLUS MIRNAS WITH THE POTENTIAL
TO AFFECT HUMAN GENE EXPRESSION

miRNAs exist that are codified by non-human genomes but are still present in circulation.These
miRNAs have been termed as xeno-miRNAs. XenomiRNAs in humans have been identified in various
exogenous sources previously. The aim of this work is to identify xeno-miRNA from Eqqus caballus
(domestic horse or in brief eca) which have analogs can bind to human genes. The MirTarget program
was used to predict miRNA binding to human gene mRNAs.The homologs of eca-miRs were identified
by using miRviewer online free available bioinformatic tool. It was identified 15 eca-miRNAs interacted
with human mRNA genes with high complementarity, AG/AGm equal to 98-100%. The characteristics of
the interaction of all known eca-miRNAs with mRNAs of human genes were identified. The total number
of binding sites for 469 miRNAs are 1605, from which 907 are in CDS, 451 in 3’'UTR and 247 in 5’UTR.
93 miRNAs each have one-target genes, 63 miRNAs have two target genes, 67 miRNAs have three to
four target genes, and 72 miRNAs have five and more target genes. The free energy of the interaction of
the considered miRNAs with the mRNAs of human genes is high and varied from -110 kj/mole to -117
kj/mole. The homology analyses revealed 140 miRNAs candidates shown to be total identical to human
miRNAs sequences.

Key words: miRNA, mRNA, milk, xeno-miRNA, Eqqus caballus.
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AAaM reHAepiHiH, aKcnpeccuscbiHa aAeyeTTi acepi 6ap
Equus caballus miRNA-H in silico uaentudpukaumsinay

AAaM reHombIMeH KoaTaAManTbiH MIRNA-Aep, 6ipak apam ar3acbiHAa TabbiaraH MiRNA-Aep
6ap, oAap xeno-miRNA-Aap Aen aTaraabl. Xeno-miRNA-Aap apam ar3acbiHAQ OP-TYPAI 3K30TeHA|
KO3AEPAEH aHbIKTaAbIHAbI. ByA >KyMbICTbIH MakcaTbl aHaAOrTapbl aAam reHAepiMeH GarAaHbICaTbiH
Eqqus caballus (yi1 xbiAkpbicbl Hemece Kbickalua eca) xeno-miRNA-AapAbl aeHTUdDMKaLMsAay GOAbIM
Tabbiraabl. MiIRNA men mRNA 6aiiaaHbicybl MirTarget 6araapAamacbiMeH 60AXKaM >KacaAbIHAbI, eca-
MiRNA roMoAorTapbl >KeAiaeri KOAXeTIMAI OHAaiiH miRviewer 6uMonHdopmaTrkaabik, 6araapAaMa
KemerimeH unaeHTUmKaumsaAaHabl. AG/AGm 98-100% kepcetkiwTteri apam MRNA reHaepimeH
>KOFapbl KOMIMAEMEHTapAbIKNeH 6airAaHbicaTbiH 15 eca-miRNA 6eariai 6oaabl. Beariai 17508 aaam
MRNA reHaepimeH 6arAaHbicaTbiH 6apAblk, eca-miRNA meH mRNA cunaTTamasapbl aHbiKTaAAbl. Eqqus
caballus-tbiH Geariai 469 miRNA-meH OGaiiaaHbICKAH >KaAmbl GarAaHbIC calTTap caHbl 1605, OHbIH
iwiHae 907-ci CDS-te, 451-3'UTR-ae, 247-5"UTR-ae opHaaackaH. 93 miRNA 6ip HbicaHa reHmeH,
63 miRNA eki HbicaHa reHmeH, 67 MiRNA ywTeH TepT HbicaHa reHre AeiiH, aa 72 miRNA 6ecTteH ken
reHmeH 6arAanbicTbl. KapacTtbipbiaraH MiRNA-meH MRNA 60c 6aiAaHbIC 3HEPrUst 9CEPAECYi XOFapbl
-110 KAX/MOAb — -117 KAX/MOAb apaAbiFblH KypaitAbl. [OMOAOMMSAbIK aHaAM3 aaam mMiRNA-meH
ToAbIKTaM ykcac 140 kaHamaat eca-miRNA-ai naeHTUdMKaumMsAan 6epAi.

Ty#in ce3aep: miRNA, mRNA, cyT, xeno-miRNA, Eqqus caballus.
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In silico uaentndpukaums miRNA Eqqus caballus
C NOTEHLUMAAbHbIM BO3AEHCTBMEM Ha SKCMPECCUIO TeHOB YeA0BeKa

CyuiectByioT miRNA, KOTOpble HE KOAMPYIOTCS FEHOMOM 4YeAoBeKka, HO O6Hapy>XXMBAIOTCS B
opraHmame. Mx HasbiBaioT xeno-miRNA. xeno-miRNA y aloaeit 6biAM 06HapY>KeHbI M3 PasAMUHbIX
3K30M€HHbIX MCTOYHMKOB. LleAbto AaHHOM paboThl sBASeTCS MaeHTUdMKaums xeno-miRNA mn3 Eqqus
caballus (aomaliHsIS AOWAAb MAM BKpaTLe eca), aHaAOrM KOTOPOW MOrYT CBS3bIBAaTbCS C reHamu
yenoBeka. CgasbiBaHne MiRNA ¢ mRNA reHoB uyeaoBeka MpeACKasbiBaAM C MOMOLLbIO MPOrpaMmbl
MirTarget. Tomororn eca-miRNA ObiAM MAEHTU(UUMPOBAHbI C MOMOLLIbIO CBOOOAHO AOCTYMHOrO
OHAaMH-OMOMHOpPMaTHYeckoro mMetoaa miRviewer. bbino maeHTUdMUMpoBaHO 15 eca-miRNA,
B3aMMOAENCTBYIOWMX C reHamn MRNA yeAaoBeka € BbICOKOM KOMIAEMEHTapHOCTbIO, ¢ AG/AGm paBHOM
98-100%. BblIsSiBAEHbI XapakTepPUCTUKN B3aMMOAENCTBUS BCeX M3BeCTHbIX eca-miRNA ¢ mRNA reHos
yenaoBeka. ObLIee KOAMYECTBO CalnTOB CBA3bIBaHMS A 469 MIRNA cocTtaBasiet 1605, 13 kotopbix 907
HaxopaTcs B CDS, 451 —B 3’UTR 1 247 — B 5’UTR. 93 miRNA nmeloT no oAHOMy reHy-muiieHu, 63 miR-
NA mmeloT no ABa reHa-muiueHn, 67 miRNA MMeloT oT Tpex A0 YeTbipex reHoB-MulleHer, a 72 miRNA
UMEIOT NsATb 1 6oAee reHoB-muieHen. CBOG0AHAs 3HEPT1S B3AUMOAEMCTBUS PACCMATPMBAEMbIX MiR-
NA ¢ mRNA reHoB ueaoBeKa BbiCOKa M BapbupyeT oT -110 KAX / MOAb A0 -117 KAX / MOAb. AHaAM3
roMoAormmn BbiBUA 140 KaHAMAQTHbIX eca-miRNA, KOTopble 0Ka3aAMCb MOAHOCTbIO MAEHTUYHBbIMM

nocaepoBateAbHoCcTIM MiRNA yeaoBeka.

Karouesblie croBa: miRNA, mRNA, moaoko, xeno-miRNA, Eqqus caballus.

Abbreviations

miRNA — microRNA;
xeno-miRNA — xenomiRs;
NF — kB transcription factor,
IL2 — interleukin 2,

Hsa — Homo sapiens.

Introduction

MicroRNAs are defined as short, typically ap-
proximately 22 nucleotide-long noncoding RNAs.
Mechanistically, they are generated by the action of
ribonuclease (RNAse) Il Dicer activity on precur-
sor transcripts [1, 2]. The Dicer complex’s miRNAs
then play an important part in the posttranscriptional
control of gene expression: complementary messen-
ger RNAs are degraded or have their translational
suppression mediated by the so-called Ago-complex
(mRNAs), repression can be complete or partial
[1,3].

Plants and mammals both have miRNAs. Over-
all, they have been predicted to control up to 60%
of all human genes [4], thereby modulating virtu-
ally every aspect of human physiology and health,
including cancer [5], brain development [6], fat stor-
age [7], hematopoiesis, or immunity [8, 9, 10].

Certain presently less characterized miRNA
subclasses may resist degradation in the gastro-in-

testinal tract and then be dietary taken up and further
distributed by the body circulation. These miRNAs
have been termed as xenomiRs. XenomiRs have
been found in a variety of exogenous sources, in-
cluding both human and animals sources [11]. The
suspected main route of entry into human is by the
diet when animal products are ingested. Exosomes
containing miRNA from bovine milk, for example,
have been found to penetrate the circulatory system
of humans [12].

Milk is an important biological nutrient, it’s
the only option diet for babies that ensures their
development and health in the short and long term
[13, 14].

From an evolutionary perspective it is remark-
able that fresh milk has been consumed for thou-
sands of years in Central Asia and neighbouring
regions. Herodotus in the 5th century BC described
how Scythians used to consume it [15]. Therefore, it
is conceivable that since the neolithicum cross-spe-
cies co-evolutionary adaptions may have occured
between eca and human for example.

High levels of miRNAs are detected in secreted
body fluids including serum, urine, saliva, seminal
fluid, and milk [16, 17]. Milk-derived miRNAs are
also secreted by the lactating mammary epithe-
lial cell in exosomes, which are microvesicles of
~30-100 nm that are packaged and secreted into
extracellular fluids [18]. Recently, there has been
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much interest in milk-derived miRNAs as potential
regulators of the neonatal gastrointestinal and im-
mune systems [19]. MiRNAs in milk from a variety
of sources animals have been detected in the same
way as other bodily fluids [20, 21] milk microRNAs
have paved the way for prognostic, diagnostic, and
functional investigations [22], because milk is the
biological fluid with the largest concentration of
miRNAs [23].

Materials and Methods

The nucleotide sequences of the 17508 mRNAs
of targeted genes were downloaded from NCBI
GenBank  (http://www.ncbi.nlm.nih.gov).  The
nucleotide sequences of the miRNAs were taken
from miRBase v.22 (http://www.mirbase.org/). 690
miRNAs encoded by the Equus caballus genome
are available in the miRBase database. The miR-
NA BSs in the mRNAs of several genes were pre-
dicted using the MirTarget program [24, 25]. This
program defines the following features of miRNA
binding to mRNA: a) the initiation of the miRNA
binding to the mRNAs from the first nucleotide of
the mRNAs; b) the localization of the miRNA BSs
in the 5'-untranslated region (5'UTR), coding do-
main sequence (CDS), and 3’-untranslated region
(3'UTR) of the mRNAs; ¢) the schemes of nucleo-
tide interactions between miRNAs and mRNAs d)
the free energy of the interaction between miRNA
and the mRNA (AG, kj/mole); and the ratio AG/
AGm (%) is determined for each site (AGm equals
the free energy of the miRNA binding with its fully
complementary nucleotide sequence). The MirTar-
get program finds hydrogen bonds between adenine
(A) and uracil (U), guanine (G) and cytosine (C), G
and U, and A and C. The free energy of interactions
(AG) a pair of G and C is equal to 6.37 kj/mole, a
pair of A and U is equal to 4.25 kj/mole, G and U,
A and C equal to 2.12 kj/mole [26]. The distances
between the bound A and C (1.04 nm) and G and
U (1.02 nm) are similar to those between bound G
and C, A and U, which are equal to 1.03 nm [27, 28,
29]. The numbers of hydrogen bonds in the G-C,
A-U, G-U, and A—C interactions were 3, 2, 1, and
1, respectively. By comparison, MirTarget differs
from other programs in terms of finding the BSs of
miRNA on the mRNAs of plant genes [30] in that 1)
it takes into account the interaction of the miRNA
with mRNA over the entire miRNA sequence; 2)
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it takes into account non-canonical pairs G—U and
A—C; and 3) it calculates the free energy of the inter-
action of the miRNA with mRNA, and when two or
more miRNAs are bound with one mRNA or, if the
BSs of two different miRNAs coincide in part, the
preferred miRNA binding site is considered to be
the one for which the free binding energy is greater.
The adequacy of the program in terms of finding
BSs has been confirmed in several publications [31,
32, 33, 34]. The MirTarget program predicts the BSs
of plant and animal miRNAs equally welln [35, 36].
The horse homologs of 140 miRs were identified by
using miRviewer online bioinformatic tools which
defined the homolog miRNAs by integrating their
molecular and structural properties with the results
of the BLAST program [37].

Results and Discussion

Characteristics of interactions of eca-miRNAs
with human mRNA genes with high complementarity

The table 1 shown the nucleotide sequences
of eca-miR-135a, eca-miR-8915, eca-miR-151-
5p, eca-miR-1905¢, eca-miR-127, eca-miR-136,
eca-miR-431, eca-miR-432, eca-miR-433, eca-
miR-1282 and eca-miR-9046 BSs that are fully
complementary to 10 mRNAs of human genes. The
RTLI gene with AG/AGm=100 % with absolute
conservative previously shown earlier [34]. Single
miRNA eca-miR-1905a has 99% of complementar-
ity; other miRNAs eca-miR-1905b, eca-miR-8910
and eca-miR-196a have 98% of complementarity.
Mainly BSs are located in the CDS, four mRNAs
have BSs in the 3’UTR and the free energy of in-
teraction of miRNAs with mRNAs of these genes
ranges from -110 to -140 kj/mole. Seven miRNAs
were identical to human miRNAs.

The interaction of nucleotides of miRNAs and
mRNAs of target genes show how effectively these
molecules bind. The creation of hydrogen bonds be-
tween all of the nucleotides of miRNAs and their
binding sites in mRNAs is illustrates in Figure 1.

Characteristics of the interaction of eca-miR-
NAs with mRNA of human genes

The total number of 690 miRNAs of Equus ca-
ballus are known in mirBase. Of the 690 known
horse miRNAs 469 had BSs with human genes. All
miRNAs were searched for 17 508 human target
genes. The 907 BSs are located in CDS, 451 BSs are
located in 3’UTR and 247 BSs in 5’UTR.
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Table 1 — Characteristics of interactions of eca-miRNAs and human mRNA genes with high complementarity

Gene eca-miRNA Start of site, nt R;%gﬁ:f klﬁfl}(;le AG/OAA)Gm, LeI;gtth,
GLYCTK eca-miR-135a* 2812 3’UTR -113 100 23
H24AFX eca-miR-8915 398 CDS -136 100 24
H2AFJ eca-miR-8915 460 CDS -136 100 24
HISTIH2AJ eca-miR-8915 325 CDS -136 100 24
LPPR5 eca-miR-151-5p* 1328 3’UTR -113 100 21
LYPD3 eca-miR-151-5p* 1608 3’UTR -113 100 21
MEX3A4 eca-miR-1905¢ 693 CDS -144 100 25
RTLI eca-miR-127* 1792 CDS -121 100 22
RTLI eca-miR-136 111 CDS -110 100 22
RTLI eca-miR-431 3800 CDS -127 100 23
RTLI eca-miR-432%* 330 CDS -123 100 23
RTLI eca-miR-433* 2878 CDS -119 100 22
SERF?2 eca-miR-1282%* 1072 CDS -102 100 20
KBTBD13 eca-miR-9046 1144 CDS -140 100 25
MEX3B eca-miR-1905a 942 CDS -140 99 25
LRFN2 eca-miR-8910 1984 CDS -134 98 25
MEX34 eca-miR-1905b 693 CDS -123 98 22
HOXBS eca-miR-196a* 1378 3’UTR -110 98 22

*Identical miRNAs with human

Gene, miRNA, start of site, region, AG, AG/AGm, nt

Gene, miRNA, start of site, region, AG, AG/AGm, nt

GLYCTK, eca-miR-135a, 2812, 3’UTR, -112, 100, 23
5’ - UCACAUAGGAAUAAAAAGCCAUA - 3’

LRVt
3’ - AGUGUAUCCUUAUUUUUCGGUAU - 5’

RTLI, eca-miR-127, 1792, CDS, -121, 100, 22
5’ - AGCCAAGCUCAGACGGAUCCGA - 3’

U Ry
3’ - UCGGUUCGAGUCUGCCUAGGCU - 5’

H2AFX, eca-miR-8915, 398, CDS, -136, 100, 24
5’ - CUGCCCAACAUCCAGGCCGUGCUG - 3’

U
3’ - GACGGGUUGUAGGUCCGGCACGAC - 5’

RTLI, eca-miR-136, 111, CDS, -110, 100, 22
5’ — CCAUCAUCAAAACAAAUGGAGU - 3’

Ry
3’ - GGUAGUAGUUUUGUUUACCUCA - 5’

H2AFJ, eca-miR-8915, 460, CDS, -136, 100, 24
5’ - CUGCCCAACAUCCAGGCCGUGCUG - 3’

U
3’ - GACGGGUUGUAGGUCCGGCACGAC - 5’

RTLI, eca-miR-431, 3800, CDS, -127, 100, 23
5’ - CCUGCAUGACGGCCUGCAAGACA - 3’

FEETEEEr el
3’ - GGACGUACUGCCGGACGUUCUGU - 5’

HISTIH24J, eca-miR-8915, 325, CDS, -136, 100, 24
5’ - CUGCCCAACAUCCAGGCCGUGCUG - 3’

U
3’ - GACGGGUUGUAGGUCCGGCACGAC - 5’

RTLI, eca-miR-432, 330, CDS, -123, 100, 23
5’ - CCACCCAAUGACCUACUCCAAGA - 3’

U Ry
3’ - GGUGGGUUACUGGAUGAGGUUCU - 5’

LPPRS5, eca-miR-151-5p, 1328, 3°UTR, -112, 100, 21
5’ - ACUAGACUGUGAGCUCCUCGA - 3’

R R R
3’ - UGAUCUGACACUCGAGGAGCU - 5’

RTLI, eca-miR-433, 2878, CDS, -119, 100, 22
5’ - ACACCGAGGAGCCCAUCAUGAU - 3’

U U R
3’ - UGUGGCUCCUCGGGUAGUACUA - 5’

LYPD3, eca-miR-151-5p, 1608, 3°’UTR, -112, 100, 21
5’ — ACUAGACUGUGAGCUCCUCGA - 3’

AR R R
3’ - UGAUCUGACACUCGAGGAGCU - 5’

SERF?2, eca-miR-1282, 1072, CDS, -102, 100, 20
5’ — AAGCAGAAAAAGGCAAACGA - 3’

U
3’ - UUCGUCUUUUUCCGUUUGCU - 5’

MEX3A4, eca-miR-1905c, 693, CDS, -144, 100, 25
5’ - CUACCGCGUGGUGGGGCUGGUGGUG - 3’

AU U R
3’ - GAUGGCGCACCACCCCGACCACCAC - 5’

KBTBDI13, eca-miR-9046, 1144, CDS, -140, 100, 25
5’ — CUGCCCGGCCAGUUCGUCAACAGCA - 3’

U R
3’ - GACGGGCCGGUCAAGCAGUUGUCGU - 5’

Figure 1 — Shemes of the interaction of nucleotide sequences of eca-miRNAs and mRNA human genes
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A total number of 93 miRNAs with one-target
genes were identified, in this group there were sev-
eral miR-3p/mir-5p pairs: eca-miR-340-3p and eca-
miR-340-5p, eca-miR-508-3p and eca-miR-508-5p
that originating from the same-pre-miRNA, have
binding sites in mRNAs of different genes. We ar-
ranged the data into several groups: in the group of
63 miRNAs with two target genes, there were eca-
miR-146b-3p and eca-miR-146-5p pairs that origi-
nated from same pre-miRNA (Table 2).

MiRNAs with three and four genes have a to-
tal of 126 target genes. A total of 67 miRNAs with
three to four target genes were identified. There are
229 target genes for 67 miRNAs in total. The miR-
NAs number with five and more genes is 72, miR-
NAs with the most number of target genes are eca-
miR-8989 (65 genes), eca-miR-9159 (48 genes),
eca-miR-1892 (36 genes), and eca-miR-9164 (24
genes), eca-miR-324-3p (23 genes), eca-miR-326
(20 genes). The total number of target genes for

72 miRNAs is 815. Eca-miR-345-3p and eca-miR-
345-5p origin same pre-miRNA. As a result, these
miRNAs could drastically alter the metabolism of
recipient human cells at high concentrations.

Table 2 shows the characteristics of the bind-
ing of some eca-miRNAs to mRNAs of human
genes. Each of the 15 miRNAs bind to mRNAs of
one target gene, eca-miR-124 has one target gene,
eca-miR-1193 has two target genes, and eca-miR-
107a has three target genes with a value AG/AGm of
89-91 %. Eca-miR-145 has four, eca-miR-296 five
target genes and eca-miR-346-5p six target genes
with a value AG/AGm of 89-91%. The free energy
of miRNA interactions with these genes’ mRNAs
ranged from -110 kj/mole to -117 kj/mole. 20 tar-
get genes are associated with eca-miR-326 with
value AG/AGm equal to 89-94%. The miRNAs eca-
miR-146b-3p and eca-miR-146b-5p bind in CDS,
3’UTR, 5’UTR and related NF-kB signaling in in-
nate immune responses [38].

Table 2 — Characteristics of interaction eca-miRNAs with mRNAs of human genes

Gene eca-miRNA Start of site, nt Rri%lllolillzf kl/Arr(l}(;le AG/AGm % Length, nt
ADAMTS7 eca-miR-107a 1460 CDS -110 91 23
APOLDI eca-miR-107a 656 CDS -108 89 23
IGHMBP?2 eca-miR-107a 365 CDS -108 89 23
MGRNI1 eca-miR-124 4003 3’UTR -102 92 20
SNX24 eca-miR-145 951 3’UTR -110 90 23
ARNTL eca-miR-145 1867 CDS -110 90 23
PRICKLE4 eca-miR-145 1024 CDS -113 91 23
Wwox eca-miR-145 1154 CDS -110 90 23
CLDNDI eca-miR-146b-3p 345 5’UTR -110 91 22
MISI2 eca-miR-146b-3p 606 5’UTR -110 91 22
NCKAPS5 eca-miR-146b-5p 2404 CDS -102 91 22
MOB3C eca-miR-146b-5p 1002 3’UTR -102 91 22
ESAM eca-miR-296 1553 3’UTR -110 90 22
TMEM198 eca-miR-296 1644 3’UTR -110 90 22
RNF214 eca-miR-296 483 CDS -110 90 22
ZNF250 eca-miR-296 983 CDS -110 90 22
ZNF598 eca-miR-296 1806 CDS -110 90 22
POLR3A4 eca-miR-340-3p 2716 CDS -106 89 23
NCOA7 eca-miR-340-5p 6034 3°’UTR -100 94 22
HBZ eca-miR-345-3p 490 3’UTR -110 90 22
SCRT1 eca-miR-345-3p 2699 3°’UTR -110 90 22
TCLIB eca-miR-345-3p 817 3’UTR -110 90 22
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Table continuation

Gene eca-miRNA Start of site, nt Rni%li{olilq:f kl/An?c;le AG/AGm % Length, nt
C9orf131 eca-miR-345-3p 2291 CDS -113 91 22
HRC eca-miR-345-3p 1491 CDS -110 90 22
ITGA7 eca-miR-345-3p 2007 CDS -110 90 22
NOSI eca-miR-345-3p 1246 CDS -110 90 22
PRKCG eca-miR-345-3p 2247 CDS -110 90 22
PRRT3 eca-miR-345-3p 1339 CDS -110 90 22
PTCHD?2 eca-miR-345-3p 292 CDS -110 90 22
ELFN2 eca-miR-346-5p 6433 3’UTR -115 89 23
DNAJCS eca-miR-346-5p 194 5’UTR -115 89 23
NFIA eca-miR-346-5p 127 5’UTR -115 89 23
CAMSAP?2 eca-miR-346-5p 97 5’UTR -117 90 23
TENM4 eca-miR-346-5p 35 5’UTR -117 90 23
BAI2 eca-miR-346-5p 2168 CDS -117 90 23
RYBP eca-miR-508-3p 823 CDS -104 89 23
RNASEL eca-miR-508-5p 1550 CDS -108 89 23
EML4 eca-miR-1193 143 5’UTR -100 90 21
SOWAHB eca-miR-1193 1911 CDS -100 90 21
APEH eca-miR-326 725 CDS -110 91 21
ATG7 eca-miR-326 2928 3’UTR -113 93 21
ATXNI eca-miR-326 3622 3’UTR -110 91 21
AZII eca-miR-326 3287 CDS -110 91 21
C2orf54 eca-miR-326 2250 3’UTR -113 93 21
EHD3 eca-miR-326 637 CDS -110 91 21
FGF23 eca-miR-326 852 CDS -113 93 21
FZDI10 eca-miR-326 2236 3’UTR -113 93 21
GIGYFI eca-miR-326 4902 3’UTR -110 91 21
HEMK] eca-miR-326 703 CDS -115 95 21
KIFC2 eca-miR-326 1707 CDS -110 91 21
KRBAI eca-miR-326 950 CDS -113 93 21
LOXHDI eca-miR-326 2727 CDS -110 91 21
LRRN4CL eca-miR-326 977 CDS -113 93 21
MAPIA eca-miR-326 8687 CDS -110 91 21
MYL9 eca-miR-326 876 3’UTR -110 91 21
RASSF1 eca-miR-326 1280 3’UTR -110 91 21
SLC22417 eca-miR-326 1570 CDS -110 91 21
STYK1 eca-miR-326 1100 CDS -110 91 21
TNS1 eca-miR-326 8712 3’UTR -110 91 21
CLDNDI eca-miR-146b-3p 345 5’UTR -110 91 22
MISI2 eca-miR-146b-3p 606 5’UTR -110 91 22
MOB3C eca-miR-146b-5p 1002 3’UTR -102 91 22
NCKAPS eca-miR-146b-5p 2404 CDS -102 91 22
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Characteristics of the interaction of Human ho-
mologs eca miRNAs with mRNA of human genes

In our bioinformatics analyses, we identified
human homolog miRNA candidates in Equus ca-
balus miRNAs. The miRviewer and miRBase pro-

gram searched homologs of this miRNAs. Our ho-
mology analyses revealed 140 miRNAs candidates
shown to be 100% similar to human miRNA se-
quence. The list of 140 miRNAs in this study given
in table 3.

Table 3 — Equus caballus homologs miRNAs with human miRNAs

Horse miRNAs

eca-let-7d, eca-let-7e, eca-let-7g, eca-miR-103, eca-miR-105, eca-miR-106b, eca-miR-107b, eca-miR-1185, eca-miR-122, eca-
miR-125a-3p, eca-miR-125a-5p, eca-miR-125b-5p, eca-miR-1264, eca-miR-127, eca-miR-128, eca-miR-1289, eca-miR-1291a,
eca-miR-1296, eca-miR-1298, eca-miR-129a-5p, eca-miR-129b-5p, eca-miR-130a, eca-miR-130b, eca-miR-132, eca-miR-133a,
eca-miR-133b, eca-miR-135a, eca-miR-135b, eca-miR-141, eca-miR-145, eca-miR-146a, eca-miR-148a, eca-miR-148b-3p,
eca-miR-149, eca-miR-151-5p, eca-miR-15b, eca-miR-183, eca-miR-186, eca-miR-187, eca-miR-188-3p, eca-miR-188-5p, eca-
miR-18a, eca-miR-191a, eca-miR-192, eca-miR-193b, eca-miR-194, eca-miR-196a, eca-miR-196b, eca-miR-197, eca-miR-199a-
5p, eca-miR-199b-5p, eca-miR-199b-3p, eca-miR-19a, eca-miR-19b, eca-miR-200b, eca-miR-205, eca-miR-20a, eca-miR-20b,
eca-miR-21, eca-miR-212, eca-miR-214, eca-miR-216a, eca-miR-216b, eca-miR-217, eca-miR-221, eca-miR-222, eca-miR-223,
eca-miR-23a, eca-miR-27a, eca-miR-27b, eca-miR-28-3p, eca-miR-28-5p, eca-miR-29a, eca-miR-29b, eca-miR-301a, eca-miR-
301b-3p, eca-miR-302b, eca-miR-30c, eca-miR-30d, eca-miR-30e, eca-miR-31, eca-miR-323-3p, eca-miR-328, eca-miR-330,
eca-miR-331, eca-miR-335, eca-miR-33b, eca-miR-346, eca-miR-34c, eca-miR-361-5p, eca-miR-370, eca-miR-376c, eca-
miR-379, eca-miR-381, eca-miR-383, eca-miR-423-3p, eca-miR-423-5p, eca-miR-424, eca-miR-432, eca-miR-433, eca-miR-448,
eca-miR-450a, eca-miR-454, eca-miR-485-3p, eca-miR-485-5p, eca-miR-486-5p, eca-miR-487b, eca-miR-490-5p, eca-miR-491-
3p, eca-miR-491-5p, eca-miR-492, eca-miR-495, eca-miR-496, eca-miR-497, eca-miR-499-3p, eca-miR-499-5p, eca-miR-500,
eca-miR-502-3p, eca-miR-502-5p, eca-miR-505, eca-miR-509-5p, eca-miR-551a, eca-miR-551b, eca-miR-582-5p, eca-miR-598,
eca-miR-628a, eca-miR-652, eca-miR-671-3p, eca-miR-671-5p, eca-miR-708, eca-miR-711, eca-miR-761, eca-miR-873, eca-
miR-874, eca-miR-876-5p, eca-miR-92a, eca-miR-92b, eca-miR-93, eca-miR-99b, eca-miR-99a

Human miRNAs

hsa-let-7d-5p, hsa-let-7e-5p, hsa-let-7g-5p, hsa-miR-103a-3p, hsa-miR-105-5p, hsa-miR-106b-5p, hsa-miR-107, hsa-miR-1185-
5p, hsa-miR-122-5p, hsa-miR-125a-3p, hsa-miR-125a-5p, hsa-miR-125b-5p, hsa-miR-1264, hsa-miR-127-3p, hsa-miR-128-3p,
hsa-miR-1289, hsa-miR-1291, hsa-miR-1296-5p, hsa-miR-1298-5p, hsa-miR-129-5p, hsa-miR-129-1-3p, hsa-miR-130a-3p,
hsa-miR-130b-3p, hsa-miR-132-3p, hsa-miR-133a-3p, hsa-miR-133b, hsa-miR-135a-5p, hsa-miR-135b-5p, hsa-miR-141-3p,
hsa-miR-145-5p, hsa-miR-146a-5p, hsa-miR-148a-3p, hsa-miR-148b-3p, hsa-miR-149-5p, hsa-miR-151a-5p, hsa-miR-15b-5p,
hsa-miR-183-5p, hsa-miR-186-5p, hsa-miR-187-3p, hsa-miR-188-3p, hsa-miR-188-5p, hsa-miR-18a-5p, hsa-miR-191-5p, hsa-
miR-192-5p, hsa-miR-193b-3p, hsa-miR-194-5p, hsa-miR-196a-5p, hsa-miR-196b-5p, hsa-miR-197-3p, hsa-miR-199a-5p, hsa-
miR-199b-5p, hsa-miR-199a-3p, hsa-miR-19a-3p, hsa-miR-19b-3p, hsa-miR-200b-3p, hsa-miR-205-5p, hsa-miR-20a-5p, hsa-
miR-20b-5p, hsa-miR-21-5p, hsa-miR-212-3p, hsa-miR-214-3p, hsa-miR-216a-5p, hsa-miR-216b-5p, hsa-miR-217-5p, hsa-miR-
221-3p, hsa-miR-222-3p, hsa-miR-223-3p, hsa-miR-23a-3p, hsa-miR-27a-3p, hsa-miR-27b-3p, hsa-miR-28-3p, hsa-miR-28-5p,
hsa-miR-29a-3p, hsa-miR-29b-3p, hsa-miR-301a-3p, hsa-miR-301b-3p, hsa-miR-302b-3p, hsa-miR-30c-5p, hsa-miR-30d-5p,
hsa-miR-30e-5p, hsa-miR-31-5p, hsa-miR-323a-3p, hsa-miR-328-3p, hsa-miR-330-5p, hsa-miR-331-3p, hsa-miR-335-5p, hsa-
miR-33b-5p, hsa-miR-346, hsa-miR-34c-5p, hsa-miR-361-5p, hsa-miR-370-3p, hsa-miR-376¢-3p, hsa-miR-379-5p, hsa-miR-
381-3p, hsa-miR-383-5p, hsa-miR-423-3p, hsa-miR-423-5p, hsa-miR-424-5p, hsa-miR-432-5p, hsa-miR-433-3p, hsa-miR-448,
hsa-miR-450a-5p, hsa-miR-454-3p, hsa-miR-485-3p, hsa-miR-485-5p, hsa-miR-486-5p, hsa-miR-487b-3p, hsa-miR-490-5p,
hsa-miR-491-3p, hsa-miR-491-5p, hsa-miR-492, hsa-miR-495-3p, hsa-miR-496, hsa-miR-497-5p, hsa-miR-499a-3p, hsa-miR-
499a-5p, hsa-mir-500a, hsa-miR-502-3p, hsa-miR-502-5p, hsa-miR-505-3p, hsa-miR-509-5p, hsa-miR-551a, hsa-miR-551b-3p,
hsa-miR-582-5p, hsa-miR-598-3p, hsa-miR-628-5p, hsa-miR-652-3p, hsa-miR-671-3p, hsa-miR-671-5p, hsa-miR-708-5p, hsa-
miR-711, hsa-miR-761, hsa-miR-873-5p, hsa-miR-874-3p, hsa-miR-876-5p, hsa-miR-92a-3p, hsa-miR-92b-3p, hsa-miR-93-3p,
hsa-miR-99b-5p, hsa-miR-99a-5p.

hsa-let-7d-5p, hsa-let-7e-5p, hsa-let-7g-5p, hsa-miR-141-3p, hsa-miR-146a-5p, hsa-miR-148a-3p, hsa-miR-191-5p, hsa-miR-
21-5p, hsa-miR-223-3p, hsa-miR-27b-3p, hsa-miR-29a-3p, hsa-miR-29b-3p, hsa-miR-30c-5p, hsa-miR-30d-5p — associated
with pathological and immune responses

The number of target genes for homolog
miRNAs Equus caballus is 342. Total of 369 BSs
mainly of them (239) are located in the CDS, 98
BSs in the 3’UTR, 32 BSs in the 5’UTR. MiR-
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miR-671-5p (39 genes), eca-miR-151-5p (11
genes).
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Eca-miR-125a-3p and eca-miR-125a-5p; eca-
miR-188-3p and eca-miR-188-5p; eca-miR-199b-
3p and eca-miR-199b-5p; eca-miR-28-3p and eca-
miR-28-5p; eca-miR-423-3p and eca-miR-423-5p;
eca-miR-502-3p and eca-miR-502-5p; eca-miR-
671-3p and eca-miR-671-5p, originating from the
same pre-miRNA, have binding sites in the mRNAs
of several genes.

Identical eca-miR-127, eca-miR-135a, eca-miR-
196a, eca-miR-432, eca-miR-433 are fully comple-
mentary to mRNAs of RTLI, GLYCTK, HOXBS
genes (Table 1). The RTL1 gene binds with -123 kj/
mole.

Table 4 shown similar sequence of some eca-
miRNAs, all of 140 eca-miRNAs nucleotide se-
quence were searched. The free energy of the miR-
NAs with the mRNAs of these genes chosen higher
-100 kj/mole.

We found that the major miRNAs identified in
eca largely homolog with those reported in human
milk. This suggests a conserved evolutionary a pro-
cedure that causes certain milk miRNAs to be re-
leased [39, 40, 41, 42, 22, 43].

Animal and human miRNAs have been iden-
tified to be homologous. Mir-155, which may be
found in milk from both bovine and human sourc-
es, was sequenced and found to have a high pro-
portion of sequence similarity. As a result, the ex-
istence of such similar miRNAs may result in ob-
servable physiological reactions. Similar sequence
similarities have also been found in miR-21-5p and

miR30a-5p sequences in human and bovine sam-
ples [44].

Let-7 family members such as let-7a-5p, let-7b-
5p, and let7f, as well as miR-148a, have been dem-
onstrated to decrease the immunological response
by influencing the transcription factor NFB (Table
5) were found to be conserved in humans, cows,
pigs, and pandas, indicating that it plays an impor-
tant role in immune modulation [42].

Table 4 — Homolog sequence of eca and hsa miRNAs

miRNA

Sequence

eca-miR-141

UAACACUGUCUGGUAAAGAUGG

hsa-miR-141-3p

UAACACUGUCUGGUAAAGAUGG

eca-miR-146a

UGAGAACUGAAUUCCAUGGGUU

hsa-miR-146a-5p

UGAGAACUGAAUUCCAUGGGUU

eca-miR-148a

UCAGUGCACUACAGAACUUUGU

hsa-miR-148a-3p

UCAGUGCACUACAGAACUUUGU

eca-miR-191a

CAACGGAAUCCCAAAAGCAGCUG

hsa-miR-191-5p

CAACGGAAUCCCAAAAGCAGCUG

eca-miR-223 UGUCAGUUUGUCAAAUACCCCA
hsa-miR-223-3p UGUCAGUUUGUCAAAUACCCCA
eca-miR-29a UAGCACCAUCUGAAAUCGGUUA
hsa-miR-29a-3p UAGCACCAUCUGAAAUCGGUUA
eca-miR-29b UAGCACCAUUUGAAAUCAGUGUU

hsa-miR-29b-3p

UAGCACCAUUUGAAAUCAGUGUU

Table 5 — Immune response of miRNAs expressed during lactation period

miRNA Immune response References
. Targets cancer-related (TGIF-2) and drug metabolism-related PXR genes, making it a
miR-148a-3p potential biomarker for milk quality control. [43], [46], [47]
MiR-30d-5 downstream target DRP1 promote cellular invasion and immunosuppression by direct (48]
p targeting of GALNT?7, increased synthesis of immunosuppressive cytokine IL-10
miR-30c-2-5p Involved in oncogenesis and mmunosuppression [49]
miR-191-5p Colqrectal cancer biomarker, primary effusion lymphoma biomarker, hepatocellular (50, 51, 52]
carcinoma biomarker
miR-21-5p TLR4 inhibition by targeting the tumor suppressor PDCD4 Modulation of IL-12 [53]
miR-27b-3p Desta}.all.lzatlon of hpop'olysaccharlde-medlated PPAR mRNA abundance, linked to [54]
chronic inflammatory disorders
miR-146b-5p Innate immunological responses and NF-kB signaling [38]

MiR223 has been found to function as a mono-
cyte differentiation factor and to have a role in
granulocyte proliferation and activation [55, 56],

miR146a is primarily involved in NF-kB-mediated

inflammatory responses as well as type 1 interferon
generation and signaling [57].
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Other miRNAs linked to pathological and im-
mune responses include miR-29a-3p (target inter-
feron, suppresses immune response to intracellular
pathogens), miR-141-3p (biomarker for colon can-
cer), and hsa-miR-223, whose targets tend to be T
and granulocyte cell populations, and thus affect the
developmental stage of adaptive immune response
in infants [58].

The expression of hsa-miR-191-5p and the num-
ber of CD4+ T-cells were identified. miR-29b found
in bovine milk tends to target the runt-related tran-
scription factor-2 (RUNX2) [58]. Immune-related
miRNAs in human breast milk contains exosomal
vesicles. In mammals, miRNAs and their potential
role in interindividual communication has been sug-
gested after the demonstration of their presence in
both cow and human breast milk [44].

A recently published bioinformatics analysis
based on homology modelling between animal and
human miRNA tried to address this issue by ana-
lyzing also the probability that xenomiR might be
transported accross cell membranes, thereby aug-
menting their potential to regulate human mRNAs
[59]. In the last years, there has been a steady growth

in interest in milk miRNAs, accompanied by a per-
sistent debate about the bioactivity of cross-species
or inter-individual microRNA transfer through the
diet. Certain miRNAs that are codified by non-hu-
man genomes might be ingested and then might be
presented to human cells in the blood stream by cir-
culation

Conclusion

The obtained results indicate that Equus ca-
ballus have a large number of similar miRNAs
with human miRNAs. The results also revealed
that a single miRNA could bind to one to several
mRNA target genes. In addition to the identical
with human miRNAs, eca-miRNAs were found to
have high complementarity with human mRNA
genes. Binding sites miRNAs with high comple-
mentarity to mRNA genes were located in the
CDS region.
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BUPYC SARS-COV-2: BbIAEAEHUE,
KYAbTUBUPOBAHUE, TEPMOCTABUABHOCTD,
MHAKTUBALNA U TTACCHUPOBAHUE

KopoHaBupycbl — 310 60AblLOe cemencTBo PHK-coaep>kalimx BUPYCOB, CrOCOOHbIX MHDULMPO-
BaTb YeAoBeKa M psA BMAOB XXMBOTHbIX. B HacTosllee Bpems M3BECTHO O LMPKYASILMM CPeAM Hace-
AEHUSI HECKOAbKMX BUAOB KOPOHABMPYCOB, KOTOPbIE, KaK MPaBUAO, BbI3bIBAIOT 3a00AEBAHMNS BEPXHUX
AbIXaTeAbHbIX MyTeill U AErkmMx CO CpeaHeit TsxkecTbio. K aToMy crivcky npubaBuaach HOBasi KOPO-
HaBupycHasi nHdekumss COVID-19 (SARS-CoV-2). Bupyc 6bICTPO pacrnpoCTpaHMACS BO BCE CTPaHbl
mMupa. B nocaeaHee Bpemsi B KasaxcTaHe AaHHas MHGEKUMS HAOAIOAQETCS C SpKO BbIPa>KeHHOM
NMHEBMOHMEN CPEAN HACEAEHUSI.

CAeAyeT OTMETUTb, YTO MNpu paboTe C >KMBbIM BUPYCOM Mbl CTOAKHYAMCb C HEKOTOPbIMM
BOMPOCaMM KacaloLLMXCsl BUOAOTMUECKON 1 (PU3UKO-XMMUUECKMX CBOWCTB BUPYCA, KOTOPbIE OCTAaAUCh
BHE BHUMAHMS yUeHbIX MUPA. B CBA3M C 3TUM, B 3TUX MCCAEAOBAHMSX HAMM ObIAM M3YyUEeHbl HEKOTOPbIE
PU3UKO-XMMMUECKME M BUOAOTMUECKME CBOMCTBA KAa3axCTAHCKOro wramma Bupyca SARS-CoV-2,

[poBeAEeHbI MICCAEAOBAHUS MO MOUCKY AOMOAHUTEAbHbBIX GUOAOTMUYECKMX MOAEAEI, UYBCTBUTEAbHbIX
K BUpycy SARS-CoV-2 1 ncnoAb3yemblix in vitro. YcTaHOBA€HO, HanboAee UyBCTBUTEAbHbIMU K BUPYCY
SARS-CoV-2 6bIAM KYABTYPbl KAETOK 06€3bsIH 1 CBMHEI, B KOTOPbIX BUPYC aKTUBHO PEMPOAYLIMPOBAACS.

BbIAM M3y4eHbl BAMSIHME YCAOBMI XpaHeHWs 00pasLoB HYKAEMHOBbIX KMCAOT Bupyca SARS-
CoV-2, a Tak>Xe BAMSHME YCAOBUIA OKpY>Kalolllen cpeAbl K camomy Bupycy SARS-CoV-2. Pe3syAbrathbl
NMPOBEAEHHbIX HaMW MCCAEAOBaHMIN MOKa3aAM, YTO MPOLLECC 3aMOPa>kMBaHMS NMpU TemrnepaType MUHYC
70°C 1 pa3mopaxkMBaHMS Npy KOMHaTHOM Temnepatype (20-22°C) He OKa3blBAeT 3aMETHOIO BAUSHMS
Ha KauyeCTBEHHbIN XapakTep LUMTOMATOreHHOCTH, HO OKa3blBaeT HeraTMBHOE BAMSIHME HA COXPAHHOCTb
TUTpa BUpYCa.

AQaHHbIE 0 BAUSIHUM XMMUUECKMX (pakTOPOB npu paboTe ¢ BO3GyAMTEAIMU BOAE3HEN HEOBXOAVMDI
AASl CO3AQHUSI YCAOBMI OMOAOrMYECKON 6GEe30MacHOCTM AAS MEPCOHAaAa M OKpYy>Kalollen cpeApbl. B
AQHHOM MCCAEAOBAHMM HaMM U3YyUYeHO BAMSIHME (DOPMaAbAernaa K BUpYcCy. [ToAyUYeHHble pe3yAbTaThbl
MoKasbIBaIOT, UTO MHaKTMBaLMs BUpYyca Sars-CoV-2 ¢ NOMOLLbIO (DOPMAAMHA 3aBUCUT OT KOHLLEHTPALLMK
hopMarbAernaa, TemrnepaTypbl peakLmmn, BpeMeHn MHKybaumm.

KatoueBblie croBa: SARS-CoV-2, KyAbTYpbl KAETOK, BblAEAEHUE, KYALTUBMPOBAHUE, TEPMOCTAONAb-
HOCTb, MHAKTMBALIMS, MACCMPOBAHME.
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SARS-CoV-2 virus: isolation, growth, thermostability,
inactivation and passages

Coronaviruses are a large family of RNA-containing viruses capable of infecting humans and a num-

ber of animal species. At present, several types of coronaviruses are known to circulate among the popu-
lation, causing diseases of the upper respiratory tract and lungs of moderate severity. The COVID-19 dis-
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ease has been added to this list. The virus has spread rapidly around the world. Recently in Kazakhstan,
this infection has been observed with pronounced pneumonia among the population.

It should be noted that when working with a live virus, we encountered some questions regarding
the biological and physico-chemical properties of the virus, which remained outside the attention of
world scientists. In this regard, in these studies, we studied some of the physicochemical and biological
properties of the Kazakh strain of the SARS-CoV-2 virus.

Studies were conducted to find additional biological models sensitive to the SARS-CoV-2 virus and
used in vitro. Of the 11 cell culture species tested, monkey and pig cells were found to be the most sensi-
tive to the SARS-CoV-2 virus, in which the virus was actively reproducing.

We studied the effect of storage conditions of SARS-CoV-2 nucleic acid samples as well as the ef-
fect of environmental conditions on the SARS-CoV-2 virus itself. The results of our studies showed that
freezing at minus 70 °C and thawing at room temperature (20-22 °C) had no appreciable effect on the
qualitative character of cytopathogenicity but had a negative effect on the preservation of virus titer.

Data on the influence of chemical factors when working with pathogens are necessary to create
conditions for biological safety for personnel and the environment. In this study, we studied the effect
of formaldehyde on the virus. The results obtained show that the inactivation of the Sars-CoV-2 virus by
formalin depends on its concentration, reaction temperature, and incubation time.

Key words: SARS-CoV-2, cell culture, isolation, growth, thermostability, inactivation, passages.
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SARS-CoV-2 BMpYCbIH OKlLLIAyAdy, 6Cipy, TEPMOTYPAKTbIAbIFbI,
MHAKTUBTEHAIPY )K8He naccaxaay

KopoHaBupycTap — apam MeH >KaHyapAapaa 6GipkaTtap aypy TypAepiH TyabipaTbiH PHK-Ab
BUPYCTapAbiH YAKeH TobObl. Kasipri yakplTTa apsamaap nonyAsiUMSICbIHAQ OEAriAi KOPOHABMPYCTbIH
GipHeLue Typi GEATiAl, 0AQp, BAETTE, XKOFAPFbl ThIHLIC YKOAAAPbIHbIH, KOHE OpTalla ayblPAbIKTAFbl ©KMe
aypyAapbiH TyAblpaabl. bya Tisimre sxaHa COVID-19 kopoHaBUpYCTbIK, MHPEKUMSICbI KOCbIAABI (SARS-
CoV-2). Bupyc aaemHiH, 6apAbik eapepiHe Te3 Tapaasbl. CoHFbl yakpiTTa KasakcrtaHaa 6ya nHdgexkums
XaAbIK, apacblHAQ alKbIH MHEBMOHMSMEH 6aiKaAaAbl.

ANTa KeTy Kepek, Tipi BUPYCMeH >KYMbIC >Kacay Ke3iHAe 6i3 9AeM FaAbIMAAPbIHbIH, Ha3apbiHaH TbIC
KaAFaH BUPYCTbIH BUOAOTUSIABIK, kaHE (D13MKA-XMMUSIABIK, KACMETTEPiHE KATbICTbl Kenbip MaceAeaepre
Tan 6oaablK. OcbiFaH 6arAaHbICTbl, Oocbl 3epTTeyaepae 6i3 COVID-19 »aHa KOPOHABUPYCTbIK,
MH(EKUMICbIMEH aybIpFaH HayKac MaumeHTTeH oklwayAaHFaH SARS-CoV-2 BUPYCbIHbIH Ka3aKCTaHAbBIK,
LUTAMMbIHbIH KeNBip (hU3MKAABIK-XUMUSIABIK, K8HE BUOAOTUSAABIK, KACUETTEPIH, MbICAAbI.

SARS-CoV-2 BMpyCblHa Ce3iMTaA >k8He in vitro >karaambiHAQ KOAAAHyFa 6OAATbiH KOCbIMLLIA
OMOAOTUSIABIK, MOAEABAEPAI i3Aey 6OoMbiHLIA 3epTTeyAep XKYprisiaai. TekcepiareH 11 >kacywa
AAKbIAAAPBIHBIH, iliHeH SARS-CoV-2 BUpyCbIHa eH Ce3iMTaA MalMbIAAAD MEH LLIOWKAAAPAbIH >Kacylua
KYABTYPaAapbIHAA EKEHAIT aHbIKTaAAbl, OHAA BUPYC BEeACEHAT TYPAE KOBEMTIAAILL

SARS-CoV-2 BUPYCbIHbIH HYKAEWH KbILKbIAAAPbIHBIH, YAFIAEPIH CaKTay >KarAaAapbIHbIH, acepi,
coHpan-ak, SARS-CoV-2 BMpYCbIHbIH, KOpLUIaFaH opTa YKarAariAapbiHbIH acepi 3epTTeaai. bi3 xyprisreH
3epTTeyAepAiH HaTukeAepi MuHyc 70 °C TemnepaTypasa My3AaTty >KeHe GeAmMe TemreparypachbiHAQ
epity npoueci (20-22 °C) uMTONATOreHAIAIKTIH camnaAblK, CMMaTbiHA alTapAbIKTall 8cep eTnemnTiHIH,
6ipak, BUPYC TUTPIHIH CaKkTaAyblHa TepiC 8cep eTeTiHiH KOpCeTTi.

AypY KO3ABIPFBILUTAPbIMEH >KYMbIC iCTEY Ke3iHAE XUMMSABIK (DaKTOPAAPABIH, &cepi TypaAbl
AEpeKTep MepcoHaA MeH KopluaraH opTa YiliH OGMOAOIMSIAbIK, KayinCi3AiK >KarAalAapbiH >Kacay,
COHAQM-aK, AMArHOCTMKAAbBIK, >KOHE MPOUAAKTUKAABIK, MaKCATTaFrbl GUOAOTUSIABIK, MpenapaTTapAbl
AANbIHAQY TEXHOAOTMSIAAPbIH X0baAay yliH KaxeT. bya 3epTreyae 6i3 (hOPMAAbAEIMATIH BUpYyCKa
acepiH 3epTTeaik. Hatuxxeaep SARS-CoV-2 BUPYCbIH (hOPMAAMHMEH MHAKTMBALMIAQY (hOpMaAbAErvA,
KOHLEHTPALMSICbIHA, peakLims TeMrepaTypachiHa, MHKYOaLIMS yaK biTbiHA 6ANAAHBICTbI EKEHIH KOPCETEA].

Tyiin ce3aep: SARS-CoV-2, »acylla KyAbTypaAapbl, OKLIayAay, ©cCipy, TepMOTYPaKTbIAbIFbI,
MHAKTUBTEHAIPY, Maccaxkaay
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CoxpanieHusi ¥ 0003HAYEHUS

WHO — BcemupHasi opranusaiius 37paBooxpa-
HEHUS;

ATCC — AmepukaHckasi KOJUICKITUS THUTIOBBIX
KkynbpTyp (Manaccac, mrat Buprunus, CIIA);

HUUIIBb — Hay4dHo-uCClIeq0BaTEIbCKUI WH-
CTUTYT TpoOJeM OHWOIOTHYECKOW Oe30MacHOCTH
(I'Bapnaeiickuii, Kazaxcran);

DMEM - MopmudunupoBannas cpena [lionb-
0EKKO;

KPC — kpynHbIil poratelii ckoT;

HITJI — nuronatuyeckoe IeMcTBUE;

ObP — docdarao OydepHBIil pacTBOp

BBenenune

Koponasupycsl —310 Oomnbiioe cemericteo PHK-
COJICPIKAIIUX BUPYCOB, CIIOCOOHBIX MH(UIIMPOBATH
YyeJoBeKa U sl BUJIOB KUBOTHBIX [1-3]. V moneit
KOPOHaBUPYCHl MOTYT BbI3BaTh LIEJBIN psij 3a00s1e-
BaHWH — OT JeTKuX (OpPM OCTPOH pecrmupaToOpHOU
WHQEKIUN J0 TSHKEJIOTO OCTPOTO PECIUPaTOPHOTO
cunapoma [3, 4]. B Hacrosimiee BpeMsi U3BECTHO O
HUPKYJSIIUMA CPE HAaceNeHUs! CIEIYIOUUX KOpo-
HaBupycoB: HCoV-229E, HCoV-OC43, HCoV-
NL63, HCoV-HKUI, SARS-CoV, MERS-CoV,
KOTOpbIE, KakK IPaBMUJIO, BBI3BIBAIOT 3a00JIEBAHUS
BEPXHUX JBIXaTEIbHBIX MyTeH M JETKUX CO Cpei-
Hell TsokecThio [5, 6]. K atomy crmcky mpubaBu-
nack HOBasi KopoHaBupycHas uadeknus COVID-19
(SARS-CoV-2), koTopas Oblia 3apeTUCTPUPOBaHA B
KHP B xonue aexadps 2019 roga B Yxane. Bupyc
OBICTPO pacIpOCTpaHUIICSA BO BCE CTpaHbI Mupa [7],
u 13 mapra 2020 roga Obuta BrIepBBIE 3apETHUCTPH-
poBana Ha Tepputopun Pecnyommku Kazaxcran [8].
B nocnennee Bpemst B Kazaxcrane nanHast nH(ek-
sl HaOJMI0JaeTCsl € SIPKO BBIPAXKEHHON THEBMOHHU-
elt cpeu HaceneHus (HeomyOIMKOBaHHBIE TAHHBIE).

ITocne nosiBIeHHSI BBICOKO MTATOI'€HHOTO ISl Ye-
JoBeka HoBoro kopoHaBupyca SARS-CoV-2 yueHsI-
MH MHUpa ObUIN MOJTyYEeHbI JAHHBIE O €T0 MPOUCX0XK-
nenuu [9-11], pacnpoctpanenuun [12], sBomronuu
[13, 14], renetuxwm [15, 16, 17, 18], Omogorunaeckux
[19], puzuko-xumuueckux [20] ¥ TATOrEHHBIX CBOM-
cTBax [21, 22], a Takxe o natorenese [23], METOIbI
JMMAarHOCTHKH W JICUCHHMsI BBI3bIBAEMON MM 3a0ole-
BaHHEM [24]. MHorue ucciaeaoBaHusl, MPOBOIUMBIE
B CTpaHax MHpa, ObUIN HaNpaBJeHbI Ha Pa3paboTKy
COOCTBEHHBIX BaKLUH Il OBICTPOTrO pearupoBaHus
Y TUKBUIAIUH JTaHHOW MH(EKINH ¢ TIOCIEAYIOMINM
U3yYCHHEM MX 0€30MacHOCTH U MMMYHOTCHHOCTH
Ha XUBOTHBIX U JoJaX. Kazaxcran takxke mpucry-

MW K pa3pabOTKe OTEUECTBEHHBIX BaKIMH MPOTUB
HOBOI KOPOHABUPYCHON MHGEKINH, U3 KOTOPHIX 2
BakuHbl Haxoaarcsa Ha I/II u 11 craguu KiIMHTYe-
CKMX HUCTIBITAHWH, €Il JBEe MPOXOAIT JOKIHMHHUYE-
CKHE UCTIBITaHUs (aHHbIC HEOomyOIuKoBaHsbl). [lpu
pa3paboTKe BaKIMHBI HAMH MPUILIOCH paboTaTh C
xuBbIM BUpycoM SARS-CoV-2, KoTopblii Ol BbI-
JIeJIEH OT 0OJILHOIO IMallieHTa, 3a00JIEBIIEr0 HOBOM
kopoHaBupycHoil nngexueir COVID-19. Pabora ¢
HOBBIM BHPYCOM KOPOHABUPYCHOW MH(EKIUHN Tpe-
OYIOT CTPOTOT0 COOJFO/ICHUSI OMOJIOTHYECKOM 0e30-
IMACHOCTH, OIIBITA M HOBBLIX 3HAHMI OMOJIOrHYECKOM
ocobennoctu Bupyca SARS-CoV-2. Caenyer oTme-
TUTH, YTO TPH PabOTE C KUBBIM BUPYCOM MBI CTOJ-
KHYJIMCh C HEKOTOPBIMHM BOIIPOCAMH KacaroIUXCs
OMoNOrMYecKo M (PU3UKO-XUMHUECKHX CBOWCTB
BHpYyca, KOTOPBIE OCTAJINCh BHE BHUMAHHS YUEHBIX
Mupa. B cBsi3u ¢ 3THM, B 3TUX HCCIETOBAaHUSIX HAMH
ObUIM M3Y4YEHBI HEKOTOPBIE (PU3UKO-XUMHUYECKHE U
OHMOIOrMYecKre CBOWCTBA Ka3aXCTAHCKOTO IMTaMMa
Bupyca SARS-CoV-2, BbIIeIEHHOTO OT OO0JILHOTO
MaIrenTa, 3a00JIEBIIETO HOBOW KOPOHABHPYCHOM
uHpexuein COVID-19, takne kak TepMOCTaOMIb-
HOCTb (COXpaHSIEMOCTb), MHAKTUBAIIHS BUpyca pas-
JWYHBIMH KOHIIEHTpaUUsiMUA (GopMajbIeruaa npu
Pa3IMYHBIX TEMIEepaTypHO-BPEMEHHBIX PEXKUMax U
[1acCUPOBaHKE BUPYCa B KYJIbTYpE KJIETOK.

MarepuaJibl H METOABI

Knunuyecxue odopasyvr. B nannoit pabore HaMmu
OBUIH MCTIONB30BaHbI Ha30(papuHTEaIbHBIE CMBIBBI
(Ma3k#), mosydeHHble OT 6 OOJNBHBIX MAIMEHTOB C
muarao3oM «SARS-CoV-2y», momyuaronmx Ttepa-
U0 B TOPOJACKOM HMH(MEKIMOHHON KIMHUYECKON
ooneaue nmenn M. JKexkeHOBOH r. AinMmarel. DT
poObI OBUTH B3STHI MEAULIMHCKUMHU COTPYITHUKAMU
TOPOICKON MH(PEKITMOHHON OOJBHUIIEI U TTePEIAHbBI
B jnaboparoputo HUUIIBD, cobmiomas mexayHa-
pPOIIHBIE M OTEUECTBEHHBIE TPeOOBaHUS MIPH TPAHC-
MOPTUPOBKE KIMHUUYECKUX 00pas3uoB [25, 26, 27].
Otr 006pa3bl HCTOIH30BATH B KAUECTBE HCTOTHHUKA
BO30yANTENST KOPOHABUPYCHON MH(EKINU ISl 3a-
paXeHHUS KyJIbTYPhI KJIIETOK C TIOCTIeIYIOIINM BhIJIe-
JIEHHEM JAHHOTO BHpYyca.

Kynemyper knemok u numamenvhas cpeda. B
JaHHOH paboTe MBI UCIIOJIB30BANIN MIEPEBUBACMBIC 1
TIEPBUYHBIE JIMHUM KYJBTYPHI KJIETOK, Pa3IMYHOTO
MIPOUCXOK/ICHHS TIPEACTaBIeHHbIE B Tabnuie 1, Ko-
TOpBIE BBIPAIIMBAINA B COOTBETCTBYIOIIUX MTUTATEIh-
HBIX cpeaax, copepxaumx 10 % ¢eranbHOM ChIBO-
porku KPC u 200 mxr/mn crpenrromunnaa, 200 Ex/
w1 nenrninaa v 400 MKI/MI1 reHTaMUIMHA.
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Taﬁ.lmua 1 — Knetouynsie TuHUIT MIPpUMAaToB U APYTI'UX JKUBOTHBIX, UCIIOJIb30BAHHBIC B UCCIICIOBAHUN

Ha3Banue 1 npoucxoxieHue KIeToUHON Hcroynuk kieTouHon .
AOGpeBuatypa Cpena 1 KJICTOYHOH JTMHUU
JTHHUH JTHHUH
Knerku npumaton
[Mouka apprKaHCKOH 3eI€HOH MapTHIIIKI Vero WHO DMEM (Invitrogen, Carlsbad, USA)
IMouka H>MOpHOHA MaKaKH-pe3ycC Ma-104 ATCC DMEM (Invitrogen, Carlsbad, USA)
111(%@ oMbpuona maxaknu-pesyc (ion Ma- MARC-145 ATCC DMEM (Invitrogen, Carlsbad, USA)
Kierku xomrex
ITouka xonku CRFK ATCC CCL-%4 | DMEM (Invitrogen, Carlsbad, USA)
Knerku cobaku
BuyTpennss .

[Touka menka PK paspabotka (HUWTIBE) DMEM (Invitrogen, Carlsbad, USA)
[Mouka cobaku Manun-/{apou MDCK BO3 DMEM (Invitrogen, Carlsbad, USA)
Knerku cBUHBU

Pazpaborana B .
[Touka cBHHBU PK-15 HUNIIEE DMEM (Invitrogen, Carlsbad, USA)
DMOpHOHATBHAS JIWHUS TPUBUTHIX Mockosexuii HHM
p P SPEV BUpycHbIX npenaparoB | DMEM (Invitrogen, Carlsbad, USA)
SMUTETUAIBHBIX KJIETOK MIOYKH CBUHBU (PD)

Knetku xomsika

DubpobIaACT MOYKH XOMSIUKA | BHK21

ATCC CCL-10 DMEM (Invitrogen, Carlsbad, USA)

Knetku xponuka

[Touka kposnuka | RK-13 | ATCC CCL-37 | DMEM (Invitrogen, Carlsbad, USA)
Knerku oB1ib!

Pazpaborana B .
[Mouka sirHeHKa LK HUNIIEE DMEM (Invitrogen, Carlsbad, USA)

WHO = BeemupHas opranuszanus 31paBoOXpaHeHHs.

ATCC = AmepukaHcKas KOJUICKIHS THIIOBBIX KyabTyp (Manaccac, mrat Buprunus, CILIA).
HUMUIIBB = HayuHo-uccneqoBaTenbCkiii HHCTUTYT rpobuiem Ouostoruyeckoit 6esonacuoctu (I'Bapaeiickuii, Kazaxcran)

DMEM = Moaudunuposannas cpeza [r0ab0eKko

Bvidenenue eupyca 6 xynbmype kiemox. Ha
MOHOCJIOHN KyJbTYpPBI KJIIETOK Vero, ocie yaaaeHus
MUTaTEeIILHON CPeJIbl, HAHOCHIIN KPOBB U CYCIIEH3UIO
CMBIBOB CIIM3HCTOW OOOJIOYKHM HOCOBOHM IOJIOCTH
001bpHBIX B 00beMe 0.5 MJI ¥ BBIAEPKUBAIN B TE€Ue-
Hue 60 munHyT npu Temneparype 37 °C. 3aTeM HHO-
KYJIST yAaJsuId, MOHOCIIOW TPOMBIBAJIN B TPEX CMe-
Hax pactBopoM PBS, BHOCHIN mozaiep:KUBaOLIYIO
cpeny DMEM c ¢eranbHON ChIBOPOTKOM KPOBU U
MIPOOJIKAIM KYJbTUBUPOBAHUE IIPH TEMIIEPATY-
pe 37 °C c exxeHEBHON MHKPOCKOIHEH MOHOCIIOS
KyJBTYpBbl KieTok. Hannuue Bupyca ycraHaBiuBa-
JIU TI0 IIUTOTIATOTEHHOMY JEMCTBHIO B 3apaskKEHHBIX
KyJbTypax KJIETOK CPaBHHUTEIBHO C KOHTPOJBHOU
He3apaXeHHOM KyJbTYpo# KJIeToK. B cityuae orcyT-
ctBus LIIJ] B KynpType KiIeTok Vero, 3apakeHHON
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obOpasmamMu OMOMaTEpPHAIOB, MTPOBOIMIHA «CIIETIOR)»
MaccupoBaHKE B TEUCHHUE HE MEHEE TPEX T'eHepalti.

Kynemusuposanue eupyca 6 pasiuuHuIX K)Jb-
Mypax Kiemox.

Jns u3ydeHHs 4yBCTBUTEIHHOCTH Pa3IMYHBIX
KyIbsTyp KieTok k Bupycy SARS-CoV-2 ncnons3o-
BaJI TIEPBUYHBIE U TIEpPEeBHBaEMbIe JTUHUM KIIETOK,
KOTOpble mpexacTasieHsl B Tabmuue 1. Ilepen 3a-
paKeHUEM yHalsIM NMUTATeNbHbIE CPEIbl U3 KYyJb-
TypaJIbHBIX COCYIOB M BHOCHJIM BHUPYC CO MHOMe-
ctBeHHOCThIO 3apaxkenus 0,1 TIJI50/xkn B oObeme
o 0,5 M Ha KaXKJIbIid COCYA U MHKYOUPOBAJIH MPH
37,0+£0,5 °C B Teuenue 1 4 uis ajncopOUuH BHPY-
ca. Ilocne agcopOumu CyCHeH3HIO YHANsUIM, BHO-
CHJIM TIOAJIEP’KUBAIONIYIO Cpeay, COAepIKalryo 2
% deranbaoil ceiBoporkn KPC, u mHKyOupoBanu
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npu 37,0+0,5 °C B TeueHue 5 CyT WM 10 HACTyILIe-
aus 90-100 % LI Bupyca. CocTosTHHE MOHOCIIOS
kiieTok s onpenenenus LI/ Bupyca ounenuBanu
MIPH TIPOCMOTpPE KYyJIBTYpPaIbHBIX COCYIOB IO/ HH-
BepTUpOBaHHBIM MHKpockoroM Olympus CKX31
(«Olympus Co.», Smonus). Ilpu mocnemyroriem
naccaxe KyJbTypbl KJIETOK WHPHUIUPOBAIN Pa3Mo-
POKEHHOUW BHUPYCCOAECpPIKAIIECH CyCIeH3WeH B 00b-
eme 0,5 mi Ha Kaxplid cocya. O MEepMUCCUBHOCTH
KyJABTYp KJIETOK CYIFJIN 110 HAMYUIO ITUTONaTHyYe-
CKHX M3MEHEHHUI B MOHOCIIO€ M U3MEHEHHIO TUTpPA
BHpyca B Tiporiecce maccupoBaHus. WHpexknnon-
HYI0 aKTUBHOCTH BHpPYCa ONPEEIsIN TATPOBAaHUEM
B 1-2- cyrouno#t kimetounoit muaun VERO, BBIpa-
IIEHHOM B 96-TyHOYHBIX MUKPOIIJIAHILIETaX.

Adanmayus eupyca K Kyiomype Kiemok

[Ipu aganTaruu BUpyca K KyJIbType KJIETOK Vero
MIPUMEHSIIN METO CEPUMHOTrO0 naccupoBanus. Kyib-
Typy KJIeTok Vero BbIpamuBaiu B cpene DMEM ¢
10 % ¢eranproi#t chiBopoTkn KPC. Ilpu obpazoBa-
HHUH CIJIOIIHOTO MOHOCIHOA (depe3 24 4) U3 Kyib-
TYpaJbHBIX COCYIOB YHAJISJIM POCTOBYIO Cpely U
BHOCHJIN BUPYC CO MHOKECTBEHHOCTBIO 3apa)KEHUs
0.1,0.01 0.001 TLIAS50/k1 B 3aBUCHMOCTH OT ITacca-
’Ka BUpYyca B KyJbType KIETOK. AcopOLuio BUpyca
npooawiy B Teuerne 1 9 mpu 37,0+0,5 °C. ITocne
3TOT0 BHOCHJIM IOJAEP/KUBAIOLIYIO CPENy, COIep-
xamryro 2 % ¢eranpHoil ceiBoporkn KPC. Muadu-
UPOBAaHHYIO KYJIBTYPY KJIETOK MHKYOHpPOBaJIH NpH
37,0+0,5 °C B TeyeHne S5 CyT WM 10 HACTYIUICHHUS
90-100 % LI/ Bupyca. 3aTteM KyJIbTypy KIETOK
U KyJIbTYpaJbHYIO KHUAKOCTh 3aMOPKUBAIHA TPU
—-50,0+0,5 °C. IIpu cnenyromeM naccaxe, KyJIbTypbl
KIJIETOK MH(HUIMPOBAIN PAa3MOPOKEHHON BHPYCCO-
nepxkameid cycnensued. MHGEKIMOHHYIO aKTHB-
HOCTH BHpYCa OIPEIENIN TUTpOBaHHEM B 1-2-cy-
ToyHON KyneTrype kietok VERO, BwIpamieHHON B
96-1TyHOYHBIX MUKPOIUTaHIIeTax. THUTp BUpyca pac-
cuuThIBaNM 1o Metoay Reed—Muench u Bripaxkanu
B lg TIIZI50/c™m® (24).

Coxpansiemocms  eupyca Sars-Cov-2 nocine
MPEXKPAMHO20 3aMOPANCUBAHUS U OTNINAUBAHUSL.

Wcxonusiit marepuan Bupyca Sars-Cov-2 ¢ Tu-
TpoMm 5,66+0.28 lg TIAS50/M7 amuKBOTHPOBAIN TIO
1 Ma B 9 TuI0THO 3aKkpbIThie 1,5-MJ MUKpPOLIEHTPH-
¢byxHBIE TPOOUPKHU U 3amopaxkuBaiu mpu — 70 °C
B TeueHue 24 4. [1o ncrteueHnn 3Toro BpeMeHH, pas-
MOpaXMBaIIU TIPH KOMHATHOW TemIieparype A0 TOJ-
HOTO OTTauBaHUs (OAHOKPATHOE 3aMOPaKUBAHUE U
orranBanue). [locie gero 3 mpoOupkM ¢ BUpycoM
TUTPOBAJIM B KYJIBTYpe KJIETOK Vero mo OT/eNbHO-
CTH, 17151 OTIpeNieTIeHns MH(PEKITMOHHON aKTHBHOCTH.
OcraBirecs 6 TIPOOMPOK MOBTOPHO 3aMOPaKUBAIIN

npu temneparype — 70 °C B Teuenue 24 4 (ABy-
KpaTHOE 3aMOpakMBaHWe W OoTTamBaHue). Ha cre-
IOYIOUIMI A€Hb OCTaBIIMECs 6 MPOOHUPOK C BUPYCOM
pa3MopakuBaJId ITPU KOMHATHOU Temneparype. ITo-
CJI€ TIOJTHOTO OTTAaMBaHUs, 3 MPOOUPKH TUTPOBAIIU B
KyJIBType KJIETOK, OCTaBIIHECS 3 TPOOUPKHU C BUPY-
COM BHOBB 3aMopakusainu npu — 70 °C no cienyro-
IIeTO JHSA, C MOCIEAYIONUM TUTPOBAaHHEM BHUpYyca
Ha KYJIBType KJIETOK Vero (TpexXKpaTHOEe 3aMOPakKH-
BAaHWEC U OTTAWBAHUC).

Obpabomxa ghopmanvoecudom

Wnaktuanuio Bupyca (GopMambIeTHAOM TpO-
BOOWIM B 3aKPBITBIX CTEKISIHHBIX KonbOax. Ilpum
9TOM, B OTIBITE OBUIN HCITOIB30BAHBI BUPYC C THTPOM
6.25+0.22 1g THJ50/mn. Tlepen nHakTHBAIUCH BU-
pyca roroBwa 3 % pabounii BOMHEIN pacTBOp (Hop-
Manpaeruna u3z 37% BopHOro pactBopa (opmaib-
neruna. K BupycHol cycrensmm moGasmsum 3 %
paboumii pacTBop (opmaibaeruaa A0 KOHLEHTpa-
uuu 0,05 % u 0,1 %. Jlanee BUpyCHYIO CyCIIEH3UIO
WHKYOHMpoBanu npu Temneparypax (4-8) °C, (20-22)
°C u (37£0,5) °C. KonObI ¢ peakimOHHONW CMECHIO
MTOCTOSTHHO MEPEMEIINBAIIH C TOMOIIBIO MArHUTHOM
MEIIAJIKA CO CKOPOCThIO BparmieHus: 60-80 00/MuH.
Kaxnpiii yac orOupanu mpoObl, mpeKkpamam Iei-
CTBHC WHAKTHWBaHTa aoOaBieHmeM 25% pacTtBopa
Ooucynb(UT HaTpUs B KOHLEHTPALKH MPOIOPLHUO-
HaJILHOM 110 MOJICKYJIIPHOHM Macce popMaIbAeTHIY,
n00aBIeHHOMY B OMOMAaccy M MOMEIIAd B XOJIO-
TITbHUK Tipu Temmeparype 4-60 C. Undexkunonnas
aKTHMBHOCTbH BHpYCa ONpEeNsuiach Mo OOLIepHHS-
TOW METONWKE C Y4ETOM pPEe3yabTaTOB THUTPOBAHHSA
o metony Reed—Muench [28] u BepaxkeHneM B g
TLAS0/mom.

TutpoBanue Bupyca. MH(PEKINOHHYIO aKTHB-
HOCTh BHpYCa OMpPENENSIIN METOJOM THUTPOBAHHM
comtacHo MeTonuke Reed—Muench [28] B kynbrype
KJIETOK Vero, BeIpameHHO! B 96-TyHOUHOM KYJIBTY-
pasibHOM MUKporuiaHmere. Bkparie, mocienosa-
TenbHbIe 10-KpaTHBIE pa3BeleHNs] UCXOIHOTO MaTe-
puana Bupyca ot 10-1 go 10-8 roroBunn B cpene
DMEM c¢ ngo6asnenunem 2% DBP, 100 ex/mn neHu-
mwurHa B 100 MKT/MI ctpenTomunuHa, u 100 MK
Pa3BEICHHOTO BHpYCa J00ABIISIN B K&KIYIO TYHKY.
Knerkn wmnkybupoBanu npu 37° C B armocdepe
5% CO2 B Teuenue 7 OHEH, U HAJIMYKME LUTOIATH-
yeckoro 3QdQekra OUEHMBAIM C HCIIOIb30BAHHEM
MHBEPTHPOBAHHOTO MHUKpOcKomna. TuTp Bupyca pac-
cuuTbIBany 1o hopmyne Reed—Muench, Beipaxanu
B lg THAS50/m.

Brigenenne PHK. PHK Obuia u3Bneuena us
KIIMHUYECKUX O0pasIoB, a TaKKe W3 KyJIbTypajb-
HBIX TMAcCaKHBIX MarepuanoB (1 m 2 maccaxsl) ¢
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nomotibo QIAamp viral RNA mini kit (QIAGEN,
XunbneH, [ epManns) coriacHO MHCTPYKIIUY TIPOU3-
BOJIUTEISA.

RT-IIIIP B peanbHOM BpeMeHH. [ns ammu-
¢ukaunun N rena Bupyca SARS-CoV-2 Oputn wuc-
MOJIb30BaHbI CIIEAyIOIIME MpamMepsl U 30HI: N
Sarbeco F (cacattggcacccgcaatc), N_Sarbeco R
(gaggaacgagaagaggcttg) mw N _Sarbeco P (fam-
acttcctcaaggaacaacattgcca-bbq) [29]. Bupycubiit
TCHOM OIICHUBAJIM C TOMOIINBIO KOJIHMYECTBEHHOU
[ILIP B peaslbHOM BpEMEHU C MCIIOIb30BAHUEM Ha-
6opa Superscript® III Platinum One-Step RT-PCR
System with Platinum™ Taq DNA Polymerase cu-
cremsl (Invitrogen, CIIA) cormacHo HMHCTPYKIHN
M3rOTOBUTENSI. Peakiinu mpoBOAMIN B TEPMOIIUKIIC-
pe Rotor-Gene 6000 Series (Qiagen, ['epmanmst) o
cienyrwiei nporpamme: 1 UK 00paTHOM TpaHC-
kpuniun npu S0°C B Tewenne 20 muH, 1 nuka 95°C
B TeueHHe 3 MUH, 3ateM 45 1ukiaoB 95°C B TeueHue
15 ¢, 58°C B Teuenue 30 c.

Cmamucmuueckuii ananu3z

CraTUCTHYECKUH aHalu3 pe3ylbTaToB HC-
CJIIOBaHUH TPOBOJWIN C HCIIOIB30BaHUEM IPO-
rpammbl  GraphPadPrism 6. Jlmst Bcex maHHBIX
OblTa TPUMEHEHAa OMNHcaTeNbHAs CTAaTUCTHKA!
MO/ICYMTaHbl cpefHue 3Hadenus (M), cTaHmapT-
Hoe orkioHeHue (SD) u cranmapTHBIE OMIUOKH

cpennero (SEM). Mpbl cpaBHWIM pEIUTMKALUIO
Bupyca SARS-CoV-2 B pa3nuyuHBIX KJIETOYHBIX
JUHUSAX ¢ OZHOCTOPOHHUM JHMCIIEPCUOHHBIM aHa-
auzoMm ANOVA.

Pe3yabTarsl

Buloenenue u uoenmugpuxayus supyca

Kimanueckue o0pasipl (Ma3ku) cOOpaHHBIE OT
[IECTH MAIMEeHTOB ObLTH uccienoBanbl B ITL[P Ha Ha-
mnuue PHK Bupyca SARS-CoV-2 (ta6in. 2). Tonbko
B OIHOM OOpasie (Ha3aJ bHBIN Ma30K) y MalueHTa
Nel 6b11 0OHApYsKEH BUPYCHBIN reHoM (3HaueHnue Ct
25.4) Ha ypoBHE TIOJIOKUTEIFHOTO KOHTPOJIS (3Ha-
yenue Ct 24.1). Bo Bcex 0CTanbHBIX KIMHUYCCKHUX
oOpa3iax oOHapy>KeHbl HU3KHE YPOBHU BHPYCHOTO
reHoma. [lmamazon 3HadeHuit Ct ocTambHBIX Ta-
[IMEHTOB B KpOBW ObLIO B mpeaenax 34.1-40.1, a B
Maskax coctaBisuio 35.9—40.7 (pe3ynbTarsl HE IMo-
Ka3aHbl).

[locne 3apaxeHus KIMHUYECKUMH OOpa3laMu
KyJIBTYpBI KJIETOK OBUT BBIZIENIEH BUPYC Ha TEPBOM
Maccake TOJIbKO W3 HA3aJbHOTO Ma3Ka MalueHTa
Nel. B mpyrux Onoslormdeckux oOpasmax HaJaumdue
[UTOMATOTEHHOTO areHTa HE yAaJIOCh BEISIBUTH B Te-
geHue 3-X MOCIIe0BaTEIBHBIX MTaccaxei (pe3ynbra-
ThI HE TIOKa3aHBbl).

Tadmuua 2 — Pesynsrarst [1L{P-nccnenoBanmii v BeIIEICHNS BUPYCa B KYIBTYPE KICTOK

Hcxonnas mpoba Howmepa naccaxeit
T 1 2 3 4 5
Hamuent| HTP | ¢ aya-

Bupyea, | — Turp Ct 3Ha- Turp Ct 3Ha- Turp Ct 3Ha- Turp Ct 3Ha- Turp Ct 3Ha-

ToA,,,.. BHpYyCa, YeHHE Bupyca, YeHHE Bupyca, YeHHE BUpYca, YeHHE BHpYCa, YeHHE
THI[SO/MH THHSO/MH THHSO/MH TH’HSO/MH THHSO/MH
1,66 + 275+ 4,58 + 5,41 + 5,66 + 6,08 +
Nel 0.28 254 0.25 17.3 0.14 0.28 13.3 0.28 13.1 0.38 13.2

Ha mepBoMm maccaXHOM ypOBHE IMTONATHYE-
ckoe neictBue Bupyca SARS-CoV-2 B kynbType
KIETOK Vero mposBIsIOCh, HAYMHAs C TPETHEro
mHS Toctie 3apaxkenns. Co BpeMeHeM KOJHMYECTBO
OKPYIIIAIOMIUXCA U JECKBAMHUPYCEMbBIX KJIIETOK YBC-
nmuanBaercs (prc.10), Ha MOBEPXHOCTH aare3ud (B
MOHOCJIO€ KYJBTYPbl KIJIETOK) YMEHBIIACTCS KO-
JIUYECTBO PACIIACTaHHBIX KIETOK, (POPMHUPYIOTCS
o4daru ImycCToThl, BCICACTBHUC OTKPCHMBIINXCA KJIC-
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TOK (pHc.1B) U yBeIMUEHHE MEXKKJIETOYHOro Mpo-
CTPAHCTBA IPU CPAaBHEHUU C KOHTPOJIBHON KYJbTY-
poit (puc.la). IlomHas AecTpyKUusS MOHOCIOS IIO-
CPEICTBOM OTCJIOCHMSA/JECKBAMALIMK OPa’KEHHbIX
KJIETOK HacTymaja B TedeHue 48-72 dacoB mocie
MOSIBJICHNS] NPHU3HAKOB LMTonaTtosioruu. Hammune
Bupyca SARS-CoV-2 nonoiaHuTenabHO ObUIO MOA-
TBEPKAECHO METOJOM 3JIEKTPOHHOM MMKPOCKOIHU

(puc. 1B).
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Pucynok 1 a — HeunpuunposanHsle KJIeTkH Vero, 6 —kietku Vero, 3apaxxeHHble Bupycom SARS-CoV-2,
Ha 3 JeHb MOCIIe 3apaXKeHUs] BUPYCOM, B — AJIeKTpOoHHast Mukpodororpadus Bupyca SARS-CoV-2.

YyecmeumenbHOCmMb  PAIUYHBIX  KIEMOYHbIX
JUHUL K 8UPYCY

B uccrnenoBanusax ObLTH HCTIONB30BaHEI 11 pas-
JIMYHBIX KJIETOYHBIX JIMHUM IMEPBUYHOTO U TIEepe-
BHBAaEMOro NpOUCXOacHus (tabiuua 1). B pe-
3yJbTAaTE UCCICNOBAHUN YCTAaHOBJIECHO, 4TO u3 11
UCTIBITAHHBIX KYJbTYp KIIETOK Haubolyiee 4yBCTBH-
TesbHBIME K BUpYCy SARS-CoV-2 okazanuch Kyib-
Typsl KiteTok Vero, MARC-145, MA-104, CII9B,
PK-15. LIITJ] Bupyca mposiBIsUIOCH B ATUX KJIETKaX

gepe3 24-48 4 u Ha 3-5 CyT OHO Pa3BUBAIOCH II0
BceMy MoOHoOcJow, nopaxkas g0 70-80 % kierok.
Tutp BUpyca B 3TUX KyJIBTypax KIETOK KoyeOancs B
npezenax 3,16-5,66 g TLJL, cm® (puc. 2). Ananra-
1Sl BUpYCa B KYJIbTYpE KJIETOK Vero mpoucxoania
0oJsiee OBICTPO, HEKENH B IPYTHX YYBCTBUTEIBHBIX
KJIeTOUHBIX JuHISIX. KymbTypel xierok MJICK,
RK-13, T4, I, BHK-21, CRFK okazanuces MmecHee
WJIM TIOJTHOCTBIO HE YYBCTBUTEIBHBIMU K HCITBITYE-
MOMY BHPYCY.

p<0.01

5 p<0.0001
2 —
2 6
p<0.01 p<0.01
= —_
54
|—
2 4
]
S 3
53
8 21
g1
=
-

Vero MARC-145 MA-104 CRFK

MLy

@ 1-naccax
@ 2-naccax
@8 3-naccax

MDCK CNn3B PK-15 BHK-21 RK-13 TA

0O6e3bsHbI Kowkun
|

Cobaku

CBUHLU
|

Xomsaku Kponuku OBUbI

ns

KneTtouHble IMHMN XXMBOTHOIO MPOUCXOXAEHUSA

Pucynok 2 — UyBCTBUTEIBHOCTD PA3IHMYHBIX KYJIBTYp KIETOK K BUpycy SARS-CoV-2. /Iy nepBUYHOTO 3apaeHUst
HCTBITYeMBIX KyJbTyp KieTok (MARC-145, Ma-104, CRFK, PK, MDCK, SPEV, PK-15, BHK-21, RK-13, LT) 6511

ucnosp3osan Bupyc Sars-Cov-2 ¢ tutpom 5,66+0.28 Ig T, /M1, a 1 Vero UCnofib30BaH Ha30(hapuHreaIbHbli Ma3oK ¢
tutpom 1,66+0.28 1g T/, /M1, OnuHHAaANATE KIETOYHBIX IMHUE M3 Pa3IMYHBIX TKAHEH I OPraHOB 00€3bAHBEr0, CBUHOTO,

c00aubero, KOILIaubero, XOMYbero, KPOIMUbEro U OBEYbEro MPOHCXoKaeHus 3apaxanu BupycoM SARS-CoV-2 npu 0,1 TL/]

50.

TuTpbl BUPYCHBIX CyCIIEH3MH, HAPAOOTaHHBIX B PA3IMYHBIX KYJIbTYpax KJIETOK OIPEIENICHBI B KYJIbTYpe KICTOK Vero MeToiom
TUTPOBAHUM Ha KYJIBTYPAIbHBIX IUIAHIIETaX. TUTP BUpyca MOKA3aH B CPEAHUX 3HAYCHHUSAX CO CTAHAAPTHBIM OTKJIOHEHHEM
+SD. Craructuueckasi 3Ha4MMOCTh PACCUUTHIBAIACH C MOMOLIBIO OHO(GAKTOPHOro AucrepcronHoro ananusa ANOVA
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Ilocnedosamenvroe  naccuposamue
Sars-Cov-2 ¢ kiemkax Vero

Knerounass nuHus Vero okasamach HamOo-
Jiee BOCIIPHUUMYHMBON K MH(MEKIIUH BUpyca Sars-
Cov-2 cpenu MpoTecCTUPOBAHHBIX THIIOB KJIETOK
M03BOHOYHBIX. Bupyc Sars-Cov-2 ObLT yCIIENTHO
[MaCCUPOBAH MyTEM IEPEHOCA BUPYCHOM CyCIICH-
3un B TeueHne 100 maccaxkeir mpu TemiepaTrype

supyca

nnkyOanuu 37 °C. Ilpu 3TOM OBUIO yCTaHOBIE-
HO, YTO MPOWCXOIUT aJanTamus BUpyca Iocie
Ka)XJO0T0 CIENoro naccaxa B KieTkax Vero, co-
Kpamasi Hadajlo CpOKa IUTONATHYECKOTO Jei-
CTBUS U CPOKa KyJIbTUBUpOBaHUs. K ToMy ke He-
CMOTpSI HAa YMEHBIIIEHUE JT03BI 3apaKCHUS, TUTP
BHUpYyCa YBEJIHUYUBAJICS C KaXABIM IMaccaxem (Ta-
omuma 3).

Tadmuua 3 — Pesynsrarsr aganramun Bupyca SARS-CoV-2 B KynbType KIETOK METOIOM ITOCIIEIOBATEIBHBIX MacCcaxen

THaccax Jlo3a 3apaxeHnus, Hauano cpoka CpoK KynsTUBHPOBaHUS, | VHMEKIIMOHHBINA THTD

TOM,,,.. nposisnerne LI, 1 q Bupyca, g0 TUJ,
1-5 0.1 72-96 165+5 4.66+0.28
5-10 0.1 72-96 148+5 6.61+£0.23
10-20 0.01 7245 120+5 6.75+0.21
20-30 0.01 48+2 7245 6.75+0.21
30-40 0.001 36+3 48+3 7.25+0.18
40-50 0.001 24+3 3612 7.00+0.10
50-100 0.001 24+3 3612 7.25+0.18

Coxpansiemocms eupyca Sars-Cov-2 nocne I-,
2- u 3 Kpammuwix 3aMOpAANCUBAHULL NPU MeMmnepa-
mype munyc 70 °C u ommausanusi npu KOMHAMHOU
memnepamype (20-22 °C)

Pe3ynbraTel mpoOBEIECHHBIX HCCIEIOBAaHUU IO-
kazayu (Tabumia 4), 94To IpoIecC 3aMOPaAKUBAHHS
npu temnepatype munyc 70°C u pa3mMopaxuBaHuUs
pu KOMHaTHOM TemMiieparype (20-22 °C) He oKa3bl-

BaeT 3aMETHOIO BIMSHHS HA KAUECTBEHHBIN Xapak-
Tep nuronaroreHHoctu Bupyca. Ilpossiaenue LITJT
BHpYyCa B MOHOCJIOE€ KJIETOK oTMevancs Ha 30-48 u.
OnHako JaHHBIA (PU3UYECKHN (AKTOP OKa3bIBaeT
CYIIECTBEHHOE HETaTUBHOE BIIMSHHAE HA COXpaH-
HOCTh MH(EKIHOHHOTO TUTpa Bupyca. [Ipu sToM
WH(EKINOHHBIN TUTP BUpPYyCa B KYJIbTYPaJILHOU CY-
cniensun causmics ot 0,50 g0 0,92 1gTLL .

Tadmuua 4 — CoxpaHseMOCTh BUpyca MOCIe BO3ACHCTBHS (hU3NUECKUX (HaKTOPOB

Wngexuuonnsiit Tutp Bupyca, lg TIJL, /M 5,66+0.28 5,16+0.23 4,91+0.18 4,74+0.11
IIposnenue LIIJ] Bupyca B MOHOCIIOE, Yac 30-48 30-48 30-48 30-48
[Norepst MHGEKIIMOHHOTO THTPA BUpPYCa - 0.5 0.75 (0.25) 0.92 (0.17)

IIpumeuanus:
0* — HCXOIHBII TUTpP BUpYCa 0 3aMOPaKHUBAHHS

(20-22 °C)
(20-22 °C)

(20-22 °C)

1* — TUTp BUpyCa MOCHe OHOKPATHOTO 3aMopaxkuBaHus rmpu MuHyc 70°C 1 pa3Mopa)kMBaHUs IPYU KOMHATHOW TeMIieparype
2** — TUTp BUpycCa MOCIE JBYKPATHOIO 3aMopaxkuBanus pu Munyc 70°C u pa3MopaKMBaHHUs ITPU KOMHATHOH TeMIepaType

3*** _ TuTp BUpYyCa MOCIE TPEXKPATHOTO 3aMopakiBaHus pu MuHyc 70°C U pa3Mopa)KMBaHUs IIPH KOMHATHO# Temreparype

Unaxmusayus eupyca ghopmanvoecuoom
CkopocTh HHaKkTHBauuu Bupyca Sars-Cov-2
MOJT BO3JCHCTBHEM (OPMABICTHIA B HCIBITAH-

80

HBIX KOHIICHTPALMSAX IPH Pa3IMYHBIX TEMIIEPATYy-
pax JeMOHCTpUpyeTcst Ha pucyHke. [Ipu KOHeYHbIX
koHneHTparusx popmanpaeruna 0,05 u 0,1% npu
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temneparype 37°C Bupyc TepsieT HHPEKIIHOHHOCTD
IUISL KyJIBTYP KJIETOK uepe3 2 daca. [Ipu komHaTHON
TEMIIepaType HCHBITYeMbIX KOHLEHTpauui ¢op-
MaJbJIeTHa BUPYC TepsieT WHPEKIMOHHOCTD IS
KyJIbTypbl KIIeTOK 4epe3 4 yaca. [Ipu Temneparype
4°C uHakTHBanus BUpyca (GopMalbIeTHIOM Mpo-
UCXOANT 3HAYUTEIBHO MEIJICHHEE, YEM IIPH TEMIIE-
patypax 22°C u 37°C.

Tak, obpabotka 0,1% u 0,05% pactBOpaMu
¢opmanuna nipu 4°C B Teuenne 5 u 6 gaca, cOOT-
BETCTBEHHO BEJET K MOJHOM moTepe ero MHek-
[IMOHHOCTHU JIJIS1 KYJBTYPHI KJIETOK, & OCTaTOYHYIO
MHEPLUUOHHOCTH BUPYCa JUI KyJIbTYpBI KJIETOK MOJI-
HOCTBIO yTpaTiil Ha 8 1 10 CyTKH, COOTBETCTBEHHO.

c 8- 37°C
= —@- KoHTponb
o
5‘“ 6 —- 0.1% cdopmanuH
= —— 0.05% copmanuH
)
o 47
o
>
Q.
s
m 24
Q.
™=
e

0 T T -

0 1 2
87 20-22°C

TuTp Bupyca, Ig TUsg/un
o

Tutp Bupyca, Ig TWs0/mn
F N

01 23 456 7 8 910

BpeMs HaGnoaeHus, 4

Pucynok 3 — Cpoku ¥ KHHETHKH HHAKTHBALIUK
BUpYcCcoIepKalei cycnensun mramma Sars-Cov-2
pactBopamu GpopMaiiiHa (B) IPU TEMIIEpaType
4°C,22°Cu37°C

Obcyxaenue

3a mocnegaux 10 et BUPYCOIOTUS COCPEAOTO-
YUJlach Ha M3YYEHHH MOJIEKYJISPHO-TEHETHUECKUX
CBOWCTB BO30yAUTENCH BUPYCHBIX MHPEKIHMHA, TOT-
Jla KaKk M3y4eHue PU3NKO-XUMHUUECKUX U ONOJIOTH-
YECKUX CBOWCTB BUPYCOB OCTAJIMCh BHE BHHMaHUS.
Tak, HecMOTps Ha IPOBEACHHBIE UCCIICIOBAHN, Ka-
caroruecss OMOJIOTHYECKUX U (PU3UKO-XUMHUYECKHX
CBOHCTB, MHOTHE OCHOBHBIE BUPYCOJIOIHYECKHE BO-
npocbl SARS-CoV-2 ocratotest 6e3 otBera. B nan-
HOM HCCJIEIOBAaHUU MbI BbIACINIIHN BUpPYC Sars-Cov2,
KOTOPBIH B MOCJICIYIOIIEM ObUT HICHTH()HUIIUPOBAH
B I[P, cexBennpoBan no N reHam, u3y4eHa Mop-
(domnorus ¢ TOMOUIBIO AIIEKTPOHHOW MHUKPOCKOIIHH.
Huronatonornyeckue aerictsus Bupyca [30], mop-
¢donorus Bupuona [31] u HyKI€OTHIHAS TIOCIE0-
BareabHOCTh 1O N reHam [32] paHee NpoBEACHHbBIC
JIPYTHUMH HCCIEIOBATENIMU COOTBETCTBYIOT BBIIIIE
MIPUBEACHHBIM HALIUM HCCIEJOBAHMUSIM.

[IpoBenens! HvccaenoBaHus MO MOMCKY JOMOJ-
HUTETbHBIX OMOJIOTHUECKUX MOJENCH, YyBCTBH-
TenbHBIX K BUPYCY SARS-CoV-2 u ucnoiap3yemMbix
in vitro. Hanmmame takux mojeneid, KpoMe 4eoBe-
YeCKOTO B 00€3bsSHBET0 MPOUCXOKIACHHS, AACT BO3-
MO>KHOCTb OJJOOpaTh OMOIOTHUECKYIO MOAEIb, C-
MOJIb3YEMYIO JUIsS PENpOIyKIIMH BUpyca U BOCIPO-
n3BeneHnst 00JIe3HN in vivo. B ¢Bs3u ¢ 3THM B HaH-
HBIX MCCIIEJOBAHUAX HAMU OBUIH MTPOaHaIH3HPOBa-
HBI M B KaYeCTBE TaKUX OOBEKTOB HCIIOJIb30BAIHChH
OMOJIOTHUECKUE CHUCTEMBI, UMECIOLINECS! B KOJUICK-
nmu Oanka KynbTyp kinerok HUUIIBB, k koTopeiM
OTHOCSTCS JIMHWU NepeBuBaeMbIx kietok BHK-21,
MARC-145, MA-104, Vero, CII3B, PK-15, RK-
13 T, MDCK, u nepBUYHON KyJIbTYphl KJIETOK
TS — TecTUKynbl STHAT. YCTaHOBIEHO, YTO U3 11
UCTIBITAHHBIX BHUJIOB KYJIBTYp KIETOK Hambosee
YyBCTBUTENBHBIME K BUpyCY SARS-CoV-2 0Opum
KyJNbTypbl K1eToK 00e3bstH (MA-104, MARC-145,
Vero-WHO) u cuneit (PK-15, CII9B), B koTOpbIX
BHPYC aKTUBHO PETPOIYLIHPOBAJICS C YBEINUEHUEM
OMOJIOTHUECKON aKTUBHOCTH B ITOCIIEI0BATEIbHBIX
naccaxax. KympTypsl ketok MDCK, RK-13, TS,
CRFK, BHK-21, Il O6bimi HE 9yBCTBUTEIBHBI K
Bupycy SARS-CoV-2. Iloiy4yeHHble HaMU JTaHHBIE
32 MCKJIIOYEHUEM HEKOTOPOH 4acTH, MOATBEPKIa-
10T pe3yJbTaThl UCCIIeIOBAaHUH, morydeHHbie B KHP
[33]. Pa3uuiy B pe3yiapTaTax COCTaBJISIOT JaHHBIC
0 UyBCTBUTEIbHOCTU KIEeTOK Kormaubero (CRFK),
u xkpormmubero (RK-13) mpoucxoxaenus. B Hammx
UCCIIEZIOBAHUAX OTH JIMHUM KIJIETOK He oO0yajgaiu
YyBCTBHUTEIBHOCTBIO K BUPYCY, TOTAa Kak KHTai-
CKHE HCCIEeIOBATENIN YTBEPXKIAIOT 00 00paTHOM
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[33]. CnenyeT OTMETUTh, YTO KUTAHUCKHUE YUYCHBIC
OIIEHWBAJIM PETUIMKAINIO BUPYyCa B KyJIbTypax Kie-
TOK BBISIBIIEHMEM IeéHOMa Bupyca ¢ nomouipto [11[P
1 KU3HECTIOCOOHOCTH KYJIBTYPHI KIETOK C TIOMO-
mpto CellTiterGlo (Promega, Mbaaucon, Buckon-
cun, CIIA), 6e3 ydera passutus L[I1/l, xoTtopsie,
10 HAILIEMY MHEHHUIO, HE TIOJIHOCTHIO MOATBEPIKIAET
qyBCTBUTEIBHOCTD 3TUX KYJBTYP KIETOK K BHPYCY.
Kpome Toro, B A0CTynHBIX JIUTEpaTypax MpUBEe-
HBI pe3yIbTaThl YyBCTBUTEIIBHOCTH KIICTKU YEIIOBE-
YECKOI'0 MPOUCXOKICHUS, a TAKKE B KIIETKaX JIETY-
YUX MBIIIAX MO0 OTHOMICHUIO BHpycoB SARS-CoV
u SARS-CoV-2 ¢ 1enpio yCTaHOBJICHUSI XO35MHA
MIPOUCXOKICHUSI.

[Touck nHPOpPMAIIUU B TOCTYITHBIX OTKPBITHIX
HCTOYHUKAX TOKa3al 00 OTCYTCTBUHU JAHHBIX II0
MOJYUYCHHUIO AaTTEHYUPOBAHHOIO BHpyca MyTeM
CEpUIHOTO MacCHpPOBAHUS B KYJNbType KJIETOK, 3a
WCKIIFOUCHUEM M3YyYCHHSI HMMYHOTEHHOCTH U 0e3-
OTIACHOCTH AaTTeHYHPOBAHHOTO INTaMMa, TIOJY-
YEHHOTO METOJIOM CEJICKIIMA HETaTUBHBIX OJISIIIEK
[34]. Tak, rpynma uccimemoBaTeyieil Moaydnia at-
TEHyHpOBaHHbIM BapuaHT Bupyca SARS-CoV-2,
Ha3pBaeMbIii Del-mut, KOTOpEIl cCOmepKUT merne-
uuio B coequaennn S1/S2. IlomydeHHbIH UMU atT-
TCHYUPOBAHHBIA MYyTAaHTHBI BapHaHT BBI3BIBAI
nerkyr (Gopmy 3a0osieBaHHS y XOMSKOB HE CHH-
JKAIONIUI BEC JKUBOTHOTO, JIEMOHCTpHpYs Ooiee
HU3KHE YPOBHU PEIUIMKAIMU BUPYyCa B JIETKUX, U
ABIIAJICA CTAOMIIBHBIM TPU JITUTEIBHOM ITaCCHPO-
BaHuU B KJeTkax Vero-E6. OqHako, OTCYTCTBYIOT
JMAHHBIE JI0 KAaKOTO Taccaka aTTeHYyHPOBAHHBIN
BHpYC OBLT CTa0WIBHBIM. B ciydae moctymHoCTH
ATUX MaHHBIX MHOTOE MOKHO OBLITIO OBI pacro3HaTh
KacaTeJIbHO TeHOTUIHMYECKUX TPU3HAKOB aTTCHYHU-
POBAHHOTO WUJIM HCXOIHOTO BUPYCa, IIPOBOJIS CPaB-
HUTENbHBIA aHAJIU3 C HAIIUMHU pe3yJibTatamu. Tem
HE MEHEE, MBI XOTeIIH 00paTUTh 0CO00E BHUMaHHUE
Ha (PEeHOTHUITUYECKUE MPHU3HAKH BUpPYyCa MPH 3apa-
JKEHHUH KyJbTYpbl KJIeTOK Vero. Tak, HaMU BblIe-
JeHHbIi Bupyc 10 10 maccaxa He BbI3bIBall THOEIb
3apaK€HHBIX KJIETOK, HO 3apa’keHHbIE KIJIETKU OT-
CJIauBaJIUCh OT CTEKJAa KYJIbTYpaldbHBIX COCYIOB
Tepsisi cBoM aAre3uBHBIE cBoiicTBa. [locme 10 mac-
ca)ka BUPYC MOCTENECHHO aJalTUPOBAJICA K KyJb-
Type KJIETOK, COKpaliasi CPOKH KyJIbTHBHPOBAHUS
110 48 4. u BeI3BIBAs rudens kinetok no 40-50 %.
brmxe k 30 maccaxy BHpYC MOJTHOCTHIO afamlTH-
poBaicsi K KynbType W BbI3bIBal rudens 80-90%
KJIETOK, COKpaIias CpoK KyJIbTHBHUPOBAaHUA 10 36
4, C TOYKHU 3peHHs] MEAUIIMHBI, JaHHBIA QaKT BO3-
MOYXHO JTacT TIOHSTh, B OCHOBHOM TIPH H3YYCHUHU
IaTtoreHe3a BUpyca B OpraHM3Max 4YeJOBEeKa WU
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JUTSL IPAaBUIJIBHOTO TI0J00Pa aHTUBUPYCHBIX Mpena-
PaTOB TpH JEUCHNN JaHHOW NH(EKIUH.

B unccnenoBarenbckoit paboTe ompeneneHHoe
3HAYCHUE UMEET yCTOWYMBOCTH BO30yIUTENS 00-
JIE3HM K pa3HbIM MaHHUIYJSIUAM, B IpoIecce Ko-
TOPOH OH MOABEPTAETCS BO3ACHCTBUIO PA3TUIHBIX
¢usnko-xumMuueckux ¢axtopos. BrusHue ycio-
BUI XpaHEHHsS OOpa3IOB HYKIEHHOBBIX KHCIIOT
Bupyca SARS-CoV-2 [35, 36], a Takke BIUAHHE
YCIIOBUU OKpPYIKAOMICH cpeasl (TemmepaTrypa, oT-
HOCHTENIbHAsA U a0COJIOTHAs BIaKHOCTb, COJTHEU-
HBIM cBeT) K camomy Bupycy SARS-CoV-2 mpu-
BeJleHbI B 0030pHOM B/ [37]. Ucxons u3 takoi
CUTYaINH, HAMH N3Y4aJIOCh BIUSHUE 3aMOPaKHBa-
HUS ¥ pa3MOPaXMBaHHS HAa COXPaHHOCTh BUpYycCa B
penpoayKTUBHOM cocTostHuH. Paggiaro u mp. [38],
AHAJIM3HUPYS PE3yJIbTaThl IPYTUX HCCleaoBaTenei
B CBOEM JUTEPATypHOM 0030pe MpeArnoaramoT,
YTO 3aMOpaXMBaHHWE W OTTaWBaHUE HE BIMSACT Ha
MH(EKITMOHHBI TUTP KopoHaBupyca. OpmnHaxo,
pe3ynbTaThl MPOBEACHHBIX HAMH HCCIEIOBaHUN
MOKa3alld, YTO MPOIIECC 3aMOPAKUBAHMS TIPH TEM-
neparype mMunyc 70°C u pasMopaKuBaHHs TPU
KoMHaTHOI TemmniepaTtype (20-22 °C) He oka3bIBaeT
3aMETHOTO BIIMSIHUSI HA Ka4eCTBEHHBIH XapakTep
[IUTOTIATOTEHHOCTH, HO OKAa3bIBA€T CYIIECTBEH-
HOE HETraTUBHOE BIJIMSHUE HA COXPAHHOCTH TUTPa
Bupyca. OJHOKpaTHOE 3aMOPaKMBAHUE U Pa3MO-
paXrBaHUE B MCIIOJIB30BAHHOM PEXHME CHUKAET
PETNPOYKTUBHBIA TUTP BUpYyCa B KYJIbTYpalbHOU
cycnensuu Ha 0,50 — 0,75 1gTIL , KOTOpBIii B TIE-
pecdere Ha oO0IIee KOJTUIECTBO BUPYCHBIX YACTHI]
cocTaBisieT oT 68 10 82 %.

Wzydenne ycioBus XpaHEHHWS BHUPYCHBIX CY-
CIIEH3UH, UCIIOJIBb3YEMBIX MTPH MPOBEIECHUH PA3INY-
HBIX HCCIIEZIOBATENBCKUX PadOT M TMPOU3BOJCTBO
OuomnpenapaToB UMeeT BakKHOE 3HaUeHHUE. Tak Kak,
pabotas ¢ xuBsiM BupycoM SARS-CoV-2 B nmabo-
paTtopuy, Mbl HEOXXHIAHHO CTOJKHYJHCH C HMHTe-
pecHoi curyanueil. [Ipu mocraHoBke peakuy Hen-
TpajM3aluy HaMH HCIOJb30BAaHHBIH KOHTPOIbHBIN
BHPYC HE BBI3BIBAJI IIMUTOMATHYECKUE NEHCTBHI B
KyJITYpe KJIETOK. JlaHHBIH BHpYC XpaHWICS NpU
temneparype 4 °C B Teuenue 18 wacoB mepen mo-
CTaHOBKOHW peakluuu. B cBs3u ¢ 3TUM, MBI pelIu-
JU M3YYHUTH coxpaHsemocTh Bupyca SARS-CoV-2
NpY Pa3TUYHBIX TEMIEPATypHBIX PEKUMAax B BHUJIE
CyCTIeH3UH. AHATU3NPYs pPe3ybTaThl HAIIETO DKC-
MEPUMEHTa, Mbl HPHUILIIA K CIEAYIOIIEMY BBIBOIY.
Tax, Bo Bpemst 11000# pabOTHI MIIH SKCIIEPUMEHTE C
JKUBBIM BUpycoM Tipu Temnieparypax 37 °C, 22 °C u
4 °C oTpunaTenbHO BAUSIET Ha HH()EKIINOHHYIO aK-
TUBHOCTBH Bupyca. [loaromy 1ist Toro 4ro0Osl coxpa-
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HUTDH KU3HECIIOCOOHOCTH BUPYCa, MBI PEKOMEHIY-
€M HCTIONIb30BaTh OEITKOBBIE CTAOMIM3aTOPHI, TAKHE
KakK ObIYbU CHIBOPOTKH B Ka4eCTBE MPOTEKTOPA.

AmnanornyHas pabora OblIa MpoBeeHa JAPYTH-
MU HCCIIeIOBATEINISIMH, B PE3YJIbTaTe KOTOPOTo ObLIa
ycTaHoByieHa, 9T0 BUpyc SARS-CoV-2 coxpaHnsuics
B Teuenue 14, 7 u 1 neub cpene DMEM npu Tem-
neparypax 4 ° C, 22 ° C u 37 °C, COOTBETCTBEHHO.
Korga temneparypa Obuta moBbiieHa 10 56 °C u
70 °C, Bpems coxpaHeHHUs] WH(PEKIIMOHHOTO THUTpa
pe3ko cokpaTriioch 10 10 u 1 MUH COOTBETCTBEHHO
[39]. Psag uccnenoBateneit nzydann cTabUIBLHOCTD
Bupyca SARS-CoV-1 npu BelllIeyKa3aHHBIX TEMIIE-
patypax [40, 41, 42], B pe3ynbpTaTax KOTOPHIX CO-
Xpassics Bupyc ot 30 MUH A0 2 4acoB B 3aBUCHMO-
CTH OT TeMIiepaTypsl Xpanenus. CieayeT OTMETHUTD,
gyto Rabenau et al. [42] mokazanu, uyTo no0aBiIcHHE
20% ceBopotku KPC k BupycHO# cycnien3un Oia-
TONPUSATHO BIIMSET HA COXPAaHAEMOCTb HMH(EKIH-
onHoro Tutpa BUpyca SARS-CoV-1 npu 4 °C u
56 °C. CHmwxkeHue MH(EKIIMOHHOCTH BUpyca U3-3a
TIOBBIIIICHNST TEMIIEPATypPhl TaKkKe OBUIO OTMEYEHO
JUTsl KOPOHaBUPYCOB ’KMBOTHBIX, TAKUX KaK KOpOHa-
Bupyc Mbimm (MCoV nmm MHV) n xoponaBupyc
cobak (CCoV) B cpene MEM, a takxe 1i1st BUpyca
TGEV B 6yepe HEPES [43, 44].

JlaHHbIE O BIMSIHUU XUMUYECKUX (aKTOPOB MIPH
pabore ¢ Bo3OymuTensIMH OOJe3HEH HEOOXOIMMBI
JUTSL CO3/TaHUs YCIIOBUH OMOJIOTHYeCKOl O0e30macHo-
CTH JUTA TIEPCOHAJIA U OKPYIKAIOMIEH CPeibl, a TAKKe
KOHCTPYHPOBAHUS TEXHOJIOTUI M3TOTOBJICHUS OMO-
JIOTHYECKHX TPEnapaToB TUArHOCTUYECKOTO U MPO-
(buUIaKTHUECKOr0 Ha3HAYeHUs. AHAIU3 JTUTEpaTyp-
HBIX UCTOYHUKOB MTOKA3aJH, YTO U MHAKTHBAIINN
BupycoB Sars-CoV u Sars-CoV-2 ucnsiTanbl pas-
JUYHBIE XUMUYECKHE areHTHI TaKne KaK, TIyTapalib-
Jeruj, 0era MpONMUONIAKTOH, METaHoJ, mapa ¢op-
ManbJieruy, (hopManbIeruy, AOACHHUICYIb(paT Ha-
tpust, Tpusoi, Triton X-100, Tween 20 wim NP-40
[41, 42, 45, 46, 47] u np. B naHABIM HCCIEIOBAHIH
HaMM M3Yy4€HO BIUsHKE (hopMalbaeruia K BUpycy,
Tak Kak (hopmanuH (pa30aBiIeHHBIH (hOpPMaTbIETHT)
YCHENIHO HMCIIOJIb30BAJICs A WHAKTUBALMM BUPY-
COB B T€YCHHE HECKOJIBKUX JIET TIPY MPUTOTOBJICHUN
MIPOTHUBOBHUPYCHBIX BakuH [48 — 54]. OH Taxxe uc-
MOJTF30BAJICA B Ka4eCTBE areHTa (PMKCaIuy KIETOK
u TKa"ed. Kpome Toro, ¢popmanuH sBisieTcs: HE 10-
pOTHM, JETKOJOCTYITHBIM XHMHYECKUM areHTOM,
KOTOPBI MOXHO HCIIOJIB30BAaTh B HAYYHBIX U MPO-
U3BOJCTBEHHBIX IeJIsiX. Hallrel 1einpio He SIBIIsIeTCS
JeTalbHOE U3yUCHHE BUPYIHLIUAHBIX CBOMCTB (op-
MaJbJIeru/ia, a U3yuYeHue u pa3padoTKa IPOTOKOIIA
MHaKTHBalMK Bupyca Sars-CoV-2, KoTopblil Oyzer

M0JIE3€H JAJIl TPUTOTOBJIEHUS] MHAKTHBHPOBAHHOU
BaKIIMHBI IPOTUB JAHHOH 0OJIE3HU.

B namux wuccnepoBanmsix odpadorka 0,1% wu
0,05% pactBopamMu dopmaiabIeruaa MPU TEMIIC-
patypax 37 °C u 22 °C > peKTUBHO MOBIHIET HA
nHpexmmornHocTh BUpyca Sars-CoV-2, Torna xak
MHaKkTUBaus BUpyca npu 4°C ¢ UCHOIB30BAHUEM
yKa3aHHBIX KOHIEHTPAIMH MPOUCXOIUT MEJJICH-
Hee u Oosiee jmrTenbHee. [lonydyennbie pe3yibTa-
ThHI TTOKa3bIBAIOT, YTO WHAKTHBAIMs BHpyca Sars-
CoV-2 ¢ noMompo GopmanuHa 3aBUCUT OT KOH-
LeHTpanuu QGopMajnHa, TeMIepaTyphl pPEeaKIIHH,
BpeMeHHM HMHKyOanmuu. B npyrux wcciemnoBaHHIX
MTOATBEPKIAEHO, 9TO (OPMATHH MOKET U3MEHHTH
AHTUTEHHYIO CTPYKTYypy BUpHOHa [55, 56]. bsino
M0Ka3aHo, YTO MHAKTHUBaNNA (popMaliHa U3MEHS-
€T aHTUIE€HHbIE CBOMCTBA U CHMYKAE€T UMMYHOT€H-
HOCTh BaKIMH, TAKUX KaK BUpYyC rematuta A u B,
BHpYC MOJIMOMHUENNTA, BUPYC repreca KpyHmHOTro
pOTaToro CKOTa W BUPYC TPHUIITNA HA MOJEISX MBbI-
mei [57 — 61]. B Hammx sKCrepuMEHTaxX BUPYC
COXpaHWJI CBOIO MOP(HOIOTHIECKON IIeTOCTHOCTh
P TIPOCMOTPE DIEKTPOHHONH MHUKPOCKOIHUU IO-
cie o0paboTku ero dhopMadbICTHAOM U (HOPMU-
pOBaIM UMMYHHUTET Y BaKIIMHUPOBAHHBIX XOMAKOB
(pesynpTaTel He moKasanbl). [lpu ompenenenun
MOJIHOTBl WHAKTUBALlMM HHAKTUBUPOBAHHON Cy-
CTIEH3WH B KJIETKaX Vero moka3aj MOJHYI0 WHaK-
THUBALIMIO BUpPYCA, TA€ IPH TPEXKPATHOM MACCHPO-
BaHUMA HE HAOIIOAIIOCh KAKUX-IMO00 W3MEHEHUM
(orcyrerBue LI1/] Bupyca B KyJIbType KIETOK) Kak
B KOHTPOJBHBIX, TaK ¥ B WH(DUIIMPOBAHHBIX KJIET-
Kax, 4TO MOATBEPKIAET ABUPYIEHTHOCTb TECTHPO-
BaHHBIX MPOO.

Takum 00pa3zoM, HaMU MPOBEIEHHBIE UCCIIE0-
BaHUS OTHOCATCS K KJIACCHYECKOW BUPYCOJIOTHH,
KOTOpasi SIBJISIETCS OCHOBOM COBPEMEHHOW BHPYCO-
norun. [ToaTomy ee HE0OX0AMMO pa3BUBATh BMECTE
C COBpPEMEHHOM MOJIEKYJIIpHON BUpycosorueil. 13-
ydeHue HoBoro Bupyca Sars-CoV-2, mpuBeIero K
r7100abHON MaHIEMHH, HOCUT B OCHOBHOM MOJIE-
KYJSIpHBIA XapakTep M (hoKycwpyercs Ha TMpOHC-
XOXJIEHNN BHUpyca IyTeM H3yYEHHUs €ro reHoma.
CrenoBaTenbHO, GU3HUCCKHIE, XUMHUICCKUE U OHMO-
JIOTMYECKHE CBOWCTBA BHpYyCa M3Yy4EHBI HEJO0CTa-
TOYHO. Pe3ybpTaThl HCCIIENOBAaHU B ATOW 00IacTH,
KaK Mbl BUJETH W3 HAIIEro HCCIEJOBAHHA, 4acTO
MIPOTUBOPEYHBHI. DTO MOXET OBITH CBSI3aHO C TEM,
YTO KJIACCHUYECKasl BUPYCOJIOTHUS CII0KHA, TPYL0EM-
Has W 3aHUMaeT MHOTO BpeMeHH. OHaKO MBI CUH-
TaeM, 4TO KJacCHdecKas BUPYCOJOTHsS TO3BOJSET
pa3pabaTeiBaTh MPOTOKOJBI JICUEHUS, ONMPEACIATh
naToreHe3 3a00JeBaHUsl M MPOBOAMUTH IPYTUE HO-
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BBIE€ MCCIIEJOBAHMUSI, TO3BOJISISL IOJIHOCTBIO U3YUUTh
3TH CBOMCTBA BUpYCa.

KondumkT nTEpecos

Bce aBTOpbI IpoYUTAIA U O3HAKOMIIEHBI C CO-
Jep>KaHUEeM CTaThU M HE MMEIOT KOH(IJIMKTA WHTE-
pecoB.

HcTouHuk puHAHCMPOBAaHUS

PaGora Oputa BBITIOHEHAa B pamMKax HaydHO-
TEXHUYECKOW mporpamMmbl Ha Temy: Paspabotka

OT-20) mo ueneBomy ¢uHancupoBanuto Ha 2020
— 2022 rr. npu nogaepxxke Komurera Haykn Mu-
HUCTepcTBa oOpa3oBaHus U Haykn Pecryonuku Ka-
3aXCTaH.

BaaropapuocTn

Bripaxxaem cTaprieMy HaydyHOMY COTPYIHHKY
naboparopuu «MoeKyIsipHON OMOTOTHH U TeHHOM
nmkeHepum» Koxkadeprenory Hypmany Cusiz0exo-
BUYY 3a MpeloCTaBJICHHE 3JCKTPOHHON (hoTorpa-
¢um Bupyca SARS-CoV-2, a Taxke cOTpyIHUKAM
HUUNIIBDb koTOpblE IPUHUMAIHN HEIIOCPEICTBEHHOE

BaKIIMHBI TPOTHUB KOPOHABHUPYCHOW HH(EKINH
COVID-19» (UPH Ne 64356/I1LId-MOH-PK-

y9acTHe B DKCMIEPUMEHTAX TPUBOIUBIITUXCS B JaH-
HOH CTaThbe.
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MCIMOAb3OBAHUE T'PEYNXU KAK CbIPbA
AAS TIPOU3BOACTBA PACTUTEABHOTO MOAOKA

OAMH 13 BaxkKHeMLMX (hakTOPOB, OKa3blBalOLWMIA HEraTMBHOE BAMSIHME HA 3A0POBbE HaCeAeHUs
PK — HapylleHve paumoHa nuTaHusi, 00YCAOBAEHHOE HEAOCTAaTOUYHbIM MOTPEOAEHMEM MOAHOLIEHHbIX
6GEeAKOB, BUTAMMHOB, MaKpO- M MMKPOSAEMEHTOB M HEPALIMOHAAbHbIM MX COOTHOLLEHMEM.

B KasaxctaHe 3epHOBble KYAbTYpbl MPOM3BOASTCA B OOAbLIMX OObeMax, HO OTCYTCTBYyeT
NPOM3BOACTBO HAaMMTKOB HAa OCHOBE PACTUTEALHOIO Cblpbsl, XOTS MPOM3BOACTBO PACTUTEALHOIO MOAOKA
y>Ke LWMPOKO PacrnpoCcTpaHeHo BO BCceM mupe. MCnoAb3oBaHME MECTHOrO PaCTUTEABHOIO Cbipbs U3
pasHbIx pernoHoB KasaxcTaHa B TEXHOAOIMMM MPOM3BOACTBA 3€PHOBbIX MOAOYHbIX HAMUTKOB SIBASIETCS
AKTYaAbHbIM M NEePCMNeKTMBHbIM HaMpPaBAEHMEM B MULLIEBOM MPOMbILLAEHHOCTU.

B cTatbe mpeAaCTaBAEHbl Pe3yAbTaTbl MCCAEAOBAHUSI KauyecTBa Fpeyvrxm CEeAeKLMOHHbIX COPTOB
«LLlopTaHAMHCKas», «<batbip» 1 «CayAbik». B xoae nccaeaoBaHms o6pasLibl rpeumxm ObIAM OLEHEHbl Ha
PM3NKO-XMMMYECKME, TEXHOAOIMYECKME CBOMCTBA M NMoKasaTeAn 6e30MacHOCTH.

B xoae MccaepaOBaHMSI BbISIBUAOCH, UTO MCCAEAYEMble 00pasubl 3€PeH rPeUYMxM Mo MoKasaTeAlo
6e30MacHOCTM COOTBETCTBYIOT TpeboBaHMsaM TexHuyeckoro PeraameHTta TamodkenHoro Cotosa
«O 06e30nacHOCTM 3epHa». [1OAyYeHHble Hay4Hble AAHHbIE B XOAE BbIMOAHEHMSI MPOeKTa, OyAyT
MCMOAb30BaTbCsl AAS Pa3PabOTKM HOBbIX TEXHOAOTMI 3€PHOBbIX «MOAOYUHbIX» HAMUTKOB, 0OOralleHHbIX
OMmera-3- NOAMHEHAChILLEHHbIMM YKMPHBIMU KMCAOTaMM.

PesyAabTaToM peaansaumm apaHHoro HUMP cTaHeT pacluvpeHue accopTMMEHTa HamMTKOB AAS
3A0POBOro 1 6€30MacHOro NMUTAHUS HACEAEHMSI.

KAloueBble cA0OBa: rpeunxa, YrAeBOAbl, OEAOK, >KMpP, 6e30MacHOCTb.
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The use of buckwheat as a raw material
for the production of vegetable milk

One of the most important factors that has a significant impact on the health of the population of the
Republic of Kazakhstan is a violation of the diet due to insufficient consumption of full-fledged proteins,
vitamins, macro- and microelements and their irrational ratio.

In Kazakhstan, grain crops are produced in large volumes, but there is no production of beverages
based on vegetable raw materials, although the production of vegetable milk is already widespread
throughout the world. The use of local vegetable raw materials from different regions of Kazakhstan in
the production technology of grain milk drinks is an urgent and promising direction in the food industry.

The article presents the results of a study of the quality of buckwheat breeding varieties “Shortandin-
skaya”, “Batyr” and “Saulyk”. During the study, buckwheat samples were evaluated physico-chemical,
technological properties and safety indicators.

All the studied samples of buckwheat grains in terms of safety meet the requirements of the Techni-
cal Regulations of the Customs Union “On grain safety”. The scientific data obtained during the imple-
mentation of the project will become the basis for the creation of new grain “milk” drinks enriched with
Omega-3 polyunsaturated fatty acids.

The result of the implementation of this research will be the expansion of the range of beverages for
healthy and safe nutrition of the population.

Key words: buckwheat, carbohydrates, protein, fat, safety.
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KapakyMbIKTbl 6CIMAIK CYTiH OHAIpY YLUiH
LUMKi3aT peTiHAe NnarAaAaHy

KaszakcTaH Pecry6AMKachl XaAKbIHbIH AEHCAYAbIFbIHA EAEYAI ©CEp eTETiH MaHbI3Abl (PakTOPAAPAbIH
6ipi — TOAbIKKAHAbI aKybl3AapAbl, ASPYMEHAEPAI, MAKpO — >KOHE MMKPOIAEMEHTTEPAI XKETKIAIKCI3
TYTbIHYAQH >KOHE OAAPAbIH YTbIMCbI3 apakKaTblHACbIHAH TYbIHAAFaH TaMaKTaHy PaLMOHbIHbIH, 6Y3bIAYbI.

KasakcTaHAQ ASHAI AAKbIAAAD YAKEH KOAEMAE OHAIpiAeAi, Gipak eCiMAIK CyTi eHAipici Gykia
SAEMAE KeH TapaAFaHblHA KapaMacTaH, 6CIMAIK LLIMKi3aTbl HEMi3iHAE YKaCaAFaH CyCbIHAQP OHAIPICI XKOK.
ABHAI CYT CyCbIHAQPbIH BHAIPY TeXHOAOrusicbiHAQ KasakCTaHHbIH 8PTYPAI OHIpAEpPIHEH >KepriAikTi
OCIMAIK LLIMKI3aTbIH MarMAaAaHy Tamak, OHEpPKaCiBIHAEr ©3eKTi >KoHe MepcrneKkTMBaAbl 6arbiT GOAbIM

TaOblAAADI.

Makanaaa «LLlopTaHabl», «<baTbip» sxaHe «CayAbIK» CEAEKLMSABIK, CYPbINTapbIHAAFbI KAPAKYMbIKTbIH,
canacbiH 3epTTey HOTMXEAepi KeATIipiAreH. 3epTrey 0apbiCblHAQ KapaKyMbIK, YAFIAEpPiHiH (ur3nka-
XMMMSABIK, TEXHOAOTMSIABIK, KACMETTEPI MeH Kayirnci3Aik KepceTkiTepi 6GararaHADI.

3eptrey 6apbiCbiHAQ KapakKyMblK, ASHAEPIHIH 3epTTeAreH YATiAepi Kayincisaik kepceTkili
GoiibiHIIA «ACTbIK, Kayinci3airi Typaabl» KeaeH 0oAafbiHbIH TEXHMKAAbIK, PEFAAMEHTIHIH TaAanTapbiHa
coviKeC KeAeTiHi aHbIKTarAbl. XKobaHbl opbiHAQY 6apbiChbiHAQ aAblHFAH FhiAbiMK AepekTep Omera-3

— TMOAMKaHbIKMNaraH Mal KbIKbIAAAPBbIMEH OailbITbIAFAH  ASHAI

«CYT» CYCbIHAQPbIHbIH,  >KaHa

TEXHOAOTMSIAAPbIH 83ipAey YLUiH NaiAAAAHBIAATbIH GOAAADI.

Ocbl FbIAbIMW 3€PTTEY >KYMbICbIH iCKe aCbIPYAbIH HOTMXKECi XaAbIKTbIH AYPbIC >K8He Kayinci3
TaMakKTaHybl YLIiH CYCbIHAAPAbBIH aCCOPTUMEHTIH KEHENTY GOAbIMN TabbIAAAbI.

TyiiH ce3aep: KapakyMbIK, KEMipcyAap, akybl3, Mal, Kayincisaik.

BBenenue

MOoJ10KO ¥ MOJIOYHBIE TPOTYKThI — 3TO MUILIEBbIE
HPOLYKTbI, KOTOPBIE SIBISIFOTCS MOJHOLEHHBIM HC-
TOYHHKOM OeJIKa, JKUPHBIX KHCIIOT, MUHEPaJIOB, BHU-
TaMHHOB U (epMeHToB. [Ipu 3TOM Iueronoru Mupa
OTMEYAIOT PACTYLIYI0 TEHICHIHUIO K YBEIUYEHHUIO
yycaa JIIOACH C HENEepeHOCHMOCTBIO OIpeeliCH-
HBIX BUJIOB NMUTATEIBHBIX BEIIECTB, HEOOXOAMMBIX
Ul HOPMAJIBHOTO (PYHKLIMOHUPOBAHUS OpraHn3Ma
WM KOTOPBIX TPYAHO M30ekaTh Mpu GOpMHpOBa-
HUM panuoHa. [laHHOe HapylleHHE 4acTO CBSI3aHO
¢ HapymieHneM (hepMEHTATUBHBIX MPOIECCOB B Op-
ranusme yenoseka [1,2]. [IpumepoM Takoro HyTpu-
€HTa SIBJISETCS JTaKT03a, HEIEPEHOCUMOCTh JIAKTO3bI
y B3pOCIJIBIX OYEHb PaclIpOoCTpaHEeHa M HE BCerza
MOYKET CUHMTAThCsl M3JICYMMBIM 3a0oieBanueM. M3-
3a MIMPOKOro YNoTpeOIEeHUS] MOJIOYHBIX HPOIYK-
TOB W PAaclpoCTPaHEHUs] BOCHAINUTEIBHBIX 3a00-
JIeBaHUI KHILIEYHHKA MHOTHE JIIOAU HCIBITHIBAIOT
BPEMEHHYIO HelepeHOCUMOCTh. [leduuuT makras3bl
y B3pPOCIBIX MOXET ObITb 4aCTHYHBIM M IOJHBIM.
C KaxIbIM TOJOM Bce OOJblIee KOJIUYECTBO JIIO-
JIel MCIBITBIBAIOT JTUCKOM(OPT NpHU NOTPeOICHUH
JIAKTO30COMEPKAIMX IPOAYKTOB, YTO TPUBOIUT
K COKpalIeHUIO UX noTpedneHus. B cBs3u ¢ 3tum
HEOOXOAMMO PACHIMPATH ACCOPTUMEHT CHelHaIH-
3UPOBAHHBIX, OE37IAKTO3HBIX NPOIYKTOB IHTaHMS.
OnHMM M3 BO3MOKHBIX pEIIeHUN TMpoOIeMbl SBIIS-

ercs pa3paboTKa TEXHOJOTMM MOJIY4EHHUsS! pacTu-
TETBHOTO MOJIOKa U3 MECTHOTO 3€PHOBOTO CHIPHS.

B macrosmiee Bpems pa3paboTaHbl HOBBIC
(hyHKIIMOHATBHBIC TPOAYKTHl THUTAHHS, KOTOPHIE
BKJIIOYAIOT B c€0sl pa3iMuHbIe KOMIIOHEHTHI, HEOO-
XOJUMBIE JJISl 3I0POBbsI, TaKHe KaK OMOIOTHYECKH
AKTUBHBIE COEJVHEHNS, BBIACICHHbBIE U3 PACTEHUI],
TTOJIMHEHACHIIIEHHBIE JKUPHBIE KACIOTHI, TPOOHOTH-
KM, TPeOMOTUKH, MUHEPAJIbl U BUTAMUHBI [3—6].

B xauectBe oboramaemoii 6a3pl OOBIYHO HC-
MOJIB3YIOTCSl TIPOJYKTBI MAaccOBOTO MOTPEOJICHHS.
Takoi 1moaxo ] MO3BOJIAET C YYETOM BHECEHUS J10-
MIOJIHUTEIILHBIX CBHIPHEBBIX KOMIIOHCHTOB COaJiaH-
CHUpPOBaTh MPOAYKTHI 10 COCTaBy OeiKa, MOBBICUTH
colep:KaHue IMUIIEBBIX BOJOKOH, BUTAMHHOB U
MHUKPO3JIEMEHTOB JI0 PEKOMEHIYEMBIX HOPM MOTpe-
oxenus [7, 8].

B mocnennee aecaTuneTe OTHOIICHUE JIIOCH,
0COOEHHO COLMAIBFHO aKTHBHBIX CJIOEB HACEJCHUS,
K COOCTBEHHOMY 3/IOPOBBIO CYIIECTBEHHO U3MEHHU-
nock. CTpemiieHHe BECTH 3J0POBBIA 00pa3 KHU3HU
(hopMHpyeT MHTEpEC MOTpeOUTENCH K MPaBUIHHO-
My cOQJIaHCUPOBAHHOMY IUTAHUIO, YBEIMYUBACT
CIIPOC Ha MPOJYKTHI C MPUPOAHBIMH HATYPaTbHBIMU
KOMITOHEHTaMH M AMKTYeT OTKa3 OT HMCKYCCTBEH-
HBIX MMUIIEBBIX T00aBOK.

Y  cOBpeMEHHOI0 MOTPEOUTENST MOCTEIIEHHO
(hopmupyeTcst HOBBIN TOIXOA K BBIOOPY MPOIYK-
TOB MUTAHUS: MHOTHE CTPEMSTCS MUTATHCSA U OTHO-
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BPEMEHHO I0Jy4aTh TOJBKO HEOOXOAWMBIC IS
Opranun3Ma OeNKH, XKUPBI, YTIEBOJBI, a TaK K€ CO-
XpaHITh U YKPEIUISITh CBOE 37J0POBbE, YMEHbBIIATH
PHUCK pa3BUTHA 3a00JeBaHMIA, TOBBIMIATH KU3HEH-
HBIA TOHYC, U JJaKe CHIDKATh Bec. TakuMm o0pa3oM,
Tepe]T MPOU3BOANTEISIMHA CTOUT 3a/1a4a TIOMCKa HO-
BBIX TEXHOJOTHYECKMX W NMPOIYKTOBBIX PEIICHHH,
OJTHUM W3 KOTOPBIX SIBIISIETCS CO3/IaHNE TPOTYKTOB
MMUTaHWSI HOBOTO TIOKOJICHUS — «(DYHKIIMOHATBHBIX
MIPOIYKTOBY.

OyHKIIMOHAIBHBIE MPOJAYKTHI MUTAHUS — 3TO
MPOJIYKTHI WIIU THIIEBBIC WHTPEIUCHTHI, KOTOpPhIC
MOJIOKHUTENIBHO BIIMSIIOT Ha 37A0POBBE UEIOBEKAa B
JIOTIOJTHEHNE K WX MUTATeIbHON neHHoctu. OqHa-
KO MPOAYKTHl 3[OPOBOTO MHUTAHWS HE SIBISIFOTCS
JIeKapcTBaMU M HE MOTYT W3JIEYNBaTh, HO TIOMOTa-
10T TpeAyNpennTh OOJE3HH U CTapeHUE OPraHu3-
Ma. DyHKIMOHAJIBHOE TNHTAHWE TOAPA3ZyMEBACT
ynoTpebiaeHne B MUILy NPOAYKTOB, HOBBIIIAOIINX
COTIPOTHBIISIEMOCTh YEJIOBEYECKOTO OpraHu3Ma 3a-
0oJIeBaHUSIM U YITYYIIAIOIIUX MHOTHE (PU3UOIOTHU-
YeCcKHe MPOIIECCHl B OpPraHU3Me YeJIOBEeKa, UTO I0-
3BOJIIET €My JOJr0€ BpEeMsl COXPaHATh aKTHBHBIN
obpas3 xu3nu [9].

HauOonpiee KOJMYECTBO NHIIEBBIX HHIPE-
JTUEHTOB YEJIOBEK TMOJy4yaeT MpH YIOTPeOICHUH
KUJIKKX TPOJYKTOB IMHUTAHUS — HATIUTKOB U TaKXKe
C SKOHOMHUYECKOW TOYKH 3PEHUS BAKHO MPH UX U3-
TOTOBJICHUH HCIOJb30BaTh MECTHBIC NPUPOIHBIC
pecypchl.

AKTHUBHOE pa3BUTHE MPOMU3BOACTBA PACTUTEIb-
HOTO MOJIOKA CBSI3BIBAETCS KaK C WHIMBHUIYaIbHON
HEMEePEeHOCHMOCTBIO JTaKTO3bI MIIM MOJIOYHOT'O Ka3e-
VHa ¥ Bce OOJIBIIETo YUciia MOTpeOnTeNnel ¢ aKTHB-
HOW TMpomaraHjod BeTreTapHaHCTBa M (DU3NOJIOTH-
YEeCKOW TPEAMOYTUTEIBHOCTH TIOTPEOIeHNs pacTH-
TEJILHOTO OeJIKa, 0COOEHHO B FepOIUECTUICCKOM TTH-
tauuu [ 10—-14]. B cBo€ BpeMs mo100HbIE IPOTYKTHI
ObUTH pa3pabOTaHbl B KAYECTBE ABTCPHATHUBEI KH-
BOTHOMY MOJIOKY, B TOM YHCJIE JUISl pEHIeHHUs TPo-
OneMbl fedunuTa Oeska B SKOHOMHUYECKU HEPa3BH-
TBHIX CTpaHax M B HACTOAIIEE BpeMs TOJ00HBIE TIPO-
IOYKTBI CTAHOBSITCSI Bce OoJiee MOMYJISPHBIM Cpean
Hacenenusi. Kpome HemocpeacTBeHHOT0 moTpedie-
HUS B IUILY, PACTUTEIHLHOE MOJIOKO HCIIOJB3YeTCs
Y B Ka4eCTBE OCHOBHI IS TIPOU3BO/ICTBA HEMOJIOY-
HBIX POOHMOTHYECKHUX H IPYTUX MPOAYKTOB TPAIH-
[IMOHHO MOJIOYHOTO CEKTOpa — CIIMBOK, HOTYpTOB,
CBIPOB, MOPOKEHOT0 U Ipouux [1].

B mocnennee nmecsTwieTHe CTanM TOIYJSp-
HBbl Hay4HBIC HCCJIECIOBAaHUS O HENEPEHOCHMOCTHU
JIAKTO3BI OOJIBIIIMHCTBOM B3POCIBIX JIIOJIEH, a Tak-
e pacdyEThl HKOJIOrOB, YKa3bIBAIOUIME HA TO, YTO
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MSICHOE M MOJIOYHOE >XHBOTHOBOJCTBO HAHOCHT
MIpHUpOJIe Bped, HECOPa3MEpPHBIA €ro BKIAAy B dUe-
JIOBEYECKUH pallioH MUTaHUs. Y OTpeOieHHe «MO-
JIOYHOH albTePHATHBED) CTAHOBUTCS YaCThIO MMHU/I-
’Ka COBPEMEHHOI'0 YeJIOBeKa, 3a00TALIErocsi O CBO-
€M 37T0pOBBE U 0 OyIYIIEM TUIAHETHI.

W3zyuenne nutepaTypbl MO JaHHOH TeMe MoKa-
3aJ10, 9TO PACTUTEIHHOE MOJIOKO;

- 00nazaeT aHTHBOCIAJIUTEIbHBIMU CBOWCTBA-
MU KHUIIEYHWKA, W OOJEeryaroT ajIepruvecKyro
peaKuuio, BBI3BAHHYIO €10H, a TaKKe MOBBIIIAIOT
YCBOGHHE Kelle3a OPraHu3MOM, Ka3eHMH KOPOBBETO
MOJIOKa, 100aBKH, BBI3BIBAIOIINE AJUICPTHIO B €r0O
cocTaBe, KaKk M3BECTHO, MPEMATCTBYIOT MEpeBapH-
BaHMIO XKeJesa.

- B TAKOM MOJIOKE OTCYTCTBYIOT MOJIOYHBIH aJTb-
OyMHH M Ka3eWH, Ha KOTOPBIC MOXET OBIThH ajiep-
TS WK TI0X0€ YCBOCHHE B KUIIICYHUKE;

- OTCYTCTBYET JaKTO3a, HEMEPEHOCUMOCTh KO-
TOPOH B TIOCTIeIHUE TO/TBI HAOIIOAaeTCs Y BCE 0OITb-
1Iero KOJHMYECTBA JIIOJCH, U yCyryOisercst ¢ BO3-
pacTowm;

- pacTUTENBHOE MOJIOKO MEHEE JKHPHOE;

- B COCTaB PAacTUTEIILHOTO MOJOKA BXOJAT BH-
tamusbl C u E, sBnsromuecs OTIMYHBIMA aHTHOK-
CUJIaHTAMU;

- pacTHTEIbHOE MOJIOKO HE COJAEPKUT XOJec-
TEpUH;

- B OTJIMYHE OT MPOMBIIIICHHO IepepadoTaH-
HOT'O KOPOBBETO MOJIOKA, PACTUTEIHHOE MOJIOKO HE
COJCPKUT TOPMOHBI, aHTHOMOTHKH M €ro KpaiHe
penKo GpanrbCUPHUITUPYIOT.

HauOonee auHaMMYHO PBIHOK PAaCTUTEIBHO-
ro mosioka passuBactcst B CIIA, rae mo maHHBIM
Global Market Research, B 2016 roxy mons He-
MOJIOYHOTO MOJIOKa yke cocTaBisuia 8 % oOnema
PBIHKA BCEX MOJIOYHBIX MPOAYKTOB U IO MPOTHO3aM
AHAJUTUKOB, K KOHITY 2018 roga cTOMMOCTHON K-
BUBAJICHT CETMEHTa MPOU3BOJCTBA PACTUTEIHLHOIO
Mosioka gocturia 4,5 mupa. $. [10] B 2017 roay
ObLT 3aMKCUPOBAH OYEPETHON BUTOK pOCTa PHIHKA
PacTUTEIHHOTO MOJIOKA M KaK IMpeJoJiaraloT aHa-
JUTUKY, B OMKallue ToAbl TUHaMuKa pocrta Oy-
JIeT coxpaHsTbes [15].

TeMnbl pocTa paccMaTpUBaEMOT0 CErMEHTa MH-
posoro peiaka B CIIA cocraBnstor okono 15,5%
exxeroHo, B EBpomne — oxoso 7 % U ¢ yueToM 3TUX
TemnoB oxunaercs k 2022 roay Tonbko B EBporeii-
CKHX CTpaHax OyzeT skBuBajieHTeH 9,5 mupa. $ [16].

ITo npyrum JaHHBIM aHAIMTUKOB MUPOBOW phI-
HOK pacTUTENBHOIO MOJIOKA COCTaBIsUT B 00OBbEMe
(2018r) 13 mupa.mommapos u k 2026 romy, 1Mo OleH-
KaM 3KCIIEPTOB €ro JO0JIsi MOXET JOCTHYb 00be-



A XK. XacraeBa u jp.

Ma 35,8 MIpA. AOIIapOB CO CPEAHErOJJOBBIM TEM-
oM pocTta okoJjio 13,6%.

B Poccun nmonoOHOE MPOU3BOJACTBO Pa3BUBACT-
cs emé crpemutenbuee: ¢ 1,7 muH nmutpos B 2017
rofly moTpeOIeHne PacTUTEIBHOTO MOJIOKa BBIPOC-
70 1o 12 mute mutpos B 2019 rony.

OnvH W3 NepBbIX (MCTOPUYECKH) BUAOB pac-
TUTEIBHOTO MOJIOKA — COEBOE — MOCTENEHHO CIIAeT
cBou no3unuu [17]. B 3HaUUTENbHON CTENEHH 3TO
CBSI3aHO C HEJOCTATOYHO BBHICOKMMH OPTaHOJIEIITH-
YeCKMMHM XapaKTepHUCTUKaMU COEBOTO MoJIoKa [12] n
HACBIIIICHUEM CHIPbEBOTO PBIHKA MTPOAYKTAMH TIepe-
pabOTKK TeHeTHYEeCKH MOIU(PHUINPOBAHHBIX COPTO-
TUTIOB COM, YTO CHIDKAET AOBEpHE MOTpeOuTeneit K
3TOMY MPOAYKTY. B CBsI3H € 3TUM MOTPEeOUTENbCKUI
PBIHOK W TIPOM3BOJUTENH TIEPEOPUEHTHPYIOTCA Ha
aNbTEPHATUBHBIE BBl CHIPbsI, MO3BOJIAIONIETO B
MIPOMBIIIUIEHHBIX MaciTabax MPOU3BOIUTH IPyTHe
aHaJoru MoJioka — MunganbHoe [10], u3 3epHa 31a-
KOBBIX M MaCIIMYHBIX KyJbTyp [12], KOKOCOBOTO U
rpenKoro opexa, apaxuca [18], pyHIyKa, Kemibko,
n3 ceMsH Oax4eBbIX KynbTyp [19], mubo momoxo
CMEIIaHHOTO COCTaBa — KaK PHCOBO-MUHAAIBHOE
u pucoBo-kokocoBoe (Riso Scotti, Utanms), coeBo-
KyKypy3HO€, COEBO-KOKOCOBOE, COEBOE C IKCTpPAK-
TOM 4y (]bI, MynbTH3EpHOBEIE [16].

Ecnu paccmatpuBaTh OOLIEMHPOBBIC TEHJICH-
IIUU PA3BHUTHUS CEKTOpa PACTHTEIHHOTO MOJOKA, TO
cleyeT OTMETHUTD, UTO JIMIIbL B ABCTPAJIUH ITOKA HE
0c000 pa3BHUT MHTEPEC K PaccCMaTpUBAEMOMY Cer-
MEHTY U COXPaHSIOTCS YCTOWYMBBIE PHIHOYHBIE ITO-
3WIIMU TIPOTENHOB, MOJIOKA M MOJIOYHBIX HAITUTKOB
’KUBOTHOTO npoucxoxaenus [20].

PacteTr momynsSpHOCTH PaCTHTENBHBIX aHAJO-
TOB MOJIOKA, MPOU3BEIEHHBIX U3 OPEXOB U 3JIaKOB,
MOCKOJIBKY OHHM 00JIafiafoT Oojiee MPUEMIIEMBIM U
Jlake MPUATHBIM BKYCOM U 3aIllaXOM IO CPaBHEHHIO
C COEBBIM MOJIOKOM U KaK CJIe/ICTBHE, MHHJIAIBHOE,
pPHUCOBOE MOJIOKO B ITOCJIEAHNE I'0/1a BBIIIIN Ha 2-€ U
3-e MecTa B CTPYKType MpoJiaxk B cTpaHax EBporms
u B CIIA [10].

3epHOBBIC KyJIBTYPHI TOTPEOJITIOTCS BO BCEM
MHpE U CUUTAIOTCSI OJHUM M3 BaKHEHIINX MCTOYHU-
KOB YTJIEBOZIOB, OEJIKOB, MTUIIIEBBIX BOJIOKOH, MIHEpa-
JIOB 1 BUTAMHUHOB B HallleM pauuoHe. CejoBaTeNbHo,
OHH SABJIAIOTCS XOPOIINM BapHaHTOM CPEIr HEMOJIOY-
HOTO CBIPbS 715l IPOU3BOACTBA HATUTKOB [21].

Ocoboe MecTo cpeny THTATEeIhHBIX BEIICCTB
3JIaKOB 3aHHUMAET MHIIEBbIE BOJIOKHA — KJIET4YaT-
Ka, Ha KOTOPYIO HE BIMSIOT IHIIEBAPUTEIbHBIC
(bepMeHTHI OpraHn3Ma — FeMULEIUTI0N03a, IeKTHH.
[IumieBble BOJIOKHA YYacTBYIOT B MOJCPKAHUU
BOJHOTO OanaHca, CBSI3bIBAHUH M YAAJCHUU BOJIO-

pPacTBOPUMBIX TOKCHHOB, MHILIEBBIX METaOOJIHUTOB,
WTPAIOT TIOJIOKUTEIBHYIO POJIb B PETYIHUPOBAHUH
OMOXMMHYECKHX U (U3UOJIOTUUYECKUX IMPOLECCOB
opranmnsma [22].

I'peuneBas kpyma HpOM3BOAMTCS BO MHOTHX
CTpaHaxX M 00JaJaeT TaKMMH XapaKTePUCTHKAMH,
KaK BBICOKasi PJKOHOMHUYECKasl [IEHHOCTb, JIETKO YIIO-
TpeOisieMas TP YHUBEPCATHHOM HCIOIB30BaHUH
[23]. IlockonbKy rpeunxa JIETKO aJanTHpyeTcs K
9KOJIOTHH, €€ MOXXHO BBIPAlIMBATh MPAKTHYECKH
Be3JIe M B pa3HbIX MecTax obouranus [24]. Kak mpa-
BHJIO, TPEYHEBAs KPYIia BHIPAIINBAETCS B CEBEPHOM
MOJIyIIAPUH, OCHOBHBIMH TPOU3BOJUTEINSIMHU  SIB-
nstotess Poceunst m Kurait. Kpome Toro, ero norpe-
onenue pactet B Coenunennsix Lltarax, Kanage u
Espore [25].

I'peuneBasd kpymna mpHu3HaHa XOPOIIMM HCTOY-
HUKOM TIMIIM, KOTOpask MMEET MUTATEIbHYIO IeH-
HOCTh Onarojapsi COJCpXKaHUIO OeJKa, JUIMHIOB,
MMUIIEBBIX BOJIOKOH W MHUHEPAJIOB, a TAK)KE€ B COYe-
TaHUM C JIPYTUMHM TOJIE3HBIMU AJIS 3/I0POBBSI KOM-
noreHtamu. [loaToMy emy ynensiercs Bce Ooubliee
BHUMAaHUE KaK TOTCHUUATBHOMY ()YHKIHOHAIBHO-
My MPOAYKTY MUTaHUA. AMUHOKHCIIOTHBIN COCTaB U
MUIIEBast IEHHOCTb I'PEYHEBOM KPYTIBI TPEBOCXOAT
JpyTHe 3epHOBBIC, TAKXKE ABISAACH OJHUM M3 UCTOY-
HUKOB Oelnka, 00JjaJaroluX BBICOKOH Omojoruye-
CKOH 1eHHOCThIO [24]. B To e BpeMms TpedHeBas
KpyTa COAEPKHUT MUHEPAIIbI, TAKUE KaK IUHK, MEIb,
Maprasell, CelieH, Kajaui, HaTpui, KaJbIIUi U Mar-
HUH, TaKK€ OHA COAEPKUT BUTAMHUHBI, TaKHE Kak
B,, B,, B, u B; dnaBonounel, monudenonsl, uHo-
3UT, OPIraHUYECKYIO KHCIIOTY M BBICOKOE COJEpKa-
HHE TUIIEBLIX BOJIOKOH [26]. ['peunxy HCIOIB3YIOT
B pPallMOHE TUETUYECKOT0 MUTaHMsI, TAK KaK OH UMe-
€T HU3KWH TIIMKEMHYECKMH HHAEKC JIErKOYCBOsIE-
MBIX YIJICBOJOB M BBICOKHMH OajaHC HE3aMEHUMBIX
aMmuHOKHUCHOT [27].

I'peuneBas kpyna oka3bplBa€T MHOTO MOJOXKH-
TenbHBIX d()()EeKTOB Ha 310pOBBE Oiaromapsi CBO-
eMy 0oratoMy M pa3sHOOOpPa3HOMY MHUTATEIBHOMY
conepkanuro. CuuTaercd, 4TO TpPeYHeBas Kpyra
MOKET MpPEJOTBPAaTUTh BO3HMKHOBEHUE TaKUX 3a-
OoJeBaHMid, KaK BBICOKMH YPOBEHBb XOJIECTEpHHA,
THIIEPTOHUS, aTEPOCKIIEpo3 U Anadet [24].

[IponayKThl MuTaHM, 3alIUIIAIONIIE OT OO0e3-
HEH, yITy4IIaoLIie COCTOSHUE 3/J0POBbs U CHUXKAIO-
IIMe PUCK 3a00JIeBaHMM, OMPEaeNIoTca Kak (pyHK-
LMOHAJIBHBIE NMPOJYKTHI MUTAHUSA. DTO NMPUBOIUT K
pocty motpebieHns (pyHKINOHAIBHBIX MPOAYKTOB
MUTAHUS TOTPEOUTENSIMH 32 CUET YBEJIMYEHHSI J10-
CTYITHOCTH (DYHKITHOHAIBHBIX MPOAYKTOB TMHUTAHUS
Ha pbIHKe [28]. I'peuneBas kpyna HCIOJIB3YETCS BO
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MHOTUX (DYHKIIMOHATBHBIX MPOAYKTAX IHUTAHUS,
MIPOW3BOANMBIX BO BceM mupe [24]. I'peunxa 00-
JaiaeT OrPOMHBIM TOTEHIIMAJIOM B CEKTOpe (yHK-
[IMOHATBHBIX MPOJYKTOB MTUTAHMUS, OCOOCHHO M3-3a
WX BBICOKOTO TUTATEIBHOTO COCTaBa. JDTO OOraThIii
WCTOYHHUK (DEHOJBHBIX COEAMHEHUH, (uTocTepu-
HOB, MMaronvpuHa, MUIIEBBIX BOJIOKOH, JUTHAHOB,
BUTAMHHOB, MIHHEPAJIOB, aHTHOKCHIAHTOB U HEHa-
CBIILICHHBIX KUPHBIX KUCIOT [29].

Hcnonp3oBanue rpeduHeBON KPYIbI B Ka4eCTBE
(byHKIIMOHABHOTO TUTAHUS, CHIDKAIOIIETO YPO-
BEHb XOJIECTEpPHMHA, CTAaHOBUTCS Bce Oojee pac-
npoctpaneHHbIM [30], U WccnenoBaHus in Vivo H
in vitro TMOKa3pIBAIOT, UYTO TPEUHEBAS KPyIa MOXKET
pEeryJaupoBaTh YPOBEHb XOJECTEPUHA U MIPEIOTBPA-
aTh Pa3BUTHE CEPACUYHO-COCYAMCTHIX 3a00JieBa-
Huii [31].

KadecTBo 3epHa U TPOIYKTOB €T0 MEPEPaOOTKH
XapaKTEpU3yeTcs COBOKYIHOCTBbIO TEXHOJOTHYE-
CKHX, OMOJIOTHICCKUX, (PUBUKO-XUMUICCKUX U TIO-
TPEOUTEILCKUX CBOMCTB, KOTOPHIE 3aBHUCAT OT CO-
pTa, TOYBKI, KJIMMAaTa, MOCICyOOPOUHON 00padoT-
Ku U xpaHeHus. Ha sramax mpuemku, oOpaboTKH,
YIIAaKOBKH M XpaHEHUS KaueCTBO 3epHA MEHSCTCS, U
JIOJDKHA COOTBETCTBOBATh TpeOOBaHUSIM TexHHUYe-
ckoro PermamenTa Tamoxennoro Coro3a «O 6e30-
nacHocTu nuesoi npoaykuum» (TP TC 021/2011)
u TP TC 015/2011 «O 6e3omacHocTH 3epHa» [32].

B nHayuHO-uCcnenoBaTebeckoi paboTe rpeunxa
HCTIONB3YETCs] B KAYECTBE CHIPhS IS pa3pabOTKH
TEXHOJIOTUU PACTUTEIBHBIX MOJOYHBIX HAITUTKOB.

B cBsI3u ¢ BBIMIEHU3IIOKCHHBIM, HCCIICIOBAHI
HampaBlicHHbIE Ha Pa3pa0O0TKy TEXHOJOTHH TIPO-
W3BOJICTBA PACTUTEIBHBIX MOJIOYHBIX HAIUTKOB W3
OTEUECTBEHHOI'O CBHIPbS SIBJISICTCS] aKTyaJlbHOM, 4TO
TTO3BOJIUT PACIIUPUTH ACCOPTUMEHT HAIMUTKOB ISt
3I0pOBOTO ¥ O€30MacHOr0 IMHUTAHUS HACEICHUS.
JoctymHas ceIpheBas 0a3a B COYCTAHUH C HOBBIMHU
TEXHOJIOTUSMUA ¥ O00OpYyIOBaHHEM, MPAKTHYCCKH
HEOTPAaHWYCHHBIM CIIPOCOM Ha TPOIYKITHUIO CO3.1a-
YT TPEINOChUTKY st OusHeca. [loTeHnuan storo
phiHKa OyAeT TpHBJICKaTh BHUMAaHUE Ka3axCTaH-
CKHX MPOU3BOJUTENICH U U pean3alus peleHui mno
MIPOU3BOJICTBY MO3BOJIUT UM YCIICIITHO KOHKYPHPO-
BaTh C MOAO0OHBIMU MPOTYKTOBBIMH JIMHEHKAMH.

MarepuaJibl H METOABI

Jnst uccnenoBanus ObUTM OTOOpaHbl 3 copTa
rpeunxu: «lllopranaunckas», «bateipy u «Cay-
JIBIKY.

[Ipuemky n ot6op npod mposoamiu o 'OCT
13586.3-2015. Onenky kauyecTBa OTOOpaHHBIX 00-
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Pas31oB I'PeUnXU MPOBOAMIH B COOTBETCTBHH C TpE-
ooBarmsimu ['OCT 19092-92 «I'peunxa. Tpebosa-
HUS IPH 3aroToBKax M moctaBkax»; TP TC 015/2011
«O 6e3omacHOCTH 3epHA»; MaccoByO JOJIO yTIie-
BOJOB ompenensuii  [lepMaHraHATOMETPUYECKUM
METOJIOM; MacCOBYIO JIOJII0 OeNka OTpeaessiid Co-
rnacHo 'OCT 10846-91; maccoByro A0idI0 KHpa
onpenensum cormacHo ['OCT 29033-91; tokcwmu-
HBIE 3JIEMEHTBI ONpPEIEISUI aTOMHO-a0COpOLMOH-
HbIM MeTo1oM corstacao ['OCT 30178-96.

benox ompexensnu mo coaepikaHHE a30Ta
Ha aHamm3atope Kwempmams UDKI159. C momo-
b0 aTOMHO-a0COPOLIMOHHOIO  CHEKTpOMeETpa
«KBAHT-Z.9TA» (Poccust) mpoBoaniIm 3eMeHT-
HBIH aHaJIM3 >KUJAKUX TMPOO PasMYHOro MpPOHC-
XOXJIEHHS M COCTaBa Ha ypOBHE KOHIIEHTpAIUi,
u3MepsieMbIX B MKI/1 — Hr/i. [Tpubop npumensum
JUTSE KOTM4YecTBeHHOTo onpenenenus: 1 — Pb (Ceu-
Hen), 2 — Cd (Kagmuii), 3 — As (Mebimrbsik) mo 'OCT
30178-96 u I'OCT P 51766-2001.

Pe3yJ’ll)TaT]>I nccneuosaﬂnﬁ H HX 06cym—
JACHUA

Ha mepBoM »Tame npoBeeHBI HCCIEIOBaHHA
TEXHOJIOTMYECKUX CBOMCTB HCCIEIYyEMBIX 3€pHO-
BBIX COPTOB rpeunxu. B tabmuue 1 npeacraBieHb!
KayeCTBEHHbIE XapaKTePUCTUKH COPTOB TPEUUXU B
CPaBHEHMH CO CTAaHAAPTHBIM 00pa3oM.

Amnanmu3 Tabiuibl 1 Mo3BOJISET YTBEPKAATh, UTO
HCCIIETyeMbIe 3€pHa TPEUYUXU COOTBETCTBYET Tpe-
ooBaamsim ['OCT 19092-92 «I'peunmxa. Tpebosa-
HUS TIPH 3arOTOBKAX M MOCTAaBKax» U MOXKET OBITh
HUCIOJIL30BAHLI JUI JAJIBLHEUIINX WCCIEIOBAHUN U
pa3pabOTKH HOBOI TEXHOJIOTHH.

[anee ObLIM TPOBENEHBI MCCIEIOBAHUS XUMH-
YEeCKOT0 COCTaBa COPTOB Ipeunxu (Tabnuna 2), 1s
W3YYEHHUS MHUIIEBOH IEHHOCTH CHIPHS.

B wuccaenyembix o0pasnax TpeYMXH MaKCH-
MaJbHOE COJEp’KaHUE YTIEBOJOB MpPHUHAIIEKAT
copram «bateipy n «lllopranauHckas», 4yTo CO-
craBisieT 54,55% u 54,43%. Ananu3 Oenka B 3ep-
HE CEJIEKIMOHHBIX COPTOB IPEUMXH, MOKa3al, YTO
Oosee BrICOKHE TIOKa3aTenn umeer copt «lopran-
muHcKas» (13,04 %), a y copra «baTbip» MaccoBas
nmonst Oenka cocraBuwino 11,67%. Ecim cpaBHUTH
MOJTyYEHHBIE PE3YJIbTaThl C PE3YIbTaTaMU HCCIEI0-
BaHuM y4deHbsx P®, To B padore C.I1.MepenkoBoii,
H.B.AnapocoBoii conepxanune Oeska B 3epHax Irpe-
9UXH COoCcTaBmIO B mipenenax 12,3-13,0%, xwup 3,1-
3,23% wu yraeBoasl 58,3-67,8% COOTBETCTBEHHO
[33]. Bce mokazaTenu COOTBETCTBYIOT Oa3WCHBIM
Hopmam H/I.



A XK. XacraeBa u jp.

Taéanna 1 — KauecTBeHHBIE XapaKTEPUCTHKH 3€pHA TPEUMXH B COOTBETCTBHU ¢ TpeboBaHussmu H/|

Copra rpeuuxu
HaunmenoBanue nokazarens basucnas nopma o H/{
«IlopranauHckas» «barbip» «CaynbIx»

3aroToBisieMast U OocTaBisieMast TPeurxa J0DKHA OBITh B
3/J0POBOM HETPEIOIIEMCSI COCTOSTHIN, UMETh CBOHCTBEHHEIE COOTBETCTBYET

N COOTBETCTBYET COOTBETCTBYET
37J0pOBOMY 3€pHY HOpPMAaJbHBIH IBET, 3amax (0e3 3aTxioro,
COJIOZIOBOTO, TUICCHEBETIOT0, TOCTOPOHHETO 3arlaXoB)
Brnaxuoctb, % 14,5 11 12 12,5
CopHast mpumech, % 1,0 0,06 0,07 0,07
3epHoBas npumMech, % 1,0 0,005 0,008 0,01
3apakeHHOCTDh BPEAUTEISIMH HE JIOITyCKaeTcs HEe 00HapyKEHO HEe 00HapyKeHO HE 00HapyKEHO

Tadauua 2 — X¥uMA9ecKnil COCTaB CENEKIIMOHHBIX COPTOB IPEUNXHU

Copt
HawnmenoBanue nokasareis
«IlopranauHcKas» «barbip» «Caynbix»
Maccosas gomns yriieBoaos, % 54,43+0,41 54,55+0,41 52,63+0,41
Maccosas gons 6enka, % 13,04+0,18 11,67+0,18 12,45+0,18
Maccosas nomst xupa, % 3,55+0,04 3,21+0,04 3,10+0,04
[IwieBast IEHHOCTH, KKaJI 303,27 293,77 446,11

IlonmyueHHbIE JaHHBIE CBUAETEIBLCTBYIOT O TOM,
4yto coptT rpeunxu «lllopranauHckasy, UMerOUn
BBICOKOE cojiepkaHue Oenka, B JalbHeneM Oyaer
WCTIOJIB30BAaThCS MIPU TPOU3BOJICTBE PACTUTEIHHBIX
MOJIOYHBIX HAITUTKOB.

Crnenytommm stantom HUP 6pu10 n3ydenue mo-
Kazareseil 0e30IacHOCTel KadecTBa COPTOB TIpe-
YUXW COTJIACHO TPeOOBaHMSAM TEXHHUYECKOTO pe-

Tabauna 3 — OnpeneneHrne TOKCUUHBIX 3JIEMEHTOB B IPEUUXe

rnamenta TamoxkeHHOTO coto3a «O Ge30macHoCTH
3epra» 015/2011. B tabnure 3 mpeacTaBlIeHBI pe-
3YyJbTAThI COACPIKAHNUC TOKCUYHBIX 3JICMCHTOB B CC-
JICKIIMOHHBIX COPTOBBIX 00pa3ax rpeyrxu.

Bo Bcex wuccrienyeMbix o0pasiiax rpeyuxu Co-
JiepKaHUue TOKCUYHBIX DJIEMEHTOB HE OOHAPYKEHO,
YTO COOTBCTCTBYIOT TpC6OBaHI/IHM HOPMATHBHBIX
JIOKYMCHTOB.

Jomycrtumble yposuu o TP TC Copr
Iloxasarenn
015/2011, mr/kr, ne Gonee «IllopranuHCKasm» «BatwIpy «Caynblk»
Kagmuit 0,1 HEe 00HaApyXEHO HE 00HaApyKEHO He 00Hapy»XeHO
CBuHeI[ 0,5 HE 0OHApPYKEHO HE 0OHApPYKEHO HE 00HApYKEHO
MBpIbsK 0,2 HEe 00HaApyXEHO HE 00HapyXEHO HEe 00HapyKeHO

Ha ocHoBaHWMH TONYYEHHBIX TAHHBIX MOXHO
clenaTh BBIBOJ, YTO IO KOJUYECTBEHHOMY CO-
JIep’)KaHUI0 YTJIEBOJIOB W MAacCOBOM J0nu Oenka
TUIUPYIOT nokazaTenu coprta rpeunxu «lllopran-
nuHcKas». Coaep)KaHWe TOKCHYHBIX JJIEMEHTOB
B HCCIIEAYEMBIX 00pa3liaXx HaxoaaTcs B Ipelesax

HopwMbl 1o TP TC 015/2011. Takum o6pa3zom, oTo-
OpanHsblil copt rpeunxu «llloprannuHckas» Oyner
HCTIONE30BATHCS B HOBOW TEXHOJOTHH MPOU3BOI-
CTBa 3EPHOBBIX «MOJIOYHBIX» HAIHMTKOB, 00OTra-
meHHBIX OMera-3 MOJTWHEHACHIIEHHBIMU YKUPHBI-
MU KUCIJIOTAMH.
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BoiBoabI

Takum oOpa3oM, mepepaboTKa 3€pPHOBOTO ChI-
pBsl B pacCTUTEIBHOE MOJIOKO, sIBJIsieTCs] 9(h(HEeKTHB-
HBIM CITOCOOOM MPOM3BOICTBA MPOAYKTOB 37I0POBO-
ro MUTaHus. XUMUYECKUH COCTaB W HATypabHbIC
6I/IOHOI‘I/I‘ICCKI/I AKTUBHBIC COCIUMHCHUSA TI'PCUHUXU C
KOMOWHHPOBAHUEM JIPYTHX PACTHUTEIBHBIX HATOJN-
HUTEJCH B pa3pabaThbiBaeMOW TEXHOJIIOTHH MpUIa-
JyT HAITUTKaM HOBBIC TIOJIC3HbIC CBOWCTRA.

ITpOM3BOJACTBO PACTUTEIBHOTO MOJIOKA TIO-
3BOJIUT PACIIUPUTH ACCOPTUMEHT 3KOJOTMYECCKU
YUCTBIX MPOAYKTOB, a TaKXC TIIOBBICUTH MHLIC-
BYIO [IEHHOCTh TOTOBOT'O TMPOJYKTa, 00OTAaTUTh €ro
q)yHK]_[I/IOHaJ'II)HI)IMI/I KOMIIOHCHTAMH, YUUTHhIBAA HE-
MEPEHOCUMOCTD JIAKTO3bI, TOBBINICHHYI) YYBCTBH-
TENBHOCTh K OEJIKaM MOJIOKA OIPENICICHHOTO CIIOS
HACEJICHHUSI, B TOM YHCIIC B3POCIBIX U JICTCH.

AHanu3 MccleOBaHUI MoKa3aTeneil KadecTBa
CENIEKI[MOHHBIX COPTOB TPEUYMXH MOKAa3all, 4TO CO-
pTa rp€UrnXn XapaKTCPU3IYIOTCA B ICJIOM BBICOKUM

cojep:kanueM Oenka, kupa u yrieBonos. Ilo pe-
3yJlbTaTaM HWCCIEOBAHUS OTOOPAaHHBIH COPT Tpe-
ynxu «llloprannuHckas» OyaeT MCIOIB30BaThCS B
pa3paboTKe HOBOM TEXHOJOTHH PACTUTENEHOTO MO-
JIOYHOTO HaIMTKa.

Kondaukr narepecon
ABTOpPBI HE UMEIOT KOH()JIMKTA HHTEPECOB.
HcrouyHuk puHAHCHPOBAHUSA

HayuHno-uccnenoBarenbckasi paboTa BBIIOTHS-
ercs B paMmkax [I[{® MuHUCTEpCTBOM CEIBCKOTO
xo3siictBa PecryOonukn Kazaxcran BR10764970
mo Teme «Pa3paboTka HAyKOEMKHX TEXHOJOTHH
ri1yO0KoM mepepaboTKH ¢/X ChIPbS B LIEJSX PacIIn-
peHUsl acCCOPTUMEHTA M BBIXOJa TOTOBOW MPOIYK-
MU C €TUHUIBI CBIPBS, & TAK)KE CHMYKEHUS JIOJIU
OTXOJIOB B TIPOM3BOJICTBE MpoayKIum» Ha 2021-
2023rr.
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BbIAEAEHUE U XAPAKTEPUCTUKA BAKTEPUODATOB
AN3SUPYIOLLUX KAMHNUYECKUE LUTAMMDI E. COLI

Ho3okoMMaAbHble MHMEKLMM NPEACTABASIOT COO0M OrPOMHYIO MPOOAEMY AASI COBPEMEHHOIO
3ApaBooxpaHeHus. 1o AaHHbIM BO3 exxeroaHo, OKOAO AECITM MUAAMOHOB TOCMMTAAM3MPOBAHHbIX
GOAbHbIX MOrM6AIOT MAM MPUOOPETAIOT MHBAAMAHOCTb M3-3a MOPAXKEHUSI BHYTPMOOAbHMUHBIMM
nndexkumamm. OAHMM 13 OCHOBHbIX BO30YAUTEAEN HO30KOMUAAbHBIX MH(EKLIMIA SBASIOTCS MAaTOreHHble
wrammbl E. coli, koTopble NPeACTaBASIIOT CMEPTEAbHYIO OMACHOCTb AAS MALMEHTOB C OCAAOAEHHbIM
UMMYHUTETOM. Kpome Toro, y 6oAblIOro KoAuuectsa wramMmoB E. coli pasBuaach ycTOMUYMBOCTb
NpPakTMYeCKnm KO BCEM M3BECTHbIM KAAacCam aHTMOMOTMKOB, UTO Pe3ko CHUXKaeT 3PeKTUBHOCTb
aHTMbMoTMKOTEPanun Npm 6opbbe C NoAOGHbBIMM NAaTOreHaMmM. B CAOXKMBLUMXCS YCAOBMSIX, BCE GOAbLLYIO
AKTYaAbHOCTb MOAYYAIOT MCCAEAOBAHMS MO MOUCKY aAbTEPHATUBHbBIX METOAOB A€YEHUS DaKTEPUAAbHbIX
nHdekumin. K Hanboaee akTyaAbHbIM 1 NMEPCNEKTUBHBIM OTHOCAT METOA, charoTepanmu.

LleAblo  AQHHBIX MCCAEAOBAHMIA SIBASAOCb BblAEAGHME M3 OObEKTOB OKPYXKAloWen CpeAbl
GakTeprodaros CrnocobHbIX AM3MPOBATL KAMHMYECKME WTammbl E. coli, 1 n3yyenme nx 6uoaornyeckmx
CBOMCTB.

B pesyAbTaTe NpoBeAEHHbIX MCCAEAOBAHMIA BbIAO YCTAHOBAEHO, YTO OObEKTbI OKPY>KAIOLLIE CPEADI,
PacroAO>eHHble B CaHUTApPHO-HEOBAArOMOAYYHbIX paioHaX, SBASIOTCS HauboAee NPeAnoYTUTEAbHbIMM
00beKTaMM AASl BbIAGAEHUS AMTUYeckmx Oaktepuodparos E. coli. M3 06pasuosB, oTOOpaHHbIX B
NMOAOGHbIX parfioHax 6bIAO BbIAEAEHO 6 6akTeprodaroB CrnocoBHbIX AU3MPOBATb KAMHMYECKMIA TamMm E.
coli. BbiaeAeHHble 6akTeprodarn SBASIAMCb CTPOro BUAOCTELMPUUHBIMA U 0O6AaAAAM MAKCUMAABbHOM
AUTUYECKOM aKTMBHOCTbIO B KOHLEHTpaumsx 10° BUMPYCHbIX 4YacTul, B MA M 6GOAee, UTO sBAsieTCS
CTAHAAPTOM AAS KOMMEpPUYECKMX haroBbIX MpenapaToB M MoKa3biBaeT UX BbICOKYIO aHTUOAKTEePUAAbHYIO
AKTUBHOCTb AOCTATOYHYIO AASt 3PPEKTUBHOM GOPbObLI C MAaTOreHHbIMK WTammamm 6aktepuit E. coli.

KaoueBble  caoBa:  baktepuodpar,  Escherichia  coli, Ho3okoMuaAbHas  mHdekuUms,
AHTUOMOTMKOYCTOMUYMBOCTb, AUTMYECKASH aKTUBHOCTb.

P.G. Alexyuk*, A.P. Bogoyavlenskiy, M.S. Alexyuk,
K.S. Akanova, Y.S. Moldakhanov, E.S. Omirtaeva, V.E. Berezin

LLC “Research and Production Center for Microbiology and Virology”, Kazakhstan, Almaty
*e-mail: pagenal@bk.ru

Isolation and characterization
of bacteriophages lysing clinical strains of E. coli.

Nosocomial infections are an important problem in modern healthcare. According to the WHO,
annually, about ten million hospitalized patients die or become disabled due to nosocomial infections.
One of the main causative agents of nosocomial infections are pathogenic strains of E. coli, which pose
a danger to immunocompromised patients. In addition, a large number of E. coli strains have developed
resistance to almost all known classes of antibiotics, which dramatically reduces the effectiveness of an-
tibiotic therapy in the fight against such pathogens. Under these conditions, research on development of
alternative approaches to combatting bacterial infections is becoming increasingly important. The most
relevant and promising method is phage therapy.

The purpose of these studies was to isolate bacteriophages from environmental objects capable of
lysing clinical strains of E. coli, and to study their biological properties.

As a result of the conducted studies, it was found that environmental objects located in sanitary-
unfavorable areas are the most preferable objects for the isolation of E. coli lytic bacteriophages. Six
bacteriophages able to lyse the clinical strain of E. coli were isolated from samples collected in similar
areas. The isolated bacteriophages were strictly species-specific and possessed maximum lytic activity at
concentrations of 10° viral particles per ml or more, which is the standard for commercial phage prepa-
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rations. The investigated phages showed their high antibacterial activity sufficient to effectively combat
against pathogenic of E. coli strains.

Key words: Bacteriophage, Escherichia coli, nosocomial infection, antibiotic resistance, lytic ac-
tivity.
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E. coli KAMHMKaAbIK LUITAMMAQAPbIH AU3U3AEHTIH
6akTepuocpartapAbiH, 66AIN aAy XKoHe cunarTay

Ho3okommaaabl MHDeKUMIAAP — Ka3ipri 3amMaHFbl AEHCAYAbIK, CaKTay CaAaCbIHAAFbl YAKEH MpPo6-
AemMa. AAY MaAimMeTTepi 60MbIHLLA, KbIA CalblH aypyxaHara >KaTKbi3bIAFaH OH MUAAMOHFA XYbIK HayKac
HO30KOMMaAAbl MH(EKUMSIAAPAbIH CaAAApPbIHAH KaMTbiC GoAaabl Hemece Myreaek OGOAbIM KaAaAbl.
Hosokomuranabl MHDEKUMSAAAPABIH HETi3ri KO3AbIpFbilTapbiHbiH 6ipi E. coli, natoreHAi wramaapbl
— UMMYHUTETI TOMEH HayKacTapFa eAiM KaymiH TyAblpybl MyMKiH. COHbIMEH KaTap, KenTereH iwek
TasiKLLaAapbl LUTaMAAPbIHbIH aHTUGMOTUKTEPAIH GapAbIK, AEPAIK KAACTapblHA TO3IMAIAIT AaMblAbl, GYA
OCbIHAQM MAaTOreHAEPMEH KYPECTe aHTMOMOTMKAABIK TepanmsiHbiH TMIMAIAIMIH KYpT TemeHaeTeal. bya
Karaanaa 6akTepusiAbiK, MHGEKLUMSAHbI eMAEYAIH 6aramaAbl dAICTepiH i3aey GoibiHLIA 3epTTeyAep
©3eKTIAIriH apTTbipyAa. EH ©3eKTi keHe nepcrnekTnBaAbl sAiC — dparotepanms.

ByA 3epTTeyAepAiH MakcaTbl KopluaraH opta obbekTiaepiHeH E. coli KAMHMKAABIK, LWTaMMAApPbIH
AM3UCKE KabiAeTTi GakTepuodartapAbl G6AINM aAy XXeHe 0AAPAbIH, OMOAOTMSAbIK, KACMETTEPIH 3epTTey
GOAADI.

JKyprisiareH 3epTTeyAepAiH HOTUXKECIHAE CAHUTAPABIK-KOAAChI3 )KEPAEPAE OPHAAACKAH KOpLUaFaH
opTa HblcaHAapbl E. coli AMTMKaabik 6GakTeprodpartapblH OKllayAay YWiH eH KOAanAbl 0GbekTirep
6OAbIN TabbIAATbIHABIFbI aHbIKTaAAbl. YKCAC alMakTapAaH aAblHFaH yAriaepaeH E. coli kAMHMKaAbIK,
LITaMMbIH AM3MCKe KabiAeTTi 6 6akTepuodar 6eAiHin aabiHAbl. OkluayAaHFaH 6akTepuodartap Karax
TYpAE Typ-crieumdukanbik, 60AAbI >kaHe 6ip MA-Te 105 Hemece oaaH Aa Ken BUPYCTbIK, GeAlIekTep
KOHLIEHTPALMSIAAPbIHAA MAKCUMaAAbI AUTUKAABIK, OEACEHAIAIKKE e BOAAbI, OYA KOMMEPLMSIAbIK, cpar
npenaparTapbl YLWiH CTaHAQPT 60AbIN TabblAaabl XeHe oaapAbiH E. coli matoreHai wrammaapbimeH

TUIMAT Kypecyre XeTKiAIKTI koFapbl 6akTepursFa KapChl GEACEHAIAITIH KopceTeA.

Tyiin ce3aep: bakrepuodar,
TO3IMAIAIK, AMTUKAABIK, GEACEHAIAIK.

CoxpameHusi 1 0003HAYEHUS

MIIb — MsiconenToHHBIH OYyIIbOH;

MITA — MsICONIENTOHHEIH arap;

BOE — 6namkoo6pasyroniye enHNLIb;

®CB — docharno-coneBoit OydepHbIii pacTBOP.

BBenenue

Ho3okoMuanbHbie HHOEKIMU SBISIOTCS OJ{HOU
13 OCHOBHBIX TIPO0JIeM COBPEMEHHOTO 3/IpaBOOXpa-
HeHus. OHU MPUCYTCTBYIO MIOYTH BO BCEX CTAIIMOHA-
pax, HAHOCSIT 3HAYUTENbHBINA Bpel] 30POBBIO MALIH-
CHTOB M COTPYAHHKOB MEIUIMHCKUX YUPESKICHUM,
MPUYUHSIOT O0JBIION SKOHOMUYeckuid ymep0. Ilo
nmanaeiM BO3 exxeronHo, Bo BCEM MHpE OKOJIO Jie-
CSATH MIJUTHOHOB TOCITUTAIN3UPOBAHHBIX OOJIBHBIX
MOru0A0T MM MPUOOPETAIOT WHBAIMIHOCTh H3-32
HEHaJUIe)Kae MEIUUMHCKON MPAaKTHUKU U IOpa-
JKEHUSI BHYTPUOOJIbHUYHBIMUA HHPeKusamu. [lo
MPHUOIM3UTEIHFHBIM OIICHKaM B Pa3BHUTHIX CTpaHaXx,

Escherichia coli,

HO30KOMMAAADI l/lHCbEKLLI/ISI, AHTMOMOTMKKE

OT BHYTPUOOJIBHUYHBIX MH(EKIMHA cTpagaeT oT 5
10 10 % manueHTOB MEAUIIMHCKUX YUPEKICHUH,
B Pa3BUBAIOLINXCS CTpaHaX UX KOJIWYECTBO MOXKET
nocturate 25% [1]. TlopaskeHne rocnuraiu3upo-
BaHHBIX IMAIlMEHTOB HO30KOMHAIBHBIMA MH(EKIH-
SIMUA YBEJIMYMBACT CPOK MX HAXOKACHUS B CTalHU-
oHape B 2-3 pasa, 4TO MPHUBOAWUT K ITOBHITICHUIO
CTOMMOCTH JICUEHNUs B 3-4 pa3a U pUCKY JETAIbHOTO
ncxozaa B 5—7 pa3 [2]. [Ipsimble hriHAaHCOBBIE TOTEPH
OT HO30KOMHAIIbHBIX WH(EKIHUH, COTTACHO JaHHBIM
BO3, exeromHo cocTaBiSIOT MPUMEPHO 7 MUIIIH-
apzioB eBpo B EBporie n 6,5 MuiuinapioB J0J1apoB
B CIIIA [3].

OGoctpeHue TpPoOOJIIEeMBl  HO30KOMHAIBHBIX
nH(pexuit 00yCIOBIEHO TI00aTBHBIM pPACIPO-
CTpaHEHHEM AaHTUOMOTHUKOYCTOWYMBOCTH CpEIu
MUKpoopranusMoB. Ilo 3asBinenuto BcemupHoit
OpraHu3alliyd 3ApPaBOOXPAHEHUS, MHOTHE JIOCTH-
JKEHUSI COBPEMEHHOW METUIIMHBI U SMUIEMHUOIIO-
Uy B 00pbh0e ¢ MH(EKITMOHHBIMU 3200JICBAHUSMH,
caenanHbpie B XX B., MOTYT MOTEPSATh CBOKO 3Ha-
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YUMOCTh M3-332 POCTa YCTOWYUBOCTH OaKTepuil K
AHTHOMOTHKAM.

OnHUM 13 OCHOBHBIX BO30YyAMTENICH HO30KOMH-
ATBHBIX HMH(EKITUH SIBISTFOTCS ITATOTCHHBIC I TaMMBI
E. coli.

E. coli npencraBnseTr co00il MUPOKO pacmpo-
CTpaHEHHbIC KOMMEHCAJIbHBIC IPAMOTPHUIIATEIIbHbIC
OakTepuu, OOWTAIONMINE B KEITYIOUYHO-KUIICTHOM
TpaKTEe YEJIOBEKAa U MHOTUX TEIIOKPOBHBIX >KMBOT-
HbIX. OmHaKo cpemu oOmeld Macchl OE30MacHBIX
mTaMMOB E. coli BCTpeyaTbCsl MaTOTEHHBIE CEpPO-
THUTIBI, KOTOPBIE MOTYT CTaTh NMPUYUHON pPa3BUTHUS
KHIIEYHbIX WH(EKIWA, WHQEKIHiA MOYEBBIBOIS-
LUX ITyTEeH, MATKUX TKaHEH, HEHTPAIIbHON HEPBHOM
cucteMsl [4]. ExxeromgHo, mo BceMy MHpPY COTHHU
MUJUTHOHOB JIFOJICH CTPafaroT OT 3a00JIeBaHMiA, BbI-
3BaHHBIX MATOTEHHBIMU IITaMMaMu E. coli [5]. Oco-
OyI0 OIMacHOCTh MAaTOT€HHBIE ITaMMBI E. coli ipes-
CTaBJISIOT JIJISi TOCITUTAIM3UPOBAHHBIX IMallUEHTOB
¢ ocnabieHHbIM UMMYyHHTETOM. HO30KOMHambHBIE
MH(DEKIUN KHUIICYHOW MaJOYKd MOTYT MPUBECTH K
Pa3BUTHIO OCTPOI OAKTEPUEMHH U CETICHCa C TTOCIIe-
JTYIOIINM JIeTaIbHBIM UCXO0JI0M [6].

Kpowme Toro, B ycIOBHAX MOCTOSTHHOTO KOHTAaK-
Ta C YEIOBEKOM, Yy OOJIBIIOT0 KOJMYECTBA IITaM-
MOB FE. coli pa3Bmiach yCTOWYHUBOCTH IPaKTHUC-
CKM KO BCEM H3BECTHBIM KIJIACCAM aHTHOMOTHKOB.
IToBcemMecTHOE JIeUEHUE KHUIICUHBIX HMH(EKITNH
AHTHOMOTUKAMU TICPBOM JMHHUU, TAaKUMU KakK KO-
TPUMOKCA30JI, AMOKCHIIWIIJINH, aMOKCHUIWJUIAH B
KOMIUIEKCE C KIIAByHAJIOBOW KHCJIOTOW, BhIpaOOTa-
nmu y E. coli pe3uCTeHTHOCTD K IaHHBIM TTpenapaTam
[7]. Ucnionp30oBaHME OTHOCUTEIBHO HOBBIX KJIACCOB
AHTUOMOTHKOB IIIMPOKOTO CIIEKTpa NCUCTBHSI, (hTOP-
XUHAJIOHOB ¥ 11e(hajOCIIOPUHOB, TIPUBEIO K Pa3BH-
Thio y E. coli B-makramMa3Hoil aKTHBHOCTH, YTO TaK-
K€ TMO3BOJISIET €H YCIEIHO MPOTUBOCTOSATH JAHHBIM
KJIaccaM aHTHOMOTHKOB [§].

CuTyanuio OCJIOXHSET TO, YTO Ha COBPEMEH-
HOM JTare pa3BUTHS HAYKH, B HAllPaBIEHUH MTOUCKA
Y pa3pabOTKK HOBBIX aHTHOMOTHKOB, HAOIIOIACTCS
CHIDKEHHE aKTHBHOCTH WM COKpaiieHue (puHaHCH-
poBaHMs TOMOOHBIX wHccienoBanuii. CoxpaHeHUe
TaKoW TEHJEHIIMU, B KOHEYHOM HUTOT€, MPUBEAET K
WCYEPIaHHIO CPEJICTB ISl OOPHOBI C YCTONYNBBIMHU
OaxTepuaNbHBIMHA HHpEKIUAMU [9].

B 1momoOHBIX yCIIOBHSX, OMACHOCTh YCTOWYH-
BBIX HO30KOMHAIBHBIX WH(MEKIui mprodperaet
YTPOXKAIOIINE MACIITA0BI U BCE OONBIIYIO aKTyallh-
HOCTb TOJTy4alOT MCCIIeIOBAHMS 110 MIOMCKY albTep-
HATHBHBIX IyTel 00pbOBI ¢ HUMHU. Hambonee mep-
CIEeKTUBHOW aJbTepHATHBON aHTHOMOTHKAM CUWTA-
10TCs OakTeprodary.
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Bakrepuodarun — 3T0 BUpYCHI, MOpa)karollre
OaxTepuil. YuurteiBas npupoay 6axrepuodaron Kax
€CTECTBEHHBIX BparoB OakTepuil, MX MPUMEHEHHUE B
Ka4yecTBe TEPareBTUYECKUX areHTOB sl OOPHOBI C
OakTepruanbHBIMU MH(EKIUSIMH HAa4aJoCh yKe de-
pe3 mapy JIeT 1mociie UX OTKPHITHS caMUM DeTnKkcoM
JI’Opemnvem [10]. Ho mocne OTKpBITHST U BHEIpPE-
HUSl B KIMHUKY aHTHOMOTHKOB, UHTEpeC K OakTe-
prodaram Kak K CpeAcTBY OOpbOBI ¢ MaTOreHHbI-
MU OakTepusiMH pe3Ko cokpartmica. Kiamanyeckoe
UCTIONIb30BaHue OakTepruo(aroB MPaKTUKOBAJIOCh
B OCHOBHOM TOJIbKO B Poccum, I'py3un u Ilonpme
[11].

Ha nanHbIli MOMEHT, M3-3a PacHpOCTPAHCHMS
AHTHOMOTHKOPE3UCTCHTHOCTH, WHTEpEC K OakTe-
puodaram u Qarorepanuy 3HAYUTEIHHO BBIPOC.
CoBpeMEeHHOI HayKe Y»e M3BECTHO OOJbIIOE KO-
JUYECTBO TPHUMEPOB YCIENIHOTO HCIOIB30BaAHHUS
OakreprodaroB ans JeUueHHS AHTUOMOTHKOpE3U-
CTEHTHBIX OakTepuanbHbIX MHPeKui [12-15]. Ho
YUUTBIBASl pa3BUTHA yCTOWYMBOCTH y OaKkTepud K
(baroBbIM MHQEKITUAM U BBICOKYIO CHEIMPUIHOCTD
OakteprodaroB K CBOMM XO03s5€BaM, HEOOXOIMMO
MPOBOJINTH TIOCTOSTHHBIA MOWCK M BBIJICIIEHUE HO-
BBIX, HanOoJee HPPEKTUBHBIX B KaXKJIOM KOHKPET-
HOM CJIyJae MTaMMOB OakTepro(aros.

Llenplo JaHHBIX WCCIEIOBAaHUHN SIBISUIOCH BbI-
NeJieHue u3 O0OBEKTOB OKPYIKAIOMIEH Cpenbl OaKTe-
prodaroB crnocoOHBIX JH3UPOBATh KIMHUYECKHE
mramMMbl E. coli, 1 u3ydenue ux OMOIOTHYECKUX
CBOMCTB.

MarepuaJjibl 1 METOABI

OT060p 00pa3IOB OKpYKarOIIEH cpe/bl. J{ist BbI-
neneHust 6akrepuodaros E. coli 66110 0TOOpaHO 5
00pas31oB MoYBHI U 5 00pa31oB Bojbl. OOpasma mo-
YBBI OBUTH OTOOpaHBl: 1) Ha TEPPUTOPUHU ITYyHKTA
cOopa TOBapHO-OBITOBBIX OTXOAOB B MUKPOpaiOHE
Tactak 2, r.AnMaTtsl, 2) Ha TEPPUTOPUN MYCOPHOTO
MOJINTOHA HaXoAs1elcs Ha 36 KM aBTOMarucTpaiu
Anmatel — Kammmarait, 3) Ha TeppUTOpHE MYCOPHO-
ro nosurona r. Kammaraii, 4) Ha Oepery o3epa pac-
MTOJIO’KEHHOTO B paifoHe a’poropra r.AnMaTsl, 5) Ha
Oepery peku llpaBeiii Ecenraii B paiione mkp. Ke-
Me, T. AlIMaThl; 00pa3Ibl BOABI ObLIH 0TOOpaHkI: 1)
n3 pexu [lpaseiii Ecenrail B pailone MukpopaiioHa
Kemen, r. AnmMmatel, 2) u3 cOpPOCHOTO KOJUIEKTOpA
KaHaJIM3aMOHHbIX Boj ropoja llIsivkenT, 3) u3 Ha-
KOMUTeNeH KaHAIM3alMOHHBIX MOJIeH (MIbTparuu
ropona Kammarai, 4) u3 cTouHOro KaHaij, Blajgaro-
it B o3epo CopOyrak, 5) U3 o3epa, pacrmoIoKeH-
HOE B paiioHe aspornopTa r.AIMaThl.
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OTO0p 00pa3loB MOYBLI M BOJBI MPOBOIIIN B
CTEPIIIbHYIO TTocyty 00BEMoM 500 M1, oTOOp TIPOO
BOJIBI Benn Ha Tiryoune 15-20 cMm, oTOop mpobd mo-
YBBI OCYIIECTBIISUTM C TIOBEPXHOCTHOTO CIIOSI TIIY-
ounoii 1o 10 cm. OOpa3sipl TPAaHCIOPTHPOBAIH U
xpanwt npu Temreparype 4...8°C B Hempo3zpay-
HOW M 3alUIIEHHON OT MPSMBIX COJTHEUYHBIX JIyden
YIaKOBKeE.

HItammer 6aktepuil. st BbIeneHus, maccaxa
OaxTeprnodaroB ¥ OMUCAHUA UX CBOWCTB UCTOJIB30-
BaJM KJIMHUYECKUH mwtamMMm E. coli 753, npenocras-
neuuslii AO «llenTpanbHas KIMHAYECKasT OOJbHU-
na» r. Anmarsl. Janusiid wramm E. coli oOnagaer
JIEKapCTBEHHOW YCTOMYMBOCTBIO K MEHUIIMIUIMHAM,
¢dropxunanonam [-111 moxonenus, TpuMeTonpUMy.

Jnsa m3ydeHus: cnerupuIHOCTH BBIACIECHHBIX
OaktepuodaroB ucnons3oBanu Ps. aeruginosa 153
— IITaMM, BBIJIEJICHHBIA C MMOBEPXHOCTH WCIIOPYEH-
HBIX MACHBIX MPOAYKTOB U Bacillus subtilis — ctan-
TMApTHBINA 00pa3elr] CCHHOM MalouKu. JlaHHbIe TITaM-
MBI OBITH MTPEJOCTABICHBI KOJJICKIMEH MUKpOOpra-
H13MOB «HIIL MUKpOOHOIOTHH 1 BUPYCOJIOTHI.

[Mutarensubie cpeapl. st KyabTHBHPOBaHMS
OakTepuii M maccaxkeil 6axTeproaroB MCIOIB30-
Bamu MsconentoHHbi OynboH (MIIB) (Nutrient
Broth, «Himediay, India). [{nis xpanenns 6axkrepuii,
BbIJIeNIeHHS OaKkTepruo(haroB, ONpeAeIeHUs TUTPA 10
['panna n ormmcanus MophoIOTHH OJIAIIKOOOpasy-
romux enaunui (BOE) ucnonszoBanu 2% murateisb-
ueiii arap (MITA) (Nutrient Agar «<Himedia, India).

M ¢unpTpanmu oTOOpaHHBIX 00pa3LOB H
(haronm3aToB HCIONB30BATIM OyMaXHBIH (QHUIBTP
«Kpacnas nenra» nu meMOpaHHbIe (GUIBTPBI C JHa-
metpom mop 0,45 mxm Agilent Captiva (Agilent
Technologies, USA).

[Tomrydenue GUIBTPaTOB TOYBEHHBIX 00Pa3IOB.
50 r o6pasua nmouBsl 3anuBanu 500 M1 CTEPUIIBHOTO
tbocdartuo-coneBoro Oydepa pH 7,4 (DCh), nanee
KOMOK TIOYBBI THIATEJILHO HM3MENbYalId /0 IMONY-
YeHHUs KaK MOXKHO 0oJiee OJHOPOIHOW CYCICH3UU
W CTAaBWJIM Ha Kadajky Ha 6 yacoB. Yepe3 6 yacoB
CYCIICH3HIO TIOYBHI (PUIBTpOBANN Yepe3 OyMaKHBIN
¢uneTp «Kpachas neHTa», 3arem, Uil MHAKTHBA-
[IUH TATOTCHHBIX MUKPOOPTAaHU3MOB B ITOJTYYCHHBIH
¢unpTpaT n00aBISIIM XJIOPOGOPM 10 KOHIIEHTpA-
uu 0,1% u BeIACpKUBASN B T€YCHNN 24 4acoB pH
temmneparype 4...8° C. [lanee o0pa3usl punbTpoBa-
71 yepe3 OyMakHbIi (GUIbTp U yepe3 OaKkTepHalb-
HBIH QuIbTp ¢ AuameTpoM mop 0,45 Mxm. OOpasibl
XPaHWIHA CTEPUIIHHO B TEMHOM MECTE TIPH TeMIIepa-
Type 4...8°C [16].

[Tomydenue GuABTPATOB BOJIHBIX 00PA3IOB.
Jlyis MHAaKTUBAIlMM MaTOTEHHBIX MUKPOOPTaHU3MOB

B BOJIHBIE 00pa3Iibl JOOABIsUTH XJI0PO(OpM S0 KOH-
nentparuu 0,1% u BEIICPKUBAIN B TCUCHUH 24 da-
coB mpu Temnepatype 4...8° C. Boauslii oOpazen
(unpTpoBanM yepe3 OyMakHbI (QUIBTp W Yepe3
Oakrepuanbuelii GuwiIbTp ¢ auamerpoM mop 0,45
MKM. OOpasIiibl XpaHWINA CTEPHIIBHO B TEMHOM Me-
cte npu temmeparype 4...8°C [17].

JHK w3 momydeHHBIX (UIBTPAaTOB  BHI-
JeNsuld ¢ TOMOILIbI0 Habopa JUIs AKCTPaKIHUU
PureLinkViraDNA/RNAMiniKit  («Invitrogeny,
USA) no nportokony ¢pupmbl-tiponsBogurens. Kon-
nenTpanuto Beienennon JJTHK onpenensnu npu no-
motnu Habopa Qubit dSDNA HS (High Sensitivity)
COTJIaCHO HWHCTPYKINH, s Qurroopumerpa Qubit
2,0. AHanmu3 KadecTBa TEHOMHBIX OMOJIIMOTEK TIpo-
Boamiu Ha mpubope Agilent 2100, nmpu ncnomb3o-
BAaHUU NPWJIATAEMbIX YHIIOB COTJIACHO MHCTPYKIMH
npom3BoauTens [18].

MeTtareHOMHBIN aHaTU3 0TOOpPaHHBIX 00pa3OB
MIPOBOAMIIN METOIOM MHO’KECTBEHHOTO Tapajuieihb-
HOTO CEKBEHMPOBAHMA IPHU HCIOJIB30BAaHUM IPH-
6opa Illumina MiSeq [19]. Kontpons kadectBa
MOJTYYCHHBIX PHUJOB OBbLT BBIMIONHEH C MOMOIIBIO
nporpammel Fast QC. 3arem mosyueHHBIE HaHHBIE
Obutn oOpabortansl B Trimmomatic v. 0.36, moce-
JIOBAaTEIBHOCTH Kopode 50 HyKIE€OTHAOB OBUIH HC-
KIIIOUEHBl M3 aHalu3a; aJanTepbl ObLIH yAalIeHBI.
[locme ynaneHus HEKAYECTBEHHBIX CUYHUTHIBAHHUH
1 0Ope3KU aganTepoB IMOCIENI0BATEILHOCTH OBUIN
MpoaHaIM3UPOBaHbl porpammoii Kaiju ¢ ucnoss-
30BaHMEM 0a3bl JaHHBIX HE M30BITOYHBIX OCJIKOB:
OaxTepuii, apxei, BUPYyCOB, TPUOOB U MHUKPOOHBIX
sykapuoT (NCBI BLAST nr + euk) ¢ mapamerpamu
o ymomrgarmio [20]. I'padudeckoe npeacTaBieHme
MIOJIy4YE€HHBIX PE3yJbTaTOB MPOBOJWIOCH C TIOMO-
mpio0 mporpaMmbl «Kronay. AHanmu3 mpepckazaH-
HBIX T€HOB MIPOBEJIEH C MOMOIIBIO OHJIAIH — cepBe-
pa «MG-RAST» [21].

KynpTuBHpOBaHNE HCHONB3YEMBIX ILITAMMOB
6axTepuii mpoBoawnu B MIIb B Teuenuu 24 gacos
npu 37°C. MIIb rotoBuin B COOTBETCTBUU C UH-
CTpYyKIIHeH rpousBoauTens [22].

[IpoBepka OakTepHaIbHBIX KyJIbTYp Ha HATUYHE
T30TeHHBIX OakTeprodaros. Yamku [letpu ¢ moa-
TOTOBJIEHHBIM 2% TNHTATENBHBIM arapoM 3aceBajl
CIUIONTHBIM Ta30HOM 24 9acoBOW OaKTepHaTbLHOM
KynbTypoi. Yepes 18 wacoB unkyOamuu npu 37°C
(bmkcHpoBaIM POCT CIUIONIIHOTO Ta30HA OAKTEpHH C
OTCYTCTBHEM KaKUX-ITHOO 30H JHM3HCA, TOCIE Yero
OTKphIThIe Yamku llerpu obmydanu ynsrpaduone-
ToM B TeueHnu 10 MuHyT Ha pacctosiaun 10 cm. O0-
ny4€HHBIE 0aKTeprun cMbIBaIH 10 MJT MUTATENEHOTO
OynboHa U KyJIbTUBUpOBanu 2 daca mpu 37°C, 3a-
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TeM B OaKTepHaNbHYIO CyclieH3uIo nodasisim 500
MK xjopodopma (50 M Ha 1 MIT CycrieH3HH),
BCTPSIXUBAJIH, TOCIE Yero oTKpyuuBanu 10 MUHYT
mpu 6000 o6/mun [23]. Hanmume Gaxtepmodaron
B TOJIy4EHHOM HAJ0CaJKe OMNPEAETsUIN METOJIOM
OrtTo0.

Omnpenenenue Hamuuusi OakTeprodaroB Me-
tonom Otro. PacrmaBiennsiii 2 % NHTATENbHBIN
arap pasjiuBajd MO CTepUIbHBIM yamkam [letpwu,
OXJIKIamu, TOoACyIHBamK B Tepmoctare 10-15
MuH. CIUIOIIHBIM Fa30HOM 3aCEBajid Ha Yalliku 24
4 KynbTypy Oaktepuii. Hanocmnm kxarumo oOpasia
OmKe K OTHOHM U3 CTOPOH YalllKi, 3aTeM YallKy Ha-
KJIOHSUTH ¥ JTABAJIH Karjie CT€Yb JI0 MPOTHUBOTOI0XK-
HOTO Kpast yaiky. Yamku nHKyouposaiu mpu 37°C
B TeueHue 12 9 mocie dero (puKCupoBaiu pe3yiib-
taT. Ecnu B o0pasie copepikaincs 6akrepuodar, To
TI0 ITyTH CTEKaHMsI Karmyi o0pasia GpopmMupoBaiack
30Ha Ju3uca [24].

Ob6oramenne Oaxkrepuodaramu (HUIBTPATOB,
MOJTYYEHHBIX OT 00pa3loB OKpyxkaromiei cpeabl. K
45 MKJI MIOATOTOBJICHHOTO (QUIbTpaTa T00ABISIIA 5
M 10-xpatnoro MIIb, 5 Mit cycrieH3un HHAUMKATOP-
HBIX OakTepuil HaxoAsmuxca B yar-ase pocra H
100 mxn MgSO,. Jlna obecnieuenus HHPUIMPOBaH-
HOCTH OaKTepHil BUPYCaMH U PETPOTyKIINH HOBBIX
JIOUYEPHUX BUPYCHBIX YACTHUI[ CMECh KYJIbTHUBUPO-
Bamu B TeueHnn 18 — 24 4 mpu 37°C c adpanmei.
Jarnee nmomyueHHbIN paroau3aT HeHTPUPYTHPOBATH
B Teuenne 30 muH mipu 3000 06/mMuH. CynepHaTaHT
OT(WIBTPOBBIBAIN Yepe3 OakTepuaibHble (UIIb-
TpoI ¢ nuameTpom mop 0,45 mxm. Ouuiienusie da-
rOJIN3aThl, XPAaHWIU B CTEPUIBHBIX YCIOBUSAX MPHU
4...8°C [25]. Haymmume dara B pumbTpaTe ompene-
nsr0T Metogom OTTO [24].

Brigenenne OakreprodaroB Ha TBEPIOW MUTa-
TeNbHOU cpejie. OUUIIEHHBI OT OakTepuil Qaro-
nmm3at 10-KpaTHO THTPOBAIH A0 MOTYUCHUS EBITH
pasBenenuit. Kaxxnoe passenenne ooObéMom 1 M
cMermuBaiy ¢ 14 M 2% TUTATENBHOTO arapa u J0-
OaBmsuin 1 mu1 24 4acoBOM KyJbTYphl MHIUKATOP-
HbIX Oaxtepuii. IlomydeHHyr0 cMmech 3amuBaid B
yamku [leTrpu n nHKyOHpoBaiu B TeueHUH 18 yacos
mpu 37°C. B xauecTBe KOHTPOJIS UCTIOIB30BAIIN TY
K€ CMeCh, HO BMECTO BOJIHOTO 00pa3ua Jo0aBisiim
1 mu crepmibHOTO (hochaTHoro Oydepa. Ilo ncre-
YEHHUIO CPOKa MHKYOAIMK BU3YaJIbHO (PMKCHPOBAIN
dhopmuposanue otaenbHbpIX bBOE Ha crutontHoM ra-
30HE OaKTEepHaIbHON KYJIBTYPBHI.

Brimenenne 4ucTeIX JUHUE OakTeprodaros.
[Mocne obnapyxenuss BOE Ha criioniHoM ra3oHe
OaKTepuaNbHON KyJIbTYpbl BBIOMpAd OTAEITHHO
CTOAIIYIO 30HY JHM3UCa NP MaKCHUMaJIbHOM pa3Be-
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neHnu (paronmzara, BeIpe3aiu €€ CTepUIIbHBIM IITa-
TeIeM WM MHUKPOOMOJIOTHYECKON MeTIAEH U TIoMe-
IIaJIM B CTEPUIIBHYIO IPOOUPKY. B Ty e mpodupky
O00ABISUIM 5 MIJI CTEPHJIBHOTO TMTATENBHOTO OY-
JIbOHA, ¥ HHKYOUPOBAJH B IICHKEP-TEPMOCTATE MIPH
37°C u 100 06/mMun. Yepes 2 yaca MHKyOamu BeCh
MUTATENLHBINA OYJIbOH U3 MPOOUPKH, B CTEPHIIBHBIX
YCIIOBUSIX MPOITyCKAJI Yepe3 MeMOpaHHbBIN (GHIIBTP
¢ muametpom mop 0,45 MM u mobasisum 100 M
24 4YacoBOW KyJBTYpHl MHIMKATOPHBIX OaKTEpHil.
[TomyuenHyro cMech KyJIbTUBUPOBaANIN 18 4acoB mpu
37°C, nocne vero meHTpudyrupoBasn 10 MUHYT
npu 6000 o0/MUH M TpoIycKalIu yepe3 MeMOpaH-
HBIH punsTp ¢ AnameTtpom mop 0,45 mxm. [lanee u3
noiy4eHHol ¢aronmuszara orOupanu 100 Mk 1 Ipo-
BOJWIH NIEeBATH 10-KpaTHBIX pa3BeacHU B 900 MK
crepuinbHoro ®Chb. Kaxnoe pa3senenne cMemnmBa-
mu ¢ 14 mn 2% nuratensHoro arapa u 1 mi 24 ga-
COBOH KyJIBTYpBl MHAMKATOPHBIX OaKTEpUH, 3aiv-
Bany B yamku [letpu u xynpruBupoBanu 18 gacos
npu 37°C. Ilocne KyabTUBUPOBaHUS (PUKCHPOBAIN
BOE mpm MakcuMaibHOM pa3Be/ICHUH, BBIPE3AH
OTJIENBHO CTOSIIYIO 30HY JIM3KCA U TIOBTOPHO TPO-
BOJIMJIH TTOCEB (para 1Mo BBIMICONMMCAHHONW METOMKE.
s mody4eHus: YucToi MuHMK OakTepuodara mo-
CJIeTOBATEIHbHO TIPOBOJMIIA TPHU TAccayka KakKIIbIi
pa3 BbIpe3ast OT/AEIbHO CTOSIIYIO 30HY JIM3UCA MU
MaKCHMaJIbHOM pa3Be/ICHUH.

HaxomuTenbHplii maccax Oaxrtepuodaros. B
crepuibHbIe S0-TH MII IpoOUpKHM paziuBanu 1mo 40
M crepunbHoro MIIB, nanee moGasistmu 500 MK
(haranmsaTa maccupyemoro Oaktepuodara m 5 M
CYTOYHOH KyJbTYphl OakTepuid-xo3sieB. KynbTusu-
poBaHue TIpoBOAMIH B TeueHnn 24 gaca mipu 37 °C.
[locne KynbTUBUPOBAaHUS, TOJNyYEHHBIC (aroiam-
3aThl TOCJIEIOBATEIHHO OUYUIIATIN IEHTPUPYTHPO-
BaHueM B TeueHun 30 muuyT npu 6000 o6/mMuH n
¢unpTpanmel uepe3 MeMOpaHHbIe (PUIBTPHI C TUa-
MeTpoM 1op 0,45 MxM. Daronusarsl XpaHWIN B CTe-
PUIBHBIX YCIOBHSIX TIpu Temrepatype 4...8° C [26].

OnpeneneHne JTUTHYECKOW aKTUBHOCTH MOJTY-
YeHHBIX (haronmM3aToB TPOBOIMIA METOAOM ATl-
nenbmana [27].

Tutp Gakrepruodara B CyCIEH3UH OTPEACISIN
Meroaam ['pamua [28].

PesynbTaThl nece1oBaHuii M UX 00CyKIeHHE

Memazenommviil anaiuz o6paA3|08 OKPYHCAIO-
wetl cpedvl Ha Hanuuue bakmepuoghazos

I[To knaccu¢ukanmu, 6akrepuodary, nopaxaro-
mwe E. coli B OCHOBHOM OTHOCSTCS K TPEM ceMeii-
ctBam nopsiaka Caudovirales: Myoviridae, Podo-
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viridae n Siphoviridae. ]l OlICHKH BO3MO>KHOCTH
BBIZICIICHUS JTUTHYECKUX OakTepuodaros E. coli u3
00BEKTOB OKpY’Kalollel cpelbl ObUT MPOBEAEH Me-
TareHOMHBIN aHAJIN3 Ha HAJHMYHEe BUPYCOB TOPSIKA
Caudovirales B 1ByX MOIEIBHBIX 00pa3iax: oopa-
3€I1 IMOYBKI — ITo4UBa ¢ Oepera peku [IpaBerii Ecenrait
B patione Mkp. Kemen, r. Anmarer; oOpaser BOJIbI
— BOJIa, OTOOpaHHAs C KaHAJH3alMOHHBIX MOJEH
¢unpTpanuu ropoaa Kamnmaraii. Jlanable 00BEKTHI
OBLIM BRIOPAHBI B CIIEACTBAN UX HEOIATONIOIYYHOTO
CaHMTAPHOI'O COCTOSIHMS, YTO 3HAYMTEIHLHO TIOBBI-
[IaeT BEPOSITHOCTh BBIJCIICHUS INTHYCCKUX OaKTe-
puodaros E. coli.

Ilocne cekBeHHpOBaHUS TOTAJbHOM HYKJIEH-
HOBOHM KHUCIIOTHI, BBIICJIGHHON W3 TMOYBHI C Oepe-
ra pexu IlpaBsiii Ecenrail B paitone mxp. Kemen,
r. AJIMaTBl U TIOCJIEAYIOIIEr0 METareHOMHOTO aHa-

nu3a ObLJIO YCTAHOBJIGHO, YTO B JAHHOM 0Opasiie
nopsinok Caudovirales na 50% ObIT TpencTaBIICH
cemeilictBoM Podoviridae, na 45% — ceMelcTBOM
Siphoviridae, na 3% — cemelictBoM Myoviridae
u 2 % — He KIacCHPUIUPYEMbIe BUPYCHI TIOPSIKA
Caudovirales (PucyHok 1).

MerareHOMHBIN aHallU3 KaXIOTO ceMeilcTBa
OakTepruodarop M3 TMOYBCHHOI'O 00pasiia IMO3BO-
JIUIT UICHTU(DUIIMPOBATH HYKJICOTHIHBIC MOCIEIO0-
BarenbHOCTH 10 Oakrepuodaros Podoviridae, 15
Oaktepuodaros Siphoviridae n 18 Gakrepuodaron
Myoviridae. Tlpu stom 49% BceX HYKICOTHIIHBIX
Mocaea0BaTeILHOCTE cemelictBa Podoviridae,
29% HYKIEOTHIHBIX MTOCIEA0BATEILHOCTEN ceMeii-
ctBO Siphoviridae n 10% HYKJICOTUAHBIX TOCIHE-
JIOBaTEIbHOCTEH cemelicTBO Myoviridae Obuin HE
KJIacCU(UIIMPOBAHBI.

cemeiictBo Podoviridae

cemeiicTBo Siphoviridae

PucyHok 1 — MerareHOMHBbII aHanu3 00pasiia MoYBkl Ha HaJIH4He GakTeproharoB mopsiaKa
Caudovirales, cemeiictB Myoviridae, Podoviridae, Siphoviridae
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CeKBEeHHUPOBAHUE U METAreHOMHBIN aHAH3 TO-
TaTbHON HYKJICHMHOBOW KHCJIOTHI BOJIHOTO 00pasma
C KaHaJIM3AIMOHHBIX TOJICH (GUIBTpAMK TOpPOJa
Kammaraii, nmokasai, 4ro nopsinok Caudovirales, B
JTaHHOM cJly4daid, Ha 55% mpeacTaBiIeH ceMelCTBOM
Myoviridae, na 25% — cemerictBom Siphoviridae, na
18% — cemeiictBoMm Podoviridae n 2% — He kiac-
cuduipyembie Bupychl mopsaka Caudovirales

%
x}?f}‘

nopsanok Caudovirales

cemeiicTBo Podoviridae

(Pucynox 2). AHanu3 HyKJICOTHIHBIX MOCIEIOBa-
TEJBHOCTEM KaXKI0r0 U3 IPEACTABICHHBIX CEMEU
MO3BOJIMIT MJIEHTU(PHUIIMPOBATE 16 OakTeprodaros
cemeiictBa Myoviridae, 9 Gakrepnodaros cemeii-
ctBa Siphoviridae n 9 6akrepuodaros cemeiicTpa
Podoviridae. He ynanocs xnaccudumuponars 2%
HYKJICOTUJIHBIX TOCJIEIOBATEIBHOCTEH CeMENCTBa
Podoviridae, 8% — Siphoviridae n 6% — Myoviridae.

Myoviridae
Caudovirales

\
\

cemelicTBo Siphoviridae

PucyHnok 2 — MerareHOMHBII aHamu3 o0Opasiia Bojibl Ha Hann4gue OakTepruodaros mopsiaka
Caudovirales, cemeiicts Myoviridae, Podoviridae, Siphoviridae

Takum 00pazom, B pe3yibTare MPOBEIEHHBIX
HCCIIEIOBAHNH OBLTO YCTAHOBICHO, YTO B OTOOpaH-
HBIX 00pa3sIax COICPKUTCS IIUPOKOE Pa3HOoOpa-
3ue OaktepuodaroB nopsnka Caudovirales oTHO-
cammxcs K cemeiictBam Myoviridae, Podoviridae,
Siphoviridae. B nousenHoM o0pasLe ¢ Oepera peku
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[MpaBeiii Ecenrait n BogHOM 00pasiie ¢ KaHaTU3aIH-
OHHBIX MoJiell punbTpannu 1. Kanmanraii B o0mem
yAJI0Ch UACHTU(DUIIUPOBATh HAJIMYUE HYKJICOTH/I-
HBIX IOC/ex0BaTebHOCTER 43 U 34 nmrraMMoB Oax-
tepuodaros nopsaka Caudovirales, COOTBETCTBEH-
Ho. [Ipu 5TOM BO BCcex ciydasix ectb gous (0T 2% 10
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49%) HexyaccH(PUIMPOBAHHBIX MOCIIEA0BATEIBHO-
CTEeM, OTHOCSIIMXCS KO BCeM TPEM CeMeNCTBaM I10-
psanka Caudovirales, 9T0 MOXET 1aTh BO3MOXHOCTh
MO BBIACTICHUIO M OMPEACICHUI0 HOBBIX IITAMMOB
bakxTepuodaros.

[TosydyeHnnsle pe3yabTaThl CBHUJIETENHCTBYIOT
0 BBICOKOH BEpPOSTHOCTH BBLACICHUS JIMTHUYECKUX
OaxTeprodaroB E. coli u3 00pa3oB OKpyKaromen
cpeasl OTOOpaHHBIX B CaHUTApHO-HEOIAromoiryd-
HBIX palloHax.

Bvioenenue
E. coli

Jliis BeIZIEIeHUS TUTHYECKUX OakTepruodaros .
coli 6p110 0ToOpano 10 06pa3IoB U3 CAaHUTAPHO-HE-
OIIaromoNyyHbIX 00BEKTOB OKpY KaroIed cpesl. 5
00pa3uoB MoYBHL: 1) Ha TEPPUTOPUH MyHKTa cOOpa
TOBapHO-OBITOBBIX OTXOJIOB B MUKpopaiioHe TacTak
2, r.AnMarsl, 2) Ha TEPPUTOPUN MYCOPHOTO TIOJIH-
roHa Haxojsuieiics Ha 36 KM aBToMarucTpanu Aj-
MaThl — Kammaraii, 3) Ha TEppUTOpPHH MYCOPHOTO
nosiurona r. Kammaraii, 4) Ha Oepery o3epa pac-
MOJIOKEHHOTO B pailioHe a’pomopra r.Aamarel, 5)
Ha Oepery pexu [IpaBbrii EcenTaii B paiioHe MKp.
Kemen, 1. Anmatel. 5 o0pa3siioB Bojbl: 1) u3 pexu
IIpaBsiit Ecenraii B paiione mukpopaiiona Kemen,
r. Anamatsl, 2) U3 cOPOCHOTO KOJIJICKTOpa KaHAJIH-
3aMOHHBIX BOJ ropona LlIpiMkeHT, 3) U3 HaKOIMU-
TeJel KaHAIM3aIMOHHBIX TIOJIeH (DMITBTpaIK TOPO-
nma Kammaraii, 4) u3 CTOYHOrO KaHaJ, BITaarOIINAN
B 03epo CopOyiak, 5) U3 o3epa, pacrioyioKeHHOE B
paiioHe asporopra r.AJIMaThl.

aumudeckux — baxmepuopazos

Taomuua 1 — Onrcanue BhIICICHHBIX OakTepruo(haros

U3 otoOpaHHBIX 00pa3loB ObUTM MOJTYy4EHBI
(bumeTpaThl. METOIOM KamleNbHOTO TecTa (METOx
OTT0) BCe noy4eHHble PUIBTPATHI OBLIN MPOBEpE-
HbI Ha HAJIMYKMe B HUX OakTepruodaroB CIIOCOOHBIX
TU3HPOBATh E. coli.

Jlutnyeckue Oaxtepuodaru E. coli 6pun 00-
HapyXeHbl B 1 MOYBEeHHOM 00pasiie — rmoyusa c Oe-
pera peku IIpaBsiit EcenTaii B paitone mkp. Kemen,
r. Anmatel, © 4 BOAHBIX oOpasmax: 1) oOpaser
n3 pexu [lpaseiii Ecenrtail B palione Mukpopaiio-
Ha Kewmemn, r. Anmartsl, 2) obpaserr u3 cOpoCcHOTO
KOJIJIEKTOpa KaHaJIU3allMOHHBIX BoJ ropoaa [Isim-
KeHT, 3) oOpaszel M3 HAKONHTEJeH KaHaIM3alu-
OHHBIX Mmojiell GrrbTparuu ropona Kammraraii, 4)
o0pa3sell U3 CTOYHOTO KaHal, BIaJAloNNi B 03€pO
CopOymnaxk.

MeTogoM TOCITEeOBATENbHBIX  CEIEKTHBHBIX
naccakei ObLIIO BBIICICHO 6 YMCTHIX JIMHHUN Oak-
TepuodaroB crnocoOHBIX JM3UpoBath E. coli. B co-
OTBETCTBUHU C MUCTOYHUKOM BBIJIETICHUS U OaKTepH-
eil xo3stmHoM (arm monyumiam Hazanume ECPS-1,
ECPR-1, ECS-1, ECFFK-1, ECScS-1, ECScS-2.

Xapaxmepucmuxa  8vi0eNieHHbIX — Oaxkmepuo-
Qazcos

Brinenennsie ¢aru wuccieoBalud MO  CBOK-
CTBaM, MMEIOIINM TaKCOHOMHYECKOe 3Ha4eHue: 1)
mopdonoruu BOE; 2) nutndeckoit akTHBHOCTH 1 3)
CHEIM(PUIHOCTH.

Mopdomnoruto BOE n3yvanu npu nmocese Ha 1H-
TaTeJbHBIN arap COBMECTHO C MHIUKATOPHBIMU OaK-
tepusmu E. coli (Tabnuma 1, Pucynok 3).

VYenoBHoe
. WupukaropHas
HaNMEHOBaHHUE Onucanne MopdoTHIa HEraTUBHOW KOJIOHUU MecTo BeIIEIEHNs OaKTeprodara .
KyIbTypa 6aKkTepuit
Oakrepuodara
[Ipo3paunas kononus auamerpom =~ 2,4 mm co | [Tousa c O6epera pexu [IpaBbrit
ECPS-1 C1ab0BBIPAKCHHON 30HON HEMOIHOTO JIN3UCA Ecenraii B paiioHe MKp. E. coli
JUAMETPOM J10 7 MM. [lepBomaiickuii, I. Amarsl
[Ipo3paunas konoHus auamerpom = 2,1 mm co | Bona u3 pexu [Ipasbiii Ecentaii
ECPR-1 cJ1a00BBIPAYKEHHON 30HOM HENOJIHOTO JIn3Kuca | B palioHe MKp. [lepBomaiickuid, I. E. coli
JaMETPOM JI0 6 MM. Anmarst
[Tpo3pauHasi KOJIOHHUS JUaMETPOM ~ 4 MM CO
o N Kanann3annoHHEIE BOIBI T. .
ECS-1 ¢11a00BBIPAKEHHON 30HOH HEMOIHOTO JIN3HCa E. coli
[bmvMkeHT
JTIUaMETPOM JI0 8 MM.
IIpo3paunast KOJIOHHS TUAMETPOM =~ 3 MM CO N
o N Bona ¢ kananm3annoHHEIX moneH .
ECFFK-1 c1abOBBIPAYKEHHOH 30HON HEMOIHOTO JIN3UCa N E. coli
¢dunbrpanuu r. Kanmarait
JIMAMETPOM 10 7 MM.
[Ipo3pauHast KOMOHMS AUAMETPOM =~ 1,5 MM co
o N Bona u3 crounoro kanana, .
ECScS-1 c11a00BBIPAKEHHOW 30HO HEMOIHOTO JIU3HCca E. coli
Brajaoero B o3epo CopOynax
JIMAMETPOM J10 5 MM.
ITpo3pauHass KOTOHUS JUAMETPOM = 2 MM CO
o o Bona u3 crounoro xaHana, .
ECScS-2 C1abOBBIPAKCHHON 30HON HETOIHOTO JIN3UCa E. coli
Braaromiero B o3epo CopOynak
JIMaMETPOM JI0 6 MM.
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ECPS-1

ECFFK-1

ECS-1

ECScS-2

KonTpons

Pucynoxk 3 — 30HsI tH3HCa, CHOPMHUPOBAHHBIC BEIIETICHHBIMU OakTeprodaramu E. coli

Bb110 ycTaHoBIEHO, YTO BCE BBIICICHHBIE OaK-
tepuodaru ¢popmupytor BOE poBHOI okpyrioi
¢dopmbl tuamerpom ot 1,5 10 4 MM U ¢ 30HOH He-
MOJIHOTO Jnu3uca oT 5 10 8 mM. Tak ke ObLIO IMOKa-
3aHO, YTO KaXKJIbIil BBIICIICHHBIN OakTepruodar op-
mupyert ckoruienue BOE oxnnakoBoro Mmopdoruna,
B CpEIHEM C OJJMHAKOBBIM JHMAMETPOM U 30HOM He-
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MOJTHOTO JIM3KCA, YTO MOJTBEPIKIACT YUCTOTY JIH-
HHH BBIJICJICHHBIX (haros.

YpOBEHb TUTHYECKOM aKTUBHOCTH BBIJICTICHHBIX
OaxTeprodaros onpeaessUT IO METOAY AMNIeabMa-
Ha, TUTP ONpeJeNsu 1o Meroay I panua.

bouto mokazano (TaGmuma 2), uyTo Bce Bble-
neHHble OakTepuodaru 00saan ypoBHEM JINTHYE-
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ckoi aktuBHOCTH OT 10° 10 10 1 uMenn BBICOKUIA
TUTpP BUPYCHBIX yacTuil — 10% — 10° va 1 mi1.

[Ipu mpousBoACTBE KOMMEpPUYECKUX (aroBbIX
npernapaToB CTaHAAPTHOH J030# cumraercs 10°
BUPYCHBIX YaCTUI[ HA 1 MJ C JIUTUYECKOM aKTUB-
HOCTRIO 0 Armmensmany ot 107, Konrenrparms
W JUTHYECKasl aKTUBHOCTD, BBIJICIICHHBIX B JaHHOM
pabore OGakrepuodaros, Ha TOPSAIOK U OoJee Tpe-
BBIIIAET CTaHJIAPTHYIO, IOSTOMY BBIJICIICHHBIC OaK-

Tepuodaru MOTyT OBITH MCIOIB30BaHBI MPH pa3pa-
00TKe HOBBIX, d(h()EKTUBHBIX aHTHOAKTEPUATBHBIX
IpenapaToB, MpeIHa3HauYeHHBIX U1 OOPbOBI C HO-
30KOMHUATBHBIMU HHDEKITUSIMH.

CnemmuuHOCTs BBIICTICHHBIX OakTeprodaron
OTIPEJIETISTH TIPH UX COBMECTHOM TTOCEBE Ha ITHTATEb-
HBII arap ¢ Oaxrepusmu E. coli 753, Ps. aeruginosa
153 u Bacillus subtilis, mocie 4yero BU3yaabHO (PUKCH-
poBamu popmupoBanue 30H nu3uca (Tadmuua 3).

Tadmuua 2 — Tutp ¥ TUTHYECKAs aAKTUBHOCTD BBIJICIICHHBIX OaKTepro(aros

Jlutndeckas akTUBHOCTD 110
[IItamm Oaxtepuodara Tutp no I'panna Anmnemsuary
ECPS-1 2,7+0,1x10% 10
ECPR-1 4,2+0,1x10° 107
ECS-1 9+0,3x10° 108
ECFFK-1 2,2+0,1x10° 10
ECScS-1 3,4+0,1x108 10°®
ECScS-2 1,7+0,08x10% 107

Taéauua 3 — Jlutiyeckast akTUBHOCTh OakTepruo(aros

dar

JIuTnyeckast akTHUBHOCTh

E. coli 753

Ps. aeruginosa 153 Bacillus subtilis

ECPS-1 +*

ECPR-1

ECS-1

ECFFK-1

ECScS-1

+l+ |+ [+ ]+

ECScS-2

*- + — HaJIMYKE 30H JIU3HUCA; -

B pesynmprate OBUIO MMOKA3aHO, YTO BBIAEIIEH-
Hble OakTeprodaru obiaganu JIUTUYECKOW aKTHB-
HOCTBIO TOJIBKO 10 OTHOIICHHIO K KIMHHYECKOMY
mrammy E. coli 753. CnenoBaTenbHO, TaHHBIC OaK-
Tepuodaru MPEACTABISIOT COOOW YHUCTBIC JMHUAU
y3KocTequHuYecKne IMTaMMbl KOIH(aroB u Ipu
JedeHNH MH(QEKIMH BBI3BAHHBIX MAaTOT€HHBIMU E.
coli none3nas Mmukpodaopa crpanaTs He OyJeT.

3akiaoueHne

B pesynprare npoBEeAEHHBIX UCCIENOBAaHUN
OBITO YCTaHOBIIEHO, YTO OOBEKTHI OKpPYIKaIoIIeH

Cpesbl, PpACIOJIOKEHHBIE B CAaHUTApHO-HEOIaro-
MOJIyYHBIX paiioHaX, 00JalaloT MIUPOKUM Pa3HOO-
Opazuem Oakrepuodaros nopsinka Caudovirales n
SIBJIIFOTCS. HAauOoJiee MPeIroYTUTSIIbHBIMUA 00BhEK-
TaMH| JJIsl BBIJICTICHUS JINTHUECKUX OakTeprnodaros
E. coli.

Ha ocHOBaHMH MONYYEHHBIX TAHHBIX OBLIO OTO-
OpaHo 1Mo 5 00pa3IoB MOYBBI U BOJBI U3 CaAaHHUTAp-
HO-HEOJIaromoryqHslx paiioHoB. M3 0oTOOpaHHBIX
00pa31oB ObUIO BBIIEICHO 6 OakTeprodaroB CIo-
COOHBIX TU3UPOBATH KIMHUIECKUH mTaMM E. coli.

[Ipu u3ydYeHHH JTUTUYECKOW AaKTUBHOCTH H
CITEMM(PUIHOCTH OBLJIO YCTAHOBJICHO, UYTO BCE BBI-
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JIeNieHHble  O0akTepuo(daru SBISUINCH CTPOTO BH-
moctienuPUIHBIME W o0Jagaim MaKCUMaTbHON
JUTUYECKOW AaKTHBHOCTBIO B KOHIeHTparusx 10°
BUPYCHBIX YaCTHII B MJ W 0oJiee, 4TO SIBIISICTCS
CTaHAAPTOM JJII KOMMEpPUYECKHUX (DaroBbIX IMperna-
paToOB M TMOKAa3bIBACT WX BBICOKYIO aHTHOAKTEpH-
ATHHYI0 aKTUBHOCTH JIOCTATOYHYFO ISl 9P PEKTUB-
HOI OOpBOBI C MATOTEHHBIMHU IITAMMaMH OaKTEPHA
E. coli.

[Tomy4uennsie pe3yabTaThl JAIOT BCE OCHOBA-
HUS 71 BO3MOXKHOTO MCIIOJIb30BaHUS BBIJICICHHBIX
Oakrepuodaros E. coli B pa3pabOTKe HOBBIX BBICO-
KO3 (EKTUBHBIX aHTHOAKTEPHAIBHBIX MPETapaToB
MIPOTUB AHTHOWOTHKOYCTOMYHMBBIX HO30KOMHAIb-
HBIX HHGeKIMi E. coli.

Kon¢paukr nurepecon

Bce aBTOphI MpounTany U 03HAKOMJIEHBI C CO-
JepKaHUEeM CTaTbu M HE MMEIOT KOH(IIMKTA MHTE-
pecosB.

HcTouHuk (pMHAHCHMPOBAHUS

PaGora BbIOMHEHAa 1O  TeMe  IPOEKTa
APO08855753  «M3yuenmne (harocnernuduueckoit
WHIYKIIMA UMMYHHOTO OTBETa Kak (pakTopa aHTH-
MHUKPOOHOW Tepanuu» BBIIOJIHAEMOMY B paMKax
Jorosopa ot 12 Hos10pst 2020 roma Ne2 14 Ha peanu-
3alUI0 HAay4YHbBIX, HAYYHO-TEXHUYECKUX IPOECKTOB
1o rpanToBoMy ¢uHaHCHpoBaHuio (2020-2022rr.).
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BMOAOTUYECKME CBOMCTBA AHAMOP®bI
M TEAEOMOP®bl BO3bYAUTEAS
MHTEPAUTUTAABHOU TPUXODPUTHUU YEAOBEKA

B craTbe MpeACTaBAEHbl PE3YAbTATbl BbIAEAEHWS aHTPOMOMUAbHBIX LUITAMMOB AEPMATOMMULIETOB
M aHaAM3a UX OMOAOTMYECKMX CBOMCTB: KYAbTYPAAbHbIX, MOP(OAOTMYECKMX, GUOXMMMYECKMX.
[NpoBeaeHa heHoTUNMUeCcKas 1 reHeTUYeckas MABHTUMMKALMS LUTAMMOB. YCTAHOBAEHO, UTO LUTAMM
rpmba T. mentagrophytes var. interdigitale N25, BbIAEAEHHbI 13 KOXKM 1 MOPA>KEHHOTO HOMTS MaLUMEHTa,
OTAMYAACS  MOAMMOPMM3MOM KYAbTYPaAbHbIX MPM3HAKOB M  pasHoo6pasnemM MOPMOAOTMUYECKUX
MUKpOCTpyKTyp. LLITamm rpmba T. mentagrophytes var. interdigitale N°9, BblA€A€HHbIN C KOXKM ovara
MOPaXKEHUs MEXKMAABLIEBON CKAQAKM HOT, MMeA GoAaee CTaBUAbHBIE KYAbTYPaAbHO-MOPQOAOTMUECKMe
MpM3Haku. AHaAM3 BGUOXMMMYECKMX CBOMCTB MO3BOAMA BbISIBUTb HaAMUME CaXapOAMTMUECKOM W
ypeasHon akTUBHOCTMU.

[Mpu NEepBUUYHOM BbIAEAEHUM KYAbTYPbl aHTPOMO(UAbHBIE WTaMMbl (DEHOTUMMYECKM AOCTOBEPHO
ABASIAUCH WITamMMamu Trichophyton mentagrophytes var. interdigitale. AAMTeAbHOE XpaHeHue KyAbTyp
METOAOM CYOKYAbTMBMPOBAHMSI MPUBEAO K MOSIBAEHMIO MOP(OAOTMUECKM Pa3HOPOAHbBIX KOAOHMIA
LUTAaMMOB, YTO BbIPAXKAAOCb B MOSIBAEHWMM BbIPAXKEHHOM MOPLLUMHUCTOCTM, 3aMETHbBIX PaAMAAbHbIX
60pPO3A M 30HAAbHBIX KOAELl, MOLLIHOTO BETBAEHMSI B CyGCTpaT M ero paspbiBOB, M3MEHEHWs LBeTa
KOAOHUM, CMEHbI MUrMEHTaLMM peBep3yma.

B pesyAbTaTeé MOAEKYASPHO-TEHETUYECKON WAEHTUMMKALMM LiTaMMa METOAOM aHaAm3a ITS
pervoHa B BLAST, BbISSBAEHO, UTO KYAbTYpPbI SBASOTCS TeAeoMOpdoit AepMaTtomuuieTa T. mentagro-
phytes var. interdigitale, nssectHoit kak Arthroderma vanbreuseghemii co 100%-HOM AOCTOBEPHOCTbIO.

KAtoueBble caoBa: aHamopda, Teaeomopda, BO3OYAUTEAU AEPMATOMMKO30B, aHTPOMOMUAbHbIE
AEPMATOMMLIETbI, MHTEPAMIUTAAbHAS  TPUXOMUTHS,  apTPOCMOPbI,  MWLEAWMIA,  MUKPOKOHMAMM,
MaKpOKOHUAMM

Ye.V. Kukhar *, V.S. Kiyan

S.Seifullin Kazakh Agrotechnical University, Kazakhstan, Nur-Sultan
*e-mail: kucharev@mail.ru

Biological properties of anamorphe and teleomorphe
of the causing agent of human interdigital trichophythy

The article presents the results of isolation of anthropophilic strains of dermatomycetes and analy-
sis of their biological properties. The biological properties of dermatomycetes were studied: cultural,
morphological, biochemical, phenotypic and genetic identification of strains was carried out. It has
been established that the T. mentagrophytes var. interdigitale No. 5 isolated from the patient’s skin and
affected nail was distinguished by polymorphism of cultural characters and a variety of morphological
microstructures. The fungus strain T. mentagrophytes var. interdigitale No. 9 isolated from the skin of
the lesion of the interdigital folds of the legs had more stable cultural and morphological characteristics.
Analysis of biochemical properties revealed the presence of saccharolytic and urease activity.

At the initial isolation of the culture, the anthropophilic strains were phenotypically reliably the
strains of Trichophyton mentagrophytes var. interdigitale. Long-term storage of cultures by subculturing
has led to the appearance of morphologically heterogeneous colonies of strains which was expressed in
the appearance of pronounced wrinkling, noticeable radial grooves and zonal rings, powerful branching
into the substrate and its breaks, changes in the color of the colony, changes in the pigmentation of the
reverzum.

As a result of the molecular genetics identification of the strain strain by analysis of the ITS region in
BLAST, it was revealed that the cultures are a teleomorph of the dermatomycete T. mentagrophytes var.
interdigitale known as Arthroderma vanbreuseghemii with 100% confidence.

Key words: anamorph, teleomorph, pathogens of dermatomycosis, anthropophilic dermatomycetes,
interdigital trichophytosis, arthrospores, mycelium, microconidia, macroconidia
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AAaMHbIH MHTEPAUIUTAAADBI TPUXOUTUSICBI KO3ABIPYLLLICHICbIHbIH,
aHamopdTbIK XkdHe TeAeoMOpPTbIK, OMOAOTUSIABIK KacueTTepi

Makanapa AEPMaTOMMLETTEPAIH aHTPOMOMUAbAIK LITaMMAAPbIH GOAIM aAy MeH OAapAbIH
OGUMOAOTMSIABIK, KACUMETTEPIHIH: OCIHAIAIK, MOPMOAOTUSABIK, OUOXMMMUSIALIK, TAAAQY HOTUXKEAEP] KEATi-
piareH. LLITammaapAbiH heHOTUNTIK XK8HE reHeTUKAAbIK, MAEHTUMDMKALMAAQY KYMbICTapbl KYPri3iAreH.
3epTrey 6GapbicbiHaa N25 T. mentagrophytes var. interdigitale caHpipaykyAaFbIMEH 3akbIMAAAFaH
HayKaCTbIH, TepiCi MEH TbIpHaFblHAH OOAIHIM aAbIHFaH LITAMMbIHbIH, BCIHAIAIK KacMeTTepiHiH NoAMMOp-
(p13M TaHbITaTbIHbI X8HE MOPOAOTUSABIK, MUKPOKYPbIABIMAAPbIHBIH, aAyaH TYPAI cunat GiAaipeTiHi
aHbIKTaAAbl. AA, caycakapaAblk Katnap TepiciHeH GeAiHin aabiHFaH N°9 T. mentagrophytes var. in-
terdigitale caHpblpayKyAafrbl LWTaMMbIHbIH, ©CIHAIAIK-MOP(OAOTUSIALIK, BEATiAepi TypakTbipak, GOAADI.
BUOXUMMSABIK, KacMeTTepiH TaAAdy apKblAbl CaxXxapOAMTUKAAbIK, >KOHE YypeasaAblk, BGeACEHAIAIK
GiAAIPETIHI aHbIKTaAAbI.

OciHAiAepAiH GipiHIWIAIK GOAIHIN aAblHYbl Ke3iHAE aHTPOMOMUAbAIK LWTaMMAAP (DEHOTUMTIK
TypfblaaH HakThl Trichophyton mentagrophytes var. interdigitale wrammaapbl 60AbIN Wbk Tbl. Cy6KYyAb-
TMBaLMsAQY BAICIMEH OCIHAIAEPAI Yy3aK, CakTaFaH Ke3Ae LITaMMAAPAbIH MOPMOAOrUSIAbIK, 8pPTEKTI
KOAOHMSIAAPbI Maiiaa 60AATbIHbI aHbIKTaAFaH. OPTEKTI KOAOHUSIAAP KeAeCi GeAriAepMeH cumnaTTaAFaH:
KaTrnapAapAblH nanaa 6OAYbl, alKbiH PaAMaAAbl OMbIKTAPAbIH Mainaa 6OAYbI, 30HAAbIK, CaKMHAAAPAbIH
namaa 6OAYbl, KOAOHMSIAAPABIH, Cy6CTpaTKa TapMaKTaAybl, KOAOHUS TYCiHIH ©3repyi KeHe peBep3ym
NMUrMeHTaUMSCbIHbIH, ©3repyi.

LLTammabl BLAST saiciH KoaAaHa oTbIpbin ITS ayMarblH MOAEKYASPAbIK-TEHETUKAABIK, MAEHTN-
durkaumsaaay HaTmxKeciHae eciHairepaiH T. mentagrophytes var. interdigitale aAepmatomuueTiHiv
Tereoopmachl 6OAbIN TabblAaTbIHbI aHbIKTaAAbl, oAap 100% Arthroderma vanbreuseghemii wrammbi

eKeHi BeAriAi.

Tyiin ce3aep: aHamopdpa, TeaeomMopda, AEPMATOMMKO3 KO3AbIPYLIbIAAPbI, aHTPOMOMUAbAIK
AEPMATOMULETTEP, MHTEPAMIUTAAALI TPUXOMUTUS, apTPOCToparap, MULEAMAED, MMKPOKOHUAMAED,

MaKpPOKOHUANAEPD

BBeaenue

['puOBbI, BBI3BIBaIOIINE TIOPAKEHUS KOXKH Y KH-
BOTHBIX U YEJIOBEKA, HA3BIBAIOT JCPMATOMUIIETAMH
(mepmartoduTamMu), OHH IITHUPOKO PACTIPOCTPAHEHBI B
npupone. Jepmarobursr ponos Trichophyton, Mi-
crosporum, Epidermophyton mapasuTupyrT TOJIBKO
Ha KEPaTUHU3UPOBAHHBIX CIIOSX KOXKH U €€ MPHUJIaT-
Kax, MO3TOMY TIaTOJIOTHSI HOCUT HAa3BaHUE IEPMATO-
MUKO3BI.

JlepMaTOMUIIETBI TOJITOE BPEMSI OTHOCHIIUCH K
HECOBEPIICHHBIM I'pubam — Fungi imperfecti (neu-
TEPOMHMIIETHI, HECOBEPIIECHHBIC TPHOBI), KOTOPHIC
SIBJITFOTCSL YCJIOBHBIM, (DOpPMabHBIM KJIACCOM TpH-
00B, 00BEIUHIIONTAM TPUOBI, HE UMEIOITNE TT0JI0-
BOT'O Pa3MHOXKEHUs, 00pa3yIoIIHe CENTUPOBAHHBIN
MUIENAN, Pa3MHOXKAIONIUECS TOJBKO OECIOIBIM
yTeM B pesylbTare (GopMHpPOBaHHs KOHUIWH [1].
JlepMaTOMHUIIETHl ~ SBISIOTCS  MHOTOKJIETOYHBIMH
0eCcXJIOPOUIBHBIME  3YKAPHOTHYECKUMHU, TpaM-
TTOJIOKUTENNBHBIMA MHKPOOPTaHU3MaMHU C KIIETOY-
HOM CTCHKOMW, 00pa3yIOT BETBSIIUECS TOHKHE HUTH
(tudsr), crIeTaroyecs B TPUOHUITY, HITH MHUTICITHI.
ludbr nepmMaToMHIIETOB pa3zeiieHbl ePeropoaKa-
MU, WU CETITAMH C OTBEPCTHSIMH.
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H3BecTHO, YTO pa3MHOKEHHE TPUOOB TPOUCXO-
JIUT TIOJIOBBIM M OecrionbiM myTsaMu. [lomosoe pas-
MHOXCHHE T'PUOOB TPOHUCXOAUT ¢ 00Opa3oBaHHEM
raMeT, MOJIOBBIX CIOP M APYTMX IOJOBBIX (GopM,
KOTOpBIE Ha3bIBAIOTCS meneomopgamu. becnonoe,
BEreTaTUBHOE Pa3sMHOXKEHHE IPUOOB MPOUCXOANT C
o0pa3oBaHHEM COOTBETCTBYIOIIMX (HOpM, Ha3bIBa-
eMbIX anamopgamu. Takoe pa3MHOKEHHE HPOUC-
XOJHT MOYKOBaHUEM, QparMeHTanuei rud u Oec-
NoJbIMU criopaMu. Ha mepBbIX 3Tamax M3y4deHus y
BO30yUTENEH IEPMATOMHUKO30B HE OBLIO BBISIBIIC-
HO MOJIOBOTO ITyTH PAa3MHOXCEHHUS M HAIW4MA IO-
70BO# (opMbI. B TO e BpeMs y lepMaTOMHIIETOB
OBLIO YCTaHOBJICHO HATM4KE OOJBIIOr0 pa3HooOpa-
3ust GOPMUPYIONIXCS KOHUAUN, TaK Ha3bIBAEMbIid
IeoMophu3M.

DK30TeHHBIE CIOPBl (KOHHIUH) (OPMHUPYIOTCS
Ha KOHYHMKaX MJIOAOHOCSIINX TU( — KOHUIUEHOC-
1ax. OCHOBHBIE THITBI KOHUAUN Y AE€PMAaTOMHUIIETOB:
apTPOKOHUANH (apTPOCHIOPHI), 00pPa3yIOTCS MyTeM
PaBHOMEPHOT'O CENTUPOBAHMUS U pacusieHeHuUs TH.
Yamie Bcero 3To MPOMCXOAWT Ha CTapeIolIMUX T'H-
(hax BO3IYIIHOTO MUIIETHS. DTO CBS3aHO C TE€M, UTO
9BOJIIOLIMOHHO TAK CJIOKHJIOCH, YTO PACTYLIME Hal
MOBEPXHOCTBIO CyOcTpaTa — BO3AYIIHBIE WU pe-
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NPOIYKTHBHBIE TU(BI OTBEYAIOT 3a Oecronoe pas-
MHOKeHHe. OHOKJIETOYHbIE HeOObIINEe KOHUANN
Ha3bIBAIOTCSI MUKPOKOHUAMAMHU. OHH MOTYT OBITh
OKpYTJIBIMH, OyJTaBOBWIHBIMU HIH UMETh JIPYTYIO
Mopdonornueckyro Gopmy. bombiioe KomuuecTBo
MUKPOKOHUAMNA OOBIYHO 00pa3yroT AepMaTo(huTHI
pona Trichophyton. MHOTOKIIETOUHBIC, OOJBIIHE
KOHHMJIMM Ha3bIBAIOTCS MaKpOKOHHIMsMUA. OHU
yalie BCTPEYaloTCsl y TNpencTaBuTenielt pona Mi-
crosporum, a TaKKe y pPasHbIX BapuaHTOB Trpuda
Trichophyton mentagrophytes, UMEIOT XapakTep-
HYI0 OpPMY U CITy’)KAQT OCHOBHBIM KPUTEPUEM MOP-
¢donornyeckoil nACHTUPHUKALINY.

K 6ecmonsiM popmam TpruOOB OTHOCST TaKkKe
XJIAMHJIOKOHUJIMM, WIA XJIaMHIOCHOPHI (TOJCTO-
CTCHHBIC KJIETKH WJIM KOMIUIEKC MEJIKHX KIIETOK) —
MOKOSIIIIMECS OPTaHbl IPUOOB, CIOCOOCTBYIOMINE MX
BBDKUBAHUIO B HEOJArONPHUATHBIX yCIOBUsX. Jliist
JEpPMaTOMHLIETOB XapakTepHO OOpa3oBaHHE WH-
TEPKAJSIPHBIX U TEPMUHAIBHBIX XJIAMHUJIOCIIOP, T.C.
PAacIoNOKEHHBIX, COOTBETCTBEHHO, B CEPEANHE WIH
Ha KOHIIE MUICTHATLHON HUTH [2].

Anamop(a WiIM HEeCOBEpIICHHAs CTaausl — 3TO
cTajusi OECIoIOr0 MM BETreTaTHBHOTO Pa3MHOXKe-
HUsL AepMmaroMmuueToB. OHa oriauyaercss Mopgo-
JIOTHYECKH M KapHOJIOTHYECKU OT COBEPIICHHOW
(monoBo#) craguu — TeneoMopdul. AHaMOP(BI U
TeseoMop(dbl TPUOOB HCTOPHUECKH OTMCHIBATIMCH
KaK CaMOCTOSITeJIbHbIC BHUABI. DTO MPHUBEIO K Ha-
KOTUICHHIO OTPOMHOTO KOJTMUYECTBA BHJIOB Y PA3HBIX
ponoB rpuboB. CeromHs MOJEKYJSIpHbIE METOJIbI
MO3BOJISTIOT OOHAPYKUTH OMTUCAHHBIE JIBAYKIBI BUIIBI
[3].

B Hacrosmiee Bpemst Giiaroiaps pasBUTHIO U CO-
BEPLICHCTBOBAHUIO METOAOB MOJIEKYJSIpHOW Omo-
JIOTHY BBISBJICHO HAIWYHE COBEPIICHHOW CTajiH
Yy MHOTHX HECOBEpIICHHBIX I'pHOOB Kiacca Fungi
imperfecti, 4T0 BHECIIO AUCCOHAHC B HOMEHKJIATYPY
LlapcTBa rpr0OB 1 MPUBENO K U3MEHEHHUIO UX CUCTE-
MaTHKH ¥ Kiaccuukanuu. M3BecTHO, 4TO y acko-
MUIIETOB, B 3aBUCUMOCTH OT YCJIOBHU OpPraHUu3M MO-
KET TePEeXOJIUTh B TeNIeOMOpdY, a MOXKET — U HET,
B PE3yJIbTAaTEe YEro YacTo OJUH U TOT K€ aCKOMHIIET
OIMCHIBAJICS KaK JiBa pa3HbIX Buja. Hanpumep, Ha-
3BaHue Aspergillus fisheri nano anamopde, Temne-
oMopda KoTopoii onmcana, kak Neosartoria fisheri.
AmnanoruuHas cutyauusi ¢ Amorphotheca resinae n
Hormoconis resinae n MHOTUMU ApyTAMH [4].

YCTaHOBIICHO HAMYUE COBEPUICHHBIX (OPM M
IUISL IepMaTOMHUIICTOB pofa Trichophyton, Kk mpumMe-
py, Trichophyton mentagrophytes. Kax m3BecTHO,
OH WMEET JIB€ OCHOBHBIC PA3HOBUIHOCTH: a) Var.
gypseum (MyYHHUCTBINR) U 0) var. interdigitale (my-

mucThii). s obenx pasHOBUAHOCTEH YCTaHOB-
JIEHBI COBepIIeHHBIE GOpMBI Tpuba Arthroderma
benhamiae n A. vanbreuseghemii [5].

Psi1aBTOpOB akIieHTHPYET BHUMAHNE HA TOM, 4TO
yaine Te’aeoMop@bl y JIePMaTOMHIIETOB BBISBIISIFOT-
Cs1 JITIS IITaMMOB, MTAPa3UTHPYIOMIUX Ha )KUBOTHBIX,
T.e. s 300(pUIBHBIX INTAMMOB. Tak, Hampumep,
anuaeMuoIoTHIecku 17ichophyton mentagrophytes
paszelieH Ha JiBe pa3iuyHbie POPMBI: 300HIEHYIO
A aHTpONO(IIbHYI0. 300(QIWIbHBIE H30JATH 7.
mentagrophytes, Kak TPaBWIO, WICHTUPUIUPYIOT
IyTEM HCCIIEAOBAHUS MOP(HOIOTHISCKIX U OHOXHU-
MUYECKHX CBOWCTB, & TAKIKE C TIOMOIIBIO 3KCIIEPH-
MEHTOB TT0 crlaprBaHuio. [loATBep K IeHHBIMU TETIe-
oMmopdamu 300(pUIBHBIX H30JIATOB KOMILIeKca 7.
mentagrophytes snstorcs Arthroderma benhamiae,
A. simii u A. vanbreuseghemii [6].

B coobmennn o cimydae ceMeiHON WH(EKITNH,
CIPOBOIIMPOBAHHOM 3apa)KEHHUEM OT KPOJHUKOB C
KpOMHKO(QEPMBI, IEePBOHAYAIEHO BO30OyAHTEIIEM
Obu1a Ha3BaHa aHaPoOpMa 300()MIIBHOTO JIEPMAaTOMU-
nera Trichophyton mentagrophytes. Mopdonorude-
CKHE M OMOXMMHUYECKHE XapaKTEPUCTUKHU TOATBEP-
IIATH, 9T0 WHMEKIUI v peOeHKa U ero poauTenei
ObUTa BBI3BaHA 300QWIbHBIMU 1. mentagrophytes.
OpnHako, CEeKBEHHMPOBAHHE IPOIYKTOB TPAHCKPH-
oupoBanust [7S1/ITS4, amMnnupUUUPOBAHHBIX M3
MIEPBUYHBIX M30JIATOB KYJIBTYPHI, B TIOJMMEPA3HOM
LEMHOW PEaKIMH, YCTAHOBHUJIO MPOUCXOXKICHHE
KYIBTYPHI Kak Arthroderma vanbreuseghemii. AHa-
mu3 MmeronoM RAPD-JIHK mokasain, 94To 3TH u30511-
THI MOTYT OBITH OTHHUM H TE€M K€ IITaMMOoM [7].

OnucaH aHAJIOTUYHBIN CITydall BCIIBIIIKH JIEp-
MaroduTo3a B BETEpHHApPHOW ImKoje B bepHe
(IIBeiiriapust), KOTOPBIi ObLI BEI3BaH COBEPILICHHON
(hopMOi HHTEPIUTUTAITEHOTO TpuXohutona Arthro-
derma vanbreuseghemii (hopmansno Trichophyton
mentagrophytes pro parte). JlocTOBEpHOCTb HJIEH-
TU(UKAUU BO30YIUTENs ObLIa MOITBEPKIACHA (e-
HOTHITMYECKUMH XapaKTePUCTUKAMU W TIOCJeI0Ba-
TeNnbHOCTHIO /TS nepmaroduTos [8].

Coobmiaercst 0 coBeprieHHOU (opme Arthro-
derma benhamiae, KOTOpasi TaKKe SBISIETCS TeJe-
omoptoit Trichophyton mentagrophytes. B 1o-
MIBITKE MOHATH 3MUJCMHOIOTHYECKUE OCOOCHHOCTH
Trichophyton mentagrophytes STIOHCKUMHU y4YEHBI-
MU BIIEPBBIC BBISBICHBI CIICIU(PUUECKUE TCHBI CIia-
puBanms tumna (-) — alpha-box n tuma (+) — JJHK-
CBSI3BIBAIONICTO JIOMEHA C BBICOKOM IMOJIBUKHOCTHIO
(HMG) y 300buapHBIX 1epMatohuToB Arthroderma
benhamiae [9].

Trichophyton mentagrophytes cuuTaeTcsl BU-
JIOBBIM KOMITJIEKCOM, COCTOSIIMM W3 HECKOJIbKUX
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IITAMMOB, KOTOPBIE BKITFOYAIOT KaK aHTPOMO(HIIOB,
Tak ¥ 300pIoB. TouHOE pa3nmune nx MEX Iy co00i
HMeeT pellaliee 3Ha4eHUe ISl BCECTOPOHHETO
MMOHUMAaHHUS KIMHUYECKUX M AIHIEMHOIIOTHUECKUX
MOCJIEACTBUN TeHETHIECKOI reTepOreHHOCTH 3TOr0
KoMIUieKca. TUIHpOBaHUE MOJCKYISIPHBIX INTaM-
MOB o0OecrieurBaeT d(PGEKTUBHBINA CIIOCO0 MJICHTH-
¢dukanmy Kaxaoro mramma. [loaromy Ut KIHMHU-
YecKUX M305ATOB 1. mentagrophytes 04eHb BakKHA
HE TOJILKO KJIACCHUYECKasi KyJbTypalbHO-MOpdoIo-
TUYeCKast XapaKTePUCTHKA J0 YPOBHS IOABHIOB, HO
TaK)Ke U TEHeTUYeCcKasl C UCIIOIb30BAHUEM MOJIEKY-
JSIpHBIX MeTO0B [10].

Lenp uccnenoBanus — ¢eHOTUNIMYECKAs U Te-
HETHYECKas WJICHTU(UKAIMS BO30OyIUTEICH WH-
TEPJMTUTATBHON TPUXOMUTHH YEIIOBEKa U CpaB-
HUTEIIbHAST ~ XapaKTePUCTHKA  OMOJIOTHYECKUX
CBOMCTB COBEPIIEHHOW M HECOBEPIIEHHOW (OPMBI
BO30yIUTENCH WHTEPAUTUTAILHOW TpuXxopuTnu 7.
mentagrophytes var. interdigitale.

MaTepnaﬂu U METOAMKA ucc.neszaHni/i

JIst  TIepBUYHOTO  BBIACICHUS BO30YIUTEIS
Obutn 0TOOpaHbl 2 mpoObl OHoMarepuaia OT aHo-
HUMHBIX JTOOPOBOJIBIICB — TMAIMEHTOB HApPKOJIOTHU-
YECKOro JUcrnaHcepa T. ACTaHa ¢ KIMHUYECKHUMH
MPU3HAKAMHU MEKIAJIbIIEBON TPUXOPUTHH.

[IpobGa 1 (2007 r.) — cOCKOO KOXH B MEKIIah-
LIEBOM ITPOCTPAHCTBE MEXKAY TPETHUM U YCTBEPTHIM
NajbIlaMy JICBOW HOTHU JKEHINMHBL. KinHUYecku 3a-
OosieBaHNEe TIPOSIBIIAIIOCH B TOPAKEHUH HOTTEBON
IJIACTUHKA 4 Tayiblia JIeBOH HOTH (phIxias, Oene-
casi, yTONIIEHHAs ) K MEXIaJIbIIEBOTO IPOCTPAHCTBA
Mexay 2-3 u 3-4 nanbliamMu, HaIM4UY 3y1a, KpacHO-
ThI, OTCJIOCHUS KOXKH.

[Ipoba 2 (2012 r.) — cOCKOO KOXHU HUXKE 0OIb-
IIOTO TajbIla MPaBOW HOTH YeNIOBeKa C MOKpacHe-
HUEM, 3yJIOM U MOKHyTHeM (Kycouku Koxw). [lo-
paXXeHUE KOXXH CTOMBI KIMHUYECKU TIPOSBISIOCH
B BUJIC OYara MIeNyIICHUs MO0J1 OOJBIINM MaJIbIIeM,
OpPOTOBCHHMSI KOKHM U HECKOJIBKUX THOMHBIX My3bIPh-
KOB Ha CTYITHE, HAJINYHSI 3yJla U TIOKPACHEHMUSI.

[IpoBenen ananmm3 OWOJIOTHUECKUX CBOWCTB
MIEPBUYHOM KYJIBTYPBHI IITAMMOB, BBIICICHHBIX U3
OmomMarepuana, N3y4eHbl OMOJIOTHUECKUE CBOMCTBA
JIEpMaTOMHUIIETa: KyJIbTypaslbHbIe, Mopdonoruye-
CKHE, OMOXMMHYECKHEC.

[ToBepxHOCTHOE KYJIBTHBHPOBAHUEC JUIS BBIJC-
JICHUSI YUCTOH KYJIBTYPBI U U3yUCHUS KYJIbTYpalib-
HO-MOP(OJIOTHYECKUX CBOWCTB TMPOBOAMIU IPH
temriepatype 28°C Ha arapoBbeix cpemax: Cabypo,
Yaneka, MeIOBOH, KyKypy3HOH, KapTodenbHOH —
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JI0 3aBepuIieHus] (pOpPMHUPOBAHUS XapaKTEPHBIX KO-
nonnii. KynbTypambHO-MOP(HOTOTHIECKYIO0 Xapak-
TEPUCTUKY AEPMATOMUIIETOB BBISABIISUIN TPU POCTE
TaMMOB Ha Jamkax [leTpu u arapoBbIx 6510Kax 1o
Kaneny. MUKpOCKONHUIO KYJIbTYpBI TpHOa MPOBOIM-
JIU B CKOTY-TIperapaTax, HATUBHBIX U OKPAIIEHHBIX
Maszkax yepe3 24-48-72 u Gonee yacoB pocta B CBe-
TOBOM MHUKpoOcKorie nipu yBenndernn x40 n x400.
WnenTudukanuio NpoBOAMIM C HCIHOIb30BAaHHEM
onpexnenutens Deanna A. Sutton et al. (2001) [11].

buoxnMunyeckue cBOWCTBA M3ydalld Ha cpejax
I'ucca ¢ rmroK030M, JTaKTO30HM, MaHHO30M, MaHHHU-
TOM, caxapo30i (caxapoJMTHUECKasi aKTHBHOCTB),
cpene Kpucrencena ¢ 40%-oit MmoueBHHOH (ypeas-
Hasi aKTUBHOCTH), Ha BoJlOcaxX (KepaTHMHOIUTHYE-
CKas aKTUBHOCTB).

HapaboTky Oumomaccer anst Beigenenus JJHK
npoBomwn Ha OymeoHe Cabypo. OmpenencHue
HYKJIEOTHTHOW IMOCIEA0BATENBHOCTH LEJIEBBIX Ie-
HOB JIEpMaTOMUIIETOB MpoBOoAwiIn metonoM IIIIP
o nape nparimepoB [7S4-1TS5, 3atem npoOwr JJHK
ounmianu A cexBeHupoBaHus. [locme pacmmd-
poBku JIHK, pesynbrarel BHOCHIM B 06a3y IaHHBIX
Ha caiite www.ncbi.com. IlomydeHHbIE TTOCIEIOBA-
TEJBHOCTH ObUM naeHTHGHUUUpoBanbl B GeneBank
o anroputmy BLAST.

Wnentndukanus mocienoBaTenbHOCTEH OCYy-
IIECTBISIACH OTHOCHUTENBHO WHBEHTAPHBIX HOMeE-
poB GeneBank mepBbIX Tpex HYKJICOTUAHBIX IO-
CJIeTOBATEIHLHOCTEH, UMEIOINX MaKCHMaJIbHOE CO-
BrajieHne. Peakunio CeKBEHHMpPOBAHUS MPOBOIUIH
¢ mpumenenneMm BigDye® Terminator v3.1 Cycle
Sequencing Kit (Applide Biosystems) coriacHO WH-
CTPYKIMHU TPOM3BOAMTENS, C MOCIEAYIONINM pa3-
JeneHreM (pparMeHToB Ha aBTOMAaTHYEeCKOM TeHe-
TrueckoM aHanmuzarope 3730x1 DNA Analyzer (Ap-
plide Biosystems) [12].

Pe3y.]IbTaT]>I HCCJICJOBAHUA U UX 06cym1_1elme

tammer anTponiogunsHoro rpuda 7. menta-
grophytes var. interdigitale, TIOTydeHHbIC HAMHU TIPH
TIEPBUYHOM BBIZICICHHN M3 Onomarepuaina (mpoba 1
u 2), KynsTuBHpoBan Ha arape Cabypo mpu 28°C
B TPHUCYTCTBUH AaHTHOMOTHKOB. PocT KyibTyp IOBYX
MITAMMOB T'pr0a OTMEUallM B MECTe TI0CeBa B BUJIC
TUIOTHOM, YeTKO 0003HAYEHHOW TOUYKH OENoro mBera
muamerpom 0,2-0,3 cM Ha TPETbU-YETBEPTHIE CYTKH.
[TamMy, BBIIETEHHOMY 13 TIPOOBI 1, IPUCBOEH BHY-
TPEHHUM KOJJIEKIIMOHHBIM HOMep Ne5; mrammy, BbI-
JIETIEHHOMY M3 TIPOOBI 2, COOTBETCTBEHHO, HOMEP Ne9.

3aBepuieHre GOPMUPOBAHUST KOJOHHH OTMEUa-
nu Ha 25-30-e cyTkH (pucyHok 1).
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mramm Ne5

mramm Ne9

B T

Pucynok 1 — ChopmupoBaHHbIe KOJIOHHN IITaMMOB 1. mentagrophytes var. interdigitale
Ha arape Calypo: a, B — JIHIIeBas CTOPOHa, O, I' — 0OpaTHasi CTOpOHA

Kak BugHO M3 pHucyHKa |, IpH MOTYYCHUHU YH-
cTBIX KynbTyp 1. interdigitale oT KONOHUH, BBIAE-
JIEHHBIX U3 OMoMaTepuraia, o0a ImTaMMa UMEeITH PSIT
CXOJHBIX TPU3HAKOB (BEPXHUM pPsI): OKPYIIYIO
thopmy, Oenbrii 1[BET, OApXaTHCTYIO MOBEPXHOCTH,
BBIPQXCHHYIO 30HAJIILHOCTh, HAJIMYKUE IMHUTMEHTA C
00paTHOM CTOPOHBI KOJIOHUH.

[Ipu sTOM 3ameTHBIH poct Kononuu 7. interdigitale
No5 (a, 0) HauMHAIICS B MECTE ITOCEBA C TPETHHX CYTOK,
KoJIoHUS chopmupoBaiach k 30-35 cyrkam. Monozsie
KOJIOHHH OeJTble, MyIIHICThIe, muaMeTp 4,0-5,5 cM, ipu-
MOZIHSTHIE B IIGHTpE. 3peible KonoHuu 7. interdigitale
OapxaTuCcThIe, 0€I0TO IIBETA, CO C1a00 BRIPAKEHHBIMHU
KOHMYECKUMH KOJIbLIAMH, C IIPAKTUYECKH paBHOMEp-
HO OKpAalIeHHBIM PEBEP3YMOM JKEJTOTrO IIBETa, Jina-
merpoMm — 6,0-7,0 cM, ¢ 0OpaTHOW CTOPOHBI — 100
BBIPa)KEHHBII TUTMEHT IIECOYHOr0 OTTEHKa. B MecTax

pacIoNoKeHNs paIuaIbHBIX O0PO3/T OTMEYAIH BHIPa-
YKEHHBIE Pa3pbIBbI IUTATEIBLHON CPEIBL.

benas Gapxartucras xomonus 7. interdigitale
Ne9 (B, r) omimuanace Gosee BEIpa)KEHHON MOPIIH-
HUCTOCTBIO TIOBEPXHOCTH KOJOHUHM, MHTEHCHBHOU
0YaroBOil MUTMEHTalUel peBep3yMa 0 HACBILICH-
HOTO KOPHYHEBOTO IBeTa. /lmamerp 3pensix KoJo-
Huii 3,0x4,1 cMm.

AHau3 Kpas 3pebIX KOJOHUH (PHCYHOK 2) TT0-
Kazajl, 4YTO y pa3HbIX IITAMMOB MULEIUI pa3pacTa-
etcst HepaBHOMepHO. Kpaii kononun 7. interdigitale
Ne5 poBHBI, MyMMCTHINA, 3aMETHOTO pocTa IIIy-
OmHHOTO MUTIEHs He BhIsABIeHO. Kpait kononnn 7.
interdigitale Ne9 HEpOBHBIW, IMyIIUCTBIA, XOPOIIO
3aMEeTHBI JIB€ 30HBI TITyOMHHOTO pOCTa MOTPYKEH-
HOTO MUIIEIHS, MOIIHO BPOCIIEro B cyOCTpaT LIH-
punoit mo 1,0-1,3 cm.

Pucynoxk 2 — Kpait kononnn mramos rpuda 7. mentagrophytes var. interdigitale:

a) ramm NeS, (6) mramm Ne9; arap Cabypo, 28°C
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[Tpy M3MEHEHUM COCTaBa MUTATENBHBIX CPEJ
B TIOCJICIYIOINX TepeceBax KyJbTypa MTaMMOB
rpuba 7. mentagrophytes var. interdigitale otiu-
Yasack MOCTOSTHCTBOM KYJIbTYypabHO-MOP(OIOTH-
YeCKUX CBOMCTB. Ha muTaTenbHBIX cpenax ¢ pas-
JUYHBIMA UCTOYHHKAMH YTJIEBOJIOB: KapTodeib-
ueiid (1), memoBeiii (2), Kykypy3usiid (3), Yaneka

(4) xynbTypBl UIMENH OeJbIi LBET, XOPOIIO 3aMeT-
HbI€ 30HBI POCTa MOBEPXHOCTHOTO W TIIyOMHHOTO
MULIETHS, TPAKTUYECKUA OJIMHAKOBYIO OKPACKy pe-
Bep3yMa Ha Bcex cpeaax. [lItamm NeS umen Bbipa-
JKEHHBIM COJIOMEHHO-)KEITHI MUTMEHT 0OpaTHOM
CTOPOHBI KOJIOHUH (PUCYHOK 3), mtaMM Ne9 — me-
COUHBIN (pUCYHOK 4).

a

6

Pucynok 3 — Xapakrep pocra kononuii 7. mentagrophytes var. interdigitale No5
Ha kaprodenbHoii (1), MenoBoii (2), kykypy3Hoii (3) cpenax u arape
Yaneka (4) (a — nuiesast CTopoHa, 6 — oOpaTHast CTOPOHA KOJIOHUH)

a

Pucynok 4 — Xapaxrep pocta kononuii 7. mentagrophytes var. interdigitale Ne9
Ha kapTodenbHoii (1), MenoBoit (2), kykypy3Hoit (3) cpenax u arape
Yamneka (4): (a — nuuesast CTOpoHa, 0 — oOpaTHasi CTOPOHA KOJIOHUH)

118



E.B. Kyxap, B.C. Kusn

Kak BuaHO u3 pucyHnka 4, rpuObl akTHBHO Haka-
TTUBAIM OMOMaccy Ha MEIOBOM cpejie, ciabee — Ha
KapTO(eIbHOM U KyKYpy3HOM arapax.

Juamerp KOJIOHHWH JIepMaTOMHIIETOB, cdop-
MHUPOBAaHHBIX Ha arape Yameka OblJ HANMEHBLINM,
XOTSI MBI CBSI3bIBAEM 3TO C HU3KOM KOHIIEHTpaIuen
0erKa ¥ BBICOKOHM KOHIEHTpALUel Coiel B cocTaBe
JTaHHOTO cyOcTpara.

CpaBHUTENBHBIN aHATN3 (PEPMEHTATUBHON aKTHB-
HOCTH INTaMMOB TOKa3aJl, YTO KyJIbTHBHpOBaHHE 7.
mentagrophytes var. interdigitale Ha arapoBbIX cpenax
C pa3NMYHBIMHA WICTOYHUKAMH YTJIEBOJIOB ITO3BOJISET
KyJIbTypaM yCBauBaTh MX BCE, XOTS CKOPOCTb yTHIIU-
3armn pasHas. AKTHBHee ycBauBaeTcsl (PpyKTos3a, 3a-
TeM — IJII0K03a, criabee — MajibTo3a U Kpaxmall.

Hecmotps Ha To, 9TO 00a mTamMmMa OTHOCATCS K
onHoMmy Buny 1. mentagrophytes var. interdigitale,

ux (epMEHTATHBHAsI aKTUBHOCTh OTJIMYAJIACh Pa3-
HOOOpa3neM.

CaxapoiuTHueckas akKTUBHOCTh B OTHOIICHHUU
TUTIOKO3BI SIBHO BBIPA)KEHA Y 00OMX IITAMMOB, TaK-
JKE KaK U ypea3Hasi aKTUBHOCTb.

OcTanpHBIC caxapa IMTaMMBbI PacIIEIUIIOT H30H-
patenbHO: mTaMM Ne9 cOpakMBaeT JIAaKTO3Y, IITaMM
No5 — Bce caxapa, KpoMe JIakTo3sI (Tabmmma 1).

Mukpockonusi Ma3KOB MPU NEPBUYHOM KYJIb-
TUBUPOBAaHUHM INTAMMOB II03BOJIMJIA BBISBHUTH Xa-
paktepHble  MOpP(HOJIOTUYECKUE  CTPYKTYphl 7.
mentagrophytes var. interdigitale (pucyHOK 5).

Ha pucyHnke 5 yka3aHbl: IPO3payHblid CENTUPO-
BAHHBIN MPSMON W M3BUTON MHIETHH (a, T), dop-
MHUPOBaHUE POCTOBBIX TPyOOK (0), 3aBUTKHU (B, T),
TepMUHATBHBIC XJIAMHUIOCIIOPHI (2), MUKPOKOHHUTUN
(a, 0, €) u MakpoKOHUAMH (J1).

Ta6auna 1 — depMeHTaTHBHBIC CBOiiCTBA ITaMMOB T. mentagrophytes var. interdigitale

Cpenst ['ucca ¢ caxapamu Cpena Kpucrencena
Ne mramma Konrtponn
caxaposa MaHHHT TTIOKO03a MaJbTo3a TaKTO3a MOUYEBHHA
Ne5 ++ + ++ -+ - ++ -
Ne9 - - ++ - ++ +++ +

T. mentagrophytes var. interdigitale Ne5

0

T. mentagrophytes var. interdigitale Ne9

a

(S

Pucynok 5 — XapakrepHbie Mopdooruaeckue CTpykrypsl 1. mentagrophytes var. interdigitale,

arap Ca0ypo, 28° C, 6 cyTok, arapoBsie Osioku o Kageny
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AHann3 OMOIOTUYECKUX CBOMCTB MOCIe XpaHe-
HUS METOJIOM CYOKYJTbTUBHPOBAHMS B TeueHnu 7-10
JIET BBISIBUJI MPOSIBICHUE MOTUMOpP(PHU3Ma KOJIOHHUN

mramMm Ne5

JAHHBIX MITAMMOB, YTO BBIPAXAJIOCh B JIOBOJBLHO
PE3KOM H3MEHEHHH KyIbTypalbHBIX CBOWCTB (pH-
CYHOK 0).

mramm Ne9

Pucynok 6 — CpopMupoBaHHBIC KOJIOHHU IITaMMOB 1. mentagrophytes var. interdigitale
Ha arape Ca0ypo: a, B — JIHIeBas CTOpoHa, O, T — 00paTHas CTOpOHA

VY mramma nepmaromunera 7. mentagrophytes
var. interdigitale Ne5 (1, ) oTMe4asioch MOsBIC-
HHE BBIPAXCHHON MOPIIMHUCTOCTH, 3aMETHBIX pa-
JMaJbHBIX OOPO3JT W 30HAIBHBIX KOJIEI, MOIIHOT'O
BETBJICHUS B CyOCTpaT ¢ NMpOpacTaHWEM MHUIENUS
JI0 camMoro JHa vaniek [leTpu, pa3pbIBOB MUTATENb-
HOTO cyOcTpara, N3MEHEHHs IBeTa KOJIOHUH ¢ Oe-
JIOTO Ha PO30BBIH, CMEHBI TMTMEHTAIIUH pEBEp3yMa
OT MECOYHOT0 /10 OexeBO-KOpu4HEeBOro. Komonun
(dhopmupoBanuce Ha 20-25 cytku, nuamerp 3,5-4,0,
KOTOPBIIl MPaKTUYECKH HE MEHSUICS NPH JalbHel-
IeM KyJbTHBUPOBAHHH.

Kononust 7. mentagrophytes var. interdigitale
Ne9 (k, 1) nMena MeHee BBIPAXKEHHYIO MOITUMOP]-

a 0

HOCTbh KyJbTYpalbHbIX CBOMCTB. PopMa KOJIOHUU
BHCIIHEC HallOMHWHAJIa NEPBUYHO BBIACIICHHYIO KO-
JIOHUIO, TIBET JIUIEBOW CTOPOHBI KOJIOHUW OCTaBall-
csi OenbIM, COXpaHWIIACh BBIPAKCHHAs 0OYaroBas
MOPIIMHHACTOCTH. [IBET MUTrMeHTa peBep3yma u3me-
HUWICS OT KOPUYHEBOTO 10 OpaHkeBoro. [mamerp
3peIoii KOJIOHWW YBETHYMIICS: 30HA TIOBEPXHOCTHO-
ro pocta umela pasmepst 5,3x6,1 cm, odumit qua-
METp C y4eTOM 30HBI TITyOMHHOTO pocTa ObLT paBeH
6,8x7,5.

Mukpockonusi KyJIbTyp IEpPMaTOMHUIIETOB IIO-
3BOJIMJIa BbIIBUTH HAJINYHEC MOp(bOJ'IOI‘I/I‘-IeCKI/IX 0CO-
OeHHOCTEH, paHee He BCTPEYABINUXCS B KYJIbTypax
T. mentagrophytes var. interdigitale (pucyHox 9).

Pucynok 7 — Mopdornorudeckue CTpyKTypsl ITaMMoB 1. mentagrophytes var. interdigitale,
arap Cabypo, 28 °C, arapoBsle 6510kH, 6 CyTKH
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Kak BugHO u3 pucyHka 7, OecBETHBIE CENTH-
poBaHHbIE TU(BI JEPMATOMHUIETOB CTajiH OoJjece
yToNeHHBIMU (0), O0KOBBIE TH(BI PACHIOI0KEHBI
yaie CynpoTHBHO (a, 6). Murenuit poBHBIH, TU(EI
0e3 3aBUTKOB U criupajie. [losBuIuCH rpo3neBua-
HBbIE CKOIUICHHSI MPAKTHYCCKU MAPOBHIHBIX ajeii-
pOCIIop, MX YMCIIO cTano 00nbmuM (B). Habmronanm
HaM4re OOJBIIOr0 KOJIMYECTBa TOHKUX OylaBo-
BUJHBIX MAaKPOKOHHUIHMH C MHOTOYMCIICHHBIMH TI€-
peropoakamu (a).

Jnst pemenust mpoGyieMbl KOHTAMHHALMH TTPH
JUITTEITbHOM XpaHEHWH IITaMMOB IPOJIYIIEHTOB
Obula MpoBeleHa TeHEeTHYecKas HACHTH(QHUKALUSI

OTIMCAHHBIX ITaMMOB 1. mentagrophytes var. inter-
digitale.

B pesyneraTe naeHTHduKauuu TrpudOB Me-
toaom ananu3a /7S pernona B BLAST nomydeHo
100% moaTBepIkIeHUE TOT0, UTO 00€ BBIICIICHHBIC
HaMU KYJIbTYpbI JIEPMAaTOMHIICTOB IPUHAJICKUT
pony Arthroderma, Buny vanbreuseghemii. B To
ke Bpems co 100% moaTBep)kKACHUEM TEeM XKe
KOJIMYECTBOM IIOCJIEI0BAaTEIbHOCTEH OBLIO ycTa-
HOBJICHO, YTO OTH JK€ IITAMMBbI SIBIISIIOTCS JIep-
MatomuneTamu pona Trichophyton Buna menta-
grophytes pasHoBugHocTH (variant) interdigitale
(Tabnuma 2).

Ta6uuna 2 — Pe3ynpTaTel HACHTH(GUKANK IepMaTOMHULETOB Buaa 1. mentagrophytes var. interdigitale metonom anamusa TS

peruona B BLAST
Wnentudukanys HyKI€OTHAHBIX MOCIEOBATEIbHOCTEH B MEXK/TyHAPOIHOI 0a3e JaHHBIX
3 (http://www.ncbi.nlm.nih.gov/) anroputm BLAST
& . : | HuBenTapHbIil HOMEP p :
= - A
a MuperTapHui HOMEp § 8 % GeneBank (Accesion | 3 = %
2 | GeneBank (Accesion =8 Haunmenosanmue E® = 8 | Hammenosanwue R
- S| a2 = number) W KOJI- = a =
2 | number) wiu KowIekuu- | 2 5 mTaMMa g = o = mrTamMMa g =
. s 2 2 JICKLMOHBII HOMEpP s 2 2
OHBIX HOMEP LITaMMa z S 2 S
mTaMMa
AB458207.1 1219 |Arthrodermavan-1 -, AF168124.1 1219 | Trichophyton |,
breuseghemii interdigitale
5 AB458205.1 1219 | Arthroderma van-1 -, 798001.1 1212 | Trichophyion | g
breuseghemii interdigitale
AB458202.1 1219 | Arthrodermavan-1 EU181446.1 1206 | [richophyion |4
breuseghemii interdigitale
AB458207.1 1218 | Arthroderma van-1 -, AF168124.1 1218 | [Trichophyion iy
breuseghemii interdigitale
9 AB458205.1 1218 | Arthrodermavan-| 798001.1 1210 | [Trichophyion | g
breuseghemii interdigitale
AB458202.1 1218 | Arthroderma van-1 IN133969.1 1206 | Trichophyton i g,
breuseghemii interdigitale
Takum oOpa3oM, B XOJAe WCCIENOBaHWNA  OapXaTHCTBIA BapuaHt 1. mentagrophytes. 3penbie
uaeHTU(UIUPOBaHbl  aHaopma JepMaTOMHUIC-  KOJIOHMM 4Yaiie Oenble, 0apXaTHCThIC, IIBET MOMKET

ta Trichophyton interdigitale n ero Temeodpopma
Arthroderma vanbreuseghemii.

B pesynbrare  MOJEKYJISIPHO-TE€HETUYECKON
uAeHTH(PUKAIUK WITaMMa, TNPOBEACHHOH B Ja-
OopaTopun KOJIESKTUBHOTO Toimb3oBanms PI'TI
«HanuonaneHbii  1eHTp OmorexHonorum» KH
MOH PK, BBISIBIEHO, YTO KyJbTYPBI SIBJISIFOTCS
teneomopdoii nepmaromuiiera 1. mentagrophytes
var. interdigitale, w3BecTHOW Kak Arthroderma
vanbreuseghemii co 100%-HO# I0CTOBEPHOCTHIO.

Kak u3Bectno, 7. mentagrophytes var. interdigi-
tale — THIMYHBIA aHTPONOQHUIBHBINA JEPMATOMHUIIET,

BapbUpPOBaTh OT PO30BOIO 10 KOPHUYHEBOIO, IIO-
BEPXHOCTh POBHAS, peKe PaJUalIbHO MCYEPUCHHAS,
¢ yrmyonenueMm B neHTpe. Ha xaprodensHoM arape
nipu 25°C kononuu T. interdigitale oObraHO Oemble 1
IIYLINCTbIE, MOTYT OBITh OT MOPOIINCTBIX A0 3€PHH-
CThIX. [IMrMEHT MEeHSIeTCsl OT JKeNTOro 10 KOpHUYHe-
BOr0, MHOI'ZIa BUHHO-KpacHbId. Ilpu Mukpockonuu
BBIABIIAIOT JJIMHHBIN, BETBUCTBIA, CENTUPOBAHHBIN
MHLIEINHI C TOHKUMH 3aBUTKaMU U ciupasiMul. [ st
OJTHOTUIIHBI ¢ 300()MIILHBIM BapraHTOM. BeTpeuarot-
Csl y3JI0BaThle OpraHbl M MHTEPKAISPHBIC XJIaMHIIO-
criopbl. MakpoKOHHIUM BCTpedaroTest peako [17].
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[Ipy mepBUYHOM BBIACTICHUU KYJIbTYpBl aHTPO-
o uIbHBIC ITaMMEI Trichophyton mentagrophytes
var. interdigitale Ne5 n Ne9 mmenu deHotunuge-
CKO€ CXO0JICTBO. B nanmpHeleM yCTaHOBJIEHO, 4TO
wramm rpuda 7. mentagrophytes var. interdigitale
Ne5 ornmmuaercs moauMopU3MOM, Y HErO BBISIBIIE-
HO TMOSIBJICHUE HOBBIX KYJbTYPaIbHBIX IPU3HAKOB U
MOP(OIOTHUECKOE Pa3HOOOpa3ne MUKPOCTPYKTYD.
CunraeMm, 9TO K TOSBICHUIO MOP(OIOTHUECKH pa3-
HOPOJIHBIX KOJIOHWH IITaMMOB TPHBEJO JUTHUTEIb-
HOE XpaHEHHE KYJIBTYP METOJIOM CYOKYJIbTUBHPO-
BaHMUsL.

Mramm rpuba 7. mentagrophytes  var.
interdigitale Ne9 mmen Oonee CTaOMIBHBIE KyJb-
TypaJbHO-MOP(OIOTHUECKUE MPU3HAKK. AHAIIU3
OMOXUMHYECKHUX CBOMCTB MTO3BOJIWII BBISIBUTH HAJIU-
YHe ypeasHOW M KePaTHHOIUTHYCCKON aKTUBHOCTH
y 000HMX IITaMMOB, CaxapoOJUTHYECKHE CBOMCTBA
HUMEITU CXOACTBO TOJBKO B OTHOLICHUH TJIFOKO3BI.

AHamu3 KyJIbTYPaIbHBIX, MOP(OIOTHIECKUX
1 OMOXMMHUYECKHX CBOWCTB TO3BOJIMJI CIENaTh 3a-
KITFOUCHHE:

— KJIMHUYECKHHA mrTamMm Ne5 sBiseTcst TUIHY-
HBIM TIPEJICTABUTEIICM aHTPONOQHIBHBIX JepMa-
tomMunetroB 7. mentagrophytes var. interdigitale,
OTJIMYAETCSl HAJTMYHEM XapaKTEPHBIX KYJIbTypallb-
HO-MOP(OIOTHYECKUX MPU3HAKOB, BBICOKOH caxa-
POJMTUYECKOW aKTHBHOCTBHIO, aKTHBHO yCBaWBaeT
MOYEBHHY;

— KJIMHAYECKUUA mTamMM Ne9Q SBIsIeTCS] THITHY-
HBIM TPEACTABUTEICM aHTPONO(PHIIBHBIX JepMa-
tomunieToB 1. mentagrophytes var. interdigitale,
OTJIMYAETCSl HAJIMYMEM THIHWYHBIX KyJIbTypaslbHO-
MOP(}OITOTHYECKUX MTPU3HAKOB, OTIINYAETCs CI1a00i
caxapoJUTUYECKON aKTHBHOCTBIO, aKTUBHO yCBau-
BacT MOUYCBHHY.

Knaccuueckne = reHeTHyeckwe — HMCCIEAOBa-
HUS, KOTOpBIC pa3TpaHUYMBAIM TPYIIBI UHTEP-
¢deprunpHOCTH B Tpeaenax A. benhamiae m A.
vanbreuseghemii, ObLTA TIPOBEIICHBI PETHOHATHHBI-
MH HCCJIECIOBAHUSIMH KOMIUICKCHBIX H30JIATOB 7.
mentagrophytes B HECKOIbKUX dYacTsax mupa [18],
BKutouas 3anaanytro Espomny [19], Boctounyro EB-
pomy [20, 21], SAAnonuto [22], CeBepHyto AMEpHUKY
[23].

[Tony4yeHHbIE HAMHU pPE3yNbTATHI COTIIACYIOT-
csl C JaHHBIMU Pa3IMYHBIX HCCIeNoBaTeNeH, Ko-
TOpBIE YTBEPXKIAIOT, 4YTO aHTpornouibHbie T.
mentagrophytes pa3BUINCh W3 CIAPUBAIOLIETOCS
mramma A. vanbreuseghemii (+). OHE mOKazamu
9TO HAJIMYUEM T'PYMIIBI C BHICOKOW MOIBHKHOCTBIO!
HMG, t1.e. JIHK-cBs3pIBaromero JoMeHa B 300-
¢wibHBIX aepmatodurtax A. benhamiae, A. simii
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u A. vanbreuseghemii, KOTOpble UMEIOT JIBa THIIA
criapuBanus: tun crmapuBanus (MAT) (-) — crer-
npuunbii TeH MAT1-1 (anbda-6okc) u MAT (+) —
crienuraecknii reH MAT1-2. CormacHo JaHHBIM,
nosryueHHbIM Kano R. (2012), mocnenoBaTellbHOCTh
MATI-1 cocraBmsiia okono 1,3 T.ILH. B comepika-
Ja 2 3K30HA B IITAMME CIIAPHBAOIIETOCS THMA A.
benhamiae, A. simii u A. vanbreuseghemii (-). Ilo-
cienoBarelbHocTe MAT1-2 cocraBisina 1,9 T.01.H.
U cofiepraiia 2 3K30Ha B IITaMMe CITapUBAIOIIETOCS
tuna A. benhamiae, A. simii u A. vanbreuseghemii
(+). U3 15 ncciaemoBaHHBIX U30JISTOB KUBOTHBIX M
72 wm3onaros yenoBeka MATI-1 Obu1 oOHapyskeH
aBTOpaMH B 5 M30JATaX KUBOTHBIX U HU B OJTHOM
M3 U30JISTOB YenoBeka, Toraa kak MAT1-2 ObLi1 00-
Hapy»XeH B OCTaIbHBIX 10 M301ITaxX KUBOTHBIX U BO
BCEX UeJIOBEUECKUX M30sTax [24].

AHamu3 TPUAIATH HOEBITH H30JATOB Arthro-
derma vanbreuseghemii, niIeHTU(HUIUPOBAHHBIX 10
CMIApUBaHUIO, KOTOpPbIE OBUIH TPOAHATU3NPOBAHBI
Anzawa K., ¢ coaBropamu (2011) mns ompenene-
HUSl TEHOTHIIOB WX BHYTPEHHEH TpaHCKpHOHupye-
Moii crieticeproii (/7S) o6iactu puOOCOMHOTO reHa
PHK, moxkazayn, 4ro ABadIaTh JBa H30JISTA THIIA
cniapuBaHus (+) W 4erbipe (-) MOKa3aJld TCHOTHII
Trichophyton mentagrophytes var. interdigitale,
JIEBSATh M30JISITOB TUMA ClapuBaHUs (+) U UYEThIpE
(-) mokazamu renotun A. vanbreuseghemii. JIeBsITh
u3 14 u3054TOB ¢ MOP(OJIOTUEH TPaHYISIPHBIX WITH
ACTEPOUHBIX KOJIOHUH MOKa3alu FeHOTHUIl 1. men-
tagrophytes var. interdigitale. ABropamu He OBUIO
YCTaHOBJIEHO HE HUKAKOW CBS3HM MEXIY T€HOTHIIOM
1 MOpP(OJIOTUEH WU THIIOM CIIAPUBAHHS H30JIsI-
TOB. ABTOpaMu OBLITO OKa3aHO, YTO TE€HOTHI H30-
nstoB 1. mentagrophytes var. interdigitale BKitO-
gaeT B ce0s HEe TOJNBKO CEKCYalTbHO BBIPOXKICHHBIC
300(pWIIbHBIC TITAMMBI C MOP(OJIOTHUEH 3E6pPHUCTHIX
KOJIOHHH, a TaKXKe CEeKCyaTbHO B MOP(OIOTHIECKH
BBIPOXK/ICHHBIE aHTPONOMUIbHBIC IITAMMBI U MO-
KET TPEACTaBIATh COO0M TEHOTHIT TETEePOTEHHOTO
Buna A. vanbreuseghemii [25].

B 10 ke Bpems co3nmaBiiascs CUTyanus ¢ aeH-
tuukanuedt o Trichophyton interdigitale, xoto-
past oObI9HO cunTaercs aHamopdoit Arthroderma
vanbreuseghemii, OCHOBaHHOW Ha CEKBEHHPOBa-
HUU BHYTPEHHETO TPAaHCKPUOMPOBAHHOTO crieiicepa
(ITS), npuBOINUT K IMyTaHULE B JOCTOBEPHOU MACH-
TH()UKAIIAN TITAMMOB.

Psi aBTOpOB cuuTaeT, 4YTO CO3AABIIYIOCS TIPO-
OeMy Ha OCHOBE OJIHOBPEMEHHOTO TPHUCBOCHUS
mTaMMaM JIByX Ha3BaHUM uepe3 X aHaMOp(HYH/
TeaeoMOp(hHYIO CBS3b CIEAYeT MpenynpeauTb Ha
ocHoBe (uiorennu B-tyOynuHa. B cBoux uccueno-
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BaHUSX UM y1anock jooutbes 100% oTimgust mram-
MoB. [locnenoBarensuoctu /75 u D1/D2 nx n3ons-
Ta ObuTH Ha 99% roMonornunsl 4. vanbreuseghemii,
a MmocJenoBaTeabHOCTh B-TyOynuHa Obpu1a Ha 100%
unentnuna 1. interdigitale. Kax BuaHO, aBTOpam
YAaI0Ch HICHTHU(PHUIMPOBATH H30JAT OT KPOJIHKOB
Kak 7. interdigitale Ha OCHOBaHMM aHAJIM3a MaKCH-
MaJIbHOH BeposiTHOCTH P-TyOynmHa [26]. Beipaxa-
€M COJHMIApHOCTh aBTOPaM CTaTbu U CUMTAEM HC-
CJIeIOBaHMSA B JAHHOW 00JacTH BechMa Ba)KHBIMU
JUISL HAYKU U KIIMHUYECKOW MUKOJIOTHH.

IIramm 7. mentagrophytes var. interdigitale
No5 F-Tm-i-5 nenonupoBan B Komnekuuu MUKpo-
opranuzmoB JI'TI «HayuHo-ucciienoBaTenbckuil
MHCTUTYT TpoOsieM Ounonoruyeckor Oe3omacHo-
cti» HIIb PK KH MOH Pecny6nukn Kazaxcran
C PErHCTPalMOHHBIM HOMepoM M-59-13/]1, kak
MITAMM-TIPOJIYIICHT ~ CIIEIM(PUISCKUX aHTHUTCHOB.
Wramm 7. mentagrophytes var. interdigitale Ne9 F-
Tm-i-9 xpanutcs B Koyuteknmn MUKpOOPTraHU3MOB
naboparopun OmorexHojoruu rpudos KATY wum.
C.Ceiidymmuna.

3akjaoueHmne

Ha ocHOBaHWM BBIIIEU3IOKEHHOTO, MOXHO
c/IeaTh CIeIyIOIIUe BEIBOADL:

1 Beigenennpie 3 OMOJIOTHYECKOTO MaTepraia
HITAMMBI JePMaTOMHLETOB, SIBISIFOTCS MPEICTABH-
TeJSIMA aHTPOMOPHUIBHBIX AepMmatopuToB 1richo-
phyton mentagrophytes var. interdigitale;

2 llItammer T. mentagrophytes var. interdigitale
OTJIMYAIOTCS BBICOKOW MOTUMOP(HOCTHIO KYJBTY-
paBHBIX MPU3HAKOB, HAIMYUEM TUIHYHBIX MOP-

(hoNOrMYECKUX CTPYKTYP, BHICOKOM caxapojuTHye-
CKOW M ypea3HOH aKTHBHOCThIO;

3 AHanu3 HyKJICOTUAHOHN MOCIEI0BaTENBHOCTH
rocpeacTBoM aHanmza /7S pernona B BLAST no3Bo-
JIWJI TIOTBEPANTE PE3yJIbTaThl KYJIbTYypaIbHO-MOP-
(donoruyeckuii XapaKTePUCTUKU U HIICHTHUITHPO-
BaTh IUTAMMBlI Kak mpenacTaButeneil pona Tricho-
phyton Buna mentagrophytes pa3HOBUJHOCTH inter-
digitale n xak npencraButeneit poga Arthroderma
BUna vanbreuseghemii,

4 Anamop(sl HecoBepIICHHBIX TpuOOB Tricho-
phyton mentagrophytes var. interdigitale wme-
0T coBeplIeHHYH (opmy rpuba, KOTOpas HJICH-
TupuIMpoBaHa Kak Tenmeomopda Arthroderma
vanbreuseghemii.

Kondaukr narepecon
ABTOpPBI HE UMEIOT KOH(JIMKTOB HHTEPECOB.
baaropapnocTn

ABTOpHI BBIpaXKaIOT OnaromapHocTh Cmaryio-
Boit A.M., Huxynunoit A.1., llleBnoBy A.b., 3a co-
JICHCTBUE B MIPOBEICHUU UCCIICIOBAHUN.

HcTouyHuK (pMHAHCHPOBAHUSA

Cratbsl MOATOTOBJICHA O pe3yibTaTaM HUCCIe-
JIOBAaHUH, MPOBOJUMBIM B PaMKax HAy9IHO-HCCIIC-
nosatenbckol TeMbl NeO118PKMO0321 «buonorus
MHUKPOCKOITHYECKUX TPHOOB — BO30OYANTEICH MUKO-
30B KOXKH CEJILCKOXO3SIMCTBECHHBIX )KUBOTHBIX), BBI-
nomaseMoit B 2018-2022 rr.
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IDENTIFICATION OF MICROORGANISMS ISOLATED
FROM OIL RESERVOIR WATER OF THE AKINGEN FIELD,
KAZAKHSTAN

Currently, there is a continuous growth of deposits in Western Kazakhstan that are in the late stage
of development. Deposits often have a complex heterogeneous structure with hard-to-recover reserves,
so for their effective development it is necessary to apply methods of increasing oil recovery. One of
the most effective methods of enhanced oil recovery is microbial enhanced oil recovery (MEOR). Mi-
croorganisms of the developed oil-reservoir waters, adapted to the extreme underground conditions of
the reservoirs, are promising objects for the development of microbiological methods for increasing oil
recovery, based on their ability to displace and dilute oil. The article presents the identification of aero-
bic microorganisms, waterlogged oil reservoir waters of the Akingen field. The aim of this study was to
identify microorganisms of oil-reservoir waters of the Akingen field isolated under aerobic conditions.
Traditional microbiological and genetic methods of identification of microorganisms are used in the
research work. The enzymatic activity of the isolated strains (lipase, amylolytic, proteolytic activity) was
evaluated. The emulsification index was carried out according to the Cooper method. As a result of mi-
crobiological and genetic studies of the nucleotide sequence of the 16S rRNA gene fragment, 14 aerobic
strains of microorganisms were identified as representatives of the genus Pseudomonas and Bacillus, in
particular, Bacillus paramycoides-M1; B. subtilis subsp. spizizenii-S1; Bacillus sp. — M2, A1, A2, A3, A4,
A5, 52,53, D-1X; P. aeruginosa-D5, D6, D7. The evaluation of emulsifying activity allowed us to iden-
tify 4 strains of microorganisms with a high oil emulsification index: P. aeruginosa-D5, D6, D7 (40-49
%) and Bacillus sp. D1X (32 %). Isolates P. aeruginosa — D5, D6, D7 and Bacillus sp. D1X are promising
objects for use in enhanced oil recovery technologies.

Key words: microorganisms, oil reservoir water, identification, bacteria Bacillus, Pseudomonas ae-
ruginosa, oil emulsification index.
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AKiHreH MyHai KeH OPHbIHbIH, MYHa# MAACT CyAapbiHaH GOAIHIN aAblHFaH
MUKPOOPraHu3mMAEepAiH uaeHTudpukaumscol, Kasakcran

Kasipri yakbiTTa batbic KasakcTaHAQ MyHai UrepyAiH COHFbl CaTbICbIHAQ TYPFaH KeH OPbIHAAPbI
y3aikci3 ecyae. KeH opbiHAapbl kebiHece KublH OHAIPIAETIH KopAapbl 6ap KYpPAEAi reteporeHaj
KYPbIAbIMFA Me, COHABIKTAH OAApPAbl TMIMAI Mrepy YLUiH MyHail LIbIFYbIH apTTbIpy SAICTepiH
KOAAQHY KakeT. MyHail LbIFyblH apTTbIPYAbIH €H TMIMAI SAICTepiHiH 6ipi — MMKPOOPraHM3MAep
HerisiHAe MyHam wbiFybiH apTTbipy (MEOR). 3KkCTpemaaAbl >kep acTbl XaFAarAapbiHa 6eriMAeAreH
MYHalil MAQCT CyA@pbiHbIH MWUKPOOPraHM3MAEPI MYHaMAbl bIFbICTBIPY >K8HE CYMbIATY KabiAeTiHe
HEeri3AeAreH nAacTTapAaH MyHam LbIFYbIH apTThIPyAbIH MUKPOBMOAOTUSIABIK, BAICTEPIH 83ipAey YiliH
nepcnekTuBTi 06bekTiAep 6GOoAbIM Tabbiraabl. Makarasa CyAaHAbIpbIAFAH AKIHFEH KeH OpPHbIHbIH
MYHall MAQCT CyAapbiHaH GiAIHIN aAblHFAH a3pO6Tbl MUKPOOPraHU3MAEPAIH MAEHTUDUKALMSCHI
6epiAreH. 3epTTeyaiH MakcaTbl AKiHFeH MyHail KeH OpPHbIHbIH, MyHAM MAACT CyAapblHAH a3po0Tbl
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Karpamaa OGOAIHIN aAblHFaH MMKPOOPTraHM3MAEPAIH MAEHTU(MKALMSCHI aHbiKTay OOAAbL. 3epTTey
>KYMbICbIHAQ  MUKPOOPIraHM3MAEPAI MAEHTUDUKALMSIAQYAbIH, ASCTYPAI  MUKPOOMOAOTMUSIABIK, >KOHE
reHeTUKAAbIK dAICTEPI KOAAAHBIAABL. BOAIHIeH LWTaMMAAPAbIH (hepMEHTATUBTI BEACEHAIAITIHE (AMMNa3a,
AMUAOAUTMKAABIK, MPOTEOAMTUKAABIK, OEACEHAIAIK) GaFraAay XXyprisiaai. IMyAbrupaey mHaekci Kynep
aAiciMeH xyprisiaai. FeHHiH 16S rRNA dparMeHTiHiH HykAeoTMATEp Ti36eriH MUMKPOOMOAOTMSIABIK,
JKOHE TeHeTMKAAbIK, 3epTTey HOTMXKECIHAE MMKPOOPraHM3MAEpAiH 14 aspo6Tbl wTammaapbl Pseudo-
monas >aHe Bacillus TykbIMAapbIHbIH 6KIAAEPI PETIHAE aHbIKTaAAbl, aTan anTkaHaa Bacillus paramy-
coides — M1; B. subtilis subsp.spizizenii — S1; Bacillus sp. — M2, A1, A2, A3, A4, A5,S2,S3, D-1x; P.
aeruginosa — D5, D6, D7. DMyAbrupaey GeACeHAIAIKTI 6araray 6apbiCbiHAQ MYHAN 3MYAbCUSICbIHbIH
>KOFapbl MHAEKCIHE MMKPOOPraHM3MAEPAIH 4 WwTammbl ne 6oAAbl: P. aeruginosa — D5, D6, D7 (40-49
%) >xoHe Bacillus sp. D1X (32 %). P. aeruginosa mnzoastrapbl — D5, D6, D7 >aHe Bacillus sp. D1X
MAQCTTapAaH MyHai LbIFYbIH aPTTbIPy TEXHOAOTUSIAAPbIHAQ MAMAAAQHY YLLIH NMEepPCreKTUBTI 0ObeKTiAep
60AbIN TabblAAADI.

Tyiin ce3aep: MMKPOOPraHM3MAEP, MyHail MAACT Cybl, nAeHTMdMKaums, Bacillus, Pseudomonas
aeruginosa 6akTepusiaapbl, SMyAbIMPAEY MHAEKCI.
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NaeHTUDUKALMSA MMKPOOPTraHU3MOB, BbIAEAEHHbIX M3 HeDTENAACTOBbIX BOA,
HedpTsIHOro MectopoXkaeHns AkunreH, Kasaxcrax

B HacTosllee Bpems HenpepbiBHO pacTeT MecTOpoXKAeHui, B 3anaaHoi KasaxcraHe koTopble
HaXOASTCS B MO3AHeN CTaalM pa3paboTkM. MecToposKAEHMS YaCTO MMEIOT CAOXKHYIO HEOAHOPOAHYIO
CTPYKTYPY C TPYAHOM3BAEKAEMbIMM 3aMacamu, MO3TOMY AAS MX 3 PEKTUBHOM paspaboTKm HEOBXOAMMO
MPUMEHSITb  METOAbI yBeAuueHus HedTeoTaaun. OaAHMM M3 Hamboaee 3(PPEKTUBHBIX METOAOB
MOBbILLEHUS HePTEOTAQUM SBASETCS MUKPOOHOE noBblilleHne HedbTeoTaaun (MEOR). MukpoopraHmnambl
pa3paboTaHHbIX He(TENAACTOBbIX BOA, aAANTUPOBAHHbIE K 3KCTPEMaAbHbIM MOA3EMHbIM YCAOBUSIM
MAACTOB, SIBASIIOTCSI MEpPCrNeKTUBHbIMU OObeKTaMM AAS PaspaboTKM MUKPOOMOAOTMUYECKMX METOAOB
yBEAMUEHUSI HE(PTEOTAAQUM MAACTOB, OCHOBAHHbIE HA WX CMOCOBGHOCTM BbITECHATb M Pas3KMKaTb
HeTb. B cTaTbe AaHa MaeHTUdMKaLMS @3POOHBIX MMKPOOPraHW3MOB, 3aBOAHEHHbIX HehTeNAaCTOBbIX
BOA MECTOPOXAEHUS AKMHreH. LleAblo HacTosllero MCCAeAOBaHMS  SBUMAACh  MAEHTUMKALMS
MMKPOOPraHM3MOB HeTENAACTOBbIX BOA MECTOPOXAEHWMS AKMHIEH, BbIAEAEHHbIX B a3pPOO6HbIX
yCcAOBMSIX. B unccaepoBaTeAbcKor paboTe MCMOAb30BaHbl TPAAMLIMOHHbIE MWKpPOBMOAOTrMYeckue M
reHeT4yeckne MeTOoAbl MAEHTUMMKALMM MUKPOOPraHM3moB. [poBeaeHa oueHka (epMeHTaTUBHOM
AKTMBHOCTU BbIAEAEHHBIX LUTAaMMOB (AMMasHas, aMMAOAMTMYECKAS, NMPOTEOAUTUYECKAS aKTMBHOCTb).
MHAEKC 3MYAbIMpOBaHMs MnpoBoaMAach no mMetoAy Kymepa. B pesyabTtate MUKPOOMOAOrMUYECKMX
M TeHeTUUYECKMX UCCAEAOBAHWMIA HYKAEOTMAHOM MocAepoBaTeAbHOCTM hparmeHTa 16S rRNA reHa,
MAEHTUMUMPOBaHb! 14 aspobHbIX LITAMMOB MUKPOOPraHM3MOB Kak MpeACTaBuTeAn poaa Pseudo-
monas un Bacillus, B yactHoctu, Bacillus paramycoides -M1; B. subtilis subsp.spizizenii -S1; Bacillus
sp. — M2, A1, A2, A3, A4, A5, S2, S3, D-1X; P. aeruginosa — D5, D6, D7. OueHka aMyAbrmpytoLen
AKTMBHOCTU MO3BOAMAQ BbIAEAUTD 4 LUTAMMa MUKPOOPraHM3MOB C BbICOKMM MHAEKCOM 3MYAbIMPOBaHMS
HecbTh: P. aeruginosa — D5, D6, D7 (40-49 %) v Bacillus sp. D1X (32 %). M130AsTbiI P. aeruginosa — D5,
D6, D7 u Bacillus sp. D1X aBAsOTCS nepcnekTUBHbIMU 0OBbEKTbI AAS MCMOAb30BaHMS B TEXHOAOMMSIX
MOBbILLIEHNS He(DTEOTAQUN MAACTOB.

KAtoueBble cAOBa: MMKPOOPraHM3Mbl, HehTENAACTOBasI BOAQ, MAeHTUMKaums, 6akTepun Bacillus,
Pseudomonas aeruginosa, MHAEKC 3MyAbIMPOBaHMSI.

Introduction

One of the rapidly developing areas of mod-
ern microbiology is the study of the microflora of
underground ecosystems [1]. Interest in the mi-
croorganisms of deep ecosystems is determined
by the need to clarify the features of microbial
diversity and establish the lower boundary of the

biosphere, as well as the patterns of geochemical
activity of microorganisms in the lower layers of
the earth for the rational management of biogenic
processes [2, 3].

Microbiological methods in the oil industry at-
tract attention with low investment demand, high
efficiency and environmental safety. Oil reservoir
microorganisms have great biotechnological poten-
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tial and are used in technologies for microbiological
enhanced oil recovery [4].

Microorganisms of oil reservoirs have been the
object of research since 1926. Oil reservoirs are gen-
erally characterized by oxygen-free conditions or
low oxygen content. Anaerobic acetogens and meth-
anogens of sulfate-, sulfur-, thiosulfate-, iron-reduc-
ing and fermenting prokaryotes have been identified
in reservoir waters [5, 6, 7]. Aerobic bacteria of oil
reservoirs are relatively poorly studied. However,
aerobic microorganisms also live in oil reservoirs,
where they usually enter with injected water, drilling
mud, and as a result of natural hydrodynamic flows
[8]. The injected water often contains dissolved ox-
ygen, and an aerobic or microaerobic zone is created
in part of the reservoir, where a group of bacteria
can develop [9, 10]. In oil fields that are exploited
using flooding, aerobic microorganisms are the ini-
tial link in the aerobic-anaerobic microbial trophic
chain that performs microbial transformation of oil
[11, 12]. It is known that the vital activity of micro-
organisms in reservoir waters with the formation of
oil-substituting compounds, apparently, is the basis
of microbiological methods for increasing oil re-
covery in flooded reservoirs [13]. Microbiological
methods of enhanced oil recovery can increase cur-
rent oil production by 10-15 %, which is comparable
to the discovery of a new field [14]. Microbiologi-
cal oxidation of residual heavy oil and its conver-
sion to oil-displacing agents such as carbon dioxide,
methane, and surfactants such as polysaccharides,
alcohols, and fatty acids increase the mobility of the
oil. These substances form an oil shaft and migrate
through the reservoir with the water flow, displacing
oil from the host rocks [15]. An important stage in
the development of such technologies is the selec-
tion of bioagents capable of active life in extreme
conditions of oil reservoirs.

The aim of this work was to identify the micro-
organisms isolated from the flooded reservoir water
of the Akingen field.

Materials and methods

The Akingen oil field is located in the Atyrau
region of Western Kazakhstan. The field was dis-
covered in 1980, development began on September
1, 1992, and the productive horizon of the oil res-
ervoir is located at a depth of 700-900 m. Oil res-
ervoir water sample collected in spring 2018 From
an active well in the Akingen oil field. The initial
reservoir pressure is 6.2-12.8 MPa, the tempera-
ture is 34-47°C, the pH of the oil reservoir water is
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6.344+0.31. The oil density is 842-905 kg/m*. Low-
sulfur oils (0.15-0.28%), low-paraffin oils-0.88%.
The regime of oil deposits is elastic-water-pressure.
Formation waters of the chlorocalcium type, with a
density of 1078-1105 kg/m* and a mineralization of
127.1-162.5 g/l. 1t is currently in the late stage of
development, and the remaining amount of oil in the
reservoirs is up to 60% of the original reserve.

The objects of the study were 14 strains of mi-
croorganisms isolated by the Koch method under
aerobic conditions from the flooded reservoir waters
of the Akingen field. The field, in turn, is at a late
stage of development and needs to develop micro-
bial methods to improve oil recovery.

To study the biological properties of microor-
ganisms, the following nutrient media were used:
Nutrient Agar, Actinomycete Isolation Agar, Sab-
ouraud Dextrose Agar, Nutrient Broth, MPG, Ash-
by medium (HiMedia Laboratories, Mumbai, India).
Aerobic microorganisms were cultured in stationary
conditions at a temperature of 40 °C for 24-48 hours.

The study of the isolated microorganisms: mor-
phological, cultural, physiological and biochemi-
cal properties of microorganisms. The purity of the
isolated cultures of microorganisms was controlled
by the generally accepted methods of 3-segment
depletion stroke [16]. The phenotypic properties
of microorganisms (macro -, micromorphology of
microorganisms, cell morphology, motility, pres-
ence of spore formation, Gram color, physiologi-
cal and biochemical characteristics) were studied
using traditional (standard) methods [17, 18]. Mi-
croscopic studies were performed using a MOTIC
B1-220A light binocular microscope (Spain) [19].
The identification of microorganisms was carried
out by determining the direct nucleotide sequence
of the 16S rRNA gene fragment, followed by de-
termining the nucleotide identity with the sequences
deposited in the international Gene Bank database,
as well as constructing phylogenetic trees with the
nucleotide sequences of the reference strains. Ge-
nomic DNA from bacterial cultures was isolated
using the method of K. Wilson [20]. Quantitative
DNA analysis was performed using a NanoDrop ND
2000 spectrophotometer at a wavelength of 260 nm.
For amplification of the 16S RNA site, a reaction
mixture of 25 pl was prepared: 12.5 ul Q5 ® Hot
Start High-Fidelity 2X Master Mix (New England
Biolabs Ins., USA); a pair of universal primers: 8F
(5’-AGAGTTTGATCCTGGCTCAG-3’) and 806R
(5’-GGACTACCAGGGTATCTAAT-3’) of 1.2 pl
at 10 uM concentration; DNA matrix and water up
to 25 pl. The aplication mode consisted of the fol-
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lowing cycles: 95°C for 5 minutes, then: 95°C for 30
seconds, 55°C for 40 seconds, 72°C for 50 seconds
for 30 cycles; elongation at 72°C for 10 minutes.
PCR products were separated in 1 % agarose gel,
the strips were stained with ethidium bromide and
visualized in a UV transilluminator. A 1xTBE buf-
fer was used as the electrode buffer. The PCR prod-
uct was purified using the CleanSweep ™ cleaning
reagent (ThermoFicher Scientific, USA). The 16S
rRNA gene fragments were sequenced using the
Big Dye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, USA) according to the man-
ufacturer’s protocol [BigDye ® Terminator v3.1
Cycle Sequencing Kit Protocol Applied Biosystems
USA]. To clean the sequencing products, the Big-
Dye ® XTerminator ™ Purification Kit was used
according to the manufacturer’s protocol. Capillary
phoresis was performed on a genetic analyzer ABI
3500 DNA Analyzer (Applied Biosystems, USA).
The sequencing results were processed in the SeqA
(Applied Biosystems) program. The search for ho-
mologous nucleotide sequences of 16S rRNA genes
was carried out using the BLAST program (Basic
Local Alignment Search Tool) in the International
Gene Bank Database of the US National Center for
Biotechnology Information (htpp://www.ncbi. nlm.
nih.gov). The nucleotide sequences of 16S rRNA
gene fragments obtained during the study of 14
bacterial strains are placed in GenBank under the
numbers: MW386831; MW386832; MW386833;
MW386834; MW386835; MW386836; MW386837;
MW386838; MW386839; MW386840; MW386841;
MW386842; MW386843; MW386844;

Phylogenetic analysis was performed using
MEGAX software. The alignment of the nucleo-
tide sequences was performed using the Clust-
alW algorithm. To construct phylogenetic trees,
the Neiighbor-Joining (NJ) method was used
[21].

The emulsification index was carried out ac-
cording to the Cooper method [22]. Synthetic glyc-
erin and sterile crude oil from the Akingen field
were used to determine the oil emulsification index
by microorganisms.

Experimental studies were conducted on the ba-
sis of an accredited laboratory of the Research Insti-
tute of Ecology of Problems.

Results

The Akingen oil field is located in the Atyrau
region of Western Kazakhstan, in the south-eastern
part of the Caspian Basin. Visual characteristics of
the oil reservoir water of the Akingen field two-
phase liquid, the upper layer is oil, brown color, the
lower one is water. The initial reservoir pressure is
6.2-12.8 MPa, the temperature is 34-47°C. Forma-
tion water of the chlorocalcium type, with a density
of 1078-1105 kg/m® and a mineralization of 127.1-
162.5 g/l.

Previously, as a result of studies conducted un-
der aerobic conditions, 14 strains of microorganisms
were isolated from the flooded oil reservoir of the
Akingen field. Table 1 presents the results of mor-
phological and cultural characteristics of microor-
ganisms of oil-reservoir waters.

Table 1 — Differentiating characteristics of aerobic microorganisms isolated from water-flooded

The conditions Gram Spore
Ne | Strains | of cultivation, Cell shape . por Mobility Colony morphology
o stain | formation
t40°C
. . . . Shape round, surface smooth, flat, shiny,
+ + - )
1 Ml aerobic Long sticks, in pairs G color white, edge smooth, 10 mm
Lone and thin sticks The edges of the colonies are smooth,
2 M2 aerobic ga G+ + + round, the color is white, shiny, the top is
that exist separately
flat, 3mm
Long sticks that exist The edges of the colony are rhizoid,
3 Al aerobic separately, in pairs, G+ + + cream color, forms mucus, the surface is
and strepto convex, 10 mm
. . The colony is round, the color is white with
4 A2 aerobic Short Ss:c{izttgat exist G+ + - a yellow tinge, the edges of the colony are
p y smooth, the surface is smooth, shiny
5 A3 acrobic Short Sthl?S, ' G+ N i Colony with irregular edges, cream color,
separately and in pairs uneven surface, mucus forms, 7 mm
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Table continuation

The conditions Gram Spore
Ne | Strains | of cultivation, Cell shape . por Mobility Colony morphology
o stain | formation
t40°C

6 Ad acrobic Long sticks that exist G+ N n Colony with irregular edges, color white,

separately matte, surface smooth, 5 mm
. . The colony is round, the edges are

7 A5 aerobic Long sticks that exist G+ + - smooth, matte, the color is white, the

separately .
surface is smooth, 8§ mm
Short sticks that exist The edges of the colonies are uneven,

8 S1 aerobic separately, in pairs, G+ + - wavy, the surface is bumpy, the colony is
and strepto matte, 4 mm

9 0 aerobic Long sticks that exist G+ . ) The colony is round with 1rregula? edges,
separately the surface is smooth, the colony is shiny

10 S3 acrobic Long sticks that exist Gt N ) The edges. of the colonies are wavy,
separately matte, white color, smooth surface, 6 mm

11 | Daax aerobic Short sticks t.hat e.XlSt G+ . . Cglony round, folded surface, matte,

separately, in pairs slimy, wavy edge, 3 mm
12 D5 acrobic Short sticks eglstm:g G- i N Cf)lomes. are irregular, convex, shiny,
separately and in pairs slimy, with blue-green pigment, 2 mm

13 D6 acrobic Short sticks that exist G- i n Cplomes are irregular, convex, shiny,
separately slimy 2-3 mm

14 D7 aerobic Short sticks that exist G- i N Cf)lonles‘ are irregular, convex, shiny,
separately slimy, with blue-green pigment, 2 mm

Note: «+» — the sign is present, «-» — the sign is absent

As can be seen, from 14 aerobic strains of mi-

croorganisms isolated from the reservoir water

of the Akingen field: 11 strains of spore-forming,
gram-positive (M1, M2, Al, A2, A3, A4, AS, SI,
S2, S3, D1X) and 3 strains of non-spore-forming,

gram-negative (D5, D6, D7), mono -, diplobacteria
with different cell connections (Fig. 1). Cell motility

is observed in 6 strains (M2, Al, A4, D5, D6, D7).
Aerobic microorganisms were cultured in stationary
conditions at a temperature of 40 °C for 24-48 hours

Table 2 shows the results of the physiological
and biochemical characteristics that are necessary to
determine the systematic position of various repre-
sentatives of bacteria.

M1

S1

Figure 1 — Morphology of gram-negative (D7) and gram-positive (M1, S1) bacterial cells
(nutrient Broth medium, 48 hours of growth, type of Gram staining, 1000x)
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Table 2 — Physiological and biochemical characteristics of aerobic microorganisms isolated from water-flooded

. Swain| v | M2 | A1 | A2 | A3
Signs

A4 | A5 | S1 S2 S3 | DIX | D5 | D6 | D7

Catalase activity

Amylolytic activity

Proteolytic activity + - -

Use of molecular nitrogen - - + - -

|+ |+ ]+

Lipolytic activity - - - R .

Oxidaseactivity - - - - -

Note: «+» — the sign is present, «-» — the sign is absent

As can be seen, all 14 aerobic strains of micro-
organisms are catalase-positive. 11 strains (M1, M2,
Al, A2, A3, A4, A5, S1, S2, S3, D1 X) hydrolyze
starch, hydrolysis zones vary from 1-7 mm, 3 strains
(D5, D6, D7) do not hydrolyze starch. Proteolytic
activity is observed in 8 strains (M1, A2, A3, AS,
D1 X, D5, D6, D7), 6 strains of non-diluting gelatin
(M2, A1, A4, S1, S2, S3). Molecular nitrogen uses
8 strains (A1, A4, A5, S2, D1, D5, D6, D7). Oxidase
activity was detected in 3 strains (D5, D6, D7), ox-
idase-negative-in 11 strains (M1, M2, Al, A2, A3,
A4, A5, S1, S2, S3, D1). Lipolytic activity was not
detected in all 14 strains.

As a result of studying the main morphological,
cultural, physiological, and biochemical character-
istics of 14 strains isolated under aerobic conditions
from oil-reservoir waters, we were able to identify
them to their generic identity, so 11 strains of mi-

croorganisms (M1, M2, Al, A2, A3, A4, AS, SI,
S2, S3, D1) were assigned to the genus Bacillus, 3
strains of microorganisms (D5, D6, D7) to the genus
Pseudomonas.

To determine the species identity of these iso-
lates, genotyping was performed at the conservative
16S rRNA locus (Table 3). Taking into account the
literature data (Kumar et al., 2018), indicating the
presence of GeneBank nucleotide sequences in in-
ternational banks (http://www.ncbi.nlm.nih.gov/),
we additionally constructed phylogenetic trees
with the nucleotide sequences of the 16S rRNA
gene of the reference strains of these species. The
analysis included the nucleotide sequences of the
16S rRNA gene, the most phylogenetically related
to microorganisms (Fig. 2, 3). Table 3 shows the
results of identification of strains of microorgan-
isms.

Table 3 — The results of the identification of strains by fragment 16S rRNA gene

Ne Strains Closest taxon (GenBank accession no.) Percent identity % Identification
1 M1 NR _157734.1 92 Bacillus paramycoides
Bacillus sp.
NR 041794.1 ;
2 M2 NR 148786, 1 97 B.safen.szs/
- B. pumilus/
Bacillus sp.
NR 118996.1 . . .
3 Al NR 157609, 1 99 B. llChenlfOV)??lS/
- B. haynesii
NR_157609.1 Bacillus sp.
4 A2 NR _137421.1 100 B. haynesii/ B.paralicheniformis/ B.
NR _118996.1 licheniformis/
Bacillus sp.
AY842869.1 . . .
5 A3 NR_157609.1 98 B. llchemforr.i?ls/
B. haynesii
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Ne Strains Closest taxon (GenBank accession no.) Percent identity % Identification
NR_137421.1 Bacillus sp.
6 A4 NR 116023.1 99 B.paralicheniformis/ B. licheniformis/
NR_157609.1 B. haynesii
Bacillus sp.
NR_075005.2 .
7 A5 NR 1183831 100 B. veleze@?zs/
- B. subtilis
8 S1 NR _112686.1 99 Bacillus subtilis subsp. spizizenii
Bacillus sp.
9 S2 Eﬁ*ﬁgggz} 98 B. haynesii/
- ' B. licheniformis
Bacillus sp.
NR_157609.1 i’
10 S3 NR 113993.1 99 B. hayneszl(
- B. sonorensis
NR 113945.1 Bacillus sp.
11 DIX NR 112637.1 99 B.safensis/B. pumilus/
NR 148786.1 B.zhangzhouensis
12 D5 NR 113599.1 100 P.aeruginosa
13 D6 NR _117678.1 97 Paeruginosa
14 D7 NR_117678.1 99 P.aeruginosa
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6%

NR 118996.1 Bacillus licheniformis strain DSM 13

soee | NR 116023.1 Bacillus licheniformis strain BORG 11702
AY842869 1 Bacillus licheniformis strain CICC 10085

a1 & A1 (MVV386831)

@ S2 (MVW386843)

@ 53 (MW385844)

—— NR 113993 1 Bacillus sonorensis strain NBRC 101234

85% | NR 157609.1 Bacillus haynesii strain NRRL B-41327

[ @ A4 (MUw3EE834)
@ A2 (MW386833)

@ A2 (MVW386832)

NR 137421 1 Bacillus paralicheniformis strain KJ-16

@ S1 (MVW386842)

s

MR 112686 1 Bacillus subtilis subsp. spizizenii strain NBRC 101239

NR 112118.2 Bacillus subtilis strain IAM 12118
@ A5 (MVW386835)

o9

NR 118383.1 Bacillus subtilis strain SBMP4

NR 102783.2 Bacillus subtilis subsp. subtilis strain 168

NR 075005.2 Bacillus velezensis strain FZB42

4 M2 (MVW386841)

NR 1487861 Bacillus zhangzhouensis strain MCCC 1A08372

NR 1126371 Bacillus pumilus strain NBRC 12092

NR 113945 1 Bacillus safensis strain NBRC 100820
@ D1X (MW386836)

NR 041794 1 Bacillus safensis FO-36b

S| @ M1 (MVW386840)

| NR 157734 1 Bacillus paramycoides strain MCCC 1A04098

MR 157735 1 Bacillus proteolyticus strain MCCC 1A00365

0.040

0.030 0.020 o010 0.000

Figure 2 — Phylogenetic tree that reflects the position of nucleotide sequences

of isolated organisms among related sequences of the genus Bacillus. The sequences obtained
in the course of the work are highlighted in bold. The sequence numbers in GenBank are shown in parentheses
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As can be seen from the tabular data, genotyp-
ing of 14 aerobic strains of microorganisms based
on the analysis of the nucleotide sequence of the
16S rRNA gene 1 strain S1-Bacillus subtilis subsp.

47%

56%

! ! ! ! ! |
T T T T T 1
0.0100 0.0020 0.0080 0.0040 00020 (0.0000

spizizenii (99 %) and 1 strain M1-Bacillus paramy-
coides (92 %); 9 strains A1, A2, A3, A4, A5, S3, S2,
M2, D1X — Bacillus sp. (97-100%); 3 strains D5,
D6, D7 — P. aeruginosa (97-100%).

— NR 114471.1 Pseudomonas aeruginosa strain ATCC 10145
——— 4 D7 (MVW386829)

- NR 113599 1 Pseudomonas aeruginosa strain NBRC 12689
4 D5 (MW386837)

— NR 117678.1 Pseudomonas aeruginosa strain DSM 50071

4 D6 (MW386828)

Figure 3 — Phylogenetic tree reflecting the position of nucleotide sequences of isolated
strains Pseudomonas aeruginosa. The sequences obtained in the course of the work are
highlighted in bold. The sequence numbers in GenBank are shown in parentheses

Figure 2 shows a phylogenetic tree based on the
analysis of the 16S rRNA nucleotide sequences of
the isolated strains among the related sequences of
the genus Bacillus.

Figure 3 shows a phylogenetic tree based on
the analysis of the 16S rRNA gene nucleotide se-
quences from the strains that had the maximum
identity to Pseudomonas aeruginosa when identi-
fied in BLAST.

Figure 3 shows that the nucleotide sequences
from samples D5, D6, and D7 are located on the
same branch as representatives of Pseudomonas
aeruginosa. Taking into account the maximum per-
centage of coincidence of the analyzed sequence in
the international database using the BLAST algo-
rithm, as well as the results of phylogenetic analy-
sis (Fig. 2, 3), it was found that 14 aerobic micro-
organisms isolated from oil-reservoir water, 11
strains belong to the genus Bacillus, in particular:
S1 (MW386842) — Bacillus subtilis subsp. spizize-
nii; M1 (MW386841) — Bacillus paramycoides; M2
(MW386840), A1 (MW386831), A2 (MW386832),
A3  (MW386833), A4 (MW386834), AS
(MW386835), S2 (MW386843), S3 (MW386844)
D1X (MW386836) — Bacillus sp. 3 strain D5
(MW386837), D6 (MW386838), D7 (MW386839)
— P. aeruginosa.

In their vital activity, microorganisms form me-
tabolites that have the necessary properties to increase
oil production. Metabolites: acids, gases (CO2, CH4,

N2), solvents, bioavailants that affect the processes of
oil displacement in reservoir systems, including res-
ervoir fluids and porous media [3].

It is known that the presence of hydrocarbons
in the culture medium, some microorganisms syn-
thesize surfactants that can affect the processes of
oil displacement by forming the smallest oil emul-
sions. Such microorganisms-producers of bioemul-
sifiers of petroleum hydrocarbons contribute to the
dispersion of oil, which increases the effectiveness
of the contact of bacteria with oil. Determination of
the emulsifying activity of the culture liquid is an
important characteristic of microbial strains as pro-
ducers of surfactants.

The ability of microorganisms to form surfac-
tants was evaluated by the emulsification index,
based on the property of various microbial surfac-
tants to form the smallest emulsions at the “liquid-
hydrophobic substrate”phase boundary. The deter-
mination of the emulsification index is an important
characteristic of microbial strains as producers of
surfactants. Biofuels dilute the oil, making it more
mobile and reducing the tension between the oil and
the reservoir [3, 23].

Earlier in our studies, it was shown that the
studied strains of microorganisms have endogenous
emulsifying activity, i.e., the ability of microorgan-
isms to form cell-bound biosurfactants. Oil was used
as hydrophobic substrates for the determination of
emulsifying activity.
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Figure 4 — Definition of the emulsification index

The ability of microorganisms to produce bio-
emulsifiers that disperse oil, increasing the bioavail-
ability of petroleum hydrocarbons for microorgan-
isms, was studied by determining the endogenous
oil-emulsifying activity after 24 hours in a culture
liquid without centrifuging the cells of microorgan-
isms [22]. The results of the study of the oil-emul-
sifying properties of the studied bacterial strains are
shown in Fig. 4.

As can be seen, all strains have the properties of
oil emulsification. The maximum index of emulsi-
fication is observed in 3 strains: P. aeruginosa-D5,
D6, D7 and is 40-49%, in other strains the index of
emulsification is in the range of 2.8-32%. It should be
noted that, among others, the maximum emulsifica-
tion index was 32% for the Bacillus sp. D1X strain.

According to the literature data, microorgan-
isms with an emulsification index of more than 50%
are considered promising producers of surfactants.
Since the microbial cell oxidizes hydrocarbons by
adsorbing on their surface, as a result, the oil-oxi-
dizing activity of cultures depends on its ability to
utilize the hydrocarbon substrate [24].

Discussion

Representatives of the following microorgan-
isms of the genus Pseudomonas, Bacillus were de-
termined under aerobic conditions.

It is known that allochthones bacteria coming
from the injected water and native microflora are
present in the developed oil reservoirs [3].

The presence of microorganisms of the genus
Bacillus shows in the developed oil reservoirs is
due to the fact that they are facultative anaerobes.
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Representatives of this genus have a significant po-
tential for use in processes affecting oil reservoirs,
including due to their ability to form spores, and are
also resistant to stressful changes in environmental
conditions that are inevitable when microorganisms
are injected from the surface into the oil reservoir
[23, 25].

In high-temperature oil reservoirs of Russia, Ka-
zakhstan and China, hydrocarbon-oxidizing bacte-
ria are essential components of the biocenosis of the
bottom-hole zone of injection wells, through which
dissolved oxygen enters the reservoir [26].

The presence of the bacterium P. aeruginosa in-
dicates an active gas exchange of the layers with the
surface. Fluorescent aerobic bacteria from the genus
Pseudomonas have been found in the reservoir wa-
ters of many oil fields. Many authors have shown that
members of the genus Pseudomonas are permanent
inhabitants of reservoir waters. Bacteria of this genus
are well adapted to exist in aerobic conditions [11, 27].

Conclusion

The results obtained indicate that aerobic micro-
organisms live in the reservoir waters. It was revealed
that 14 microorganisms isolated under aerobic condi-
tions from the developed oil-reservoir waters of the
Akingen field, according to morphological, cultural,
physiological, and biochemical properties and the de-
termination of the direct nucleotide sequence of the
16S rRNA fragment of the gene, made it possible to
identify strains S1 (MW386842) — Bacillus subtilis
subsp. spizizenii; M1 (MW386841) — Bacillus para-
mycoides; M2 (MW386840), A1 (MW386831), A2
(MW386832), A3 (MW386833), A4 (MW386834),
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A5 (MW386835),S2 (MW386843), S3 (MW386844)
DIX (MW386836) — Bacillus sp. 3 strain D5
(MW386837), D6 (MW386838), D7 (MW386839) —
P. aeruginosa.

It was found that the evaluation of the emulsify-
ing activity allowed us to identify 4 strains of micro-
organisms with a high oil emulsification index: Ps.
aeruginosa-D5, D6, D7 (40-49 %) and Bacillus sp.
D1X (32 %).

The isolates of Ps. aeruginosa-D5, D6, D7 and
Bacillus sp. D1X are promising objects for use in
microbial enhanced oil recovery.
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MOP®OAOTNYECKASA UBMEHYNBOCTDb
AMYPCKOTIO YEBAYKA PSEUDORASBORA PARVA
(Temminck et Schlegel, 1846)

B BOAOEMAX BAAKALLCKOTO BACCEMHA

AMypckuin yebaydok, nam ncespopacbopa Pseudorasbora parva (Temminck et Schlegel, 1846), ctaa
OAHMM 13 CaMbIX PACMpPOCTPAHEHHbIX PblO — BCEAEHLIEB HAa €BPOa3MaTCKOM KOHTUMHeHTe. EcTecTBeHHbIM
apeaAOM BUAQ GBASIIOTCS BHYTPeHHMe BoAOeMbl AnoHuu, TariBaHs, XarHaHg, Kutag mn Kopen. B
baaxaw — MAMIMCKOM GacceiriHe 3TOT BUA MOSIBUACS BO BPEeMS LIMPOKOMACLUTAGHOM aKKAMMATMU3aLMK
pacTUTEAbHOSIAHBIX Pblb 13 BoaoemoB KHP.

B craTtbe npeACTaBAEHbl Pe3yAbTaTbl M3YyUeHUs UBMEHUMBOCTU MOPOAOTMUECKMX U BUOAOTUYe-
CKMX MoKasaTeAei aMypckoro yebauka 13 pasHbix TUMOB BOAOEMOB baAkatiuckoro 6accenHa: uppuraum-
OHHOr0 KaHaAa, rOpHOro npyAa W KpyrnHoro COAOHOBaTOBOAHOIO 03epa. broaornyeckunini 1 mopgoao-
rMuYeckmii aHaAmM3bl MPOBEAEHbI MO CTaHAAPTHOM METOAMKE: M3yYeHa M3MEHUMBOCTb 27 MAACTUYECKMX
1 13 CYETHbIX NMPU3HAKOB. YCTAaHOBAEHO LUIMPOKOE PAcrpoOCTpaHeHMe AQHHOTO BMAA: aMypCKuin yeba-
YOK XOPOLIO MPUCNOCABAMBAETCS K YCAOBUSIM Pa3AMUHbBIX BOAOEMOB M HACEASIIOLLIMM MX COOOLIECTBAM
pbl6. [py cpaBHEHMM pa3MEpPHO — BECOBbIX MokasaTeAer 3-X BbIGOPOK M3 MCCAEAOBAHHbBIX BOAOEMOB,
YCTaHOBAEHbI MaKCUMaAbHble 3HauYeHust AAs BbIGOPKM M3 BoaoeMa noc. beckarHap. boabluas name-
UYMBOCTb MPOSBASIETCS B MOAOXKEHMMN 1 Pa3Mepax CMUHHOTO, FPYAHbIX, OPIOLLHbIX NMAABHMKOB. 1o noAo-
SKEHMIO aHAAbHOTO MAABHMKA BbIGOPKA U3 NpyAa y noc.beckanHap oTAMYaeTcs OT ABYX APYrmx. Takxe
MEKAY MCCAEAOBAHHbBIMM BbIGOPKaMM BbISBAEHbI OOAbLLME Pa3AMuMs MO (hopMe roAOBbI 1 TeAad. B Bo-
AOEeMax aKKAMMAaTM3aL MU BbISIBAEHO 3HAUMTEAbHOE pacluMpeHue NPeAeAOB U3MEHUMBOCTM MO MHOMMM
M3yYeHHbIM NMpU3HaKam, YTO rOBOPUT O BOAbLLIOM aAANTUBHOM MOTEHLMAAE aMypCKOro Yebauka.

KatoueBble croBa: amypckimin yebadok, nceBaapactbopa, Yy>kKepoAHbii BUA, MaAble BOAOEMbI, baa-
KalLCKui 6accerH, MopdoAormyeckas USMEHUMBOCTb.

G.B. Kegenova, A.K. Musagali, S.E. Sharakhmetov

Al-Farabi Kazakh National University, Kazakhstan, Almaty
e-mail: gkegenova78@gmail.com

Morphological variability of the topmouth gudgeon Pseudorasbora parva
(Temminck et Schlegel, 1846) In the reservoirs of the Balkhash basin

Abstract. The topmouth gudgeon Pseudorasbora parva Temminck et Schlegel, 1846, has become
one of the most widespread piscivores on the Eurasian continent [1]. The natural habitat of the spe-
cies is inland water bodies of Japan, Taiwan, Hainan, China, and Korea. The species dispersed into the
Balkhash-Ili basin during large-scale acclimatization of herbivorous fish from water bodies of China.

The article presents the results on the study of the variability of morphological and biological pa-
rameters of the Amur chebok Pseudorasbora parva from different types of reservoirs in the Balkhash
basin. Materials for the studies were caught from the irrigation canal near the Bakanas settlement, from
the pond near the Beskainar settlement and from Lake Alakol. According to the results of the trapping,
the wide distribution of this species in the most different conditions was established. At comparison of
dimensional — weight parameters of 3 samples from the investigated reservoirs, the maximal values for a
sample from the reservoir of settlement Beskainar are established. The big variability is shown in position
and the sizes of dorsal, pectoral, pelvic fins. According to the position of anal fin, the sample from the
pond near Beskainar differs from the other two. Significant differences in the shape of the head and body
were also found between the samples studied.

Key words: topmouth gudgeon, alien species, small reservoirs, Balkhash basin, morphological vari-
ability.

138 © 2022 Al-Farabi Kazakh National University



I'b. Kerenosa u nip.

I.b. KereHoBa, ©.K. Mycaraau, C.E. LLlapaxmeToB

OA-Dapabu aTbiHAaFbl Kasak, yATTbIK YHUBepcuTeTi, KasakctaH, AAMaThl K.
e-mail: gkegenova78@gmail.com

baAkawu 6acceifHiHiH, Cy KOMMaAapbiHAAFbl aMyp LUabGaFbIHbIH,
Pseudorasbora parva (Temminck et Schlgl, 1846) mopcoArorusiabik, e3repriuTiri

AMyp wabarbl Hemece ncesaopacbopa Pseudorasbora parva (Temminck et Schlegel, 1846),
EypoasusiAbik, KOHTUHEHTTEr €H Ker TapaAfaH 3KYMEHTTIK GaAblkTapAblH 6ipi 60AAbl. TypAepAin
Taburn aykbimbl->Kanonus, TansaHb, XanHaH, Kbitai xxeHe KopesiHbiH iWKi cy KonmaAapbl. baAkaui-Iae
6accenHiHae 6yA Typ KXP cy komaaapbiHaH wenTi 6aAbIKTapAblH KeH MacLUTabTbl aKKAMMATU3ALMSIChI
Ke3iHAe namnaa 60AABI.

Makanraaa baakat 6accenHiHii 9pTYpAI Cy KoMMaAapbiHaH AMyp wabak TapbiHbIH MOP(OAOTUSIABIK,
>KoHE BMOAOMMAABIK, KOPCETKILITEPIHIH ©3reprilTiriH 3epTTey HOTUXKEAEPI KEATIPIAreH: Cyapy KaHaAbl,
Tay TOFfaHbl >XOHe ipi Cybl 6ap KOA. BMOAOIMSIABIK >KOHE MOPQOAOTUSIAbIK, TaAAAYAAP CTAaHAAPTTbI
aAicTeme OOMbIHLLA XKYPri3iAAi: 27 MAACTUKAABIK, XXoHe 13 ecenTik OeAriAepAiH ©3repriwTiri 3epTTeAAi.
ByA TYpAiH KeH TapaAybl aHbIKTaAAbl: AMyp wwabakTapbl 9PTYPAI Cy 0ObEKTIAEPiHiH XaFAaAapbiHa
JKOHE OAaPAbl MEKEHAENTIH 0aAblk, KaybIMAACTbIKTapblHa >KakCbl 6GeriMAeAeAi. 3epTTeAreH cy
KOMMaAapblHaH aAblHFAH 3 YATiHIH ©AlIEeM — caAMaK, KepCeTKIlITepiH CaAbICTbIpY Ke3iHAe beckaiiHap
KEHTIHIH CY KOMMAaCbIHaH ipikTEME YLLIIH eH »KOFapbl MOHAEP BeAriAeHAl. YAKEH e3repriwTik 6arkarab
epeXkeAe YKaHe MOALLEPAE >KYAbIH, KeyAe, KYPCak, XY3y KaHaTbl. AHaAbAbl KbIPTbICTbIH, OpPHAAACybl
GoibiHIIA beckarmHap KeHTIHAEri ToFaHHaH CbiHama aAy 6acka ekeyiHeH epekiueaeHeai. CoHaan-ak,
3epPTTEeAreH YATiAep apacbiHAa 6ac MeH AEHEeHiH MilliHIHAE YAKEH aiblPMaLLbIAbIKTAP aHbIKTAAAbI.
AKKAMMATM3aLMS CY KOMMaAapbiHAA KOMNTEreH 3epTTeAreH 6eAriaep 6OMbIHLLIA ©3reprillTiK WeKTepiHiH

eAdyip KeHetoi aHbIKTaAAbl, 6YA AMYp yebaukachiHbIH YAKEH GENIMAEAY DAEYETIH KOPCETEA.
Tynin ce3aep: amyp wabarbl, nceBaopacbopa, 6erae Typaep, Kiwi cy Koimaaap, baakauw 6acceiiti,

MOP(OAOTMSAABIK, ©3reprillTiK.

BBenenue

CoxpaHeHHe OHMOJIOTHUYECKOT0 pa3HO0Opasus
MIPECHOBO/THBIX SKOCUCTEM SIBJISIETCS OJTHOW U3 HaW-
OoJiee OCTPBIX MPOOJIEM COBPEMEHHON OWOIOTHH
[1,2]. Bo3geiicTBue uenoBeka Ha MPECHOBOIHBIE
9KOCUCTEMBI TPOSIBJISICTCSI B MCIIOJIb30BAHUU BOJIbI
JUTSL TIUThS, OBITOBBIX W TEXHOJOTHMUYECKUX HYK]I,
OpOIIIEHUH CEIbCKOXO3SHUCTBEHHBIX KYJIBTYp, 3a-
TPS3HEHUN Pa3IMYHBIMA XUMHYECKUMH BEIIECTBA-
MH W BCEIIEHHWH YYXEPOJHBIX BHIIOB — OMOJIOTH-
yeckux uHBa3usaX [3]. [IpobGiiema OGHOIOrHUECKUX
WHBA3UH, WK «3arpsi3HSHUS» 1y KEPOIHBIMU BUa-
MU CUHTACTCS OJIHOM M3 HauOOoJee OMACHBIX Yrpo3
YCTOHYMBOMY CYIIECTBOBAHHUIO OJIATOMIPHUSTHOM
JUIS1 4EJIOBEKa OKpY Karolel cpensl [4,5].

AMypckuii uebadok, Uitk rceBaopacoopa Pseu-
dorasbora parva Temminck et Schlegel, 1846,
CTaJ OJHHUM W3 CaMBIX PACIPOCTPAHCHHBIX PBIO —
BCEJICHIICB HA €BPOA3MAaTCKOM KOHTHUHEHTE [6-7].
EctecTBeHHBIM apeasioM BHIa SBISIOTCS BHYTPCH-
Hue BojoeMbl Amonun, TaiBansg, XaiHans, Kuras
n Kopen. DTOT BUA cUMTaeTCS OJHUM W3 HAaHOOJee
OTIaCHBIX BCeeHIeB [8,9].

B Bomoemax Kazaxcrana amypckmii uebadox
nosieuwics B 1958 r., xkorna u3 p. Cynrapu (KHP,
OacceilH pekn AMyp) 3aBe3sd JUYMHOK OeJIoro
amypa W 0eNoro TOJCTOJOOMKAa B AJIMAaTHHCKOE
npymoBoe xo3siictBo [10-112]. W3 mpynoB maHHBII

BHJ pacrpocTpaHucs 1o cucteme peku e, a mo-
cie B 1960-x romoB paciupuil cBoi apea, HUpPOKO
pacceIMBIINCH B BoJoeMax bamkamickoro 6acceitrna
[13].

enpto HacTosmeld paOOTHI SABISCTCS W3-
yueHHe U3MEHYMBOCTH MOP(OIOTHYECKUX U Ono-
JIOTMYECKUX IIOKa3aTeled aMypckoro uedauka
Pseudorasbora parva B pa3niuHBIX yCIOBHUIX 00H-
TaHMA.

MaTepI/IaJIbI U METOAbI UCCJICTOBAHUSA

PeIOBI st wiccnieioBaHUsl OBUIM OTJIOBIICHBI B
clenyromux BojoeMax barmkamickoro OacceiiHa:
1) uppurarlioHHOM KaHaye B paiioHe rmoc. bakanac
(p.Une); 2) mpymy y mocenka beckaiinap (ceno, pac-
MOJIOKEHHOE B 32,4 KM OT AJIMaThI Ha I0T0-BOCTOK);
3) o3epe Auakonsb (puc. 1).

OtnoB poI0 poBoanIH B JieTHHH niepuon 2018-
2020 rr. ¢ TOMOIIbI MaJIbKOBOW BOJOKYLIU U PblI-
OOJIOBHBIX CaYKOB Pa3IMYHON KOHCTPYKIIMH C sS4e-
eit 3-5 m. Pe10 ms mccnenoBanuii GUKCHPOBATH B
4%-uaom ¢opmanuHe. [loarOTOBICHHBIN UXTHOIO-
THYECKHH MaTepuall IMOJABEPrajid IMOJHOMY MOp-
(omMeTpruueckoMy M OMOJIOTMYECKOMY aHaU3y I10
TPaJIUIIUIOHHBIM UXTHOJIIOTHIECKHM METOMKAM (Ta-
ommma 1) [14]. PaboTa mpoBeneHa B JabopaTopuu
kadeapsl onopasznoodpaszus u ouopecypcos KazHY
um. anb-Dapadu.
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Pucynok 1 — Mecto cOopa HXTHOIOTHYECKOro Marepuaia u3 bankam — Anakonsckoro 6acceiina
B nepuox 2018-2020 rr.

Ta6auna 1 — Mndopmarys o mectax cOopa UXTHOIOIMYECKOTO MaTepuaa

I e Il Rl R
1 | Uppuranuonsslii kaHan bakanac 47460(?195’352”115\1 12.10.2019 31 22

2 | Bonoewm B noc. beckaiinap 473’;01036’%)(2)3’”’113\1 03.05.2018 23 23

3 03. AJlakoib 48510 (;5355,1%,’115\1 16.07.2020 5 5

Bcero mnpoananmsupoBansl 50 3K3eMIUISIPOB
pBIO 110 42 MOPPOMETPUICCKUM TIpU3HAKAM, U3 HUX
27 nnactuueckux M 13 cyeTHbIX. Takxke M3ydeHBI
Omojytornyeckre mokazatenu: obmas macca (Q) u
Macca Tena 0e3 BHyTpeHHocTel (q), Mo, abcomoT-
Has TUIOIOBUTOCTH CAMOK, CTaIus 3PEIIOCTH TOHAJ
CaMOK ¥ CaMIOB, BBIYHCICHBI KO3()PULIUEHTHI Y-
taHHOCTH pbId Mo ynpTony (F) n Kimapxk (CI).

Hnst 0003HAYECHUSI NIACTMUYECKUX HNPUSHAKOS
WCTIONIb30BaHBI CIEAYIONINE CUMBOJBL: L — oOrmas
JUIMHA Tena, | — [uInHa Tena OO Hadaia XBOCTOBO-
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ro 1uiaBHuka, aD — aHTemopcalibHOE PacCTOSIHHE
(paccrostHEE OT pHUTA 10 CIUHHOTO TuTaBHUKA (D));
pD — nocTopcanbHOE paccTosiHEE (PACCTOSIHHUE 10
aHaJBHOTO TUTaBHUKA (aA)), aP — anTenekTparbHOE
paccrosiHue (pacCTOsSHME OT pbUia JI0 TPYIHOTO
mnaBHuKa (P)); aV — aHTeBeHTpaIbHOE PacCTOSHUE
(paccTosiHuE OT KOHIIa 'PYHOTO JI0 Havaja OproI-
Horo miaBHuKa (V)); aA — aHTeaHATBLHOE PacCTO-
ssHAEe (PacCTOSIHME OT KOHIAa OPIOIIHOTO TUIABHUKA
0 Havaja aHajapbHOTO IaBHUKa (A)); lc — mmmaa
xBocroBoro miaBHuka (C); H — HanbokIas Beico-



I'b. Kerenosa u nip.

Ta Tena; h — HaMMeHkIasi BEICOTA Teja; ¢ — JUTUHA
TOJIOBBI; a0 -JTMHA PBUIA; O — TUAMETp TJIa3a TOpH-
30HTAJIBHBIN; Op — 3arjJa3HUYHOE paccrosHue; Imd
— JUTMHA HIDKHEH YemocTd; Imx — miuHa BepXHEH
4enmocTH; hco — BBICOTa TOJIOBHI Yepe3 ria3; hc —
BBICOTA TOJIOBHI y 3aTBUIKA; 10 — MEKIJIA3HHYHOE
paccrosiHue; mupuHa pTa, |D — nmuHa cnimHHOTO
miaBHUKA; hD — BbICOTa CIIMHHOTO IUIaBHUKA; 1A —
JUIMHA aHAJIBHOTO TUTaBHMKA, hD — BRICOTa aHAIb-
HOTO TUTaBHUKA; |P -1yiMHa TpyaHbIX MIIaBHUKOB; 1V
— AnuHa OPIOIIHBIX TUIABHUKOB; Cs — JJTMHA BEpX-
Hell momactu xBocta; Cm — AMHA CPEeTHUX JTyden
xBocta; Ci — JUIMHA HIDKHEH JIOTacTH XBOCTA;

WccnenoBannbie mepucmuueckue (CUETHBIE)
NpUsHAKY PHIO: KOJTUYECTBO Yellyid B OOKOBOU JIH-
HHMH, B XBOCTOBOM CTeOJie, HajJ OOKOBOM JIMHHUEH
u moxa Her — coorBerctBeHHO (1.1, 1.1.ca, LLs, LLi);
Dr — K0JaM4ecTBO HEBETBUCTHIX JIydell B CIIMHHOM
TUTaBHUKE, DS —KOJMYECTBO BETBUCTHIX JIydeH B
CITUHHOM TIJIaBHUKE; AT — KOJTHMYECTBO HEBETBUCTHIX
JMy4dell B aHAJBHOM IUIaBHUKE; AS — KOJUYECTBO
BETBUCTHIX JIy4€i B aHAJIILHOM IUIABHUKE, U YHCIIO
Ny4eil B TpyAHBIX P 1 OpromHbIX miaBHUKAX; Vert
TYJI.-KOJTMYECTBO TYJIOBUIITHBIX TTO3BOHKOB; Vert XB
— KOJIMYECTBO MTO3BOHKOB B XBOCTOBOM OT/AeINE; Vert
Bceil — 00111ee KOJIMYECTBO BCEX MO3BOHKOB.

HasBanwue peIObI MPUBOIUTCS B COOTBETCTBHE C
Kottelat M. (2007) [ 15] u cBenenuit, comep kamuxcst
B nH(pOpMaIMoHHO-TTONCKOBOI cucreme Fish Base
[16].

CraTucTHYecKyr0 00pabOTKy IMPOBOIMIN TIO
obmenpunsaToit Mmetoauke (Jlakun, 1990) [17] ¢ uc-
M0JIb30BaHUEM KOMIBIOTEPHOU IporpaMmbl MS' Ex-
cel 1 CipaBoYHUKA M0 OMOJIOTHIECKON CTATHCTHKE
[18]. Ans oueHKH TOCTOBEPHOCTH pa3lIU4YUil HC-
none30oBaH Kpurepuit Cteronenta (Tst) ¢ ypoBHeM
s3HaunMoctu 95 % (p<0,05). PCA (Principal com-
ponent analysis) aHaau3 ObUT IPOBEICH C TIOMOIIIBIO
nporpamsl PAST 4.07 [19].

Pe3yJIl>TaTBI HCCJICAOBAHUA U UX oﬁcymeﬂne

Pe3ynbTaTel npoBeeHHOrO aHaNIH3a MMOKa3aiH,
YTO aMypCKHi 4eba4dok B ycloBHsX bamkamickoro
OacceifHa amanTHpoBajcid K OOMTAaHHIO B CaMbIX
Pa3IMYHBIX YCJIOBHSAX: MPPHUTAIMOHHBIX KaHalax,
HEOOBIINX MPYAAX U KPYITHOM COJIOHOBATOBOTHOM
o3epe. ITOT BUA OBUT OTMEUYEH C COOIIECTBAX, CO-
CTOSIINX M3 CAMBIX Pa3HOOOPa3HBIX SKOJOTHUECKIX
1 300Teorpaduueckux rpymm peid. B nuppurannon-
HOU cucteme p. Mne amypckuii yebauok obutaer

COBMECTHO ¢ IIOTBOM Rutilus rutilus (Linnaeus,
1758), xxepexom Leuciscus aspius (Linnaeus, 1758),
kapacem Carassius auratus (Linnaeus, 1758),
rJ1a3daTeiM rop4akoM Rhodeus ocellatus (Kner,
1866), BoctpoOpromikoit Hemiculter leucisculus
(Basilewski, 1835), szeompucom Micropercops
cinctus (Dabry de Thiersant, 1872) u xumatickutim
oviukom Rhinogobius brunneus (Temminck &
Schlegel, 1845). B npyny y noc. beckaiinap ux-
tHo(ayHa cocrosia U3 abOPUTEHHBIX IMATHHCTOIO
rybaua Triplophysa strauchii (Kessler, 1874), 6an-
Xarmickoro okyHs Perca schrenkii (Kessler, 1874) n
qy»KEpPOJHBIX Kapacs, r1a34aToro ropuaka, BOCTPO-
OpromIKy, 3Je0Tprca U KuTalckoro Obraka. Ha medn-
KOBOJBSIX 03.AJIaKOJb JOMHUHUPOBAJIH aOOPHICH-
Hble Oanmxamickuii okyHb Perca schrenkii Kessler,
1874 n maTHHUCTBINA Ty0ad; 4yKepoJHbIE BUABI HE
OBUIM MHOTOYHCIICHHBIMHM ¥ TIPEJICTABIICHBI Kapa-
ceM, IIOTBOH U 3neoTpucoM. [lonyyeHHsle faHHBIE
MOJITBEPIKIIAIOT PE3YJIbTAT HUCCICIOBAHUS, MPOBE-
nenHoro Oonee 10 yieT Hazax o pacmpocTpaHEHUH
amypckoro gebauka [20].

JJist OLIEHKH COCTOSIHUS TOMYJISIIKMA PhIO Bax-
HBIMHU TIOKa3aTeNISIMH SIBIISIIOTCS Pa3Mepbl, Macca 1
YIHUTaHHOCTH PBIO, @ TaK)Ke€ COOTHOLICHHE IOJIOB.
PesynbTarthl OMONOTHYECKOTO aHan3a PhIO Tpej-
CTaBJIeHbI B TabimLe 2.

[Ipu cpaBHEHUM OHMOIOTMYECKUX TMOKa3aTesel
nceB1opacOOpsl ¢ COOTBETCTBYIOIIMMH JTaHHBIMU
JUISL eCTeCTBeHHOTO apeana [Hwuxombckuii, 1956]
[21] u mepBBIX JieT mocie BcedeHus [banmOeros,
1975] [22] cymiecTBEHHBIX Pa3INYHii HE OOHApYKe-
HO. B Hacrosiiee Bpemsi BO BCeX HCCIICIOBAaHHBIX
HaMH BOJIOEMaX BCTPEYAIOTCS KaK MOJIOJIbIE, TaK U
B3pOCIble KpyNHbIEe 0coOu. Macca M ynMTaHHOCTb
pPBHIO HAXOMATCSI HA Y/IOBJICTBOPUTEILHOM YPOBHE.
B pesynbprare ncciemoBaHHMN, yCTAaHOBJIEHBI MaK-
CUMaJIbHbIC 3HAYEHUs JUIS BBIOOPKH W3 BOJIOEMa
noc. beckaitnap (tabmuua 2). CpenHee 3HaueHHE
pasmepa JUTMHBI Tella JUTsl BRIOOPKU M3 MCCIIeJ0BaH-
HOro Bojgoema coctaBwiIo 79,1 MM, MUHUMAJIbHBIN
pasMep 1o JaHHOMY ITOKa3aTeli0 XapaKTepeH st
pei0 u3 kanana bakanac (36,5 mm). [laHHbIN MOKa-
3aTeib HaXOJUTCS HHXKE M3BECTHBIX 3HAYCHHM, MO0-
Jy4YeHHBIX TpU OoJiee paHHUX UCCIIEOBAHUSX, I7Ie
pasMepsl amypckoro debayka m3 kKaHaja bakanac
BappUpOBAIN B mpenenax 66,3-89 mm [23]. Taxxe
10 MaTepuanam 0ojee paHHUX HUCCIEIOBAHUH, pa3-
MEpPHO — BECOBBIE TIOKA3aTeNI aMyPCKOTO yebayuKa B
Bo3pacte 4+ gocturanu 93,98 MM MOTHON JTHHBI U
Macchel Tena 10 9,72 r. [22].
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Ta6amua 2 — bruonornueckne nokasareian aMypckoro yedadxa

bakanac, n=31 (A) | 03.Anakoins, n=5 (B) HOChE;(;K?gI;I ap, Tst
HpHU3HAK Bbeckaitnap- Bbakanac- bakanac-
M +d M +d M +d Anakoib beckaitnap Anakonb
BC AC AB
1 2 3 4 5 6 7 8 9 10
buonorudeckne nokasarenn
L, mm 36.5 84.2 45.1 147.50 79.1 103.74 5.82 15.85 1.53
1, Mm 30.0 1.32 37.9 89.80 64.8 73.05 5.86 19.44 1.87
Q,r 0.5 0.09 1.2 1.84 4.8 3.08 5.05 11.60 1.17
q,T 0.6 0.10 0.8 0.71 3.7 2.42 5.70 9.36 0.69
cTagus 2.5 0.14 2.8 1.20 3.0 0.00 0.41 7.25 0.57
MUTaHNue 2.4 0.17 1.6 1.80 2.2 0.54 1.00 0.74 1.24
JKHP 1.2 0.18 1.4 1.80 1.3 0.86 0.15 0.58 0.37
Fulton 1.7 0.06 1.8 0.24 1.7 0.03 0.43 0.08 0.41
Clark 1.4 0.06 1.3 0.08 1.3 0.03 0.00 1.96 0.93
[Mpumeuanue: «HID» — HET JAHHBIX

Koaddumments! ynuranHOCTH phId 110 DyIIBETO-
Hy 1 Knapk 1o uccieoBaHHBIM BOJIOEMaM CpaBHU-
TEJTHFHO BBICOKHE M CXOKHE MeXay coboit (1,73 mo
1,82), uTo HaxoAsATCs B MpeAesiax U3BECTHBIX 3HA-
YeHUH I BoJgoeMOB bamkarickoro Oacceitra [24-
25]. VYBenuuenue Kod(QPHULUUEHTOB YHNUTAHHOCTU
MIpH YMEHBIIEHUH pa3MepoB Tesa PhI0 MOTYT SB-
JSATHCSI CIEICTBUEM U3MEHEHUM XapakTepa oOMeHa
BEIIIECTB B HOBBIX YCIIOBUSAX [26].

[Ipu cpaBHMBaHMM JaHHBIX OHOJOTHYECKO-
ro a"amm3a u3 3-X BOJOEMOB, YCTAHOBIEHO, YTO

Hanbosiee OJAarONPUATHBIM MECTOM OOWTAHHS IS
amypckoro 4ebauka siBJsieTcs mpyn B moc. beckaii-
Hap, TTOCKOJIEKY TPH HaHOOJBITUX pa3Mepax y PoIo
COXPAaHSETCs XOPOlllasi yITUTAHHOCTb.

CooTHOIIIEHHE TT0JI0B B BRIOOPKE M3 UPPUTAITH-
oHHOro KaHana bakanac coctaBwio 65:35 ¢ mpe-
o0namaHueM camIlOB, BRIOOpKA OTIMYAiach TAaKKe
MHOTOYHCIICHHOCTBIO FOBEHUIILHBIX OCOOCH.

CBeneHus MO0 M3MEHYHUBOCTH MOpdoOMeTpHde-
CKHX TIPU3HAKOB BHIOOPOK U3 3-X BOJOECMOB TIpeE/-
CTaBJICHBI B TabmuIe 3.

Taéanua 3 — Mopdosorudeckast xapakTepUCTHKA BEIOOPOK aMypcKoro debadka n3 bankamickoro 6acceiina

Bakanac, n=31 (A) | 03.Anaxoins, n=5 (B) nochiggx(ag)ﬂ ap, Tst
IIpHU3HAK Beckaitnap- Bakanac- bakanac-
M +d M +d M +d Anaxoib Beckaitnap Anaxoib
BC AC AB
1 2 3 4 5 6 7 8 9 10
Mepucmuueckue npusHau
111 35.8 0.31 323 6.33 35.5 0.26 2.16 0.92 2.31
sup 43 0.09 3.5 1.00 4.9 0.09 277 3.76 1.44
inf 3.0 0.15 3.5 0.33 35 0.94 0.00 1.38 1.44
Dr 1.5 0.10 1.0 0.00 1.0 0.04 1.00 2.74 3.11
Dsf 6.8 0.09 5.0 2.00 7.1 0.08 2.94 2.09 2.42
Ar 1.3 0.09 1.5 0.50 1.0 0.00 1.00 1.67 0.48
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Table continuation

bakanac, n=31 (A) | o3.Anaxois, n=5 (B) HOChE;(;K(EIg;I ap, Tst
HpU3HAK beckaiinap- bakanac- Bbaxanac-
M +d M +d M +d Anakonb Beckaitnap Anakonb
BC AC AB
1 2 3 4 5 6 7 8 9 10
Asf 5.0 0.15 43 1.33 6.0 0.04 243 4.87 0.96
Psf 7.7 0.45 HJL HJT 9.9 0.41 5.34
Vsf 5.8 0.23 H]I HI 6.1 0.21 1.49
vert Tyi. HIT HJT 23.0 0.00 24.6 1.80 5.59 HJT HJ
vert XB. HI HI 15.3 0.33 13.6 1.16 4.29 HIT HI
vert Bcel HT H]T 37.0 7.33 38.2 2.24 0.84 HJT H]T
TInacmuyeckue npuznaxu
aD 53.6 0.40 57.2 2.79 54.2 1.93 3.79 1.74 4.73
aP 342 2.04 35.9 3.73 30.3 1.13 6.23 10.28 4.67
aVv 46.8 1.50 54.8 4.50 51.3 1.81 3.55 12.01 21.28
aA 70.0 0.75 70.6 12.64 72.4 1.31 1.14 8.18 2.07
Ica 21.6 0.64 HI HJT 25.6 0.69 HJT 16.72 HI
pD 40.2 0.92 422 2.03 54.6 2.79 17.00 35.59 5.04
1D 11.9 0.45 19.8 0.59 16.8 0.63 7.13 22.46 36.02
hD 21.1 0.48 29.4 4.47 26.1 2.66 2.97 13.52 22.43
1A 9.2 0.46 15.2 2.22 12.5 0.46 3.61 16.53 30.09
hA 14.3 0.34 20.9 2.98 18.7 1.76 2.45 14.37 21.69
1P 14.3 0.74 222 3.58 20.9 0.86 1.37 24.74 29.68
\Y% 15.0 0.53 21.8 1.28 21.0 1.28 1.39 21.08 24.08
Cs 233 0.63 25.8 7.65 26.4 5.05 0.44 6.18 4.90
Ci 23.2 0.62 28.4 12.16 26.1 4.20 1.27 6.37 11.35
Cm 13.0 0.40 18.4 9.12 15.2 3.68 2.07 5.15 12.80
c 26.8 0.44 33.8 8.54 27.8 0.85 4.56 4.13 30.77
ao 8.4 0.26 15.0 6.68 12.7 0.61 1.92 22.07 33.51
0 7.5 0.31 13.2 3.39 9.6 0.69 4.28 9.72 26.78
op 11.4 0.35 17.7 7.58 14.0 0.40 2.99 14.19 34.44
hop 14.4 0.39 HJ HJT 21.5 0.78 HJT 31.48 HJ
hco 13.4 0.24 19.0 1.41 16.9 0.56 3.45 18.78 30.24
he 14.4 0.45 23.9 3.02 20.1 1.22 4.25 21.02 35.02
io 10.2 0.27 H]L HJL 14.3 0.42 105.30 23.08 57.88
wm 7.8 0.45 HJT HI 9.7 0.72 54.58 8.20 34.16
H 21.5 0.51 28.6 6.78 29.7 1.82 0.93 26.55 22.96
hca 12.0 0.33 18.7 1.19 16.9 1.21 3.41 19.36 26.68
h 9.5 0.24 16.7 0.96 15.4 0.71 2.87 29.93 36.80
B OUTUPOBAHHBIX HCTOYHUKAX OTCYTCTBYIOT HpI/I CpaBHHMBaHUU BLI60pOK U3 NCCICIOBAHHBIX

CBe/IeHUs] 00 M3MEHYMBOCTH YHWCIIA PAJOB Yelmlyd  BojoeMoB (Tabiuia 3), TOCTOBEPHBIX Pa3IMyMil 110
HaJ ¥ o] OOKOBOHM JIMHWEH, KOJMYECTBY BETBHU-  YHCIY Yellyil B OOKOBOH JIMHUM He 0OHapyxeHo. B
CTBIX JIy4el B IPYTHBIX U OPIOIIHBIX TNIABHUKAX. HCCIIeIOBAHHON BBIOOPKE U3 03. AJIaKOJIb B CPEHEM
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MEHbIIIE PSAJOB Yelryd Hajl OokoBOHM ymHuel. Jlo- Bonpmias n3MEeHUUBOCTh MPOSIBISETCS B MOJIO-
CTOBEPHBIX PA3NIMYUMA MO YHUCIY PSAOB YEHIyH TOJ  JKEHUHU M pa3Mepax CIUHHOTO, TPYIHBIX, OPIOITHBIX
OOKOBOH JIMHUEW, YHCITy JIyded B CIIMHHOM IUIaB-  IUIAaBHHUKOB. [10 TMOJIOKEHUIO aHAIBHOTO TUTABHUKA
HUKE, HeBETBHUCTHIX JIydel B aHAJLHOM IUTABHUKE WU BBIOOpKA W3 TIpyla y moc. beckaifHap oTiamdaercs
BETBUCTHIX JTyYei B OPIOIIHOM ITUTABHUKE MEXKIIy UC-  OT ABYX Jpyrux. Tarxke MexIy HCCIeTOBaHHBIMHU
CJIeTyeMbIMH BEIOOpKaMHU HE BRISIBIICHO. BIOOpKa M3~ BBHIOOPKAMH BBISBICHBI 3HAYUTENBHBIC Pa3TAIUS
npyaa y noc. beckalinap otiamuaercs HauOonpmM 10 (JOpMe TOJIOBBI U Teja. JlaHHBIE MO MPOCTpaH-
YHUCIIOM BETBUCTHIX JTyUeH B aHAIBHOM IUIABHUKE, &  CTBCHHO-BPEMEHHOW M3MEHYUBOCTH MPEICTABICHBI
BBIOOpKA M3 03. AJTaKOJIb — HAUMEHBIIIHIM. B Tabmuie 4.

Tabauna 4 — CpaBHUTEIbHAS XapAKTEPUCTHKA N3MEHIUBOCTH MOP(HOMETPHUECKUX MPH3HAKOB aMypPCKOro debadka 13 pa3HbIX BO-
JI0EMOB

Hamm nanmsie CpaBHHBaeMbIe BOIOSMBI
31?{22;1 Bakanac AJrakoib Beckaitnap Bac.Amypa [21] g;g::g{céﬂg
min max (64 min max (64 min max (64 min max min max
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mepucmuueckue npuznaxu
111 34 38 4,8 30 35 7.8 35 36 1,4 355 374 32 38
Dr 1 38.5 1 0.0 1 2 20.0 HB 3 HB 3
Dsf 6 7.4 4 7 28.3 7 8 4.1 7 7.5 7 7.5
Ar 1 2 40.0 1 2 471 1 1 0.0 2 3 2 3
Asf 4 16.3 3 5 26.6 5 6 3.5 5,5 6.5 5,5 6.5
Vert HJT HI H]I 33 39 7.3 35 40 3.9 29 33 29 33

ITnacmuueckue npusnaxu
aD 49.1 58.0 4.1 55.6 59.5 29 513 56.3 2.6 47.7 49.2 46.0 55.7
Ica 15.4 30.0 16.6 24.0 27.9 32 235 24.9 19.3 26.2
pD 333 46.4 8.6 40.5 43.8 3.4 514 57.6 3.1 HJ HI 34.6 45.0
1D 6.4 16.2 21.2 18.9 20.6 3.9 15.6 18.3 4.7 11.6 12.9 10.4 14.4
hD 15.4 25.0 12.5 27.2 322 7.2 23.1 28.6 6.2 20.5 21.5 17.5 25.0
1A 5.1 14.3 27.7 13.6 17.2 9.8 11.6 14.2 5.4 7.7 8.0 7.1 10.0
hA 10.0 17.6 13.0 18.8 22.8 8.3 15.6 20.9 7.1 13.1 13.8 11.2 16.3
P 10.3 20.0 18.1 20.8 25.0 8.5 19.0 23.0 4.4 16.2 16.8 14.5 20.3
v 12.9 20.9 13.2 20.6 233 52 19.0 23.0 5.4 16.7 17.8 14.8 20.4
Cs 12.8 27.3 15.1 233 29.7 10.7 19.6 30.5 8.5 19 28 19.3 26.2
c 20.5 333 9.2 29.1 36.1 8.6 25.7 29.9 33 23.0 243 20.0 293
ao 5.1 11.9 17.2 11.3 17.8 17.3 11.4 14.4 6.2 7.7 7.8 52 9.7
o 3.5 10.3 232 10.8 15.1 14.0 8.5 11.2 8.7 5.5 6.1 4.7 9.6
op 7.7 17.6 17.3 13.6 20.3 15.6 12.4 15.1 4.5 9.7 10.6 8.8 13.5
hco 10.3 15.5 9.8 17.5 20.3 6.2 15.5 18.5 4.4 HJT HI 14.3 19.7
he 10.3 18.2 17.4 21.4 25.0 7.3 18.1 223 5.5 HJL HI 14.3 19.7

io 6.1 13.0 14.6 HJI HI HJ 13.0 15.8 4.6 7.5 11.5 7.0 11.5
H 13.7 27.1 13.3 26.4 33.0 9.1 26.8 323 4.5 22.1 235 19.6 30.3
h 6.8 12.5 14.2 15.5 18.1 5.8 13.5 16.8 5.5 10.4 11.3 9.6 15.9

HpHMeanHe: «HI» — HET JaHHBIX, «HB» — IIPU3HAK HC BapbUPYET
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VY amypckoro yebauka M3 OpPOCHUTEIBHBIX KaHa-
JIOB 1 03. AJIaKOJIb YUCJIO JIyYel B CIIMHHOM U aHaJIb-
HOM IIJJaBHUKAX OKAa3aJoCh MEHBINE, YeM B JIPYTUX
BbIOOpKax (Tabmuia 4). CIUHHON MTaBHUK OTCTaB-
JIEH Jayblle Hazajd. 3HAYuTeNbHas W3MEHYHBOCTD
BBISIBJICHA TIO JUTHHE XBOCTOBOTO CTEOJIST U COOTBET-
CTBEHHO TIOCTJIOPCAJIBHOMY pacCTOAHUIO. Y BHAA
TaKKe CHIIbHO BapbUPYIOT QopMa Tema, pa3Mepsl U
¢dopma IIIaBHUKOB, pazmep, popMa 1 OTHOCHTEIILHOE

PAacIoIoKeHNE PA3TMYHBIX YaCTeH TOIOBEI.

HOHy‘IeHHBIC HaMM JJaHHBIC IIOKa3aJIik, 4YTO
aMypckuil yebadok o0siafaeT yIMBUTEIBHOH Iia-
CTHYHOCTBIO, MO3BOJIIFOIIEH eMy MPUCTIOCOOUTHCS
K CaMbIM Pa3sHOOOpPa3HBIM YCIOBHSIM (pHC.2).

C nomomrsio PCA ananmsa (aHanu3 TJIaBHBIX
KOMIIOHEHT) BBISBIICHO pa3jIMiue IJIaCTHUYECKUX
MIPU3HAKOB TICEBIOPACOOPHI MO UCCIIEIOBAHHBIM BO-
noeMaM (puc.2).

Component 2

-3.00

BakaHac

Beckannap

Component 1

Pucynok 2 — PCA aHayiu3 miiacTHYECKUX MPU3HAKOB aMyPCKOTo yehauka

Buewmnuii BUa ppId 3aBUCHUT OT YCIOBUH OKPY-
JKAIOMIEH cpenbl Topa3no 0ojdbIIe, 4eM y APYTUx
KUBOTHBIX. Doma Tena, mojoxenwe U Gopma
MIJIABHUKOB OTIPENIENAIOT CIIOCOOHOCTh PBIO K Iie-
PEMEIIEHHUIO U COBEPIICHUIO Pa3lIMYHbIX MaHEB-
POB, a IPOIMOPIIUU TOJOBBI 00ECIIEUNBAIOT yCIEX
B OpHEHTauu W jJoObiBaHum mnmmu [27-28]. B
BOJOEMAaX aKKJIMMATH3alMKM BBISIBICHO 3HAYH-
TEIbHOE pacCIIMpeHUe IMPEeNesIOB M3MEHUYHUBOCTH
M0 MHOTHUM H3yYE€HHBIM IIPHU3HAKaM, YTO TOBOPUT
0 OOJIBIIIOM aJaNITUBHOM IOTEHIIAANIE aMypPCKOTO
yebayka.

Kak wm3BectHO, MOppOOHOTIOTHYECKHE TTPU3HA-
KM BHJA TIOJBEP)KEHBI M3MEHYMBOCTH B MPOCTPaH-
CTBE, TaK KaK OHM MOTYT OBbITh IPUBS3aHbI K OIpe-
nenerHor wume [29]. IloMmuMo 3KoIOTHYECKON
M3MEHYHMBOCTH HAOIIIONIAIOTCS M TeHEpaIlMoOHHas ¢
pa3MepHOBO3PACTHBIM, YTO TPOSBIISETCS BO Bpe-
MEHHOM IIPOMEKYTKE HEPECTOBOTO CE30Ha.

3akiIouyeHnne

PCSyHLTaTI)I IMMPOBCACHHOTO HCCJIICAOBAaHUA I10-
Ka3aJid, 4TO B HACTOsAIIEe BpeMsl aMypCKUi yebadok
SIBIISIETCS. OHUM M3 HauOosee pacrnpocTpaHEeHHBIX
qy>KEpOJHBIX BHJIOB PbIO B bankamickom Oacceline.
Br10opkr M3 pa3HOTHITHBIX BOJOEMOB XapaKTepH-
3YIOTCS XOPOIIUMH ITOKA3aTEeNSIMA YITUTAHHOCTH
1 Pa3HOBO3PACTHBIM COCTAaBOM, YTO YKa3bIBaeT Ha
YCTOMUYMBOE COCTOSIHME NomyJsiuui. BelsBiieHa
OoJbinas Mopdosioruyeckasi U3BMEHYHBOCTh JaHHO-
ro BU/a, KOTOpas TMO3BOJISIET aMypCKOMY 4debadKy
yCHeuHo HpI/ICHOC&6HI/IBaTBCﬂ K pa3JIMYHbIM 3KOJIO-
THYECKHAM YCIIOBHSM.

Kondaukr unrepecon

Bce aBTOpBI IPOYHTAIIHM U O3HAKOMIICHBI C COJIeP-
JKaHUEM CTaThbU U HE UMCIOT KOH(bHI/IKTa HWHTCEPECOB.
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PE3YAbTATbl MOHHUTOPHUHTA CEPOTO CYPKA
HA OTPAHUYEHHOM YYACTKE 3AMANNUCKOTO AAATAY -
30OHE AKTMBHOTO TYPU3MA OKPECTHOCTEN AAMATDI

B craTbe npoaHaAM3MpoBaHbl AMTEpaTypHble M COBCTBEHHbIE (3a neproa ¢ mMas 2007 Mo MioAb
2021 rr.) AaHHble MO CTPYKTYpe MoceAeHmin ceporo cypka (Marmota baibacina Kastschenko, 1899)
Ha OrpaHWYEHHOM Yy4aCTKe CEBEpPHOr0 CKAOHAa 3auAMIACKOro AAaTay, PacrnoAOXKEHHOro BOAM3M
ropoAa AAMaTbl 1 4acTo nocellaemoro Typmctamu. CeBepHbIi CKAOH 3aMAMICKOro AAaTay CUMTAeTCs
MOTEHLMAAbHO O4YaroBOM MO Yyme TeppuTOpMeii, HO, MPOBOAMTb OOCAEAOBaHME OKPECTHOCTEN T.
AAMaTbl C OTAOBOM IPbI3YHOB B HACTOSILLEE BPEMS] HeLleAeCO06pa3HO, MOXHO OrPaHUUMUTbCS CAaHUTapHO-
NMPOCBETUTEAbHOI PAbOTOM M, MO BO3MOXHOCTU, M3YUYEHMEM YMEPLUMX TPbI3YHOB MAM MX KOCTHbIX
ocTaHkoB. OKOHYaTeAbHbIE PE3YAbTaTbl MOHUTOPMHIA MOCEAEHMIA CYPKOB Ha yYacTKe MOATBEPAMAM, UTO
MX MPOCTPAHCTBEHHOE pa3MeLLieHre U KOAeHAHMS YNCAEHHOCTH 3aBUCIT OT KOMIMAEKCA abUOTUYECKMX 1
61OTHMYECKMX (PaKTOPOB, MPUUYEM AHTPOMOreHHOE BAMSIHME HE SBASETCS AOMUHUPYIOWMM. EcAn Aoam
CreLmMaAbHO He NMPECAEAYIOT CYPKOB, OHM BIMTOAHE MUPHO Y>KMBAlOTCS C YearoBekoM. OTCyTCTBME Cypka
B HM3KOTOPbSIX M CHUXKEHME €ro YMCAEHHOCTM B CyOaAbMUIICKOM Mosice 0B6CAEAYEMON TeppuUTOpum
CBS13aHO, B MEPBYIO O4YePeAb, C COKPALLEHMEM BbInaca CKOTa, KOTOPOe NMPUBEAO K YBEAUYEHMIO BbICOTbI
TPaABOCTOSI. B aAbMMIICKONM 30HE AENCTBYIOT abnoTuyeckme n brotnyeckme akTopsbl.

KAtoueBble cAoBa: cepblii CYypoK, 3aMAMIACKMIA  AAaTay, MOHWTOPWHI, apeaAs, YUCAEHHOCTb,
noceAexus, GyTaHbi.

V.G. Meka-Mechenko'*, V.V. Sutyagin?

«Masgut Aikimbayev’s National Scientific Center for Especially Dangerous Infections»
(NSCEDI) MH RK, Kazakhstan, Almaty
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*e-mail: vmm_m@bk.ru

Monitoring results of gray marmoth in a limited section
of Zaili Alatau — area of active tourism in the environment of Almaty

The article analyzes the literature and our own (for the period from May 2007 to July 2021) data
on the structure of the gray marmot (Marmota baibacina Kastschenko, 1899) settlements on a limited
area of the northern slope of the Zailiyskiy Alatau, located near the city of Almaty and often visited by
tourists. The northern slope of the Zailiyskiy Alatau is considered a potentially focal area for plague,
but it is currently impractical to conduct a survey of the environs of Almaty with the capture of rodents,
it is possible to limit ourselves to sanitary and educational work and, if possible, study of dead rodents
or their bones. The final results of monitoring marmot settlements on the site confirmed that their spa-
tial distribution and fluctuations in numbers depend on a complex of abiotic and biotic factors, and
anthropogenic influence is not dominant. If people do not specifically pursue marmots, they get along
quite peacefully with a person. The absence of the marmot in the low mountains and the decrease
in its number in the subalpine belt of the surveyed area is associated, first of all, with a decrease in
livestock grazing, which led to an increase in the height of the grass stand. In the Alpine zone operates
of abiotic and biotic factors.

Key words: gray marmot, Zailiyskiy Alatau, monitoring, range, abundance, settlements, butanes.
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AAMaTbl MaHbIHAAFbI OeACEHAT TYpu3M aymarbl — Ine AAaTaybIHbIH, LLEKTEYAI
aliMaFbIHAAFbI CYP CYbIPFa XYPri3iAreH MOHUTOPMHI HOTHXKeAepi

Makarapa AAMaTbl KAAaCbIHbIH MaHblHAQ OPHAAACKaH >KoHe TypucTep >ui OapatbiH Iae Aaa-
TaybIHbIH COATYCTIK GETKEMiHiH WEKTeYAi aliMarbiH MEKEHAENTIH cyp cyblp (Marmota baibacina Kast-
schenko, 1899) KOHbICTapbIHbIH KYPbIAbIMbI TypaAbl 9A€6M >koHe ©3iHAIK (2007 XbIAFbI MambIpAaH
20271 XbIAFbI WIAAETE AEMIHTT Ke3eH) AepeKTep TaAAAHFaH.

Ine AAaTtaybiHbIH, COATYCTIK 6eTkeiti 06a aypyblHblH SAEYETTi OLIAKTbIK, aiMarbl OOAbIN CaHaAaAbl,
6ipak, AAMaTbl KaAaCbl MaHbIHAQ KEMIPFILLTEPAI ayAayMeH 3epTTey >KYMbICTapbIH XKYPri3y Kasipri TaHAa
MaHbI3Abl EMEC, CaHMTAPAbIK-aFapTy >KYMbICTApPbIMEH LLEKTEAYre 60AAAbI, )KOHE MYMKIHAITIHLLE, OAreH
Kemiprilrepai Hemece OAapAbIH CYMEK KAAAbIKTapbliH 3epTTey KakeT.

AIMaKTarbl Cyp CybIPAAPAbIH KOHbICTAPbIH 6aKblAAyAbIH COHFbl HOTMXEAEPI OAAPAbIH KEHICTIKTIKTE
OPHAAACYbl MEH CaHbIHbIH aybITKYbl aOMOTUKAAbIK, >kKoHE BMOTMKAABIK, (hakTopAap KelleHiHe 6aiAaHbICTbI
€KEeHiH pacTaAbl, aA aHTPOMOrEHAIK 9CepAiH 6aCbiIM eMECTIriH KepCeTTi.

Erep apnamaap cyp cybipAapAbl 9AeMi KyAaramaca, oAap asaMmeH 6einbiT emip cype araabl.

AAaca TayAapAa Cyp CybIpAblH GOAMaybl »KOHE 3epPTTEAreH ariMakTbiH CyOaAbriAik OGeapeyiHAe
OHbIH CaHbIHbIH a3atobl, €H aAAbIMEH, MaA XKatOAbIH KbICKapybIMeH 6aMAaHbICTbI, OYA LONTiH OMIKTIriHiH
JKOFapbIAAybIHA OKEAAI. AAbIi aiMarbiHAA aBMOTUKAABIK, XKOHE OMOTUKaAbIK, hakTopAap 6ap.

Ty#in ce3aep: cyp cybip, Iae AaaTaybl, MOHUTOPUHT, TapaAy aiMarbl, CaHbl, KOHbICTaHYbl, OyTaHAAP.

BBenenue

Cepblil Cypok — DBPUOMOHTHBIN, KH3HEHHO
CTOMKHH, SKOJOTMYECKHU IJIACTUYHBINA BHI, Pacipo-
cTpanéHHBIN Ha TeppuTopuu Pecnyonuku Kazaxcran
B BoctouHOM yactu Capslapku (Kazaxckoro Menko-
COTOYHUKA), Ha Antae, B TapOararae, XKeTbicyckom
(Jbxynrapckom) Amatay u Xpebrax CeBepHOTO
Tsiup-11anst. ['pbI3yH npokuBaeT B pa3IuuHbIX OHO-
TOTAX OT TOPHO-CTEITHOTO U JIECO-IIyTOBO-CTEITHOTO
JIo anbnuiickoro Ha BbicoTax oT 800 o 3800 M Hax
ypoBHeM Mopst. OOcIeTyeMblil y9acTOK PacIioIoKeH
Ha CEBEPHOM CKJIOHE XpeOTa 3amyumiickuii Anatay,
SIBJISIFOLIIMMCST. KpaiilHEe CEeBEpO M CeBepo-3amajHoN
4acThIO apeana ceporo cypka [1], B rpaHuiiax KyH-
rei-3ammuiicKol reorpaIecKON MOMYJISITIH TSHb-
IIaHBCKOTO IOJIBU/IA CEPOro CypKa — OJTHOM U3 Hau-
0oJtee M30IMPOBAHHBIX M HEIOCTATOYHO U3yUCHHBIX.
OH HaxoJWTCs B CEBEPO-BOCTOYHOM 4YacTH YOHKe-
MUHCKOW MECTHOM TOIyJIsIiu [2].

Mounurtopunr nposoauics ¢ mast 2007 no uronb
2021 rr. ¥ ero npeaBapUTEIbHbIE PE3YJIbTAThl yKE
nyOsnmkoBanuchk panee [3, 4]. B nanHoii craTbe mpo-
AHAJIM3UPOBAHBI UTOTH MHOTOJICTHUX HAOIIOICHUN
A chellaHbl OKOHYAaTelbHbIE BBLIBOJALI. OOIme 3a-
KOHOMEPHOCTH BIIOJIHE TPOCIIEKEHBI, a I Ooee
ACTAJIbHOTO U3Yy4YCHUS HCOGXOI{I/IMO MCUCHHEC 3BEPb-
KOB C TIOCJIETYFOIIIUM CIIEKEHUEM MTPH TIOMOIIN TeX-
HUYECKHUX cpeAcTB. K coxkaneHuto, 3KcTpanoianpo-
BaTh IOJyYEHHBIE JIaHHBIE Ha BECh apean ceporo

CypKa Helb3sl, HO OHU MOTYT BbI3BaTh ONpPEHENIEH-
HBII UHTEpEC.

MarepuaJ 1 MeTOAbI

OO6cnenyemMblii y4acTOK HAaXOJUTCS Ha TeppH-
Topun Wne-Anatayckoro rocy1apcTBEHHOTO IPH-
POJIHOTO HALMOHATIBHOTO Mapka. MOHUTOPUHT TO-
CeJICHUH Ceporo Cypka MPOBOJIWIICS Ha IUIOLIaId
100 km? oT ckioHa K p. JIeBbrit Tanrap Ha BOCTOKE,
10 Botopaszaena Mexxay p. Kasaxkeissl (p. Kazamka)
u p. Kym0ens Ha 3amane u ot negnuka TyHbIkcy Ha
fore, 70 cepepHoro ckioHa T. KoteipOynak (43,17°
C. III.) Ha ceBepe, B Ipejenax BeicoT oT 1600 M H. y.
M. Ha ceBepo-3anazae 1o 4000 M H. y. M. Ha rore. Ha
y4acTKe MOCTOSHHO (DYHKIIMOHUPYIOT CIIOPTHBHBIC
KoMmIIeKcsl «Mezneo» u «UYnumOynak», ocTaiabHas
TEPPUTOPHS TOCEUIACTCS TYPUCTAMHU C Pa3TMYHON
CTETIEHbIO NHTCHCUBHOCTH.

Pabora npoBouiack Ha Memmx MapuipyTax [5]
0e3 HOUCBKH, yUET YMCICHHOCTH CYpKOB OBIIT BO3-
MO’KEH TOJILKO B Cepe/InHE JHsI, TI0 BpEMEHH, COBIIa-
Jlall CO CHM)KEHHOM CYTOYHOH aKTHBHOCTBIO B3POC-
JIBIX Y TIOJTYB3POCIIBIX 3BEPHKOB M 10 STOW MPUYNHE
JOTIOJTHUTENIFHO YYHUTBHIBAINCH KOCBEHHBIE TPU3HA-
K1 00MTaeMOCTH HOp (HaJU4ue TPOI, IMTOMET, cle-
Ibl pacyucTKU U 1p.). KapTupoBanue 3akOHUMIOCH
B 2015 roay, HO BNOCIEICTBUH HAONIOEHUE TIPO-
JI0JKaJIOCh, M OyTaHBl CEpOro CypKa IMOCELIaIiCh ¢
gacToTo# ot 1 110 5 pa3 B ro.
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Pe3yabTathl u 00cy:KI1eHUE

Kynreii-3aunuiickast reorpaduueckas morry-
JIAIUSL pacTioioKeHa Ha nepudepun apeana BHIIA,
MO3TOMY JUISl HEe, KaK M JUIsi MHOTHX BHJIOBBIX I10-
MyJAUAN, XapaKTepHBl OTHOCHUTENFHO BBICOKAA
aMIUTUTyla KoJeOaHWH UYHCIEHHOCTH Oco0ei u
HECTaOMIBHOCTh TPOCTPAHCTBEHHON CTPYKTYPHI,
[0 CPaBHEHMIO C IIEHTpaJIbHOW ero uacteio [1, 6,
7]. byrans! (cemeiinbie HOpHI) AuddepeHIIpoBa-
JMCh Kak o0MTaeMble, IocemaeMble, HeoOuTaeMbIe
Y 3aIruIbIBIINE (JaBHO OpOIIEHHBIE, C OTCYTCTBHEM
cienoB nocemenus nocnenuue 10 ner). Jlannmadt
y4acTKa CUIHHO PacuJIeHEH, TIOCEICHNUS CEpPOro Cyp-
Ka Ha HEM OTHOCATCA K JIGHTOYHOMY U OCTPOBHOMY
TUMIy. A TaM, I7ie penbed CHIBbHO pacusieHEHHBIH,
CE30HHBIC KOPMOBBIE MIEPEMEILCHUSI OOBIYHO HE3HA-
YUTETHHBI M OTPAHUYNBAIOTCS MIPEIeIaMU TEPPHUTO-
puu, 3aHuMaeMoil kononuel [2, 8]. boapmuHCTBO
13 HaOIIIOJJTaeMBIX CEMEHHBIX HOP OTHOCSTCA K IIO0-
CTOSTHHBIM (3MMHE-JIETHHM), YacTb 3acelieHa TOJIb-
KO JIETOM | TOJBKO 1 — 3uMmHss. JleTom 3Bepbkamu
MHTEHCUBHO HCIIOJIb30BAJINCh KAMEHHBIE OCBHIIH C
nuameTpoM kamuei ot 0,3 1o 4,0 M, KaKk HaXOISIIIIN-
ecsl B HEMOCPEACTBEHHOH OJIM30CTH OT OyTaHOB, TaK

.‘:\-_ b 19
===
=

. OdnTaeMbie IMocemaeMeie
P05 10 LS 20 2Sku HOPBL HOpEL
L L L | . HeoGaTAEMBIE JanasiBmne
HOPBI HOpBI

Pucynoxk 1 — CeBepo-BoCTOUHBIH (parMeHT
obcienoBaHHOM TeppuTopuy Hioib 2016 1.
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n Ha paccrostHuM 100-150 m ot Hux. Huxke 3000 M
H. Y. M. OyTaHbI PSIIOM C YIOOHBIMH OCBHITISIMHU B 3TO
BpEeMs IPAKTHUECKHU HE TIOCEIATUCh CypKaMH, HO B
BBICOKOTOPHE, HECMOTPS Ha aKTUBHOE MCIIOJIH30Ba-
HUE OCBINEN 3BepbKaMU Pa3IMYHOT0 BO3pacTa, HOPBI
ObUTH pacuWIIeHbl. DTO BBI3BIBAJIO CIIOKHOCTH B
T epeHINPOBKE OOUTAEMBIX U MTOCEIIAEMBIX HOP
W 3aTPYAHSAJIIO OTpE/eJieHne Pa3MepoB CEMEHHOro
yuactka. Ha paccrosiaum 6omnee 200 M ot OyTaHOB
k ocern 2017 r. oOHapyxeHo 198 3ammTHBIX HOD,
HO TOJIBKO 9 M3 HHUX BBIPBITHI WM MCHOJIb30BAINCH
B T'OJ] HAOIOIEHUS, OCTAIbHBIE OBUTH CTAPBIMU WIIH
OUYCHb CTapbIMU. 3a mociennue 3 roaa HaigeHo 17
CBEXKEBBIPBITHIX 3AIUTHBIX HOpP, YTO TOBOPUT 00
WHTEHCUBHOM PACCEJICHUHU CYPKOB. 3aQHUKCHPOBAHO
38 HOBBIX OyTaHOB, a 00IIee KOJMYECTBO 3aKAPTH-
poBaHHBIX cocTaBmio K oceHr 2020 r. 197, u3 Hux
177 obutaemble WM mocemaemMbie U 19 — 3amisiB-
e (pucynku 2,4). HeoGuraemMbIimM ocTaics TOIBKO
1 6yTtan Ha BrIcoTE 2660 M B 500 M 10T0-BOCTOUYHEE
nep. TepucOyTak, 3a0pomienHsii k ety 2016 . Bee
obuTaemple OyTaHbI OTMEUEHBI B TIpeenax ot 2450
1o 3570 M H. y. M., ipuuéM cBeitie 90,0% mocto-
STHHO OOMTAaEeMbIX HaXOJMJIaCh B 30HE ANBITUHCKHAX
nmyroB Ha BelcoTax 2800-3450 M H. y. M.
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Pucynok 2 — CeBepo-BOCTOUHBIH ()parMeHT
oGcnenoBanHoi TeppuTopun aBryct 2020 .
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Pucynoxk 3 — 3amannslii u roro-3ar. gparmMent
o0cienoBanHoO# Tepputopun utoib 2016 1.

Y4acTok MOHHUTOpPHHra HE OTHOCHTCS K TpyI-
ne TsHb-IIIaHbCKUX BBICOKOTOPHBIX OYaroB YyMBbl,
T7Ie OCHOBHBIM HOCHTEJIEM SIBJISIETCSI CEPBII CYypOK
[9, 10], HO, pacmonaraercs B HEMOCPEIACTBEHHOM
OM30CTH U MOXET CUUTATHCS MOTEHLIHUAIBHO OYa-
roBoii teppurtopuei. B 2013 r., Ha Teppuropun
Keipreisckoii Peciybnuku, B ypouniie Otryk Ca-
PBIKA3CKOTO Me3004ara 4yMmbl 3aperucTpHpOBaH
ClTy4ail 3apakeHHs 4elloBeKka OyOOHHOW dymoHl B
pe3yibTaTe KOHTAKTa ¢ 3a00yieBmuM cypkom [11].
[Tocne storo coObrtus, B 2014 roxy, Tammgsikop-
raHCKOM IIPOTUBOYYMHOM CTAHLMEN HAYano0Ch IUIa-
HOBOe o0ciieioBaHNE CMEXHBIX ¢ CapblKa3cKuM
04aroMm y4acTkoB — KapkapHuHCKON OTEHI[UAIBHO-
ouaroBoil Tepputopuu. B 2014 r. pe3ynbTarthl uc-
CIICZIOBAHMS TOJICBOTO MaTepHana Ha 4ymy OBLIH
OTpULIATEIbHBIMU, OTHAKO, y3k€ B 2015 ., ipu s1u-
300TOJIOTHYECKOM OOCIIEIOBAHUU TEPPUTOPHHU, OT
JBYX CEpBIX CYpKOB OBLIO BBIIEJIEHO [Ba ILTaMMa
B030yauTesst uymbl [ 12]. CeBepHbIH CKIIOH 3auuii-
CKoro AnaTtay — MOTEHIMAIBHO 04aroBas Mo 4yyMe
teppuropust [13]. Habnronaemplil y4acTok HUKOT 1A
He o0cienoBajics Ha YyMmy, a IpUieramoomas Tep-
putopus u3ydanack 6osnee 30 et Hazax. DNHU300-
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Pucynok 4 — 3ananHslii u roro-3ar. gparmMeHT
o0OcienoBaHHOW TeppuTopry aBryct 2020 r.

TOJIOTMYECKOoe 00cieoBaHUe ObUIO NPOBEACHO B
Oaccelinax pek Maioit u bosbioli AJIMAaTHHKY Ha
BbicoTax OT 1075 mo 2100 M H. y. M. B 1993-1994
rr. B pesynbrare oOcnenoBaHus YyMHOW MHUKpPOO
He oOHapyxeH [14]. MccnenoBaHHbIH MONEBO Ma-
TepHaj COCTOSUT M3 MBIIIEBUAHBIX TPHI3YHOB M HX
0J10X, TOTJa KaK OCHOBHBIM HOCHTEJIEM YyMBI B TOP-
HBIX TIPUPOIHBIX O4arax 4YyMbI SIBIISIETCS CepHIi Cy-
poxk [15]. Murparuu 6710X K BBIX0JJaM HOP B TOPHBIX
ouarax 4yMbl HET U 3apakeHHe YeJIoBeKa UyMOH OT
CYPKOB, BO3MOXHO, TOJIbKO IPU UX pa3feiKe WU
KOHTAaKTe C TpyHamH TpbI3yHOB. BO3HUKHOBEHUE
SMM300TUH YyMbl Ha JAaHHOM Y4YacTKE MajloBepo-
SITHO M3-32 HU3KOU YHCIEHHOCTH CypKOB, H30JIUPO-
BaHHOCTH UX MOCEJICHUI U HE3HAYUTEIILHOCTH BHY-
TPUIOMYJISIIMOHHBIX KOHTAKTOB Ha 00CJIEJIOBAHHOM
TEPPUTOPHH, HO CIIOPAANICCKHE CITydau 3apayKeHUs
BIIOJIHE BO3MOXXHBI. [0 HEll Impoxoaar Murpanuu
KaMeHKH-TUsicyHbH  (Oenanthe isabellina), Bepo-
SITHOTO pa3HocuWKa Bo30ymutens uymsl [16, 17].
Kak u3BecTHO, AucceMHHAIMs BO30YAMTEINST TyMbl
MOXET OCYIICCTBIISITHCS HOCHTEIISIMU WH(EKINU
ImyTeM 3cTadeTHON meperaud WIM Pa3HOCOM 3a-
pPaXEHHBIX OJI0OX B XOJ€ MHUIpPAlUil TTO3BOHOYHBIX
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— MpeXJIe BCEro, TPHI3YHOB, HA3€MHBIX XHUIIHUKOB,
KONBITHBIX W NTHLI, U3 HOCIECIHUX AaBHO U BIOJHE
000CHOBaHHO TIPUBJIEKAET BHUMaHUE KaMEHKa-TIIs-
cyHbs [18]. B xozie HaOOJeHUS MEPUOIMUSCKU
(PUKCHPOBATIHMCH TPYIIBI CEPHIX CYPKOB MIIM UX KOCT-
HBIE OCTAHKH, HO HCCIIEZIOBATh X B J1a00OPaTOPUH HE
y/1aBaJoCh. 3a MmocieaHue 6 JeT ObuT 0OHAPYKEHBI
2 gepena U 3 KOCTHBIX OCTAaHKOB CEPBIX CYPKOB M
OHHU OBITH MCCIEAOBAHBI OJHUM M3 aBTOPOB METO-
nom IIIP-muarsoctukn B maboparopuu Tanmbl-
koprauckoit [TYC ¢ oTpunaTebHBIM pe3yabTaToM.
MuHUManBHEIN 00bEM MaTepUaa, €CTEeCTBEHHO, HE
MI03BOJISIET C/I€TIaTh KOHKPETHBIE BBIBOIbI. KOHEUHO,
MIPOBOJUTH 00CIEOBAHIE TEPPUTOPUHU C OTIOBOM
TPBI3yHOB HELIEIECO00Pa3HO, BIIOJIIHE MOKHO OTpa-
HUYUTHCS CAHUTAPHO-TIPOCBETUTENLHON PabOTOM H,
10 BO3MOKHOCTH, N3Y4YEHHEM YMEPILIUX TPHI3YHOB
WA UX KOCTHBIX OCTaHKOB.

JlaHHbIe TUTEpaTypHl CBUIETENHLCTBYIOT O TOM,
YTO Ha OIMCBHIBAEMOM TEPPUTOPUU pacCIpOCTpaHe-
HUE Cypka B mepBoil mosoBuHe 20 Beka ObLIO TO-
pazmo mmpe. B.M. KanmroHoBEIM mOIpOOHO OTH-
caHbl MecTa OOMTaHHSI CEpOro CypKa B 3anIHMICKOM
Amnaray: 5TOT rpbI3yH 00uTan Ha Beicote oT 1400 1o
3500 M H. y. M. B HEKOTOpPBIX MecTax OHU pacHpo-
CTpaHEHBI TIOBCEMECTHO, HO TJIOTHOCTH MX IOCEIIe-
HUH B HWOKHEM I0siCe OYCHb CHMKEHA aHTPOIOTEeH-
HBIM BO37IeHCTBUEM [19]: YHUUTOXKEHUEM B PE3YIIb-
TaTe HE3aKOHHOW OXOTBI, YpPEe3MEPHOM peKpearu-
OHHOW Harpy3KOW M IOSIBICHHUEM HOBBIX O0OBEKTOB
nappactpykTyps! [20]. Jlo HEmaBHETO BpeMEHH Ha
teppuropun ['HIIIT «Wne-Anaray» B Oacceiine p.
Typrens cypok Ob11 00JIee MHOTOUHCIICHHBIM OBLIO
OTMEUEHO HETraTHMBHOE BIIMSHHE IIOCETUTEICH Ha
MIOMYJISIIIAA MHOTHX MIIEKOITUTAIOIINX, B TOM YHCIIE
u ceporo cypka [21]. HeGosbiue nocenenus cyp-
Ka elé ocTaJuCh Y UCTOKOB pekH M. AnmaTHHKa
B ypouniie Tyrokcy u B BepxoBbsix pexk Komucca-
poBka n bytakoBka. Ha mepesane Tanrap B 2003
I. BCTpedaJnch OOWTaeMble HOpPBI, OOJIBIIMHCTBO
n3 HUX ObutM HexmibiMH. Tarke B 2010 1. ObIIO
00Hapy»XeHO, 4TO OOJblIasg 4acTb HOP CYpKOB HE
obutaems! [20]. Ilo HammM TaHHBIM, B BEPXOBBSIX
p. KomuccapoBka Haxoausaochk 2 ceMeiHbIX ydacTKa
CEpOro CypkKa: HIKHUN Ha CEBEpPO-3aIlaHOM CKIIO-
He 1. ®ypmanorka (800 M ceB.-3amainee, 2625 M H.
y. M.) 1 BepxHuil — 350 M 1oxxHee e€ Ha BbicoTe 3060
M H. y. M. [3]. Huxuuii Oytan ObUT 0OUTaeMbIM, B
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2007 u 2008 rr. cypku B HEM 3UMOBAJIH, HO C UIOHS
2008 roma Ha HEM HUKTO He Xwi. OH Hadal 3ace-
naTbest B Hadane jiera 2010 r., BecHoit 2011 r. BBIBe-
JICHO MTOTOMCTBO, /IO CEPEIUHBI UIOJISI HAOII0AaIiCh
B3pOCJIbIE 3BEPHKHU U JIETEHBIIIN, HO YK€ C aBrycTa
— cHOBa HeoOuTaeM. Belnac ckoTta B BEpPXOBBAX P.
KomuccapoBka Torja mpakTHIecKy OTCYTCTBOBAI U
OyTaH CHJIbHO 3apacTall, 4To, CKOPee BCEro, Croco0-
CTBOBaJIO THOENH 3BEpbKOB. B mocnennue 5 et Ha
TEPPUTOPUH MPOU3BOAUTCS BBINAC JOMIAACH U KO-
POB, BBICOTA TPABOCTOS 3HAYMTEIBHO COKPATHIIACH
u ¢ konna utons 2020 r. OyTaH ONsITh 3aceNMIICs,
HO 1o utong 2021 r. B HéM mpoxuBan 1 cypok. B
Oacceiine p. ByrakoBka ¢ Hauana HabIIOAEHUS QUK-
CHPOBAIMCH TOJFKO HEOOUTAaeMbIe MITH 3aTUIBIBIINE
OyTansl Ha BeicoTe 2200-2500 M H. y. M. HecMoTpst
Ha MOCTOSIHHBIHN BBINAC HA 3TOH TEPPUTOPHUH JIOLIa-
Jleil 1 HEBBICOKHMM TPaBOCTOM, BCE OHU MOCTENEHHO
sammeum. 3ato B 2018-2019 rr. mpomsonmio pac-
ceJleHne CypKOB MO c-B. CKJIOHY TI'. dypmaHOBKa B
BEpXOBBS p. byrakoBka 10 BbIcOTHI 2780 M H. y. M.
(pucysku 1, 2). Ha HmxHEM OyTaHe, MPU BU3yallb-
HoM HaOmogaenuu 27 mrois 2021 r., BeisiBieHo 11
3BEpHKOB: 2 B3POCIHBIX, 5 MOJIOJIBIX MEPE3UMOBAB-
mux 1 4 neTéHpla.

K nety 2015 r. GOABIIMHCTBO OYyTaHOB CEPOTO
Cypka B OKpecTHocTH Tiep. Tanrapckuit Obutn o0u-
TaeMbIMUA M OJIUH M3 OOJIBIIMX, XOPOIIO pa3pado-
TaHHBIX Haxoquwica B 150-200 M OT KOHEUHOH CTaH-
MU KaHATHOW JoporH (pUCyHOK 5a). B HacTosmiee
BpeMs CypKH 3acelnif MeHee yA00HYyIo, HO IpH-
TOJIHYIO JUISl TIPOKUBAHUSI TEPPUTOPHUIO CEB.-BOCT.,
B cTopoHy niep. Capsicaiil (prucyHOK 2). 3BepbKH 3a-
CEJIMJIN YYaCTKH, IPUMBIKAIOLINE K JIBKHOH Tpacce,
MIPUBBIKIN U HEe 00pamaT BHUMaHUS Ha OTIOPHI U
npoezxaromue kadbunel ¢ynukynépa. Typuctuye-
CKasg TpoMa MPOXOJUT Yepe3 MOCEIEHUE CYpKOB H
JIFO/IM YacTo paclojararoTcs Ha OyTaHaxX (PHCYHOK
5 6), HO 3TO HE CHJIBHO TPEBOXXKHUT 3BEPHKOB, TIOTO-
MY 4YTO HE COBIAJAET C MMKOM UX aKTUBHOCTHU B Te-
TUJIBINA IEPHO/I.

B 2018-2019 rr. cypkamu 3aceneHo «4EpToBo
YLIENIbE», PACIOJIOKEHHOE MEX LY Tep. Tanrapckui
n «Boporamu Tyrokcy». Celiuac TaMm umerorcs 4
oOutaeMbix OyTaHa, HO peibed MECTHOCTH H yC-
JIOBUSI CYLIECTBOBAHUSI MCKIIIOYAIOT BO3MOXHOCTD
3HAYUTEITHFHOTO TIOBBIIICHNS YUCICHHOCTH Ha TOU
TEPPUTOPHH.
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Pucynok 5— a) O6uraemsrit 6yran 250 M 10-3. iep. Tanrapckuii (3250 M H. y. M.),
6) Typuctsl Ha oOuTaeMoM OyTaHe y TPOIIEI Ha JiemHuK bormanosuyda (3220 M H. y. M.)
(doro B.I'. Meka-MeueHko)

E.M. Bakynenko-CHerupesckast oTMedasa, 4To
netoM 1933 . «GKuIble HOPBI CYpKOB BCTPEYAIIHCH
Ha | KuiomeTp BbIIe KypopTa Meaeo Ha nmpaBoM
Oepery p. M. AJIMaTWHKA, a B IIEJIOM TOCEICHUS
Ceporo cypka HauMHAIUCH ¢ BBICOTHI 1600-1700 M»
[22]. B BepxoBpax p. M. Anmartuaka nerom 2015
r. oOuTaemble OyTaHbl Cypka (PUKCHPOBaIMCh Ha
nmpaBobOepexbe cpa3y 3a «Boporamm Tyrokcy» ¢
BbIcoTHI 3000 M, a Ha JIeBOM Oepery — ¢ BBICOTHI
3100 M, HI>KE HAOIIOMAIUCH TOIBLKO HEOOUTAaEMbIE
WIM 3amuibiBIIME HOpBL. B koHue aBrycra 2016 r.
HIDKHIOIO 3aIUIBIBIIYIO HOPY Ha JIEBOOEpeXbe 3a-
ceNuu 2 B3pOCible 0co0u [4], Ha CIeAYIOUIHIA TO/
OHHM TIPOM3BENHN TTOTOMCTBO, W BecHOH 2019 r. Tam
yKe OOMTalIM MEepe3nMOBaBIINE MOJIOABIE 3BEPhKU
(pucynox 7 6). B cepenune mas 2020 r., 10 BEIXO/a
MoJIOAHsAKa, Ha 3 OyraHax Hmxke «BopoT Tyrokcy»
2600-2750 m H. y. M mpoxuBaiio 15-16 3BepbKOB,
TaK 4YTO 3acelieHHe CEePbIMH CypKaMH 3TOH TeppH-
TOpPUM, HECOMHEHHO. HnxHsAs rpaHua noceiaeHus
B JIoJMHE p. M. AJIMaTHHKA IepeMecTHIach 3a Mo-
cieqaue roas! Ha 400 M H. Y. M. B pacIIIpeHHE TIPO-
M30IIII0 TI0 €CTECTBEHHBIM MPUYMHAM, HE CBSI3aH-
HBIX C JEATEJIBHOCTBIO uesioBeka. HOxHee U Bblle
B ypouunmax MbeIHXUIKK U TyroKCy 3a MmocieaHue
4 ronma oOpazoBanock 9 HOBBIX OYTaHOB M YHCIICH-
HOCTbh CYpKOB 3HAUHTENILHO TMOBBICHIIACH (PUCYHKH
3-4). Ilo nHammM HaOIIOIEHUSIM, HECMOTPS Ha OY€Hb
CYLIECTBEHHYIO PEKpPEallMOHHYIO Harpysky, B Oac-
ceiiHe p. M. AnmMaruHKa, BKJIIOYasi OKPECTHOCTH
nep. Tanrapckuil npoxusaer 66,0-71,0% ot Bcex
CephIX CypKOB Ha y4yacTKe. 3a Tepro] HabIroAeHUS
B I'paHMLIaX 00CIeJOBaHHON TEePPUTOPUHU YUUTHIBA-

nock ot 450 o 520 cypkos [4], k ocenn 2020 1. Ha
He# npoxknBano 630-670 ocobeii.

Ha »H300THYHOW MO YymMe TEpPPUTOPUHU KET-
MEHBCKOM MOMYJIALMK, I'paHUYyallel Ha BOCTOKE
C KyHreW-3aulIMickol, Ha BelcoTax okoyio 2000 M
H. Y. M. COXPaHUJIOCh TPAJAULOHHOE )KUBOTHOBOJ-
CTBO U BAOJb pek U pyubeB uepe3 400-600 m pac-
nojiararoTcs 4abaHCKHE CTOSIHKH CO CKOTOM U CO-
Oakamu. bpakonbepckas 100bIYa CypKOB YabaHaMU
BEIETCS TIOCTOSTHHO (B OCHOBHOM, M3-3a IeIeOHOTO
KHpa U Ha MPOKOPM cobakaM), CypKH TaM OYEHb
IIyIJIMBBI, HO MX YMCICHHOCTb OTHOCUTEIBHO CTa-
ounbHa [12]. MOXXHO NpennoiaokuTh, 4To (hakTop
0ecroKoiicTBa MOA BIMSHUEM MOIIHOTO aHTPOIO-
TCHHOTO BO3ACUCTBHS OTPUIATEILHO MOBIUSIET Ha
KAa4eCTBEHHbIE XaPaKTEPUCTUKH MOMIYJALUN Cyp-
KOB, OJJHAKO, 3TO HE BIOJHE BepHO. Habmonenus
JIOKa3ajIM, YTO II0 OCHOBHBIM IIOKa3aTEJIsIM, XapaK-
TEPU3YIOMUM (HU3HOIOTHIECKOE COCTOSHUE TI0-
IYJSIIUM B NIEPUOJ] IOATOTOBKHU K CIISTUKE, CYpPKH C
I0KHBIX CKJIOHOB KeTMeHs, aKTHBHO HUCTIONIb3YEMBIX
KUBOTHOBOJAMH, HE UMEIOT CYIIECTBEHHBIX OTKIIO-
HEHHWH IO CPAaBHEHUIO C aHAJIOTHYHBIMHU Tapame-
TpaMu 3BEPHKOB M3 Oosiee OE3IIOTHBIX TTOMYJIISAIIIHA
Hentpansaoro Tsaup-llans [23, 24]. 3apyOexHbie
HCCIIEI0BAHUS TAKXKeE 3TO MOATBEPXKAAI0T. «OneHka
YPOBHSI BBDKMBAEMOCTH y CYPKOB, OOMTAIOIIMX Ha
TEPPUTOPUH C BBICOKHM YPOBHEM IIOCEIAeMOCTH
oKaszajach HEMHOTO BbIIIE, YEM Y CYpKOB, OOHTa-
IOLIMX Ha HENOCEIAEMbIX TEPPUTOPHSX, UTO COOT-
BETCTBYET TUIOTE3€ O TOM, YTO OHH PETYIHPYIOT
CBOE INOBEJICHHE, MPUCIOCA0INBAsACH K CYIIECTBY-
IOLIEMYy YPOBHIO Typu3Ma 0e3 aeMorpaduueckoro
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yiep06a [25]. [IpuBsi3aHHOCTH CYpKOB K MAcCTOUIIAM
1 WX CBSI3b C KOIBITHBIMU U3BECTHBI 300JI0TaM JaB-
HO [7, 19]. YMepeHHOEe OTTOHHOE MACTOUIITHOE JKU-
BOTHOBOJZICTBO OKa3bIBAaCT CKOpee OJaromnpusaTHOE
BO3JICMICTBHE HAa J>KU3HBb TPHI3YHOB, YCJIOBHS CTa-
HOBSITCSI HEOJIArONPUATHBIMU JIMIIb MPH TIEPEBbI-
race, KOTOPbIM MPUBOJAUT K MCTOIIEHUIO MAcTOMUII
U WX BHIpOXACHHIO [2]. OnTnManbHBIE YCIOBHA
JUI CYPKOB CO37a€T BBITIAC JOMAIIHUX JKHBOTHBIX
[26]. Haunbonee nertanmpHO 3Ta mpoOiieMa U3ydeHa
Ha IpUMepe CTenHoro cypka. Tak, mo muenuto B.B.
KonecnnkoBa, «cokpalieHne KOJIn4ecTBa KOJIOHHM
Oaitbaka Ha rore Y IIbSTHOBCKOW 00JIACTH MTPOU3O0IILIO
BCJIE/ICTBHE COKPAIIEHHS KOJTMYECTBA BHIITACAEMOTO
ckota ¢ 1990 no 2004 rr. B 14 paz» [27]. Ogaum u3
KITFOUYEBBIX (DAKTOPOB IKOJIOTHUECKON HUIIIU CYPKOB
(Marmota) sBngercs ux OMOTONIMYECKass TPUYPO-
YEHHOCTh K MECTaM BBINAca KOIBITHBIX MJICKOITH-
TaONUX, JUKUX WK JgoMainHuX. «KomneiTHEIE, 00-
pasysi ¢ cypKaMH KOQJaNnTHBHBIA KOMIUIEKC, TIPEe/I-
CTaBIISIFOT COOOM 1O OTHOIIEHUIO K HUM CEJIEeKTHB-
HYyI0 CWIy Wwin crity otoopa» [28]. CoxpaHUBIIH-
€csl CJIeJIbI CBHJIETENIbCTBYIOT, YTO MHTEHCUBHOCTH
BbITIaca B MPOIIUIOM ObLIa HECPABHEHHO BBIIIE, YEM
ceifyac, KOT/1a Ha STOW TEPPUTOPUH BHITIACACTCS HE-
3HAYUTEIFHOE KOJIWYECTBO JIOMIaell W KPYITHOTO
poraroro ckora. Beimac ckora B cyOanmbImiACKON
30HE HaOJII0JJAEMOT0 Y4acTKa B CBOE BpeMs OKa3zall
ONaronpuATHOE BIIMSHUE Ha YCJIOBHS >KU3HEIes-
TeNBHOCTH CypKOB. Ceifyac JIeTOM BBICOTA PacTH-
TEJIHHOTO MOKPOBA B TOJIXOMSIIUX JUIS UX TIPOKHU-
BaHHUSA MecTax cocrasiisieT He meHee 1,0-1,5 M, uTo
1 CIIy’KUT OCHOBHOM, HO HE €AMHCTBEHHOW IIPUYU-
HOM X OTCYTCTBUSA. SIPKHM J0Ka3aTeIbCTBOM 3TO-
0, CITy’)KUT 3a0poIIeHHOe TIoceeHne B 6acceiine p.
byrakoka. Kak B HU3KOTOpbE, Tak U B aJbIIUHCKON
30HE JICWCTBYET KOMIUIEKC a0MOTUYECKUX U OMOTH-
yeckux (pakropoB. B BepxoBwsax Koxxkaiinay mourn
MOCTOSTHHO MAac€Tcst HeOOoJNbIION TaOyH JioIasei
(15-17 romnoB), 4TO CIOCOOCTBYET NPOKUBAHHIO
CYPKOB B CyOabITHICKOM IOsICEe, HO OOUTaeMO€ I10-
CEJIEHHE OCTAJIOCh TOJBKO B BEPXOBbAX BEPXOBbE .
Benenn0Oaii (p. barapeiika) Ha BbicoTax ot 2450 no
2600 M. MakcuMalibHasi YUCIIEHHOCTh 3BEPbKOB Ha-
omonanack B 2016 1., KOrJ1a 3MMOBKA IMMPOUCXOTUIIA
B 3 Oyranax (pucynokl). B aTom sxe rogy BocTou-
HEE U CEeB.-BOCT, B OKp. nepeBajios Capeicaii u byra-
KOBCKHUI IIpOM30IIIJIa JAenpeccus U (GUKCHPOBAJIHChH
TOJIBKO OJTMHOYHBIC OOMTaeMbIe YYaCTKH (PHCYHOK
3). K HacTosmemMy BpeMeHH! Ha CEB.-BOCTOKE y4acT-
Ka CypOK He TOJIBKO BOCCTAHOBUJ YUCIEHHOCTb, HO
Y OCBamMBaeT 3a0pOIIeHHbBIC TeppUTOpuy, a Ha Kok-
JKaiay YMCIIEHHOCTh CHU3HJIACh M HOPBI, PACIIOIIO-
skeHHbIe 3anagaee (2400, 2430 u 2460 M H. y. M.) 3a-
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wibLH (pUCYHKHU 2 U 4). O0s3aTeNbHBIM yCIOBHEM
CYIIECTBOBAHMUS CTA0OMIIBHBIX ITOCEIIEHUH CypKOB Ha
yuactke Hibke 2800 M H. y. M. SBISIOTCS KPYTTHOKA-
MEHHCTBIE OChINH. VICKIII0OUeHNEe COCTaBIISIET TOIBKO
nocesnenue Ha Kokkaiinay, HO TaM ceiduac 3BEpbKHU
3UMYIOT B OJTHOM MECTE — Y KPYTOTO FO’KHOTO CKJIO-
Ha M3JIy4uHbl p. benenbOaii, 4acTo MpoTanBaBIIEro
JTake 3UMOH (PUCYHOK 0).

Pucynoxk 6 — PacunieHHbIi ocie 3MMOBKU BBIXOT
(Koxokaitnsay (2460 M H. y. M., 21.03.2019 1)
(¢poto B.I. Meka-Meuenko)

B BepxoBwsax p. ['opensHuk u p. Kazaxkbi3el
(p. Kazamka) 9uCII€HHOCTh CypKOB BO3pacTaeT, HO
TOJIBKO 32 CYET HOBBIX OyTaHOB, 0Opa30BaHHBIX B
rpaHuLaxX IoceNeHu. 3amibBiine OyTaHbl, Ha-
XOASIIMECS] CeBEpHEE MoceeHus p. ['openbHUK Ha
BeicoTe 2800 m 2900 M u 3amagHee MOCENEHUs p.
Kazaxks13el Ha BeicoTe 3050-3090 M 3BeppkaMu He
OCBaMBaIOTCS (PUCYHOK 4), 9TO MOYKHO OOBSICHUTH
OMOTHYECKUMH U KIMMaTHUeCKUMHU (pakTopamu. B
npezenax o0caeyeMoro yyacTka cepble CypKH MO-
I'yT KOHTaKTUPOBAaTh MEXIY COOON M CXOIHBIM IO-
celieHHeM 3BepbKa B BepXoBbsiX p. KymOens Ha 3a-
nasie, TOJIbKO Ha BOCTOKE KOHTAKT C MPaBbIM CKJIO-
HoM p. JleB. Tairap majgoBeposiTeH.

BbIxoa cepbIX CypKOB Ha MOBEPXHOCTH MOCIE
CISIYKM MTPOMCXOMII C CEpeIMHBI MapTa J10 2 AeKa-
JIbl Masi ¥ 3aBHCEJ OT BBICOTHI, IOTOAHBIX YCIOBUH,
pacnosnoxenus OyTaHoB u T. . OOBIYHO, HA BCEX
BBICOTaX, OyTaH pacyMIaeTcsl Yepe3 CHET U B Iep-
BbIH ICHb 3BEPHKHU €T0 HE TOKUIAIOT WIIH 1ePKaThCs
psmom. Tosbko Ha clenyrONUi JeHbh OHU HAa4YKWHA-
10T TiepeOupaThCsl Ha MPOTAsBIINN CKIIOH, I'JIe UMe-
FOTCSI HOPBI WJIM KaMEHHBIC OCHITIH (PUCYHKHU 6, 7),
HO Ha HOUE€BKY Bcer/ia Bo3BpamaroTcs. CHeromassl
MOTYT IIPOAOJDKATHCS 00JIee Mecsia Mocie IePBOro
BBIX0J1a, HOPBI OyIyT pacuuIlaThCs MO-IPEKHEMY,
HO aKTHBHOCTb CYpPKOB CHJILHO BO3DPAacTaeT, CIIE/Ibl
Ha cHery (ukcupoBanuch 10 900 M.
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Pucynoxk 7 — a) Hmkuuit oburaemslii OytaH Ha 1eBoM Oepery p. M. AnmarnHka
(2600 M H. y. M., 13.04.19), 6) Mononoi nepe3nMoBaBIINii CEPHIi CypOK U3 3TOr0 OyTaHa B KPyITHOKaMEHHUCTON OCBHIIN
(13.04.2019 1) a) aBryct 2016 1, 6) aBryct 2020 1. (poro B.I. Meka-MeueHko)

Cpoku BBIXOJAa HE BCETZa 3aBUCAT OT BBICO-
Thbl, OBIBA€T, YTO HAa XOPOLIO IPOTAasBIIUX CKJIO-
Hax Huxke 3000 M H. y. M., CypKH HOSIBIAIOTCS Ha
MMOBEPXHOCTH TONBKO B 1 mexame mas (PUCYHOK

8). Paccenenne mpoucxoamiio ¢ Havasia UIOHS 10
CepelIMHbl aBrycTa, HO Hamboliee WHTEHCHUBHOE
MIPOXOJIUIIO CO BTOPOH JIEKa (bl HIOHS 110 2 IeKaTy
HIOJISI.

Pucynok 8 — a) Hepacuniiennas 3umoBoyHast Hopa Ha odutaemoM Oytane 200 M ro-B. nepeBaia b
yTakoBckuit (2820 M H. y. M., 02.05.2014 1),
6) Ta ke, HOpa pacuHIIeHHas CypkamH, rocie rnepe3umoBku (07.05.2014 1)
(poto B.T. Mexa-Meuenko)

3aneranue CypKoB B CIITUKY IPOMCXOJIUT B 3 fie-
Kaje aBrycta Ha Boicote 70 3000 M H. y. M. Ha BBI-
cote 3000-3200 M B 1 nexane ceHTAOps BBIXOAAT Ha
noBepxHocTh 30,0-40,0% B3pOCHBIX 3BEPHKOB, HO
MOJIOJIBIE YK€ OTCYTCTBYIOT, XOTS BBIIIE OHH €Il
aktuBHBI. K cepeaune 2 nekabl CeHTAOPS aKTUBHBI
20,0-25,0% B3pocinbix 3BeppKoB Bhime 3200 M H. y.
M., a K cepeanHe 3 JIeKajbl CEHTSOps 3ajeraroT B
CIISTYKY MOCIIEHNAE OJJUHOYHBIE 3BEPHKHU.

3akiouenne

AHTponoreHHbli (akTop W pekpeanroHHAas
Harpyska, HECOMHEHHO, UIPAlOT POJib, HO UX 3HA-
yeHue ObIBaeT MpeyBeInYeHo 30010ramMu. Mckito-
yasi XO35IICTBEHHOE HCIOJb30BaHUE TEPPUTOPUH,
MPUBOJUMOE K M3MEHEHHIO CpeJibl OOUTaHHUSI, €CIIN
JIOAM CIELUAJIBHO HE IpEcienyeT CypKOB, OHHU
BIIOJIHE MUPHO YXKHBAIOTCA C 4esoBekoM. OTcyT-
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CTBUE CYpKa B HU3KOTOPBSX M CHIIKCHUE €T0 YHC-
JIEHHOCTH B CyOaJbMHICKOM Tosice o0ciemxyeMoit
TEPPUTOPHH CBSI3aHO, B IEPBYIO0, HO HE IMHCTBCH-
HYIO O04Yepelib, C COKpAIllCHHEM BbIllaca CKOTa, KO-
TOpPOE MPHUBENO K YBEIMYCHUIO BHICOTHI U TYCTOTHI
TPaBOCTOS, @ B aJbIUNUCKON 30HE NEUCTBYET KOM-
IJIeKC a0MOTHUYECKUX M OMOTHYECKUX (HaKTOPOB.
HecMoTpst Ha 3HaYUTEIBHOE MOBBIIICHUE YNCIICH-
HOCTH CYPKOB B ITOCJICJIHHE T'OJIbI, ITHICMUAYECKAS
OMACHOCTh yYacTKa ceiiyac MUHUMaJIbHA, HO CaHH-
TapHO-MIPOCBETUTEILHYIO PabOTy MPOBOIUTH XKe-
JIaTENBHO.

Kon¢pankt natepecos.

ABTOpBI 3asBISIIOT 00 OTCYTCTBUHM KOH(IUKTA
HUHTEPECOB.

Hcrounuk puHaHCHPOBaHUS

Pa6ota Brmostaena mo HTII MIPH BR11065207
«Pa3paborka 1 Hay4yHOE 0OOCHOBAHUE TEXHOJIOTHI
OOIIECTBEHHOTO  37IpaBOOXPAHEHHS, OHOJIOTHYe-
CKOW 0e30MacHOCTH Uil BO3ACHUCTBHSA Ha NpOQH-
JIAKTHKY OMACHBIX HH(PEKITHOHHBIX 3a00JICBAaHHII)
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IPI KAPA MAA OTIHIH,
XUMUA-BUOAOTUAADBIK KACHUETTEPI

Makanapa MeAMUMHA CaAacbiHAQ, ayblALLIAPYALLbIAbIK, YKaHYapAapPbIHbIH 3HAOKPUHAI-(DEPMEHTTIK
>KOHE apHaMbl LMKI3aTbIH ASPIAIK MaKcaTTa KOAAAHYFa BOAATbIH, KOMNTereH namAaAaHbIAMaraH KOpAapbl
KOr eKeHi TypaAbl aiTbIAbIM, ipi Kapa MAAAbIH ©TiH 6HAEYAIH TEXHOAOTMSAAPbIHA TaAAQy XKYPri3iAAi.
>Kabarbl >kaHyapAapAblH 6TiIHAE OMOAOIMSIAbIK, GEACEHAI 3aTTapAbIH KEH ayKbIMbl Oap eKeHAIri keHe
3amaHHaH 6epi 6eAriai.

DapMaKkoAOrMSIHBIH AAMybl, BPTYPAI EMAIK NpenapaTTapAbl 83ipAey YLUiH, SHAOKPUHAI-(PEPMEHTTIK
>KOHE apHaibl WKMKi3aTTbiH GapAbIK, MaiAaAbl KACMETTEPIH TOAbIFbIMEH alllyFa MYMKIHAIK GepeAi.

OAEMAIK HapbIKTa ipi Kapa MaA eTiHe cypaHbiC eTe >kofapbl. COHAbIKTAH, MEAMLMHAABIK >KOHe
BETEPUMHAPUSIAbIK MpenapaTTapAbl OHAIpyre apHaAfaH 3HAOKPUHAI-(DEPMEHTTIK >K8He apHaibl
LIMKi3aTTapAbl XKMHAY >XOHEe eHAey TMIMAI barbiTTapAbiH Oipi 60Abin Tabbiraabl. Kasipri yakpitta
KasakcTaHAa SHAOKPUHA-(DEPMEHTTIK XKaHe apHaiibl Lmkizat eHaeAmenAi. Coa cebenTi, ocbl MakaAasa
ipi Kapa MaAAbl COlO Ke3iHAE aAblHATbIH, ©TTi OHAEY >KYMbICTapbl »KOHe KarTa eHAEY CaAaCbIHAAFbI
Herisri 6arbiTTap, OHbIH CaracbiH >KaKCapTaTblH, OHIMHIH cana KepCEeTKITepiH y3ak, yakbIT cakray
TEXHOAOTMSIAAPbIH >Kacay KOAAAPbI KapacTblpbIAFaH. OTTi y3ak, yakblT CaKTay >KOAAAPbIHbIH €H TUIMA|
>KOAbI OA KOHCEPBIAEY, IFHU KOIOAQHABIPY MPOLECCi. MaAAbIH »KacbiHa >KOHE >KbIHbICbIHA 6ANAAHbICTbI,
OT KO0 Hemece Cyibik, 60AbIN keaeAi. COHAbIKTaH, KOAAHABIPY npouecci 12-15 caraT apaAbifbiHAA
oTTi. Ocbl HaTMXKEre 6aNAaHbICTbI KOIOAAHABIPY MPOLECIHIH OHTAMAbI MapamMeTPAEpPi aHbIKTAAAbI.

3eTTey 6apbICbiHAQ, OTTiH (PU3MKAABIK, XUMMs-BMOAOTMABIK, KyPambl, MUKPOOMOAOTMSIABIK, KOPCET-
KilLTepi aHbIKTaAbIM, CakTay Mep3imi 6eArineHAl. Makaraaa eTTiH 3epTTey HOTMXKEAEPI YCbIHbIAAbI.

Ty#in ce3aep: ipi kKapa mMaa, eT Kabbl, 6T, KOHCEPBIARY, XMMUSA-OMOAOTMSIAbIK, KOPCETKILTEPI.

U.Ch. Chomanov, G.S. Kenenbay*, B.B. Omirzhanova, A.N.Tatiyeva

LLP «Kazakh research institute of processing and food industry», Kazakhstan, Almaty
*e-mail: gkenenbay@mail.ru

Prospects and possibilities for processing
endocrine-enzymed and special raw materials

The article talks about a large number of unused resources in the field of medicine, where endocrine-
enzyme and special raw materials of farm animals can be used for medicinal purposes, an analysis of
technologies for processing bile of cattle is carried out. The fact that the bile of wild animals contains a
wide range of biologically active substances has been known since ancient times.

The development of pharmacology makes it possible to fully reveal all the beneficial properties of
endocrine-enzyme and special raw materials for the development of various therapeutic drugs.

The demand for cattle on the world market is very high. Therefore, one of the effective directions
is the collection and processing of endocrine-enzyme and special raw materials for the production of
medical and veterinary drugs. Currently, endocrine-enzyme and special raw materials are not processed
in Kazakhstan. Therefore, this article discusses the main directions in the field of bile processing and
processing of meat obtained during slaughter of cattle, ways to develop technologies for long-term
preservation of product quality indicators that improve its quality. The most effective way of long-term
storage is canning, i.e. the process of thickening. Depending on the age and sex of the animal, the bile
can be thick or liquid. Therefore, the thickening process took place within 12-15 hours. Depending on
this result, the optimal parameters of the thickening process were determined.

In the course of the study, the physical, chemical and biological composition, microbiological pa-
rameters of bile were determined, and storage periods were established. The article presents the results
of the study of bile.

Key words: cattle, gallbladder, bile, canning, chemistry-biological indicators.
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Ipi kapa mMan eTiHIH XUMUSI-OHOJIIOTHSITBIK KaCHeTTepl
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Xummus-6Mororuueckme CBOMCTBA XKeAun
KPYMHOr0 poraTtoro ckota

B cTaThe roBoprTbCsl O GOABLIOM KOAMUYECTBE HEMCMOAb30BAHHbIX PECYPCOB B 06AACTU MEAMLMHDI,
rA€ S3HAOKPUHHO-(PEPMEHTHOE 1 CMELMAABHOE ChiPbe CEAbCKOXO3MCTBEHHbIX >KMBOTHbIX MOXET ObITb
MCMOAb30BAHO B AeuebHbIX LeAsX, MPOBEAEH aHAAM3 TEXHOAOrMI nepepaboTKM XKEeAuu KPYrHOro
poratoro ckota. O TOM, UTO B XKEAUM AMKMX XKMBOTHBIX COAEPIKMUTCS LIMPOKUIA CMEKTP GUOAOrMUECKH
aKTUBHBIX BELLECTB, U3BECTHO C APEBHUX BPEMEH.

Pa3BuTHeE hapMaKOAOTrM MO3BOASIET B MOAHOM MePe PACKpPbITh BCE MOAE3Hble CBOMCTBA SHAOKPUHHO-
(hEPMEHTHOIO U CMEeLMAALHOTO ChIPbsi AAS PAa3PabOTKM Pa3AMUHbBIX AedebHbIX NMpernapaTos.

Cnpoc Ha KpynHbIA poratbiii CKOT Ha MWPOBOM pbIHKE OY€Hb BbICOK. [103TOMY OAHMM U3
3(ppeKTUBHBIX HanNpaBAeHUit gBAsieTCs cbop 1 nepepaboTka IHAOKPUHHO-(DEPMEHTHOIO 1 Crielmanb-
HOrO CbIpbsl AASl MPOM3BOACTBA MEAMLIMHCKMX W BETEPUMHAPHBIX MpernapaToB. B HacTosllee Bpems B
KasaxcraHe He 06pabaTbiBaeTCs SHAOKPUHHO-(DEPMEHTHOE 1 CrieLMaAbHOE Cbipbe. [103TOMY B AQHHOM
CTaThe PACCMOTPEHbI OCHOBHbIE HAMPABAEHUS B 06AACTM nepepaboTku >Keaun 1 nepepaboTku msca,
noAydaemoro npu y6oe KpynHOro poratoro ckota, Myt pa3paboTKu TEXHOAOTMIA AAUTEAbHOrO
COXpaHeHUs NnokasaTeAer KauecTBa NPoAYKLMK, YAyULIAIOWMX ee KadecTBo. Hanboaee achheKkTUBHbIM
CnocoboM AAMTEABHOTO XPaHEHWs $BASIETCS KOHCEpBMPOBaHWe, T. e. Mpouecc 3arycreus. B
3aBMCMMOCTM OT BO3PACTa M MOAA XMBOTHOIO >KeAUb OblBAeT ryCcTon UAM XXuaKoi. [osTomy npouecc
CTYLLLEHMS TPOXOAMA B npeaeAax 12-15 yacos. B 3aBUCMMOCTHM OT 3TOro pe3yAbTaTa OblAM ONPEAEAEHbI
OMTUMaAbHbIE MapameTpbl MPOLLecca CryLeHus.

B xoae wuccAepOBaHUS OblAM  OMPEAEAeHbl  (PUBMUYECKUI, XMMUS-OMOAOrMUYECKMIA  COCTaB,
MUKPOOMOAOTMUECKME MOKA3aTeAM XKEAUM, YCTAHOBAEHbI CPOKM XpaHeHusl. B cTaTbe mpeAcTaBAeHbl

PE3YAbTATbl MCCAEAOBAHUA XKEAHN.

KaroueBble caoBa: prI'IHbIVI pO[‘aTblVI CKOT, XKEAYHbIN My3blpb, XX€AYb, KOHCEepPBMPOBaHME, XMNA-

6GuoAormyecKkme nokasaTeAm.

Kipicnoe

ATpapIbIK CEKTOPJAFbl HHHOBAIMSIBIK YAepic
JIETeHIMI3 — OYJI TEXHUKAJIBIK YKOHE TEXHOJIOTUSIIBIK
uaesaapAbl  JKaHAa ~ TEXHOJOTHsJIapFa  HeMmece
OHBIH JKCKEJIETCH KOMIIOHCHTTEPIHE aWHAJIbIPY.
AybUIIIAPYalIBUIBEIK ~ OHAIPICIHIH WHHOBAIUSIIBIK
JlaMybl — OYJI SKOHOMHUKAHBIH OapJiblK cajiajiapbiH-
J1a JKETICTIKKE KETYyiH MaHbI3IbI (PAaKTOPHI OOIIBII
TaObLUIAIBI.

Kazipri sKoHOMHKAIBIK KaFgaiiia eHIipiIeTiH
OHIM TYPJIePIHIH KEHEI1 )KOHE 0JIap/IbIH CallaChIHbIH
apTybl KaHa TEXHOJIOTHSIAP/bl OHJIPICKE EHIi3y
apkbuTbl FaHa MyMkiH Oonaznbl (TombicbaeB b.C.
*)oHe 1.0., 2019).

CoHibIKTaH Ja, OYTiHIT KYHI eTIMI3IIH FalbIM-
JAPBIHBIH 0acThl MiHAETI — OCBl MACeIeNep/Ii Kbl-
JlaM TIeIIyre BIKIaJl €TeTiH MHHOBAIMSIIBIK kK0o0a-
nap naieiHaay. byn xko0anapabiH 0acThl MakcaThl
— Kazakcran Peciry0nHKachIHBIH arpOOHEPKICINTIK
KelleHi CyOBeKTiepiHiH Oocexere KaOuIeTTUTIriH
apTTBIPY JKOHE KaiiTa eHJiey OHIIpIiCiH JaMbITyFa
OarpITTay YIIIiH JKaFaai xkacay.

Kazipri yakpITTa Majl mapyambulbIFbIHAH ajlbl-
HaTBIH, IIUKI3aT OHIMJIEPIH TepeH OHIey Npobie-
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Machl 0ap »oHE O3iHiH ImenriMid Tajgan eremi. O
9KOJIOTHSJIBIK KOHE HKOHOMHUKAIBIK acleKTinepi
KaMTHIBL. 3epTTeyJepAiH HOTIKeci OOWbIHIIA,
TMJI MeH 11eT enyepie T MeH OT TaChlH OHJICY/IiH
ayKBIMBI KETKITIKCI3 €KEHIIT1 aHBIKTaIabl. byTiHTi
kyHi Peceline aphaiipl 1mmKkizatnen Oipkarap ipi
KOMITaHHSIIAp FaHa )KYMBIC icTel . bemapyccrusimbik
KocimopeIHIapaeiH ~ 0ipi  —  «bemAcenTuka»
KAK, depmentTi mnpemaparrap HaWBIHAAWTHIH
xkoHe eHmiperiH «IAKO» «Camcon Men» ochl
WHHOBAIIASJIBIK, )KOOAHBI ©3 MOMBIHAApPBIHA aJI/IbI.
An Benapyccusuibik «Belmedpreparaty» RUE etti
TEpEH OHJICyMEH alfHAIIBICATBI.

ColiblIFaH MaJIbIH iIIKi aF3achlHAaH aJbIHFaH
IITUKI3aTTH YIII TOTIKA 06J1yTe 601a1bI: SHIOKPHUHIIIK,
(epMeHTTIK, apHalbl IINKI3aT.

¢ DHIOKPUHIIK IMHKi3aTKa, KaH MEH JuMdbara
OeJIiHETIH COJIiH WIBIFy KaHalgapel JOK 0e3-
Jiep, COHJai-aK JeHe Mpernaparrapbl YIIH Kojja-
HBUIATBIH KOC CeKpeuust Oe3lepi, THIoTanamyc,
KaJKaHmma 0e3, YIKeI 0e3i JKoHe ackazaH Oe3ziepi,
Oyiipex ycTi Oe3aepi ’KoHe COUBIIFaH )KaHyapapblH
JKBIHBICTBIK JKETUITCH €pIICPiHiH YPBIKTAPhI Kipei.

¢ OepMeHTTIK uKi3aT Oy — ipi Kapa MajIbIH
IIMEKTepiHiH, IIIOIIKA acKa3aHBIHBIH, KOW MCEH



V.U. YomaHoB koHE T.0.

SIIKIHIH, ipi Kapa MaJIJIbIH KOHE IIOIIKAIAPIbIH IIIbI-
PBIIITHI KAOBIFBI, KAPBIH acThI 0€31 JKoHE )KBIHBICTHIK
JKETIIrEH aHAJIBIK MaJIIbIH aHaJIbIK O€31.

¢ ApHalipl mUKi3aTKa — KaH, CYT 0e37epi, oT, oT
TacTaphl, OKIIC JKOHE apKa, 0aywlp, YPbIK, OYHPEK,
KOKOaywIp, KO3, MEMIPIICK, ipi Kapa MaJIbIH IIbI-
PBIITHl Ka0aThl, Tpaxes, JMXYPEK IKOHE TaMbIp
0e3epi JKoHe MIOMTKAHBIH OH €Ki el 1ITIeT1 KaTabl.

OHAOKpUHAI-)EPMEHTTIK KOHE apHaibl LIMKi-
3aTTBl  KaliTa OHIEYy arpOeHEPKICIT KeIIeHIH
JIAMBITYIBIH MaHBI3/IbI OaFBITTAPBIHBIH Oipi OOJIBI
TabpuTanel. by cama 6i3re opTypii eHIIPICTIK ca-
nanapyia KoJJaHyFa OOJaThIH, KONTEreH OHIMIEp
TYpJEpiH MbIFapyFa MYMKIHIIK Oepeti.

Ipi kapa MaJ bl COFO KE31H/1€ alTbIHATHIH 111 MAHBI,
IIIeK KoHEe apHaWbl MIWKi3aT Maigabl 3aTTapIbIH
Oaranbl Ke31 OONBIN TaOBLIAIBI, COHJBIKTAH OHBI
eMIK Tpernaparrap >KOHE TEXHHKAJBIK ©OHIMIEp
HIBIFApy YIIH Tainanananasl. MeaunuHaga Oyt
mpenaparrap Oipkarap aypynapAblH aIbIH-aTy
JKOHE eMJIey YIIiH Koianbuiaasl (Jlucumpa A.B. u
np., 2015). MenuuuHAIBIK OHEPKICINITIH MIETEIIIK
kacinopeiaaapel (Canopu Mugust Jlumwuren, Mu-
nusl) ipi Kapa MEH IIOIIKa ©TiHeH XOJIOTOH, aJulo-
X0JI, OWJMapuH TpenaparTapblH IIbFapaasl. by
MIAaH3WHOPM, (PecTaib KoHE KOTa3uM-()OpTe CHSKTHI
acKa3aHHBIH KYpAei penapaTTapbIHbIH O6Jiri.

JKanyapmap MeH anam ar3achl YIIiH O©TTiH Ke-
TEKIII pOJTi KONITEreH TIKiprOenep MeH KITHHUKAIIBIK
3epTTeynepMet nanenaeHai. COHIbIKTaH renaTooun-
JUApJIBIK KYHEe aypysapblH eMmJey YIIiH, T Heri-
3iHJIeT1 MpernapaTTapabl KOJIJaHy 03€KTi OB Kaia
oepeni. Ocbl yakpITKa JIeHiH ipi Kapa MEH aroJ(bIH
OTi KeNTereH IpernapaTTapAblH Heri3ri MIMKi3aThl
peTiHIe KoimaHbUIanbl. Pecell aymarblHIA OTTIH
HETi3iH/e eKi NopiIiK mpemnapaT o3ipJeHAl — ajio-
X0J1 j)koHe xoneH3uM (Marmkosckuit M.J1., 1993).

XoeH3uM, ajutoxXo — OyJiap ipi Kapa MayIbIH
HeMece IIOIIKAIap/IbIH 6TIHEeH, COHIali-aK OJIap/IbIH
aIm IMEKTiH MIBIPBIITHI KAOBIFBIHBIH YHKBI O€31HEH
AIBIHFaH JKOHE TYHIpLIIKTeNAreH TalneTka TypiHzae
IIBIFApPBIIATEIH  (hepMeHTTiK mpenapat. Omap Oa-
YBIP, aCKa3aH-IIeK KOJJapbl aypylapblH eMJIey
Ke3iHJe KOMTaHbUIaAbl. | ernaToOoumuapiibl )KyHeHiH
KONTEereH aypyJapblHbIH XPOHU3ALUACH OTTiH
PEOJIOTHSITBIK KACHETTEPiHIH o3repyiHe OalaHbI-
ctel 6omazel (Rodkiewicz C.M. et al. 1979, Everson
G.T. et al. 1980, Dodds W.J. et al.1985, Gill P.T. et
al.1985).

MeaunuHanbIK TYPFbIIa KaparaHia MasljIblH
11K opraniapbHaa TYPJi BATAMUHAEP MEH Makpo
— MHKPO JIEMEHTTEP Kol 0O0JIaThIHABIFbI FhIIBIMU
JIOJICTI/ICHT €H.

OunapapIH ocepiHiH THIMIIT rapMOH MeH dep-
MEHTTEPIiH JKETICIIEHTIH MOJIIepiH, COHIak-aK
COIOFa apHAJFaH JXaHyaplapJblH MYIIEIepl MEH
yimanapbeiaaa 601aTeiH 0acka OMOJOTHSUIBIK Oel-
CCHJII 3aTTapJlbl €HTI3yMEH OailylaHbICTHI. [IIEKTiH
Kypambraaa 6emoxrap 9-10%, maiimap — 1-2%, mMu-
Hepanasl 3attap — 1%, cy — 85-88% «kipeni. Conbl-
MeH Kartap imexrepae ¢pepMeHTTep MEH BHTaMHUH-
nep 6ap (Jlucumwia A.B. u ap., 2015). Aphaiisl
muKizaT Oenrimi Oip nmeHreime o31HIH KypambIH-
JIaFbl  OMOJIOTHSUTBIK OCJICEHl 3aTTap/blH TYpPaK-
CBI3IBIFBIMEH epeKktienieHeli. OchIiFaH O0alIaHBICTHI
OHBI )KMHAYFa, CaKTayFa, OHJICy MCH TachIMaJIayFa
epekime Tanantap Koubutansl (Jlucunba A.b. u ap.
2015, Boyer J.L. et al.2013).

HocTtyp OofibIHIIA ©T KBIIKBUIIAPHI, OT aFbl-
HBIHBIH OCJICCHJIUTITIH apTThIPaabl KOHE IMIEKTETi
MaWIbIH KOPBITHUTYBI MEH CiHYIHE KOMEKTECE/Ii et
ecentemneni (Hofmann A.F. et al. 2014, Sharma R.
etal. 2011).

OTTiH epeKIle KOMIIOHEHTTEP] — 6T MUTMEHTTEP1
MeH OT KbIIKbUIIaphl. OHIa XOJCCTECPUH, JICIIUTHH,
Maiiap, MUHEPaIIBI TY3/1ap, Mail KbIIIKbIIIAPbIHBIH
TY3/apbl, HecemHap Oap. OT mUrMeHTTepi — OMITH-
BepAMH, OWnupyOuH, ypoOWiIMH, oFaH Oenrimi Oip
Tyc O6epei, )KYNTacKaH oT KBIIIKBIIIAPHI — TaAypOXOJT
(20%) xone rimkoxon (80%). OT KypaMbIHIa Mal
JKOHE Mail TOpi3i 3aTTap — KOMPOCTEpUHIED Oap.

Conrbl OHXBUIIBIKTAa, OK (6T KBIIIKBUIBI) XH-
MUl FBUIBIMBIHBIH 9P TYPJIi callalapblH — JISPIITIK
XUMHSI, MOJICKYJISIPIIBIK XUMUS 3epTTEYIIUICPIH Ha-
3apbrHa aynapapl. OK, Hare13 TaOUFU OHOJIOTHSITBIK
OeJICeHAITIKTIH apKachblHAa, (PU3UKAIBIK-XUMUSIIBIK
KacHeTTepi, KYPBUIBIMIBIK €peKIIeIiKTepi, Oarachl
JKaFbIHAH — XUMHSUTBIK TYPJCHIIpYJIep YIIH oTe
xomainel Mmatepuan (Lin et al., 2018).

OT KBILKBUIAAPHI — OyJ1 0aybIpAa CHHTE3IeNeTiH
JKOHE ar3ajJiaH eT apKbLIbl IIbIFAPbUIATHIH KOMIPTEK
ATOMJIAPBIHBIH TYBIHIBLIAP TOOBI. OT KBIIIKBLIIIAPHI
aJ1aM MeH yKaHyaplap/IbiH 0aybIpPbIH/IA XOJIECTePHH-
HEH maiifa OoJibIl, eTIeH Oipre ynradbapra eTei.
XUMUSIBIK KYpaMbl OOHBIHIIA ©T KBIIIKbUIIAPHI —
X0J1a KbIIIKBUIBIHBIH, C23H39COOH TyBIHJAJTaphl. OT
KBIIIKBIIBIHBIH aJ1aM MEH JKaHyapJiap OpraHu3MHIH
Maipl KOPBITBIN CiHIpYZeri MaHbpI3bl 30p. OT
KBIIKBLIIAPhl JKaHyapjap ©TIHEH aJbIHBII, OJap-
JaH Jopi-nopMex xacanans (Serfaty L. et al. 2012,
Pat. 2011, Eggert T.et al. 2014). Ot KypambIHIa
XO0JI€, XCHO/IC30KCHUXO0JI, JIE30KCUXOJI KhIITKbUIIAPhI
KOIl MejIepae KeTKimikri. Kom »ketimMmi crepo-
UATapAaH JIE30KCHUXOJe, JUTOXOJE KBIIIKbUIIAPhI
CHUHTETHKAJBIK omicTepMeH kacanasl (Salvador
J.AR. et al. 2013, Blanchet M. et al. 2018).
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OT KBIIKBUIBIHBIH OHOJOTHSIIBIK OeIceHi-
JITIHIH CHEKTPi JKEeTKUTIKTI OONFaHIBIKTaH Oak-
TepUsiFa, MUKPOOKa, iCiK aypyJIapbliHa KapChl OPEKET
eTEe ajabl.

OT KpIIKBUIIAPHl JKOHE OJIAPJABIH  TY3Aaphl
Taburu OeyiceHmi 3attap Oomeim TadbuTambl. Co-
HBIMEH Karap eTTeri HaTpuil Ty3aapel (apmarieB-
TUKAJIBIK MPaKTHKaa, OHOJOTHSIIBIK OpTa PETiHIC
KEHIHEH KOJJAHbUIaAbl. OTTIH HETI3IT  KOM-
TIOHEHTTEPI 6T KBIMKBUIAAPBIHBIH TY37apbl (OTTIH
KYpFaK KalJbIKTapblHbIH 87-97% -bI) OonFaH-
IIBIKTaH, OJIAPIBI OTTCH OOJIiM, KOJMJaHFaH KeH 00-
nap eni. Anaiiia, oT KbIIIKbUIaPbIH OHIIpY YILIiH ap-
HaWBI )Ka0BIK KaXXeT, OYJI OTTiH KYHBIH €9yip apT-
THIpabl. OTTIH Oacka KOMIIOHEHTTEPIHIH MeJIIepi
a3 OosFaHIbIKTaH (Mai KBIIKBLIIAPHI, XOJCCTEPHH,
JICIITHH, TTUTMEHTTEp JXoHe T.0.), Kem jxarmaiia
Kepi ocepin Turizoeini. COHIBIKTaH, ic KY31HIe oT
KBIIKBUIIAPBIHBIH Ta3apThUIFaH TperapaTTapbIMeH
KaTap, Taburu otTTi KommaHaael (Arlia-Ciommo A.
et al. 2014, Kong W. et al. 2011, Gubitosi M. et al.
2014, Qiao Y. et al. 2011).

OHAOKpUHAI-PEPMEHTTIK KOHE apHalbl MIMKi-
3aT — KaHyapiap aKybI3BIHBIH Oaralibl K31, OHBIH
tanmbuiblFel Kazakcran PecryOmukacer TypFbeIHIa-
PBIHBIH TaMaKTaHy PallMOHbIH/IA JKbIT CAlbIH apThII
kenemi. Anaiina, Kazakcranna MyHmal MIUKi3aTThI
Malanany JEHreii eTe TOMEH JKOHE OHBIH Kol
Oemiri >xoibutaapl. OcChlFaH opail >kaHyapiapaaH
AJBIHATRIH OHIMACPI KaiiTa oHACYIl MaMBITY Ia-
payapbl KapacThIpbUIFaH. bi3JliH MaKcaThIMbI3 KaHa
COWBLIFaH MaJIJIbIH ©TiH OapJIbIK CAHUTAPJIBIK TaJIall-
TapFra cail JKMHAN ajblll, XaJIbIKapajblK CTaHIApPTKA
cail JabpIHAAIFaH TEXHOJIOTHS OOWBIHIIA ©HJEI,
(bapmalieBTHKa CcalachiHIAFBl MaMaHJapra Jopi-
TOPMEKKE KOCTIa PETiHAC KOCYFa YChIHBIC Oepy.

OHAOKpUHAI-PEPMEHTTIK KOHE apHalbl MIMKi-
3aTTapAbIH OacTamKbl OWOJIOTHSUIBIK KACHETTEpiH
caKTay YIIiH, )KHHAY MEH Ta3apTyJdaH KeHiH Je-
pey KoHcepBiteimi. MyHgail cakray omicTepi
MHUKPOOHONOTHSIIBIK MPOLECTEPiH JaMybIH 00II-
IpIpMay VIIH JKOHE TIHIAEpHeriT OMOXMMHUSIIBIK
mporecTepAl OapblHIIA TEXKEy YILIIH TaHOalalbl.
CoiipuTFran MaJIIbIH TYPiHE ’KOHE MaKcaThIHa Oaiia-
HBICTBI T 9PTYPJIi )KOJIMEH KOHCEPBIJICHY1 MYMKIiH:
My3/aTy, KenTipy, KOMJIaTy, COHBIMEH Karap
XUMHSUTBIK 9JTICTEPMEH.

3epTTey MaTepHaJgapbl MeH JicTepi
«Kazak kaiiTa eHzey *oHe TaFraM eHepKacinTepi

FBUIBIMU-3EPTTEY HMHCTUTYTHIHBIHY 3€PTXaHAJIBIK
KaFJaibIHAa, ipl Kapa MaJJIbIH OTiH KOHCEpBIIEY
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JKOHE CakTay IpolecTepiH 3epTTey OOHBbIHIIA
KYMBIC KYPTi31Ii.

3eprTey 00BekTici periHme «A.A. MaHamoBy
JKIIC-nan 48 xonHe 24 alimbIK, 16 O6ac ipi Kapa mMai-
JIBIH ©T1 aNbIHABL. OTTI KHUHAY YIIiH apHabI Kypaj-
XKaOBIKTap MEH KOHABIPFBUIAP KOJIJIAHBLIAIBI.

JKvnanran et, 3eprxaHara kerkizimim, -12°C
Temreparypajia caktanubl. benMe Temmeparypa-
CBIHJIA OT CPITLUTIIN, DKCIEPUMEHTTIK 3epTTeyJep
KYPTi3iIi.

OKCIIEpUMEHTTIK ~ 3epTTeyJiep  LIMKI3aTThIH
YKOHE JIabIH OHIMHIH CHITaTTaMaJapblH aTyFa MyM-
KiHIIK OepeTiH Kelleci 3aMaHayHW OMiCTepJi KOJ-
JlaHa OTBIPHIN, BUIFANABl aHBIKTAYy — OBiac-2M
KYPBUIFBICHIMEH, THIFBI3ABIFBIH aHBIKTay — apeo-
METPMEH, TYTKBIPIBIKTBI aHBIKTAY BUCKO3HMETP
OCTBaJIBIOMEH, CYy/ABIH OCJCCHIITITIH aHBIKTAy
AQUALAB KypbUIFBICBIMEH, O€JICEH/II KBITIKBIIIBI
aHbIKTay pH MeTpMeH Kyprizinii.

OTTIH MHKpPOOWONIOTHSIIBIK — KOPCETKIImTepi
MEMCT P51448-99 (MCO3100-2-88) Et xone er
eHiIMIEpl. MUKPOOHONOTHSIIBIK 3€pTTeyNep YIIiH
cplHAMa Jaspiiay oicTepiHe CoiKec OemriieHreH
XaIbIKapaIblK CTaHJAPTTAP/Abl KOJJIaHy apKbLIbI
AHBIKTAJIbI.

MEMCT P54354-2011 Et xoHe eT eHIMIEpI.
MukpoOHONOTHANBIK ~ 3epTTeYJepain  duicTepi
MEH JKaJIIbI TATANTAPBIH KOJIJIAHY apKbIIbl aHBIK-
TaJabl.

BaxTtepusitapapiH aHBIKTaMackl OOMBIHIIIA TTapa-
rpagTapablH OapiblK HOpManapbl MEH TajanTa-
pPBI CaKTAJBI, MBICAIBL: IPIKTEY JKOHE JalbIHAAY
(MEMCT 26668, MEMCT 26669 coiikec); xa0-
JIBIKTBI, MaTEpUAIIAP/IbI, PEAKTUBTEP MEH KOPEKTIK
opramapasl  maiganany  (MEMCT  10444.1,
MEMCT 24104 OoiipiHIa; ChIHAyFa JaHBIHIBIK;
ceinay (MEMCT 26669, MEMCT 26670, MEMCT
30425 6oiibIHIIT); HOTIKEIIEPl OHICY.

3epTTey HITHIKEIEPi MeH oJIapIbl TAJIay

[Isireic xoHe Eypomna MeauIMHAchIHIA epTe
3aMaHHaH Oepi, »XaHyapyapJaH aJbIHATBIH OT,
VHKBI 0€31 JKoHe MYyHi3 KapTaroFa Kapchl Tpera-
parrapasl AalblHAAy YLOiH KojjaHbuirad. byringe
MYHIa OHOJIOTUSITBIK OHIMIIEP cay JKaHyapapablH
ar3ajiapbl MeH yJinanapeinad enaipineni. [lerenmgik
(hapMareBTUKAIBIK KOCIMOPBIHAAp ipi Kapa MeH
LIOIIKAHBIH OTIHEH XOJIEHCHM, XOJIOTOH, aJlJIOXOJI,
OWNspUH TpenapaTTapblH MIBIFapaabl, Oyl TaH-
3MHOPM, ac KOPBITY, (ecTanb koHe KOTa3uM-(op-
T€ CHSKTHl KypJelli acka3aH IpenapaTTapbIHbIH
KypaMmblHa Kipei.



V.U. YomaHoB koHE T.0.

Ocpbl MakcarTa ipi Kapa Man eTiH eHzen, ¢ap-
MaleBTHKA cajachlHa  JIOpi-JOpMEKKe  Kocra
peTiHae KOCyFa YCBIHBIC jKacayFa MYMKIHIIK
oepeni. Korosanaplpy mpoIECiHIH HET13T1 MaKCaThl
0J1, O©TTIH KYpaMbIHJIaFbl OMOJOTHSIIBIK 3aTTap.IbIH
eMJIIK KaCHETTEPiH Y3aK yaKbIT CaKTay.

OKCIEPUMEHTTIK 3epTTeyJiep KYprizy YIIiH,
ipi Kapa MajjblH ©T KaObl, OapJIbIK CaHUTAPJIBIK
TaJIaNTap/bl CaKTail OTBIPHIN XHHANAHL. KoronaH-

JBIPY TIPOIIECIHIH HETI3ri MakKcaThl OJI, OTTiH
eMIIIK KaCHETTepiH y3aK yakKbIT cakray. Ipi Kapa
Majl OTiHIH KOHCHCTCHIIMSICHl KAaChIHA, KBIHBI-
ChIHA JKOHE XBUI ME3TiIIepiHne OalIaHBICTBI KOO
JKOHE CYHBIK Ooubin keneni. OchiraH OalIaHbICTHI
KOIOJIAHABIPY YaKbITBI 12-15 caratr apanbIFbIHIA
oTTi. KorJaHABIPBUTFaH CYHBIKTBIK CTEPHIIbII
KYThbIFa KYWBUIABI. AJl, KOIOJAHJBIPY TEeMIIEpaTy-
pacol 60-70°C kypamsl.

1-cypert — OT KaObI

3epTTeyNepaiH HOTHXXKECIHE KOHCEPBIIEY TeX-
HOJIOTHUSUTAPBI JKACANBIN, JalblH OOJFaH OHIMHIH
(hU3HKA-XUMMSUIBIK ~ KOPCETKIIITEPI  aHBIKTAJJIbI.
70°C—ra KOIOJaHIBIPBUIFaH OTTIH (PU3NKA-XUMMS-
JIBIK KOPCETKIIITEPi 1-KecTee KOPCEeTIIIeH.

Ocpbutaiiia >KypriziireH 3epTTeysiep HOTHXKeci
OoifpramIa (1-KecTe), Mam OTiH KOIOIAHIBIPY MPO-
LeCCl Ke31H/1€, OHBIH bUIFAJIIBLIBIFEI, O€JICEH 1 KbIIII-
KBUIJIBIK KOPCETKILITEPI MEH CYJbIH OEICCHILTIr
TOMEHJICHTIHI, aJ KepiCiHIe, OTTIH ThIFbI3/IBIFbI

2-cypet — OT KaObI XKoHE OT

3-cyper — Taburu ot

MEH TYTKBIPJIBIFbI KOFAPIANThIHBI aHBIKTAIBI (Ho-
manoB ¥Y.Y., 2019).

JKanyapnapbIH 0TiH/Ie, COHBIMEH KaTap MUKPO-
JNIEMEHTTEP MEH 9p TYpJi OMONOTHSIIBIK OenceH i
3aTTapIblH Oap eKEHIIr A9/ ICHIeH.

3eprreynep ATY AK «Tamak eHiMaepiHiH canackl
MEH KayilCi3/IiriH Oarayiay >KeHIH/CTI FhUIBIMH 3epT-
XaHa» ChIHAK 3epTXaHachlHAa Kyprizunm (2,3,4,5,6
KecTenep). 2-KecTele OTTIH JKallbl MHHEPAIBIK
KYPaMBbIH 3epTTey HOTHKENIEPl KOPCETIITeH.

1-kecte — 70°C —1a ©TTI KOIOJIAHABIPY Ke3iH/eri (HH3HKa-XUMHSIIBIK KOPCETKIITepi

) Or, car
Kepcertkimrep
0 4 8 12 16
Bencenni kKpiukpubIK, pH 7,8 7,6 7,41 7,32 7,20
bliran W, % 91,45 85,59 75,68 69,86 60,11
THIFBI3ABIK, P 1010 1017 1020 1026 1028
TYTKBIPIBIK, V 0,34 0,42 0,48 0,92 1,08
CynbIy Genceniiiri, a 0,9900 0,9952 0,9947 0,9637 0,9635
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2-KkecTe — OTTIH MUHEPAJIIBI KYPaMbl

Ne Komnonentrep Kont, mr/100r
1 K 4,34+0,63

2 Mg 0,813+0,08

3 Fe 3,83+0,06

4 Cu 0,218+0,05

5 Na, r/kr 18,1146+0,3079
6 Ca, % 0,69+0,01

7 Cl, mr/n 1875425

8 P, % 0,94+0,01

2-KkecTesie, 3epTTeyJiep HOTHKECIHEC OTTIH MU-
HEepaJbl KYpaMbl 8 Makpo- jKOHE MHKPOIJICMEHT-
TEPJIEH TYPAThIH KEUICHMEH YCBIHBUIATHIH]IBIFbI
aHBIKTANABL. Ipi Kapa MamnablH eTiHAe TeMipiH

3-xkecre HOTIKEeCl OOMBIHINA, OT KypamMbIHIAFbI
B TOOBIH/IAFBI BUTAMHHJICPIIIH KypambIH/a
B1=0,0025+0,0005; B2=0,016+0,007; B6=0,011+0,002;
B6=0,011+0,002; B3=0,009+0,002; B5=0,0014+0,0003;
Bc=0,012+0,002, an C=0,1440,05 TeH eKeHiH KOpCeTTi.
B2, B6, Bc xepcekimtrepi >KoFapbl JeHreine 60l

3epTTey OapbICBIH/AA, JKaHyapiapJblH OTiHJe
OT KBIIIKbUIIAPbIHAH OacKa KOITEr'eH aMHHKBIIII-
KbUIJIapbl Oap €KeHi aHBIKTaJIbl. 4-KecTele OTTiH
aMUHKBIIIKBUIIBIK KYPaMbl KOPCETIITCH.

4-KecTe/le aMHHKBIIIKBUIAPBIHBIH ~ KYPaMbIH
3epTTeY Tajjaybl, MacCalblK YJecl JKarbIHAaH
NEHIMH+U30JCHIIMH JKOHE JIM3WH JKOFaphl CKEHIH
KepceTTi. 4-cyperTe aMUHKBIIIKBUIIAPBIHBIH XPO-
MaTOrpaMMachl KOPCETIITeH.

4-kecte — OTTIH aMUHKBIIIKBUIIBIK KypaMbl

Moumepi kor — 3,83 mr/100 T, Hatpuit — 18,1114 | Kowmorerrep AMHHKbIIIKBLIAPbIHbIH
o . MaccalbIK yieci, %
I/KT xoHe Kanui — 4,84 mr/100 r. 3-kectene oTTIH
BUTaMUH/IIK KYpPaMbl KOPCETIITECH. 1 Aprusun 0,067+0,027
2 Jluzuu 0,036+0,012
3-kecTe — OTTIH BUTAMHHIIK KYPaMbl 3 Tuposun 0,022+0,007
4 dennnananux 0,026+0,008
Ne Kommnonenrrep Ko, mr/100r 5 T'uctuaun 0,006+0,003
1 B1 (THAMHH XJIOPHI) 0,0025+0,0005 6 JleiiiuH-+u3oneiiuH 0,037+0,010
2 B2 (pubodnasu) 0,016:0,007 7 MeTronuH 0,016+0,006
=+
3 B6 (mupHIoKcHH) 0,01120,002 8 Baun 0,023+0,009
2 c e 0145005 9 [Iponun 0,021+0,005
+
(acKOpOHH KbIIKpLTH) A 10 Tpeonu 0,021=0,009
5 B3 (maHTOTEeH KBIIIKBLIEI) 0,009+0,002 1 Cepun 0,023+0,006
6 B5 (HUKOTHH KBIIKBITED) 0,0014+0,0003 12 AJIaHKE 0,023+0,006
7 Bc (¢hommit KpIIKBLTB) 0,012+0,002 13 Imunmn 0,007+0,002
13 NenumH+n3onenumnH
1,2
1,1 britkian %%#Iﬁﬂﬁ{‘laHMH METNOHVIH
1 - anasm
g TPEOHUH
mAOUg 1 | BanuiiPonu cepuH
T n EAVLMH
0,8 ﬁl
0r A A ﬁ.l
0,6 ’
0,5
9 10 1 12 13 14 15 16 17 18 19

MWH

4-cypeT — AMUHKBIIIKBULJAPBIHBIH XpOMaTOrpaMMachl
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OTTeri, OPraHUKAaIBIK KOCBUIBICTAP KypaMbIHA
KipeTiH Mail KBIIIKBUINAPBIHBIH MAacCCabIK YiIeci
Jie opTaiia JieHrele eKeHi aHbIKTaIbl. S-KecTee
OTTETi Mall KBITITIKBUTBIHBIH KYPaMbl KOPCETIITEH.

5-kecTe — OTTEr Mail KBIIIKBLUTBIHBIH KYpaMbl

Maii KbIIKbLUI-

APBIHBI
Ne Komnonenrrep Aap H
MAacCalbIK,
yneci, %
1 | Maii KbIIIKBLIBI 2,314
2 | KanpoH KBIIIKBLITBI 88,90
IlenTanmeneH KpIMKBUIBIHEIH HC-10
3 JICTICH KbIIIIK H I 0,021
MeTm d¢upi
4 | TTaibMHUTOJI KBIIIKBUIBI 0,108

5 T'enrageneH KuIIKBUTBIHBIH IHC-10 1.09
MeTmI dpupi ’

6 | MetunrenTtaaekaHoar 0,148
7 | y-JluHONEH KBIIIKBLITBI 0,3123
8 | JIuHOJIEH KBIIIKBUIBI 0,074
9 | JIMHON KBIIKBLILI 0,776
10 | OnenH KbIIKBLIBI 23116
11 | CreapuH KBIIKBUIBI 2,4958
12 M“GTHH-HHC-5,8,11,14- 0.02173
SHKO3aTETPACHOUITHI
e
14 | ApaxuzioH KbIIIKbLIBI 0,7296
15 |LlepBOH KbILIKbUIBI 0,3079
16 | BereH KbIIKbBLIbI 0,2867

5-KecTe KOPBITBIHIBICHI OOMBIHIIIA, Mall KBIIIK-
BUITAPBIHBIH KYPaMBIHIAFBl KAITPOH KBIIKBITBIHBIH
MaccallblK yJIeci JKOFapbl OOJIbl. S-CypeT Maii

KBIIKBIIIAPBIHBIH XpOMAaTOrpaMMachl KOPCETIITeH.
CoHBIMEH KaTap, KOHCEPBUICHIEH OTTIH JKaJIIbI
MUKPOOHOJIOTUSUIBIK KOPCETKIMITEP] aHBIKTAIIBIH]IBI

(6 xecre).
3eprTey HoTWKenepi OoiibiHIIa (6- Kecte)
MHUKPOOHMOJIOTHSIIBIK, ~ KOPCETKIITEPTre  COMKec

CYT KBILKBUIABI OakTepusiiap, Koaudopm TOOBI-
HBIH OaKTepusIapbl, anibITKBl JKOHE MUIICIAATIBI
caHpIpayKyJIakTap eTiHie OalKaaMmaraHbl aHBIK-
TaJIbL.

3epTXaHaNbIK KaFjaiia KOWJIaHFaH OTTI Cak-
Tay KE31HIe BUFAIIBUIBIK TIeH OENCeHIl KhIII-
KbULIBIFBIHBIH (pH) OHTaWIBI TapaMeTpiepi aHbIK-
Tanael (6,7-cyper).

Cakray Ke3iHAE OTTIH BUFAIIBUIBIFRI 51,22-
neH 42,36%-ra geitin TemeHzaeni. 6 — CypeTTeH
AJIBIHFaH JEPEKTEP OCBIHAAN KOPBITBIHIBI KacayFa
MYMKIHTIK Oep/Ii.

7-cypeTTe KepceTiireHiel, oTTi cakray Ke3iHe
KOIOJIaHFAaH ©T YIIH OJICeHMI  KBIITKBUIIBIK
JKOFapiam, oi 7,6 KypaWThIHBI aHBIKTAIABI. by
KOPCETKII KOIOJaHFaH OT VIIIiH OHTANIBI JCT caHa-
JIBITI, 3€PTXAHAIBIK TOKIpUOETEp/Ie NOIEIICH/I.

Ocwl ToxipuOenepaiH HOTIKeNepiHe cyieHne
OTBIPHIIN, KOIJIAHFaH OTTIH TEXHOJIOTUSIIBIK ChI30a-
CBI YKaCAJIBIHBI: 6T KaOBIH Kecy — OTT1 T KaObIHaH
Oemin amy — oTTi cy3y (eneyim) — kaiiHaty 70°C
(12-15car) — mIBIHBI HEMeCe TUTACTHK BLIBICTapFa
KYI0 — KYPFaK JKOHE KapaHFbI xkepjie cakray (12 aii
— 2,5xsu). Kotomanasipy oTTiH Oasty KaiiHaybIMEH
JKY3€ere achIpbUIIbL. 3ePTTEY HOTHIKECIHC allbIHFaH
KOPCETKIMTEp ipi Kapa MaJ OTiH OHOJIOTHSIIBIK
OenceHIi 3aT PeTiHIEC KOJIJaHyFa OOJaThIH/BIFbIH
kepcerTi. [laifpiH GonFaH ©HIM KO0, Kapa-KOHBIP-
JKACBUT PEHJIi, 6TKE TOH €pEKIIe HICIIeH CHUIaTTaj-
nel. KoronmauasIpeliFal T TaOUFU ©T CaIMAaFbIHBIH
oprama 17% Kypansl.
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6-KecTe — KoroimaHIbIpbIIFaH OTTET] alIBITKBUIAP MEH 3€H CaHBIPAyKYJIaKTapbIH )KOHE JKaJITbl MUKPO(IOPaHbI aHBIKTay

Me3odnibai a3poOThI koHE (PaKyIFTaTUBTI aHAIPOOTHI MUKPOOPTaHU3MIEP
. canbIH aHbIKTay xictepi KKb Gipinikrepi, r
YariNe C
BILIKBUIBI .
YT KBIIIE Criopa Ty3erTin Munenuanast
JKannsl cansl MeH KoIuhopM GaKTepusLIA ANIBITKBI carbipa akra
GakTepHsiIaphl P p payKyaKrap
1 OariKaIMa bl OariKaIMa bl OariKaMabl OaliKaMabl OariKaMabl

S e .

6-cypet — Cakray Ke3iH/ie KOIOJIaHFaH 6T bUIFAJIbUIBIFBIHBIH 63repyi

7-cypet — Cakray ke3iH/e KOIOJIaHFaH OTTiH OeJICEH1 KbIIIKbUIIBIFBIHBIH 63repyi

KopbIThIHABI

Kotonaunelpy mpoIiecciHiH ONTHUMAIABl Kep-
cetkinn 70°C jkoHE KOKJIATY Y3aKThIFBI 15 carat-
ThI KYpaJbl. TEeXHONIOTHSIIBIK MPOIECCTEP XKYPri3y
Ke3iHje, OHIMHIH XUMUSI-OUOJIOTUSIIBIK KOpCeT-
KIiITepi 63 KacHUeTIH JKOFANTIaIbl. OTTEri KYHIIBI
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3aTTap  KOIJIAHJABIPY  TPOLECCIHIE — cakraja-
TBIHBI aHBIKTAIALI. AnblHFaH oHiMal 12°C Ka cai-
KBIH/IATBIIN, apbl Kapaid cakTay Mep3iMiH aHbBIKTay
YIIIH cakTayfa KOWBUIABI. AJIBIHFAH OHIMHIH Cak-
Tay Mep3iMi 1 KbUIABI Kypajbl. 3epTTeyjiep HOTH-
xkecinge 70°C TemmepaTypaHbl cakKTaraH Ke3ze
O©T THIFBI3BIFBI JKOFApbl, ajl KOHCHUCTEHIHUSCHI
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HEFYpJIBIM THIFBI3 OOJIATBIHBI ~ aHBIKTAIABL  Ipi
Kapa MaJAblH OTIHIH >KapaMIbLUIBIK MEP3iMi MEH
cakranmy maptrapel Oenrinengi. Cakray Ke3iHae
puiran 51,22-nen 42,36%-xe aeiiin ToMeHaei,
OesiceHal  KBIIKBUILABIK JKOFapiam, on 7,6
KYpalTBhIHBI aHBIKTAIIBI. 3EpPTTEY HOTHXKECIHJE
aJbBIHFaH KepceTKimTep ipi Kapa Manl eTiH
OMOJIOTHANBIK O€NCeHl 3aT peTiHAe KOJAaHyFa
OOJATBIHBIFBIH KOPCETTI.

SIFHM, JKacaJFaH TEXHOJIOTHS OTTI albIC JKAKbIH
enjepre SKCHOPTTayFa, eNiMi3IiH MEIULMHA cana-
CBIHA YCHIHYFa MYMKIHIIUTIK TyJBIpaabl. OTTI 3KC-
NOpTTAay MaKCaThIH/AA, AJIbIHFAH OHIMIe OHIIpic
CTaHJAPTTAPBIH JKacall, TeXHOJIOTHUSHBI apbl Kapai
KETIIAIPY KO3IeIiM OTBI.

OcplraH  OalIaHBICTBI, JKacallFaH TEXHOJO-
UL  DHIOKPUHMI-PEPMEHTTIK  JKOHE  apHaibl
ITUKI3aTTBl OHJACYIl JaMBITy MEH TEPeH OHJCY,
KaJIJIBIKTapIbIH MOJIIEPiH a3alThill KaHa KOHMai,
KOCBIMIIIA OHIMJIEP HIBIFapy apKbUIbI, M IIapya-
HIBUTBIFBl  KOCIMOPBIHAAPBIHBIH THIMALTITIH  apT-
TBIpanel. MyHmai skobaiap, TEK MEAWIIMHA MEH

(apmanieBTHKara faHa e€Mec, COHBIMEH KaTap
9KOHOMHMKA MEH JKOJOTHS MOCENECiH J¢ IIelTy-
re TaWgachlH TUTizepi ce3ci3. OHmipic THiMII
YHBIMIACTHIPBUTFAH KaFaiia, apHailbl MHUKi3aTThI
naiiianany MeH caTyJaH ajblHFaH Kipic eHIIpiCTIK
IIBIFBIHAAPABI )Ka0yFa KOMET1H TUT13e1Ii.

OkiHinIke opail, Oi3MiH emiMi3ae SHIAOKPUHII-
(hepMeHTTIK KoHE apHaWbl MIMKI3aTTHl OHJLY KOJ-
Japsl KapacTelpbuiMarad. Ken skargaiina colbuiran
MaJIIBIH OT1 TAKTHIPBUTBIT TacTasIa el OChIFaH Opai,
MaJl eHIMJIEPIH eHAey eHJipicTepiHe THIMII xKoba-
Japjbl KapacThIPbI, OHBI iCKE achIpy MOCEIECiH
LICITY 5KOHE OHBI KOJIFa KOO )KYMBICTAPhI Kacalybl
THIC.

CoHIpIKTaH Ja, MEIUIMHAIBIK JKOHE BETECPH-
HapJIBIK MperapaTTapbl OHIpyre apHaIFaH dHJI0K-
pUHII-PEPMEHTTIK KOHE apHalbl IIMKi3aTTap.bl
KUHAY ’KOHE OHJIey — O0JIamarbl MeH MYMKIHZIKTEPi
30p OarbITTapABIH Oipi OOJBIT TaObLTAIBL.

Kacanran 3eprreynep, Kazakcran PecyOnmka-
CBbl AybUTIapyambUIbIKk MUHUCTPIITIHIH MaKCcaTThI
OarmapIaMbIK KapKbUTAaHABIPYMEH KYPTi31UIi.
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