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TAXONOMIC DIVERSITY OF THE RANUNCULACEAE FAMILY
IN THE TOBOL-ISHIM AND TURGAI FLORISTIC DISTRICTS
OF KAZAKHSTAN

The purpose of the work is to assess the taxonomic diversity of the Ranunculaceae family in the
Tobol-Ishim and Turgai floristic regions of Kazakhstan. The work is based on the results of field research
(2018-2023), conducted using the traditional route reconnaissance method. Herbarium materials on this
family stored in institutions were critically examined: Herbarium of the Institute of Botany and Phytoin-
troduction, Almaty (AA), Herbarium of the Pedagogical Institute named after. U. Sultangazina, Kostanay
(KSPI); MSU, Moscow (MW); Herbarium of Higher Plants of the Botanical Institute named after. V. L.
Komarova (LE); Herbarium of the Institute of Plant and Animal Ecology, Yekaterinburg (SVER).

As a result of the research, a checklist of plants of the family Ranunculaceae was compiled, infor-
mation about the specific locations of species in this territory is provided. In total, 37 species from 14
genera are given for the Tobol-Ishim floristic region. For the Turgai floristic region, 10 species from 4
genera are given. Information is provided on the nomenclature of species, ecology, and their distribu-
tion across floristic regions. Some species are provided with notes that provide additional information
about the taxonomic status of the species and infraspecific taxa. In the study area, the growth of rare and
endangered plant species included in the Red Book of Kazakhstan was established: Adonis vernalis L.,
A. wolgensis Steven., Pulsatilla flavescens (Zucc.) Juz. (= P. uralensis (Zamels) Tzvel.).

Key words: flora, Ranunculaceae family, Tobol-Ishim and Turgai floristic regions, the Red Book of
Kazakhstan.

K. CyatanrasuHa'*, A.H. KynpusiHos?, E.A. CumaHuyk!
’ !
TAxmeT banTypcbiHyAbl aTbiHAaFbl KocTaHai eHipaik yHuBepcuteTi, KoctaHan k., KasakcraH
2Kys6ac 6oTaHmKanblk, 6arbl, PFA CBb kemip >keHe Kemip XMMMSCbI
Mepepanbai 3epTTey opTanbiFbl, KemepoBo K., Peceit
*e-mail: gul_sultan@mail.ru

KaszakcraHHbIH, ToObIA-ECiA xoHe TopFaii (PAOPUCTUKAADBIK, ayAQHAAPbIHbIH,
Ranunculaceae TyKbIMAQCbIHbIH, TYPAIK KYpambl

KyMbicTbiH MakcaTbl — KasakcraHHbiH TobbIA-ECia sxaHe Toprait (hAOPUCTUKAABIK, ayAaHAAPbIHbIH,
Ranunculaceae TyKbIMAACbIHBIH TaKCOHOMMSIABIK, dPTYPAIAIK AeHreriH 6Gararay. XXyMbIC ASCTYpAI
MapLIpyTTbiK-6apAay oAiCiMEH >KYPri3iAreH AaraAblk, 3epTTeyAepaid (2018-2023) HaTumxKkeAepiHe
HerizaeAreH. Keaeci mMekemenepae Ranunculaceae TykbiMaachl GoWblHIIA CaKTaAFaH MaTepuasAap
CbIHM TYypfblAaH 3epTTeAai: boTtaHuka >keHe (PUTOMHTPOAYKLMS MHCTUTYTbIHbIH repbapuiii, AAMathbl
K. (AA), Y. CyATaHFasuH art. neAarorvkablk, MHCTUTYTTbIH repbapuii, KocraHai k. (KSPI); MMY,
Mackey k. (MW); B.A. KomapoB aT. boTaHMKaAbIK, MHCTUTYTTbIH XKOFapbl eciMAikTep repbapuii (LE);
OCIMAIKTEP MEH >KaHyapAap 3KOAOTUSICbl MHCTUTYTbIHbIH, repbapuiii, Exatepunbypr K. (SVER).

3epTTey HaTMxeciHAe Ranunculaceae TyKbiIMAACbIHA XKaTaTbIH 6CIMAIKTEPAIH KOHCMEKTICi XKacaAAbl
XeHe OGeAriai 6ip aymakTarbl TYPAEPAIH HaKTbl OpPHAaAacCybl TypaAbl MOAIMETTED KYPaCTbIPbIAAbI.
TobbiA-EciA hAOpUCTUKAABIK, aiMarbl yiliH GapAbiFbl 14 TyKbiIMAACTbiH, 37 Typi 6GepiareH. Topran
(PAOPUCTHKAABIK, aiMarFbl YLiH 4 TyKbIMAACTbiH 10 Typi GepiareH. TypAepAiH HOMEHKAATypachl,
BKOAOTMSCHI XKHe (PAOPUCTMKAABIK, aimakTap GovbiHLIA TapaAybl TypaAbl aknapat 6epiareH. Kenbip
TYPAEP TYPAIH TaKCOHOMMSIABIK, XKaF Adibl, TYPILiAIK TaKCOHAAP TypaAbl KOCbIMLWA aknapat GepeTiH
»)aszbarapmeH >kababikTarFaH. 3epTTeaeTiH aymakTa KasakcraHHbiH Kbi3biA KiTabblHa eHrisiAreH cupek
Ke3AEeCeTiH XKaHe Kypbin KeTy Kayrni TOHreH eCiMAIK TYPAEPIiHiH ecyi aHbikTaAAbl: Adonis vernalis L., A.
wolgensis Steven., Pulsatilla flavescens (Zucc.) Juz. ( = P. uralensis (Zamels) Tzvel.).

Tyiin cesaep: daopa, Ranunculaceae TykpiMaachl, Tobbia-Ecia >xaHe Toprai (HAOPUCTMKAABIK,
anmakTapbl, KasakcraHHbiH Kbi3bIA KiTabbl.

4 © 2024 Al-Farabi Kazakh National University
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Buaosoit coctaB cemeictBa Ranunculaceae To6oa-Uiummckoro
u Typraiickoro coaopucTuueckmx paroHoB Kaszaxcrana

LleAb pabGoTbl — OLEHKA YPOBHSI TAKCOHOMMYECKOro pa3Hoobpasuns cemernctea Ranunculaceae To-
60A — Mwmmckoro mn Typranckoro aopuctnueckmx panoHos KasaxcraHa. Pa6ota ocHoBaHa Ha pe-
3yAbTaTax MOAEBbIX UCCAep0BaHMI (2018—-2023 rr.), KOTOpble MPOBOANAMCH TPAAMLMOHHbBIM MapLUPYT-
HO-PEKOrHOCLIMPOBOYHBIM METOAOM. KpUTUYECKM MCCAEAOBaHbI MaTepPUAAbl MO AQHHOMY CEMENCTBY,
XpaHsLWmecs B yupexkaeHusx: Fepbapmii MHCTUTYTa 60TaHMKM M (DPUTOMHTPOAYKUMMU, T. AAMaThI (AA),
l'epbapuii neaarormnyeckoro uHcTUTyTa UM. Y. CyATaHrasuHa, Kocranai (KSPI); MIY, r. Mocksa (MW);
[ep6apwi BbiCLIMX pacTeHmin boTaHnueckoro nHcTUTyTa uM. B. A. Komaposa (LE); Fep6apuit MHcTMTYTa
3KOAOTMM PACTEHMIA U XKMBOTHDIX, T. Ekatepunbypr (SVER).

B pesyabTaTe MCCAEAOBAHMII COCTABAEH KOHCMEKT pacTeHWin cemeiicTBa Ranunculaceae, npvise-
AEHbl CBEAEHMS O KOHKPETHbIX MECTOHAXOXKAEHMSIX BMAOB Ha AAHHOW Tepputopuun. Becero anga To-
60A-MWMMCKOro (OAOPMCTUYECKOTO paioHa NPUBOAMTCS 37 BMAOB M3 14 poaoB. AAst Typraickoro
dAropmcTryeckoro parioHa npuBoaMTcs 10 BUAOB 13 4 poaoB. [prBeAeHbl CBEAEHWUS O HOMEHKAATYpe
BMAOB, 3KOAOTMU, PACTPOCTPAHEHMU MX MO (PAOPUCTUYECKUM palioHam. HekoTopblie BUMAbl CHabxe-
Hbl MPUMEYAHMSIMM, B KOTOPbIX MPUBOAITCS AOMOAHUTEAbHbIE CBEAEHWS O TAKCOHOMMYECKOM CTaTyce
BMAQ, BHYTPMBMAOBBIX TaKCOHax. Ha mccaeayemon TeppuTopuM YCTAHOBAEHO MPOM3pacTaHue peAa-
KMX M MCYe3aoLMX BMAOB pacTeHui, BHeceHHbix B KpacHyio kHury KasaxcrtaHa: Adonis vernalis L.,

A. wolgensis Steven., Pulsatilla flavescens (Zucc.) Juz. ( = P. uralensis (Zamels) Tzvel.).
KaoueBble caoBa: haopa, cemenctBo Ranunculaceae, To6oa-Miummckmin n Typranckmii paopm-

cTnyeckue paroHbl, KpacHag kHura KasaxcraHa.

Introduction

Plant biodiversity, as the foundation of the
biosphere, plays a critical role in maintaining
ecosystem functioning, ensuring food security, and
sustainable human development. However, plant
biodiversity is now under unprecedented threat from
anthropogenic transformations, including climate
change, habitat degradation, invasive species, and
overexploitation of natural resources [1-5].

The Strategic Plan for the Convention on
Biological Diversity calls for “the global community
to strive to ensure by 2050 the conservation,
restoration and sustainable use of biodiversity...”
[6].

In Kazakhstan, biodiversity conservation is
recognized as a priority task in the Concept for the
Conservation and Sustainable Use of Biological
Diversity of the Republic of Kazakhstan until 2030
[7].

Within the framework of the Sixth National
Report of the Republic of Kazakhstan on
Biodiversity, tasks for 2021-2030 were identified.
Among the important tasks are the following:
conducting local, regional and republican-level
floristic studies aimed at replenishing and updating
data on the diversity of plant communities in the
territory of the republic [8].

The relevance of floristic research in the Tobol-
Ishim and Turgai floristic districts is dictated by
the need for a clear understanding of the current
state and composition of the flora, which has been
subjected to significant anthropogenic pressure for a
long period of time [9-11].

Materials and methods

Botanical research was conducted using the
route-reconnaissance method in 2018-2023. In the
course of compiling a synopsis of plants of the
Ranunculaceae family, the herbarium materials
of the following institutions were used in full: the
Department of Biology, Ecology and Chemistry of
Ahmet Baitursynuly Kostanay Regional University
(TOBYLKZ) and KuzBS (KUZ), as well as
data from the herbarium collections of various
scientific and educational institutions of Kazakhstan
and Russia (AA - Institute of Botany and
Phytointroduction, Almaty; KSPI — U. Sultangazin
Pedagogical Institute, Kostanay; MW — Moscow
State University, Moscow; LE — Komarov Botanical
Institute, St. Petersburg; SVER — Institute of Plant
and Animal Ecology, Yekaterinburg).

The authors considered the main publications on
the studied territory: “Flora of Kazakhstan” (1956-
1966), the “Central Asia Plant Identifier” (1968-
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1993), “Flora of Western Siberia” (1927-1964),
and “Flora of the USSR” (1934-1964). Available
publications on floristic findings in the studied
territory were analyzed [12-27].

Latin names of genera and species are given
according to S.A. Abdulina [28], taking into account
modern data.

For species, the nomenclatural citation includes
links to the original description, as well as sources
from “Flora of Kazakhstan”, “Flora of Western
Siberia”, and “Flora of the USSR”. If a species is
not listed in the above-mentioned references or has
a different modern name, a link to other sources is
provided.

For species included in the Red Book of
Kazakhstan [29], the rarity category status is
indicated.

Results and discussion

A comprehensive survey of Ranunculaceae
plants in the Tobol-Ishim and Turgai floristic regions
of Kazakhstan has been compiled. This work is based
on extensive field research, meticulous analysis of
herbarium specimens from various institutions (AA;
KSPI; MW; LE; SVER), and a thorough review of
relevant literature. The synopsis encompasses 39
species belonging to 14 genera.

Order RANUNCULALES

Family Ranunculaceae Juss.

Adonis parviflorus Fisch. 1824, in DC., Prodr.
1: 24; Gamayunova, 1961, Flora of Kazakhstan
6: 130; Kovalevskaya, 1972, Central Asia Plant
Identifier 3: 230.

Clayey-gravel slopes, margins of springs.

Turgai: Zhabaylinskiy and Amangeldynskiy
districts, Uly-Zhylanshyk [30]; Prov. Turgai, Syr-
Darja, Bertogur, the shady slopes of the mountains,
02 V 1910, N. Androsov (LE); Turgai region and
district, Bel-Kuduk gully, clayey slope, 15 V 1913,
M. Spiridonov.

Adonis vernalis L. 1753, Sp. pl.:. 547,
Gamayunova, 1961, Flora of Kazakhstan 4: 129.

Steppes, edges of steppe forest islands.

Tobol-Ishim: Kostanay Region, Karasu
District, Village of Lenino, 24 VI 1992, N.A.
Tsibanova (SVER); vicinity of Petropavlovsk city,
“Meshchansky Forest”, anthropogenically disturbed
birch forest, N54.92959°, E69.13773°, 153
m.a.s.l. (TOBYLKZ); Vicinity of Petropavlovsk,
Tselinny Krai, suburban coniferous-deciduous
park near Lake “Pestroe”, birch forest, 08 VI 1963,
K.G. Malyutin (MW); Petropavlovsk District,
[12]; Northern Kazakhstan Region, vicinity of

Leninskoye village, 50 km along the Petropavlovsk-
Kokshetau highway, birch-aspen forest, edge of
the forest, N 54.68241°, E 69.14474°, 144 m.a.s.1.,
01 VI 2018, G.Zh. Sultangazina, A.N. Kuprijanov
(TOBYLKZ); North Kazakhstan region, northeast,
from the village of Krasnoyarka, forest, 24 VI 1972
(M. Kozybayev NKU); in the same location: 5 km
northeast, Krasnoyarka village, forest, 25 VI 1976
(M. Kozybayev NKU); North Kazakhstan Region,
Borki village, forest (M. Kozybayev NKU); North
Kazakhstan region, 7 km NW of Sergeevka village,
N 54.71898°, E 69.80614°, glacio-lacustrine
alluvial plain, G.Zh. Sultangazina, A.N. Kuprijanov
(TOBYLKZ).

Plant listed in the Red Book of Kazakhstan:
category II, rare species [29].

Adonis wolgensis Steven. 1818, in DC Syst.
I 245; Gamayunova, 1961, Flora of Kazakhstan
4: 130; Kovalevskaya, 1972, Central Asia Plant
Identifier 3: 229.

Forest edges, in the shrubbery, meadow steppes.

Tobol-Ishim: Arakaragai Forest Enterprise,
Krasnokordonskoye Forestry, sector 26, Early-
Grass Pine Forest [15]; Arakaragayskoye
Forestry, clearing in a pine forest, 05 May 2023,
G. Sultangazina (TOBYLKZ); Baikadamovsky
forestry, vicinity of the tract “Krivulya”, steppe,
N 5335, E 61.40, 204 m.as.l, 09 V 2018
(TOBYLKZ); Bor Tersek, Nauryzumskoe forestry,
sector 127, ancient dune relief near Lake M. Aksuat,
sandy-sod pine forest [15]; in the same place: in
a birch grove in the northern part of the forest, 27
V 1936, N. Bolkhvitina (MW); In the shrublands
along the floodplains of the Tobol River near the
city of Kustanay 20 V 1921, P.P. Korenev (MW);
Karabalysky District, vicinity of Mikhailovka
village, Baikadamovski forestry, forest edge; in the
same place: steppe along the bank of the Toguzak
River; in the same place: Baikadamovski forestry,
sector 13, birch forest, 26 V 2023, G.Sultangazina
(TOBYLKZ); Kostanay region, “Kamennoe Ozero”
Tract, birch forest on a steep slope, N53.28597°,
W63.77815°, h=141 m.a.s.l. G.Zh. Sultangazina,
A.N. Kuprijanov (TOBYLKZ); Aragaragay forest
in a meadow near Sredny Kordon, 28 IV 1921,
N.V. Pavlov (MW); Meadow steppe along the
Tobol River near the stud farm, 27 IV 1921, N.V.
Pavlov (MW); vicinity of the village Krasnye Borki,
forest edge, 03 V 22 (TOBYLKZ); Surroundings
of Shcherbakovo village, Ubaganskoye forestry,
forest edge, 200 meters from the Shcherbakovo-
Sosnovy Bor highway, N53.20445°, E64.21552°,
165 m.a.s.l., 30 VI 2018, G.Zh. Sultangazina, A.N.
Kuprijanov (TOBYLKZ); near Lake Katantal, birch
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grove, 19 V 1936, A. Voronov (MW); Uzunkol
District, vicinity of Karl-Marx village, birch forest,
G.Zh. Sultangazina, (TOBYLKZ); Petropavlovsk
district [12]; Auliekol District, Basamansky
Forestry, clearing in a pine forest, 23 IV 2020
[24]; Surroundings of the village Zhilgorodok,
Amankaragayskoye forestry, sector 121, edge of
the birch forest 25 IV 2020; in the same location,
sector 36, clearing in a pine-birch forest, 16 IV
2020 [24]; Ubagansky Forestry, sector 143, sparse
pine plantation, 26 IV 2020 [24]; Kaliningradskoe
forestry, sector 92, a depression in a pine forest
overgrown with birches, 22 IV 2020 [24];
Novonezhin Forestry, sector149, a thicket-covered
clearing in a pine forest, 18 IV 2020 (TOBYLKZ).

Plant listed in the Red Book of Kazakhstan:
status. III, declining species [29].

Anemone sylvestris L. 1753, Sp. pl.: 540;
Gamayunova, 1961, Flora of Kazakhstan 4: 64;
Kovalevskaya, 1972, Central Asia Plant Identifier
3:192.

Sparse deciduous
clearings, meadows.

Tobol-Ishim: Petropavlovsk, Tselinny Krai,
Borki village, suburban coniferous-broadleaf
park near Lake Pestroye, meadows with diverse
herbaceous plants, 06 VI 1963, K.G. Malyutin (MW);
Arakaragai Forestry Enterprise, Krasnokordonskoye
Forestry, sector 23, 52,93, early fescue-ground
lichen pine forest [15]; sectors 117,118,167, cherry
birch forest [19]; near the Burli village, within the
floodplain of the Toguzak river, in an alder grove
of the “Krivulya” tract, 16 VI 1968 [13]; Tersek
Forest, Sosnovskoye Forestry, sector 9, birch-pine
forest with diverse herbs and ground cover [19]; A
meadow on the southwestern slope of the Ayak-Blak
stream valley, 20 km east of the village of Aksuat 14
VI 1936. A. Voronov (MW); Karabalyk State Seed
Station near the Toguzak River, in the hollows of
steppe watersheds, on solonetzic meadows, 30 VII
1945, P. Serdyukov (MW); Karabalyksky District,
vicinity of Mikhailovka village, Baikadamovskoye
forestry, sector 13, sparse pine forest, 26 VI 2023
(TOBYLKZ); Kostanay district, “Kamennoe Ozero”
private hunting ground, ostrich birch grove [19];
AraKaragay forest along the edge of birch groves,
14V 1921, N.V. Pavlov (MW); between Amangaray
and Semiozernoye, birch grove, 08 VI 1960, V.
Tihomirov (MW); Nauryzum Forestry, sector 79,
birch-pine forest with diverse herbaceous cover
and ground mosses [19]; Presnogorkovsky Forestry
Enterprise, Borkovsky Forestry, sector 12, pear birch
forest [19]; Shcherbakovo village, mowed meadow
5 km southwest of the village of Karashok, 05 VIII

and coniferous forests,

1956, L. Tyukanova (MW); Semiozerny Forestry
Enterprise, Kalininsky Forestry District, sector 111,
birch forest [19]; Taranovsky Forestry Enterprise,
Ordzhonikidzevskiy Forestry, compartment 43,
birch-berry pine forest with diverse herbs [15].

Caltha palustris 1. 1753, Sp. Pl.:
Gamayunova, 1961, Flora of Kazakhstan 4: 13.

Wetland shrub thickets, riverbanks and streams,
damp meadows.

Tobol-Ishim: Petropavlovsk, Lake Pestroe, a
small swamp near the lake, in a damp place, 19 VI
1963, E.T. Tropnikova (MW); Petropavlovsk, Lake
“Pestroye”, along marshy areas along the shore, 20
V 1963, K.G. Malyutin (MW); near the village of
Burli, in the floodplain of the Toguzal' River, within
the alder grove of the “Krivulya” tract, 16 VI 1968
[13]; Along the shore of the estuary in the floodplain
of the Tobol River, near the city of Kustanay, 11
V 1921, N.V. Pavlov (MW); Semiozemy Forestry
Enterprise, Kalininskoye Forestry, quarters 110 and
121, birch pine forest with horsetail and bramble
undergrowth [15].

Ceratocephala falcata (L.) Pers. 1805, Syn.:
341; Gamayunova, 1961, Flora of Kazakhstan 4: 76;
Kovalevskaya, 1972, Central Asia Plant Identifier 3:
199.

Tobol-Ishim: to the south of the village of
Uzunkol, behind the apple orchards, an artificial
dam along the bank, 07 V 2012, K. Dobrohotova
(AA).

Ceratocephalus testiculatus (Crantz) Roth,
1822, Enum. Pl.: Lhyn.: 70; Kovalevskaya, 1972,
Central Asia Plant Identifier 3: 198. — C. orthoceras
DC. 1818, Syst. Nat., 1: 231; Gamayunova, 1961,
Flora of Kazakhstan 4: 75.

Salt-affected soils with a high concentration
of sodium ions, soils with a high concentration of
soluble salts at or near the surface.

Tobol-Ishim: near Kostanay city, 200 meters
from the Kostanay State University Agricultural
Research Station, 01 VII 1997, Yu.V. Perezhogin,
M.S. Knyazev (SVER); along the salt-marsh beyond
the Middle Cordon in the Ara-Karagay forest on
an open steppe meadow, 08 V 1921, N.V. Pavlov
(MW); [Nauryzum Pine Forest], to the south of the
village of Aksuat, steppe in plateau conditions, 18 V
1936, A. Voronov (MW); Aksuat village, sandy soil
in the park, 6 V 1945, A. Voronov (MW); weeds in
the garden [14].

Turgai: Zhabayev and Amangeldy districts,
Uly-Zhylanshyk [30]; Egentybulak, near the stream,
4 V 1935, C. Levitskiy (MW); [Aktobe Province,
Irgiz District], Turgai Oblast, near Lake Maly
Dzhalanach, sandy soil, meadow, 09 V 1898, I. M

558;
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Kryukov (MW, WO0830973); Artemisia steppe on
light loamy soil, 02 V 1898, I. M Kryukov (MW,
WO0830974).

Clematis orientalis L. 1753, Sp. Pl.. 543;
Gamayunova, 1961, Flora of Kazakhstan 4: 72;
Kovalevskaya, 1972, Central Asia Plant Identifier
3:197.

Saline meadows, river bluffs.

Tobol-Ishim: [Nauryzum Pine Forest], in a
meadow along the bank of the sorrel, in the thickets
of shrubs [14]; birch forest on the southern shore
of Lake Kzyl-Shorka, 18 VII 1936, N. Bolhovitina
(MW); Naurzumskoe Forestry, sector 92, birch-pine
forest with diverse herbaceous and ground lichen
cover [15].

Consolida orientalis (J.Gay) Schroding. 1909
in: Abh. Zool.-Bot. Ges. Wien 4, 5: 62. — Delphinium
hispanicum Costa.

Cultivated as an ornamental.

Tobol-Ishim: Kustanai, vegetable garden, 30
V1979, M.S. Knyazev (SVER).

Consolida regalis S.F. Gray 1921, Nat. Arr.
Brit. Pl. 2: 711; Tsvelev, 2001, Flora of Eastern
Europe 10: 76. — Delphinium consolida L. 1753, Sp.
PL: 530; Gamayunova, 1961, Flora of Kazakhstan
4: 34; ITaxomoBa, 1972, Central Asia Plant Identifier
3: 164.

Growing as a weed in crops, along roadsides,
mainly on sandy soils.

Tobol-Ishim: Petropavlovsk District [12];
Petropavlovsk, Tsentralny Krai, village of Borki,
suburban coniferous-deciduous park near Lake
“Pestroe”, in crops, on steam fields, 12 VIII 1963,
K.G. Malyutin (MW); [Kostanay region], Kostanay
district, dumps [20]; vicinity of Kostanay city,
field, 20 VI 1983, S. Drobysheva (SVER); Denisov
district, field, 06 VII 1988, V. Samsonovich (SVER);
Tobol, Altynsarin microdistrict, near the residential
area, 02 VII 2023, G. Sultangazina, (TOBYLKZ);
Denisovo district, rural area surrounding the village
of Komarovka, 07 VII 2012 (TOBYLKZ).

Ficaria verna Huds. Fl. Angl. ed. 1 (1762) 214;
Gamayunova, 1961, Flora of Kazakhstan 4: 78.
Kovalevskaya, 1972, Central Asia Plant Identifier
3:175.

Tobol-Ishim: Natural Monument “Kamennoye
Ozero tract”, meadow-fescue and diverse-herb
association, 24 IV 1997, Yu.V. Perezhogin, M.S.
Knyazev (SVER); in the meadow marshes of the
Tobol River [27].

Halerpestes salsuginosa (Pall. ex Georgi)
Green, 1900 in Pittonia, 4: 208; Gamayunova, 1961,
Flora of Kazakhstan 4: 77; Kovalevskaya, 1972,
Central Asia Plant Identifier 3: 200.

Saline meadows.

Tobol-Ishim: North Kazakhstan Oblast, Lake
Maly Tarangul Basin, July, 1982 [18]; North
Kazakhstan Province, basin of Lake Pestroe, July,
1984 [18].

Leptopyrum fumarioides (L.) Rchb. 1828,
Consp.: 192; Gamayunova, 1961, Flora of
Kazakhstan 4: 21.

Wastelands near houses.

Tobol-Ishim: Petropavlovsk district [12].

Mpyosurus minimus L. 1753, Sp. Pl.: 284;
Gamayunova, 1961, Flora of Kazakhstan 4: 75;
Kovalevskaya, 1972, Central Asia Plant Identifier
3: 198.

Riparian zones, margins of springs.

Tobol-Ishim: Petropavlovsk, “Pestroye” Lake,
thickets on swampy areas, a gradually rising slope,
08 VI 1963, K.G. Malyutin (MW); On the saline-
rich shoreline of a lake in the Tobol River valley
near the city of Kustanai, 23 V 1921, N.V. Pavlov
(MW); Arakaragay forest on the periphery of a
damp saline depression near the Middle Cordon,
14 V 1921, N.V. Pavlov (MW); [Nauryzum Pine
Forest], A saline area near the Ayak-Blak stream, 20
kilometers east of the village of Aksuat, near Karasu
Taldy-Muin-Sai, 7 VI 1937, A. Voronov (MW);
Terseksky pine forest, ephemeral section under
an old pine tree amidst a burnt area, grove, 24 VI
1940, A. Shreter (MW); [Nauryzum Pine Forest], on
highly saline soils [14].

Turgai: Dzhangeldynsky and Amangeldynsky
districts, Uly-Zhylanshyk River, [30];

Pulsatilla multifida (G. Printz.) Juz. 1937,
®n. CCCP, 7: 296; Gamayunova, 1961, Flora of
Kazakhstan 4: 67.

Pine forests, ravines, and steppe patches in
meadows.

Tobol-Ishim: Amandykaragai Pine Forest, VI
1958, A.Voronkov (MW); pine forest with birch
and sedge understory, Tersék tract, Sosnovskoye
forestry, sector 5 [19]; 20 km east of Aksuat
village, steppe on the plateau in the upper reaches
of the Ayak-Blak stream, 12 VI 1936, A.Voronkov
(MW); Kustanai, 10 IX 1920, N.V. Pavlov (MW);
Petropavlovsk, Tselinny Krai, suburban coniferous-
broadleaf park near Lake “Pyostroe”, on the sandy
soil of pine forests and their outskirts, on steppe
meadows., 06 VI 1963, K.G. Malyutin (MW);
Petropavlovsk District [12]; Kamensk-Uralskoe
Forestry, sector 81, ground-willow birch forest
[19]; Ara-Karagay Forest near Sredny Kordon on
an open meadow, 26 IV 1921, N.V. Pavlov (MW);
in the same place: 08 V 1921, N.V. Pavlov (MW);
on a sandy hillside along the Tobol River near a
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horse breeding facility in the vicinity of Kostanay,
27 1V 1921, N.V. Pavlov (MW); Nauryzum Forest
District, sector 62, summits and slopes of sand
dunes near Lake Katantal, juniper-pine forest [15];
Novo-Nezhinskoye Forestry, sector 163, pine forest
with diverse herbaceous and ground vegetation, and
lichens [15]; Sandy steppe located 20 kilometers
northwest of the nature reserve, 05 VIII 1946, N.
Sivkova (MW); on the edges of pine forests, in
meadows, and on outcrops with a gravelly surface, in
the Tersek section [14]; Presnogorkovsky Forestry
Enterprise, Borkovskoye Forestry, sector 22, pine
forest with ground-cover lichens and ferns [15];
same location: sector 28, short-legged Birch grove
[19]; same location: sectors 22,32 lichen pine forest
[15]; Semiozerny Forestry Enterprise, Kalininskoye
Forestry, sectors 110, 111, Mixed Birch Forest; same
location: sector 90, short-legged birch forest [19];
Sosnovskoye Forestry, Tersek pine forest, sectors
5, 8 sandy-gravel outcrops, juniper pine forest,
Taranovsky Forest Enterprise, Dzhetygarinsky
Forestry, sector 36, steppe-meadow birch forest
with veiny grass [19]; Ubagansky Forestry District,
sector 28, pine forest with forbs, ground cover, and
feather grass [15]; Uzunkol Forestry Enterprise,
Yershovskoye Forestry District, sector 81, early-
sprouting birch forest [19]; a section of sandy steppe
2 km northwest of the reserve’s manor house, 14 VI
1946, N. Sivkova (MW).

Note. P. multifida is considered a part of the P.
patens (L.) Mill. s. . complex. Intraspecific structure
of P. patens is extremely complex. In one of the first
monographic treatments, A. Zamels [31] considered
this plant as an aggregate with numerous subspecies.
S.V. Juzhepchuk [32] noted that the typical
appearance of this species is well-traced within
Europe but becomes extremely polymorphic in the
Urals and Siberia. The far from complete isolation of
European and Asian species has led to the existence
of numerous intermediate forms, sometimes making
it impossible to distinguish them. L.I. Malyshev [33]
believes that this species does not occur in the Asian
part of Russia. P. patens (L.) Mill. s. 1. is included in
the Red Book of the Republic of Kazakhstan (2014:
43; category II), in our opinion, without sufficient
grounds, since it does not occur in Kazakhstan, and
P. multifida is extremely abundant in Northern and
Central Kazakhstan [24].

Pulsatilla uralensis (Zmels) Tzvel. 2001.
Flora of East Europe, 10: 92. — P. patens (L.) Mill.
subsp. uralrnsis Z[1mels, 1926, Acta Horti Bit.
Univ. Latv. 1: 93. — P. patens (L.) Mill. subsp.
flavescens (Zucc.) Zam. 1926, Acta Hort. Bot. Univ.
Latv. 1: 95; Krylov, 1931, Flora of Western Siberia

5:1165. - P. flavescens (Zuccar.) Jus. 1937, Flora of
the USSR, 7: 296, p.p. (excl. typo) non Boros, 1924;
Gamayunova, 1961, Flora of Kazakhstan 4: 68.

Meadows and forest edges of deciduous and
coniferous forests.

Tobol-Ishim: Natural Monument “Kamennoye
Ozero tract”, 02 VI 2023, G. Sultangazina,
A Kuprijanov (TOBYLKZ); Karabalyksky district,
vicinity of Mikhailovka village, Baikadamovskoe
forestry, vicinity of the Krivuli tract, steppe, N 53.35,
E61.40,204 ma.s.l. (TOBYLKZ); Presnogorkovsky
Forestry Enterprise, Borkovsky Forestry, sectors
22, 23: bilberry pine forest; sector 19: diverse
herbaceous pine forest; sectors 5, 12: wintergreen
pine forest; sector 32: lichen pine forest [15]; sector
14, bracken fern thicket [19]; Mendekarinsky
district, N 53°46°29.2404” E 64°13°10.758”, 8
km from the village of Lesnoye, edge of a birch
forest, 04 V 2021, G. Sultangazina (TOBYLKZ);
Altynsarinsky District, Arakaragayskoe Forestry,
clearing in a pine forest, 05 V 2023, G. Sultangazina
(TOBYLKZ); Naurzymsky District, 10-15 km from
the village of Karamendyy, flat steppe, near the
Danabike River, 08 V 2017 (TOBYLKZ).

[pumeuanne. Pulsatilla flavescens (Zucc.)
Juz. was first described by J.G. Zuccarini in 1826
as Anemone flavescens Zuccar. from the vicinity
of Omsk, Siberia. According to the protologue:
“C rescit freguentissima in Sibiriae pratis arides
circa Omsk”. In 1937, S.V. Yuzepchuk made a
combination in the flora of the USSR and transferred
Anemone flavescens to Pulsatila flavescens (Zucc.)
Juz., which turned out to be a later homonym [34].
According to the rules of botanical nomenclature,
this name cannot be used. Therefore, N.N. Tsvelev
[34] made a new combination Pulsatilla uralensis
(ZOmels) Tzvel. For P. uralensis, perianths are
characteristic of a yellow color range and narrow
wedge-shaped leaflets to the base, the petiole of the
upper lobe is either very short or absent [24].

This plantis listed in the Red Book of Kazakhstan
(2014): category III.

Ranunculus acris L. 1753, Sp. PlL: 554;
(“acer”); Gamayunova, 1961, Flora of Kazakhstan
4: 105; Kovalevskaya, 1972, Central Asia Plant
Identifier 3: 225.

Marshes, lakes, and spring fringes.

Tobol-Ishim: Arakaragai Forestry Enterprise,
Krasnokordonskoye Forestry, sector 165, willow
birch forest; Aueliekol district, shore of a salt lake
[17]; pine forest Tersek, Sosnovskoye forestry,
sector 5, reed-sedge birch forest [19]; Jetysu
Forestry District, sector 36, steppe birch forest with
ground and reed undergrowth [19]; Jangeldy district,
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Torgay urban-type settlement, meadow, 20 VI
1971, Yu.V. Pereghozin, 2010 (KSPI); Kalininskoe
Forestry, sector 90, short-footed birch forest [19];
Karabalyksky district, Kardalinskoe forestry, bolck
251, willow elm forest [19]; Karabalyk district,
vicinity of Stantsionny settlement, meadow, 07
VII 2005, (KSPI); Naurzymsky District, vicinity of
the village of Damdy, meadow, 16 VI 1969 [21];
vicinity of the “Sosnovy Bor” tourist base, pine
forest, 04 VI 1980, [21]; vicinity of Zhitikara city,
meadow, 19 VI 1970 [21]; vicinity of Kostanay
city, meadow, 20 VI 1985, Yu.V. Pereghozin,
2010 (KSPI); vicinity of Presnogorkovka village,
forest meadow, 24 VI 1968 [21]; Presnogorkovsky
Forestry Enterprise, Borkovsky Forest District,
sector 120: willow birch forest; sector 14: bracken
fern birch forest [19]; Taranovsky Forestry
Enterprise, Ordzhonikidzevskoye Forestry, sectors
43, 44, birch-berry pine forest with diverse herbs;
Ubaganskoye Forestry, sector 3, alder forest with
ground cover of mosses [19]; Uzunkol Forestry
Enterprise, Yershovskoye Forestry District, sector
81, early birch-sedge forest.

Ranunculus aquatilis L. 1753. Sp. PL.: 556. —
Batrachium aquatile (L.) Dumort. 1827, Fl. Belg.:
127; Tsvelev, Grintal 2001, Flora of Eastern Europe,
10: 171. — B. giliberti V. Krecz. 1937, Flora of the
USSR, 7: 345.

Tobol-Ishim: Petropavlovsk District [12];
Akmola Region, Petropavlovsk District, 18 versts
(approximately 19.2 kilometers) from the settlement
of Kyzyl-Kiyek, 25 VII 1913, V. Drobov (LE);
Turgay Region, Kustanay District, vicinity of
Mordvintsevo village, Toguzak River, 15 VI 1913,
M. Korotkij, Z.Lebedeva (LE); Turgay Region,
Turgay District, 1st-2nd Nauryz Volosts, valley of
the Kaiyng River, 26 VI 1909, V. Savich (LE); near
Kostanay city, in the valley of the Tobol river, 21 VI
1930, N. Pavlov (LE).

Turgai: Turgai region, Kalmak River, near the
Kaymak Kurgan burial mound, a shallow stretch
of water, 01 VI 1913, M. Spiridonov (LE); Turgai,
Syr-Darja, headwaters of the Emba river 20 X 1910
N. Androsov (LE); Turgay river bank, 20 VI 1898,
I. Kryukov (LE); Turgai region, Amangeldy district,
vicinity of Amangeldy village, in the Turgai river,
04 IX 1956, A. Yunatov, L. Kuznetsov (LE).

Ranunculus auricomus L. 1753, Sp. pl.: 551;
Gamayunova, 1961, Flora of Kazakhstan 4: 93.

Meadows, outskirts of springs, banks of streams.

Tobol-Ishim: Petropavlovsk District [12];
vicinity of Kostanay city, damp meadow, 27 V
1986, [21]; Settlement of urban type Mendykara,
damp meadow, 27 V 2009 [21].

10

Ranunculus circinatus Sibth. 1794, F1. Oxon.:
175; Pavlov, 1935. Flora of Central Kazakhstan. 2:
241. — Batrachium circinatum (Sibth.) Spach, 1839,
Hist. Nat. Veg. (Phan.), 7 : 201. — B. foeniculaceum
(Gilib.) V. Krecz.. 1937. Flora of the USSR 7: 338;
Gamayunova, 1961, Flora of Kazakhstan 4: 64;
Kovalevskaya, 1972, Central Asia Plant Identifier
3:192.

Low-flow water bodies, backwaters of steppe
rivers.

Tobol-Ishim: Petropavlovsk District [12];
North Kazakhstan Oblast, Sergeevskoe Reservoir
[18]; Aulyekol district, Ubagan river, in water [17].

Ranunculus  divaricatus  Schrank 1789,
Baier. Fl. 2: 104; Shchegoleva, Kuprijanov, 2014,
Herbarium Collection, Systematics Department,
Tomsk University 110: 23. —  Batrachium
divaricatum (Schrank) Wimm. 1840, FI. Schles: 9;
Gamayunova, 1961, ®@x. Kas., 4: 82; Kovalevskaya,
1972, Central Asia Plant Identifier3: 202.

Low-flow water bodies, drying shores of lakes.

Tobol-Ishim: in the waters of a small lake in the
valley of the Tobol River near the city of Kostanay,
30 VI 1921, N.V. Pavlov (MW); the right bank of
the Turgay River, 50 versts upstream from the city of
Turgai, 20 VI 1898, 1. Kryukov (MW); lower end of
the continuous reach of the Nauryzum-Karasu river,
30 VII 1936, A. Voronov (MW); in the same place:
lower reaches, 25 VII 1936, A. Voronov (MW); in
the same place: a continuous stretch of open water,
3 VIII 1936, A. Voronov (MW).

Ranunculus eradicatus (Laest.) F. Johansen,
1934, Canad. Field — Nat., 48 : 127. — R. aquatilis
var. eradicatus Laest.1839, Nova Acta Reg. Soc.
Sci. Ups. 11 : 242. — R. aquatilis var. panthotrix
Ledeb. 1841, FI. Ross. 1 : 27, p.p. — Batrachium
eradicatum (Laest.) Fries, 1843, Bot. Notis. (Lund):
144; Gamayunova, 1961, Flora of Kazakhstan,
4 : 80; Kovalevskaya, 1972, Central Asia Plant
Identifier 3: 202.

In rivers, streams, near the shore and among
reeds in running water.

Tobol-Ishim: Northern Kazakhstan region,
Lake Bolshoy Tarangul, bay in the western part, 20
VII 1983, [18]; Karasuskiy District, wetlands of the
Tyuntyugur-Zhanshura lakes system [22].

Ranunculus lingua L. 1753, Sp. pl.: 549;
Gamayunova, 1961, Flora of Kazakhstan 4: 89;
Kovalevskaya, 1972, Central Asia Plant Identifier3:
209.

Marshes, in the water of steppe rivers.

Tobol-Ishim: Natural Monument “Kamennoye
Ozero Tract”, lakeside, 16 VII 1987 [21]; vicinity
of village Shcherbakovo, northern shore of Lake
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Masaty, damp sedge meadows between hummocks,
05 VIII 1956, 1. Drobynina (MW); in the water of a
small lake near the village of Rybnoye at the northern
edge of the Ara-Karagay forest, 23 VII 1921, P.P.
Korenev (MW); Karasuskiy district, wetlands of the
Tyuntyugur-Zhanshura lake system [22].

Turgai: Dzhangeldynsky district, urban-type
settlement Kokalat, Kabyrga river, river bank,
15.07.2009 [21].

Ranunculas natans C.A. Mey. 1830, in
Ledeb., FI. Alt. 2: 315; Gamayunova, 1961, Flora
of Kazakhstan 4: 88; Kovalevskaya, 1972, Central
Asia Plant Identifier 3: 209.

Wetlands, water bodies.

Tobol-Ishim: in stagnant and slowly flowing
waters of the old channels of the Tobol River and its
tributaries [27]; Karasuskiy District, wetlands of the
Tyuntyugur-Zhanshura lake system [22].

Ranunculus pedatus Waldst. & Kit. 1805 PL
rar. Hung. II: 112; Gamayunova, 1961, Flora of
Kazakhstan 4: 115.

Forest edges, under the canopy of steppe shrubs,
along steppe depressions, in ravines.

Tobol-Ishim: vicinity of the village of
Mendykar, grassland, 24 V 2009 [21]; vicinity
of the village of Novonezhenka, grassland, 18 VI
1988 (KSPI); vicinity of Shcherbakovka village,
along the road, 05 V 2023 (TOBYLKZ); vicinity
of the tourist base “Lesnaya”, meadow, 14 V 1991
(KSPI); Arakaragay forest along the shore of the
estuary on raw saline soil, 08 V 1921, N.V. Pavlov
(MW); 20 km east of the village of Aksuat, a small
swamp on the western slope towards the Ayak-
Blak stream, 13 VI 1936, A. Voronov (MW);
Naurzum State Nature Reserve, 13 V 1935, N.
Emagombetov (MW); Naurzum State Nature
Reserve, on the complex saline steppe along the
shore of Lake Chulak-Kamysh, 28 V 1936, N.
Bolhovitina (MW); Naurzum State Nature Reserve,
grassland, 14 VI 1993 (KSPI); Vicinity of Kachar
village, slightly saline meadow with patches of salt
marsh, edge of natural birch stands, 18 V 2022,
Ye. Simanchuk, A. Kuprijanov, G. Sultangazina,
(TOBYLKZ); tailings dumps, areas covered with
steppe vegetation; in the valley of the Tobol River
near the city of Kostanay, 10 V 1921, N.V. Pavlov
(MW); vicinity of Kostanay city, meadow, 12 V
1989 Yu.V. Perezhogin, 2010 (KSPI); Aysary
village (Glazunovka), along the roadside, 08 V
2017 (TOBYLKZ); Taranovsky District, near the
village of Pavlovka, virgin steppe plots, 03 VI
1958, A. Voronov (MW).

Turgai: Dzhangeldynsky district, urban-type
settlement Kokalaty, meadow, 05 V 2009 (KSPI).

Note. Yu.V. Perezhogin cites R pedatus var.
silvisteppaceus (Dubovik) Luferov for the city of
Kostanay.

Ranunculus platyspermus Fisch. ex DC.
1824, Prodr. 1: 37; Gamayunova, 1961, Flora of
Kazakhstan 4: 118; Kovalevskaya, 1972, Central
Asia Plant Identifier 3: 221.

Saline meadows near streams, under steppe
shrubs.

Turgai: Dzhangeldinsky district, urban-
type settlement Torgay, desertified steppe, 03 V
2009 [21]; Dzhangeldinsky district, the sands of
Tosynkum, desertified steppe, 02 V 2013 [23];
[Aktobe region, Irgiz district], Turgai oblast, near
lake Maly Dzhalangach, in the steppe near lake
Maly Dzhalangach, 11 V 1898, I. M. Kryukov
(MW, W0831293); in the same place: sandy soil
in meadows, 12 V 1898. I. M. Kryukov (MW,
WO0831294).

Ranunculus polyanthemos L. 1753, Sp. pl.:
554; Gamayunova, 1961, Flora of Kazakhstan
4: 104; Kovalevskaya, 1972, Central Asia Plant
Identifier 3: 215.

Meadows, forest glades, and spring edges.

Tobol-Ishim: Aman-Karagai, in a birch grove,
30 VII 1898, 1. Kryukov (MW); Aueliekol District,
along the Amangeldy Highway 15 km before the turn
tothe village of Karamendy, meadow,24 V2009[21];
20 km east of the settlement (pos.) of Aksuat, birch
forest on Aiyak-Blake, 08 VIII 1945, A. Voronov
(MW); 8 km southeast of Aksuat village, 14 VI 1946,
A. Voronov (MW); in the same place: at Ayak-Blak
creek (headwaters of the Taldy-Muyn-Say river), 11
VI 1936, A. Voronov (MW); Kostanay, vicinity of
the Agricultural institute 01 VI 2022 (TOBYLKZ);
Petropavlovsk, “Pestroye” Lake, in the swamp, 08
VI 1963, K.G. Malyutin (MW); Zhetiqara district,
Shevchenkovka urban-type settlement, meadow, 15
VII 2006 (KSPI); Semiozerny Forestry Enterprise,
Kalininsky Forestry, sectors 101, 121: birch-pine
forest with horsetail and stoneberry; sector 111:
Birch grove with herbs of the Apiaceae family;
Karabalyksky District, Mikhailovsky Forestry,
meadow, 11 VII 1967 (KSPI); Karabalyksky
District, natural monument “Verensky Borok”, right
bank of the Toguzak River, 26 V 2023 (TOBYLKZ);
Karabalyksky district, along depressions and forest
patches, 29 VII 1945, 1. Serebryakov (MW); In the
inter-tussock water of the estuary in the valley of the
Tobol River 5 km above the city of Kostanay, N.V.
Pavlov (MW); Semiozerny Forestry Enterprise,
Novonezhinskoye Forestry, sector 163, pine forest
with diverse herbaceous and ground-based lichens
[15]; vicinity of the village of Shcherbakovo,
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meadow, 03 VII 1970, (KSPI); Natural Monument
“Kamennoye Ozero Tract”, floodplain meadow, 07
VI 2022 (TOBYLKZ); across the damp meadow in
the Ara-Karagay forest between the village of Rybny
and Sredny Kordon, 28 V 1921, N.V. Pavlov (MW);
Shcherbakovo village, shrub steppe on the edge of a
birch grove 2 km to the west of Koblandy village,
04 VII 1956, N.N. Kaden (MW); Taranovsky
Forestry Enterprise, Ordzhonikidzevskoye Forestry,
sector 44, birch-pine forest with stoneberries and
various herbs [15]; aranovsky district, urban-type
settlement Asenkritovka, meadow, 31 V 2009 [21];
Fedorovo district, vicinity of Bannovka village,
lagoon between fields, 14 VI 2023 (TOBYLKZ); on
the shore of Lake Katantal, a clearing among birch
trees, 01 VI 1935, S. Levitskiy (MW); Arakaragai
Forestry, Ubagan Forestry, sector 28; Krasnokordon
Forestry District, sector 10, mixed pine forest with
ground bromegrass [15]; Uzunkolsky district,
Presnogorkovsky Forestry Enterprise, Borkovsky
Forestry, sector 28, early aspen forest [19].

Ranunculus polyphyllus Waldst. et Kit. ex
Willd. 1799, Sp. PL. 2, 2: 1331; Gamayunova, 1961,
Flora of Kazakhstan 4: 89.

In the water of freshwater and saline drying
lakes.

Tobol-Ishim: North Kazakhstan region,
temporary watercourse along the periphery of Black
Marsh, 13.07.1991 [18]; amongst the hillocks in the
water of the estuary in the valley of the Tobol River,
5 km upstream from the city of Kostanay, N.V.
Pavlov (MW); Karasuysky District, wetlands of the
Tyuntyugur-Zhanshura lake system [22]; vicinity of
the “Sosnovy Bor” sanatorium, meadow, 16 VI 2009
[21]; in the sandy steppe amidst shrubs [14]; 8 km
to the south-southeast of the settlement of Aksuat,
Shegenbay Lake, 14 VI 1946, A. Voronov (MW).

Ranunculus polyrhizos Steph.ex Willd. 1799,
Sp. pl. 2, 2: 1331; Gamayunova, 1961, Flora of
Kazakhstan 4: 96; Kovalevskaya, 1972, Central
Asia Plant Identifier 3: 211.

Steppes, slopes of hillocks and low mountains,
thickets of steppe shrubs.

Tobol-Ishim: Vicinity of Kostanay city, Diesel
plant district, mixed-grass and cereal steppe, 18
V 1978 (KSPI); alleys of the Karasu River, lake
basins, on wet meadows [14]; in the steppe near
Kostanay, 29 IV 1921, S.N. Kulikova (MW); in the
same place: 27 IV 1921, N.V. Pavlov (MW); near
the village of Aksuat, sandy steppe, 18 IV 1934, S.
Levitskiy (MW); in the same place: gradual steppe
western slope towards Lake Aksuat, 18 V 1936, A.
Voronov (MW); Vicinity of the Kamensk-Uralsky
settlement, steppe, 27 IV 2009 [21]; Denisovsky
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District, vicinity of the village of Arshaly, steppe,
30 IV 2009 [21]; Zhetikara district, Zhelkuar river,
river bank, 01 V 2009 [21]; natural monument
“Verensky Borok”, steppe, 01 V 2009 [21];
Taranovsky District, vicinity of Asenkritovka
village, steppe, 01 V 2009 [21]; Aragaragay forest
near Sredniy Kordon in a highly saline steppe, 26
IV 1921, N.V.Pavlov (MW).

Turgai: Angarskoye village, 17 km from
the town of Arkalik, rocky slope 200 m from the
Angarskoye-Ashutashty highway, dry clay steppe,
20 IV 2017 G.Zh. Sultangazina (TOBYLKZ);
Dzhangeldinsky District, vicinity of the village of
Akkum, deserted steppe, 01 V 2014 [23].

Ranunculus propinquus C.A. Mey. 1830, in
Ledeb., F1. Alt. 2: 332; Gamayunova, 1961, Flora of
Kazakhstan 6: 106. — R. borealis Trautv. 1860, Bull.
Soc. Nat. Moscou, 33, 1: 72, p. p.; Kovalevskaya,
1972, Central Asia Plant Identifier 3: 215.

Wetlands, springs, and shrub thickets.

Tobol-Ishim: Mendykarinsky District,
Kamensk-Uralskoye Forestry, sectors 81, 115, 128,
bracken pine forest; sector 59, stoneberry pine forest
[15].

Ranunculus repens L. 1753, Sp. PL: 554;
Gamayunova, 1961, Flora of Kazakhstan 4: 104;
Kovalevskaya, 1972, Central Asia Plant Identifier
3:214.

Riparian zones and moist meadows.

Tobol-Ishim: Petropavlovsk, Tselinny Krai,
Borki village, suburban coniferous-broadleaf park
near Lake “Pestroye”, 20 VI 1963, K.T. Malyutin
(MW); Natural Monument “Kamennoye Ozero
Tract”, northern slope of a lake basin, 2018 G.
Sultangazina, A. Kuprijanov (TOBYLKZ); Ara-
Karagai forest along the wet estuaries near Sredniy
Kordon, 27V 1921, P.P. Korenev (MW); Tobol river
valley near Kostanay, in damp areas, 30 V 1921, N.V.
Pavlov (MW); east shore of Lake Kayran-Kul, wet
sand near the water, 11 VI 1935, A. Demidova (MW);
20 kilometers east of the settlement of Aksuat, near
the Taldy-muyn-say river, 13 VI 1936, A. Voronov
(MW); vicinity of the village of Kamensk-Uralsky,
littoral zone of the lake, 17 V 1976 (KSPI); vicinity
of the village of Peshkovka, a damp meadow, 21
VIII 1978 (KSPI); lake Kushmurun, moist meadow,
16 VI 1982 (KSPI); vicinity of Shcherbakovo
village, damp meadow, 14 VI 1985 (KSPI); vicinity
of the village of Taranovskoye, a damp meadow, 22
VI 1988 (KSPI); Federovsky District, vicinity of the
village of Bannovka, a lagoon between fields, 14 VI
2023 (TOBYLKZ); Tobol, Altynsarin microdistrict,
lake wvicinity, 04 VI 2022 G.Zh. Sultangazina
(TOBYLKZ); Karabalyksky district, Mikhailovka
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village, bank of the Torguzak river, 26 V 2023
(TOBYLKZ).

Ranunculus rionii Lagger 1848, in Flora
(Regensb.) 31: 49; Shchegoleva, Kuprijanov, 2014.
Herbarium Collection, Systematics Department,
Tomsk University 110: 23. — Batrachium rionii
(Lagg.) Nyman 1852, Bot. Not. (Lund): 908;
Gamayunova, 1961, Flora of Kazakhstan 6: 83;
Kovalevskaya, 1972, Central Asia Plant Identifier
3:203.

In shallow, stagnant, and saline water bodies.

Tobol-Ishim: North Kazakhstan Region,
temporary water body 1 km east of Lake
Polovinnoe, 07.07.1985 [18]; along the muddy
shore of a small lake near the Rybny Kordon
in the Ara-Karagay forest, 23 VI 1921, S.N.
Kulikova (MW); Turgai Region 1898, I. Kryukov
(MW); Turgai region, Kustanai district, muddy
shore of Rybny Kordon lake in the Ak-Karagai
Forest, S. Pavlov, 23 VI 1923 (LE); Turgay
region, Kustanay district, vicinity of Artabevskiy
village, 02 VI 1913, M. Korotkiy and Z. Lebedeva
(LE); Turgay region, Irgiz District, on the shore
of the freshwater lake Zhumar-kol, 25 V 1914, M.
Dessyatov (LE); Turgai Oblast, Kustanai District,
vicinity of Nazarevskiy settlement, 03 VII 1913,
M. Korotkiy and Z. Lebedeva (LE); Karasuysky
District, wetlands of the Tyuntyugur-Zhanshura
lake system [22].

Ranunculus sceleratus 1. 1753, Sp. PL.: 551;
Gamayunova, 1961, Flora of Kazakhstan 4:102.

Moist meadows, riverbanks, lakeshores, and
marshlands.

Tobol-Ishim: vicinity of Shcherbakovo village,
Arakaragai forestry, glade swamp, sector 7, 21 VIII
1956, N. Bystrenko (MW); Natural Monument
“Kamennoye Ozero Tract”, northern slope
towards a lake basin; meadow-marsh communities
on the shore, G. Sultangazina, A.Kuprijanov
(TOBYLKZ); along the shore of a freshwater
lake in the Kazanbasy Forest, 16 VII 1921, S.N.
Kulikova (MW); an open area among the reeds
near Lake Bainazar-Kopa, 24 VI 1936, A. Voronov
(MW); Petropavlovsk, Pestroye Lake, along the
damp shore, 08 VI 1963, K.G. Malyutin (MW);
vicinity of Satay village, damp meadow, 25 VI
1974, Yu.V. Perezhogin, 2010 (KSPI); vicinity of
the city of Zhetikara, the Shortandy River, in the
water, 19 VII 2008 [21]; Mendykara, wet meadow,
24 V12009 (KSPI); Fedorovskyi district, urban-type
settlement Korshikol, moist meadow, 10 VII 2009
[21], Kostanay, Tobol River bank, near summer
cottages, by the spring, 02 VI 2022 G. Sultangazina
(TOBYLKZ); along the muddy banks of small lakes

in the valley of the Tobol River near Kustanai, 03 VI
1921, N.V. Pavlov (MW).

Ranunculus subborealis Tzvel. 1994, Bull. of
the Moscow Soc. of Naturalists, Dep. of Biology
99, 5: 70. — R. borealis Trautv. var. typical Trautv.
1860, Bull. Soc. Nat. Moscou, 33, 1: 73, nom. illegit.
— R. propinquus subsp. prorinquus var. borealis
(Trautv.) Luferov, 1992, Bull. of the Moscow Soc.
of Naturalists, Dep. of Biology 97, 4: 99.

Shrub thickets in swampy areas.

Tobol-Ishim: Mendykarinsky
Kamensk-Uralsky Forestry,
stoneberry pine forest [15].

Ranunculus trichophyllus Chaix 1786, in Vill.,
Hist. P1. Dauph. 1: 335. — Batrachium trichophyllum
(Chaix) Bosch, 1850, Prodr. FI. Batav. 1: 7;
Gamayunova, 1961, Flora of Kazakhstan 6: 82;
Kovalevskaya, 1972, Central Asia Plant Identifier
3:202.

Valley and lowland lakes.

Tobol-Ishim: North Kazakhstan region, lake
Kozlovskoye, 25 VIII 1984 [18]; Malyi Trangul
lake, 21 VIII 1985 [18]; Fyodorovsky District, Lake
Zharkul near the bank of the Syun-Karasu River, in
the reeds in a damp place, 26 VI 1937, A. Voronov
(MW).

Turgai: Dzhangeldinsky district, Sarykopa
[30]; Turgai region, 14 V 1898, 1. Kryukov
(MW); Dzhangeldinsky and Amangeldy districts,
Uly-Zhylanshyk [30]; Amangealdinsky District,
wintering “Kushuuk”, Rodnik village, 8 km
downstream of Rakhmest village, Uly-Zhilanchik
River, 21 VII 1996 [16].

Thalictrum flavum L. 1753, Sp. Pl.: 546;
Gamayunova, 1961, Flora of Kazakhstan 4: 126.

Shrub thickets, edges of groves, in meadows,
riverbanks.

Tobol-Ishim: Altynsarinsky District,
Shcherbakovo village, dried-up swamp with bushes,
2 km northeast of Lake Masaty, 05 VIII 1956, N.
Semyonova (MW); bank of the Karasu River,
[17] Aman-Karagay pine forest, 29 VII 1898, I.
Kryokova (MW); in the birch grove, 10 VII 1898, 1.
Kryukov (MW), Naurzum, shrub thickets; edges of
forests; in meadows [14].

Thalictrum minus L. 1753, Sp. PL: 546;
Gamayunova, 1961, Flora of Kazakhstan 6: 124;
Kovalevskaya, 1972, Central Asia Plant Identifier
3:227.

Shrub thickets, meadows.

Tobol-Ishim: Petropavlovsk, Celinny Krai,
suburban coniferous-broadleaf park near Lake
“Pestroe”, birch forest, 14 VII 1963, K.G. Malyutin
(MW);  Presnogorkovsky Forestry Enterprise,

District,
sectors 59, 115,
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Borkovsky Forestry District, sector 22, pine forest
with ground reedgrass [15]; sector 9, birch grove
with ground reedglass; dector 14, birch grove
with fern; sector 12, birch grove with Pyrola
[19]; Karabalyk District, Mikhailovsky Forestry
Enterprise, Sazymbaevskoe Forestry, sector 210:
pine forest with reed-like fescue and miscellaneous
herbs; Taranovsky Forestry, Ordzhonikidzevskoye
Forestry,sector43:birch-pineforestwithhoneysuckle
and miscellaneous herbs; sector 44: birch-pine forest
with honeysuckle and miscellaneous herbs [19];
Kostanay district, Natural Monument “Kamennoye
Ozero Tract”, upland meadows with shrub thickets,
2018 (TOBYLKZ); Kostanay district, 16 VI 1902,
A. Vatranbskyi (MW); in the thickets of the Tobol
River valley near the city of Kostanay, 30 VI 1921,
N.V. Pavlov (MW); [Kostanay Region, Taranovsky
District] B. Mailin district, in the fields near the
village of Nelubinsky, 21 VIII 1921, S.N. Kulikova
(MW); Nauruzum District, Tersek Bor, northern
edge of the pre-steppe forest, among birches, 24 VI
1940, A. Shreter (MW); near the Nauryzum-Karasu
River, dry bottom of a small depression, 07 VII
1936, A. Voronov (MW); within a 2-15 kilometer
radius to the west of Lake Karakul, encompassing
the western portion, 10 VI 1935, A. Demidova
(MW); on sandy soil, Nauryzum forest glade, 10 VII
1898, I. Kryukova (MW).

Turgai: [Dzhangeldinsky district], Kara-Kuga,
along the bank of the Turgai River, 11 VIII 1929, V.
Kutyeva (MW).

Thalictrum simplex L. 1767, Mantissa, 1: 78;
Gamayunova, 1961, Flora of Kazakhstan 4: 126.

Shrub thickets, meadows, and spring margins.

Tobol-Ishim: Mendykarsk district, Kamensk-
Uralsk forestry, sector 115, mixed pine forest [15];
Presnogorkovskiy Forestry Enterprise, Borkovskiy
Forestry District, sector 12, pine forest with bracken;
sector 8, diverse grass pine forest [15]; sector 28:
early meadow grass birch forest; sector 34: bracken
fern birch forest with fern 34: bracken fern birch
forest with fern; sector 14: birch forest with Pyrola
[19]; Karabalyk district, Mikhailovsky Forestry
Enterprise, Baikadimskoye Forestry, sector 318,
early sedge pine forest; Sazymbaevsky Forestry,
sector 201, early sedge pine forest; Taranovsky
Forestry Enterprise, Ordzhonikidzevskoye Forestry,
sector 43, birch pine forest with stoneberry and
mixed herbs [15]; sectors 36, 37 birch forest
with stoneberry and mixed herbs [19]; Tobyl,
Altynsarina microdistrict, old channel of the Tobol
River, 05 VII 2022, G. Sultangazina (TOBYLKZ);
Natural Monument “Kamennoye Ozero Tract”,
meadow-steppe communities (TOBYLKZ); “4 km
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east of the village of Zarechnoye, steppe, along a
dirt road, 30 V 2012 (TOBYLKZ); Karabalyk State
Breeding Station, in the depressions, 30 VII 1945,
L. Serebryakov (MW); Karasusky District, wetlands
of the Tyuntyugur-Zhanshura lake system [22];
Arakaragai Forest Enterprise, Krasnokordonskoye
Forestry, sector 26: early-grass pine forest,
Ubaganskoye Forestry, sectors 38, 51, 138: pine
forest with cherry and spirea [ 15]; vicinity of Lesnoye
village, Kalininskoye forestry, sector 110, forest
groves of aspen and birch with common viburnum
06 VII 2023, G. Sultangazina, A. Kuprijanov
(TOBYLKZ); sector 109, early-grass pine forest;
Kazanbas Forest District, sector 104, pine forest
with cherry and spirea; Novonezhinskoye Forestry,
sector 163, mixed-grass pine forest with ground
reedgrass [15]; Kalinin Forestry, sector 111, birch
with Piperia [19]; Naurzumsky District, 8 km west
of the village of Aksuat, edge of a meadow among
willow and birch thickets near Lake Kutantal, 28
VII 1945, A. Voronov (MW); the edge of a birch
grove, 16 VIII 1937, A. Voronov (MW); Bishagash,
birch forest, 19 VIII 1934, S. Levitskyi (MW); Sary-
muyn-sunkar Plateau, 16 VII 1936, S. Viktorov
(MW); near the Taldy-Muin-Sai River, by the Orta-
Blak stream, on the lower part of the western slope,
11 VII 1936, A. Vronov (MW).

Turgai: Dzhangeldinsky district, the Malyi
Karuch River, in the Arshaly Mountains, 05 VII
1898, I. Kryukov (MW).

Trollius asiaticus L. 1753, Sp. PL: 557;
Gamayunova, 1961, Flora of Kazakhstan 4: 15;
Pahomova, 1972, Central Asia Plant Identifier 3:
144,

Meadows near birch forests.

Tobol-Ishim: birch forest on the right-bank
river terrace of the Yesil river within the Kyzylzhar
district of the North Kazakhstan region, 10 VI 07
[26].

According to the Flora of Kazakhstan [35], the
following species were listed for the Tobol-Ishim
floristic district (Tobol-Ishim) of the study area:
Aconitum volubile Pall. ex Koelle (=4. villosum
Reichenb.), Chrysocyathus sibiricus (Ledeb)
J. Holub (= Adonis sibirica Patrin ex Ledeb.),
Delphinium dictyocarpum DC., D. elatum L.,
Ranunculus gmelinii DC., Ranunculus monophyllus
Ovcz., Ranunculus oxyspermus Willd., Ranunculus
reptans L. However, no herbarium material was
found for these species. For the Turgai floristic
district (Turgai), the following species were
listed: Buschia lateriflora (DC.) Ovcz., Clematis
orientalis L., Ranunculus acris L., Ranunculus
polyanthemos L., Ranunculus polyphyllus Waldst.
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et Kit. ex Willd., Ranunculus repens L., Thalictrum

flavum L. However, no herbarium collections were
found for these species either. Perezhogin et al.
[25] reported A. villosa from the Nauryzum State
Reserve (steppe, 01. V 2010). The LE Herbarium
contains one young specimen that we identified as
Adonis wolgensis.

Perezhkhogin et al. [25] report Anemonoides
ranunculoides (L.) Holub, Ranunculus pedatus var.
silvisteppaceus (Dubovik) Luferov (= Ranunculus
silvisteppaceus  Dubovik), and Ranunculus
flammula L. for Kostanay region. However, we
have not seen any reliable herbarium specimens of
these species.

P.G. Pugachev [15] reported Anemone nemorosa
L. for Uzunkolsky District of Kostanay Oblast
(Presnogorkovsky Forestry Enterprise, Borkovsky

Forestry, sector 22, pine forest with stoneberry), but
we did not find any reliable herbarium collections.

R.T. Nurmukhambetova [27] lists Trollius
altaicus C. A. Mey. for Kostanay region — we have
not seen any reliable collections of this species from
this area.

Conclusion

A total of 37 species from 14 genera are listed
for the Tobol-Ishim floristic district. For the Turgai
floristic district, 10 species from 4 genera are listed.

The study area is home to three species of
rare and endangered plants listed in the Red Book
of Kazakhstan: Adonis vernalis L., A. wolgensis
Steven., and Pulsatilla flavescens (Zucc.) Juz. (= P.
uralensis (Zamels) Tzvel.).
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ANATOMICAL STRUCTURE OF ASSIMILATIVE ORGANS
IN DOMINANT SPECIES OF THE FAMILY CHENOPODIACEAE
(AMARANTHACEAE S.L.)

The Chenopodiaceae family is one of the largest and most ancient families in arid regions of the
globe. The representatives of this family, being dominants and edificators of many desert plant com-
munities, play a significant role in forming the vegetation cover, particularly the species of the Salsoloi-
deae subfamily. A characteristic feature of the anatomical structure of Chenopodiaceae species is the
presence of Kranz cells. The discovery of a unique pathway of primary carboxylation, known as the C4
dicarboxylic acid cycle, has led to a rapid development of biochemical and anatomical research. It is
known that the Chenopodiaceae family has the largest number of species with the C4 photosynthesis
type and the greatest diversity in C4 leaf anatomy. This study aimed to identify the anatomical struc-
tural features of the dominant species of the Chenopodiaceae family growing in arid regions. The study
objects are species of the Chenopodiaceae family growing in arid territories of the Kyzylorda region in
Kazakhstan. Cross-sections of samples were made using a “Semi-automatic Rotary Microtome M530”
(MEDITE M530). The thickness of the cross-sections was 40 um. The cross-sections were examined
using a Levenhuk Zoom&Joy microscope (China), and images were taken with a Levenhuk D740T 5.1
camera using the LevenhukLite software. The study of the anatomical structure of assimilative organs
revealed the following types: Corispermoid-type, Ventro-dorsal type, Kochioid-type, Atriplicoid-type,
Salsina-type, Shoberia-type, Salsoloid-type, and Climacoptera-type. The anatomical structure of Atriplex
dimorphostegia was clarified. Haloxylon aphyllum was transferred from the Kranz-ventrodorsal type to
the Salsoloid type. For the first time, a detailed anatomical structure of the leaves of Salsola sogdiana and
Caroxylon nitrarium species was described.

Key words: Salsoloideae, Suaedoideae, Chenopodioideae, anatomical structure, kranz cells, arid
territories, C4 photosynthesis.
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Chenopodiaceae (Amaranthaceae s.l.) TYKbIMAQCbIHbIH, AOMUHAHT TYPAEPIiHiH,
ACCUMMUASILMSABIK, MYLLIEAEPiIHIH, AHATOMMSIABIK, KYPbIAbIMbI

Chenopodiaceae TyKpIMAAChbl — EpP WAPbIHAAFbI APUATHI TEPPUTOPUSAAPABIH, €H YAKEH >K8He
eXeAri  TyKbiIMAAcTapbiHbiH, - 6ipi. KenTereH 1WeAAlI KaybIMAACTbIKTApAbIH  AOMMHAHTTApbl  MeH
3AMdUKaTOPAaPbl GOABIN TabbIAATbIH TYKbIMAAC OKIAAEPI BCIMAIK XaMbIAFbIChIHbIH, KAAbINTaCybIHAQ,
acipece Salsoloideae TykbIMAQcTapmarbl TypAepi MaHbi3Abl peA  atkapaabl. Chenopodiaceae
TYPAEPIHiH aHAaTOMMSIABIK, KYPbIAbIMbIHBIH epekiueAiri KpaHu, >kacylaAapbiHblH GOAybl. AMKapOOH
KbILKbIAAAPBIHBIH C4 — LUMKAI Aen aTaAaTbiH 6acTankpl KAPOOKCUAAEHYAIH apHabl KOAbIHbIH, alLbIAYbI
OUOXMMMSIABIK, XKOHE aHATOMMSIAbIK, 3ePTTEYAEPAIH KapKbiHAbI AamybiHa okeaai. Chenopodiaceae
TYKbIMAAChIHbIH, C4 hoToCuHTE3 Typi 6ap TypAepAiH eH Ken caHbl, coHaar-ak, C4 TUMTI >Kanblpak,
QHATOMMSICbIHbIH €H, Ker 8pTYPAIAIri 6ap ekeHi 6eAriAi. 3epTTeyaiH MakcaTbl-apUATbI JKEPAEPAE 6CETIH
Chenopodiaceae TyKbIMAACbIHBIH AOMUHAHT TYPAEPiHIH aHATOMUSIABIK, KYPbIAbIMbIHbIH, €PEKLLIEAIKTEPiH
aHbIKTay. 3epTTey HblCaHAAPbl apuATbI >Kepaepae eceTiH Chenopodiaceae TyKbIMAACBIHBIH TYpAepi
60AbIN Tabbiraabl. YATIAEPAIH KOAAEHEH KeCiHAiAepi “AMHaAMaAbl XKapTbiAail aBTOMATTbl MUKPOTam”
(MEDITE m530) kemerimeH xacanabl. KeaaeHeH KeCiHAIAePAiH KaAbIHAbIFbI 40 MKM 60AAbI. KeaaeHeH
Knmaaapabl kapay Levenhuk Zoom&joy (KpiTai) MMKPOCKONMbIHBIH KOMEriMEH >KY3€ere achipblAAb,
KOAAEHEH, KMMaAapAbiH cypeTTepi LevenhukLite 6araapAamachkiHbiH kemerimeH Levenhuk D740T 5.1
KamepacblHa TYCipiAAi. ACCUMUASILIUSIABIK, OPFraHAAPAbIH, aHATOMUSIABIK, KYPbIAbIMBIH 3€pTTeY OAAPAbIH
KeAeci TypaepiH aHbikTaabl: Kopucnepmonatsl (Corispermoid-type); BeHTpoaopaababl (Ventro-
dorsal type); Koxronatbl (Kochioid-type); Atpunaekomnatbl (Atriplicoid-type); Canbszuna (Salsina-type);
[lo6epua (Shoberia-type); Caacoaoma (Salsoloid-type); Kammakontepa (Climacoptera-type). Atriplex
dimorphostegia TypiHiH aHaTOMUSABIK, KYPbIAbIMbI 6OMbIHLLA HaKTbIAAy Xacaaabl. Haloxylon aphyllum
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poaopcanbabl TUNTeH (Kranz-ventrodorsal) Caacoaomna TuniHe aybICTbIpbIAAbL. Salsola sogdiana >keHe
Caroxylon nitrarium TypAepi YLUiH >KanblpaKTbiH, erKen-TerkenAi aHaTOMUSIAbIK, KYPbIAbIMbl aAFalll peT
CUMaTTaAAbI.

Ty#in ce3aep: Salsoloideae, Suaedoideae, Chenopodioideae, aHaTOMUSIAbIK, KYPbIAbIM, KpaHLL >Ka-
cylaaap, apuAaTbl aymakTap, C4 potocmHTes.
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AHaToMMHYecKoe CTpoeHHUE aCCUMUASILLUOHHBIX OPraHOB AOMMHAHTHbIX BUAOB
cemeiictBa Chenopodiaceae (Amaranthaceae s.l.)

CemerictBo Chenopodiaceae — 0AHO M3 CaMbIX KPYMHbIX U APEBHUX CEMENCTB apUAHbIX Teppu-
TOpUI 3eMHOro wapa. [peacTaBUTEAN CEMENCTBA, SIBASIOTCS AOMMHAHTaMKM U 3AMMDUKATOPaMM MHO-
rMX MYCTbIHHbIX COOOLLECTB, MrPAlOT BAXKHYIO POAb B (DOPMMPOBAHUM PACTUTEALHOrO MOKPOBA, B
ocobeHHOCTH BUAbI noacemericTBa Salsoloideae. Oco6eHHOCTbIO aHATOMMYECKOrO CTPOEHUSI BUAOB
Chenopodiaceae sBaseTcs Haanume KpaHu-kaeTok. OTKpbITUE 0CO60ro MyTH NepBUYHOrO KapGoKCK-
AMPOBaHMsl, Ha3BaHHOTO C4 — LUMKAOM AMKApOOHOBbIX KUCAOT, MPUBEAO K BYPHOMY pasBuTMio 6MO-
XMMMYECKMX U aHAaTOMMYECKMX MCCAeAOBaHMiA. M3BecTHo, uto cemerictBo Chenopodiaceae nmeer
HanboAbLLEEe YUCAO BUAOB C TUMOM choTocmHTe3a C4, a Takxke HanboAblee pasHoobpasne aHaToMMK
AamcTbeB C4-Tuna. Lleablo MccAeAOBaHMS SBASIETCS BbISIBAEHUSI OCOOEHHOCTEN aHAaTOMUYECKOro CTPO-
eHMsl AOMMHAHTHbIX BUAOB cemerictBa Chenopodiaceae, koTopble NPoOM3pacTaloT B apUAHbIX TEPPU-
Topusix. OOGbeKTaMM MCCAEAOBAHMS SBASIOTCS BUAbI cemerictBa Chenopodiaceae, npomspacraioiime
B apuAHbIX TeppuTopusx. [lonepeydHble cpesbl 06pa3LoB MPOM3BOAMAMCL C MOMOLLbIO «PoTaLMoH-
HOro noAyaeToMatmyeckoro mukpotamar» (MEDITE M530). ToAlwmHa nonepevyHOro cpesa COCTaBMAQ
40 MKM. TpocmoTp nonepeyHbiX CPe30B OCYLLECTBASIACS C MCMOAb30BaHWeM MuKpockona Levenhuk
Zoom&Joy (Kutai1), CHMMKM MornepeyHbIX CPe30B OCYLECTBASIAMCb Ha Kamepy Levenhuk D740T 5.1,
C nomolLblo nporpammsl LevenhukLite. M3yuyeHne aHaTOMMUECKOro CTPOEHUSI aCCUMUASILMOHHBIX Op-
raHoB BbISIBUAO CAeaylolLme nx Turbl: Koprcnepmounatbii Tun (Corispermoid-type); BeHTpo-Aopcanb-
Hbii Tun (Ventro-dorsal type); Koxunounanbiin tun (Kochioid-type); Atpunamkonatbiii tun (Atriplicoid-
type); Caab3uHa tun (Salsina-type); LLlo6epua tun (Shoberia-type); Caabcoroma tvn (Salsoloid-type);
Kanmakontepa tin (Climacoptera-type). CAeAaHO YTOUHEHME MO aHAaTOMMYECKOMY CTPOEHMIO BUAQ
Atriplex dimorphostegia. Haloxylon aphyllum nepenecer n3 KpaHu-BeHTpoaopcaabHoro tuna (Kranz-
ventrodorsal) B Caabcoroma, Tvn. Aas BuAOB Salsola sogdiana v Caroxylon nitrarium BnepBbie onucaHa
noApo6Has aHaTOMMUecKas CTPYKTypa AMCTa.

KatoueBbie caoBa: Salsoloideae, Suaedoideae, Chenopodioideae, aHaTomMmueckast CTpykTypa,
KpaHLL KAETKM, apuAHble TeppuTopuu, hotocnHTes C4.

Introduction

The Chenopodiaceae family is one of the largest
and oldest families in the arid regions of the world.
It holds a leading position among the families of
desert flora in Kazakhstan. Several representatives
of this family, being dominants and edificators of
many desert communities, play a significant role in
forming the vegetation cover, particularly species of
the Salsoloideae subfamily [1-4].

A distinctive feature of the anatomical structure
of Chenopodiaceae species is the presence of Kranz
cells. Researchers, having identified these structures
in the leaves of Chenopodiaceae, named the cubic-
shaped cells “Kranz cells”.

The discovery of a unique pathway for primary
carboxylation, known as the C4 dicarboxylic acid
cycle, has led to a rapid development in biochemi-
cal and anatomical studies. In 2003, G. Kadereit and
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colleagues [1], analyzing the molecular structure
of leaves in the Amaranthaceae and Chenopodia-
ceae families, identified 7 groups with 17 types of
mesophyll. The type of mesophyll refers to the ar-
rangement of assimilative, conducting, spongy, or
water-storing tissues in relation to the cross-section
of the studied plant organ. The first classification of
mesophyll types in the Chenopodiaceae family was
made in 1975 by Carolin and coauthors [5], where
two groups of types were distinguished:

Non-Kranz types: Axyroid, Corispermum-type,
Austrobazidioid (similar to Corispermum-type but
containing water-storing tissue), Neokochioid (with
peripheral vascular bundles), Simpegmoid (similar
to Neokochioid, but with peripheral canals separat-
ed from chlorenchyma);

Kranz types: Atriplicoide, Kochioide, Salso-
loide, etc., differ by the arrangement of Kranz cells
in relation to the vascular bundles [6].
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The increase in the number of species with
Kranz cells can be considered an indicator of
climate aridization in ecological monitoring
[6-7].

It is well known that the Chenopodiaceae fam-
ily has the highest number of species with the C4
photosynthesis type [8-9], as well as the greatest
diversity in C4 leaf anatomy, including eight main
structural types [10-11] and up to 16 forms, consid-
ering all variations [1].

There are two possible arrangements of Kranz
cells:

- Around each individual vein;

- Around all the veins of the leaf at once, form-
ing a double concentric layer.

Ten C4 lineages are recognized within the Che-
nopodiaceae family [8-9].

For studying the evolution of C4 photosynthe-
sis, intermediate C3-C4 products, found in 14 fami-
lies, are of particular importance: Amaranthaceae,
Asteraceae, Boraginaceae, Brassicaceae, Chenopo-
diaceae, Cleomaceae, Euphorbiaceae, Mollugina-
ceae, Nyctaginaceae, Portulacaceae, Cyperaceae,
Hydrocharitaceae, Scrophulariaceae, and Poaceae
[9; 12]. Within the Chenopodiaceae family, only
one species to date — Salsola arbusculiformis from
the Salsoloideae subfamily has been structurally
and functionally characterized as an intermediate
C3-C4 [13]. Based on anatomical features alone,
Sedobassia sedoides from the Camphorosmoideae
subfamily has also been recognized as an intermedi-
ate [8].

C4 photosynthesis studies have primarily been
conducted on species that form Kranz anatomy
with two layers of chlorenchyma surrounding each
vein [183]. However, among species with C4 pho-
tosynthesis, nine types of Kranz anatomy have two
concentric layers of chlorenchyma surrounding all
the veins [11; 14]. Among these, the Salsoloid type
of anatomy is the most widely represented, and its
presence clearly indicates the C4 photosynthesis
type characteristic of species in the Salsoloideae
subfamily [6; 15].

In modern, widely accepted structural descrip-
tions of the double layer of Kranz cells, the outer
layer is referred to as P cells (usually consisting of
palisade parenchyma), and the inner layer is referred
to as specialized bundle sheath cells (Kc) (referring
to a layer of cells in the leaves) [11].

All structural forms of Kranz share the pres-
ence of a concentric layer of chlorenchymal cells,
in which the outer palisade layer P captures atmo-
spheric CO, in the C4 cycle, and the inner layer (Kc)
releases CO, from the C4 acids [4].

The aim of the study was to identify the ana-
tomical structural features of the dominant species
of the Chenopodiaceae family growing in arid ter-
ritories of Kyzylorda region.

Materials and methods

The study focuses on species of the Chenopo-
diaceae (Amaranthaceae s.1.) family that grow in the
arid regions of the Kyzylorda region in Kazakhstan,
where they are predominantly community domi-
nants.

Materials for anatomical analysis were fixed in
70% alcohol. The specimens were frozen for cross-
sectioning in histological paraffin, using special
forms measuring 15x15 mm. Cross-sections of the
samples were made using a “ Semi-automatic Rota-
ry Microtome M530” (MEDITE M530). The thick-
ness of the cross-sections was 40 pm. The cross-sec-
tions were examined using a Levenhuk Zoom&Joy
microscope (China), and images were captured with
a Levenhuk D740T 5.1 camera using the Levenhuk-
Lite software. Biometric data were also measured
using this LevenhukLite software. The mean and
standard error of biometric data were calculated
using Microsoft Excel’s data analysis function. To
describe the anatomical structure of the studied sam-
ples, more recent literature data on closely related
species were used [6-7; 15-26].

Results and discussion

We analyzed the anatomical structure of the as-
similative organs of 22 species: Anabasis aphylla,
Haloxylon aphyllum, Halothamnus subaphyllus,
Salsola tragus, S. sogdiana, Xylosalsola arbus-
cular, Caroxylon orientale (=Salsola orientalis),
C. nitrarium (=S. nitraria), Petrosimonia sibirica,
Climacoptera lanata, Suaeda microphylla, S. acu-
minata, Bassia prostrata, Kalidium capsicum, K.
foliatum, Halocnemum strobilaceum, Halostachys
belangeriana, Salicornia europea, Ceratocarpus
utriculatus, Atriplex dimorphostegia, Kraschenin-
nikovia ceratoides, and Agriohyllum pungens. For
six of these species (4nabasis aphylla, Haloxylon
aphyllum, Kalidium capsicum, Halocnemum strobi-
laceum, Halostachys belangeriana, and Salicornia
europea), cross-section of young shoots were made,
as their leaves are reduced or poorly developed.

Transverse anatomical sections of the assimi-
lative organs are provided for all studied species,
showing their structure (Figures 1, 2, 3, 4, 5). Mea-
surements of the thickness of each layer for all spe-
cies are also presented in Table 1.
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Figure 1 — Species of the tribe Salsolae in the Subfamily Salsoloideae
1 — Anabasis aphylla, 2 — Haloxylon aphylla, 3 — Halothamnus subaphyllus,
4 — Salsola tragus, 5 — Salsola sogdiana, 6 — Xylosalsola arbuscular
E — epidermis; H — hypodermis; P — palisade mesophyll (chlorenchyma); Kc — Kranz cell;
PVb — peripheral vascular bundle; Wc — water- bearing cell; D — druse
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Figure 2 — Species of the tribe Caroxyloneae of the subfamily Salsoloideae
1 — Caroxylon orientale (Salsola orientalis), 2 — C. nitrarium (S. nitraria,
3 — Petrosimonia sibirica, 4 — Climacoptera lanata
T — trichome; E — epidermis; H — hypodermis; P — palisade mesophyll (chlorenchyma);
Kc — kranz cell; PVb — peripheral vascular bundle; Wc — water-bearing cell
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Figure 3 — Species of the tribe Suaedeae of the subfamily Suaedoideae and species
of the tribe Camphorosmeae of the subfamily Camphorosmoideae
1 — Suaeda microphylla, 2 — S. acuminate, 3 — Bassia prostrata
E — epidermis; H — hypodermis; P — palisade mesophyll (chlorenchyma);
Kc — kranz cell; Wc — water-bearing cell; Vb — vascular bundle
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Figure 4 — Species of the tribe Salicornieae in the subfamily Salicornioideae
1 - Kalidium capsicum, 2 — K. foliatum, 3 — Halocnemum strobilaceum, 4 — Halostachys belangeriana, 5 — Salicornia europaea
T — trichome; E — epidermis; P — palisade mesophyll (chlorenchyma);
PVDb — peripheral vascular bundle; Wc — water-bearing cell; Vb — vascular bundle
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Figure 5 — Species of the subfamily Chenopodioideae
1 — Ceratocarpus utriculosus, 2 — Atriplex dimorphostegia, 3 — Krascheninnikovia ceratoides, 4 — Agriophyllum pungens
T — trichome; E — epidermis; H — hypodermis; P — palisade mesophyll (chlorenchyma); Kc — kranz cell,
PVb — peripheral vascular bundle; We — water-bearing cell; Vb — vascular bundle;
Sc — sclerenchyma; Co — collenchyma; D — druse

Table 1 — Average biometric measurements of cross-sections of assimilative organs in species of the Chenopodiaceae

Species Epidermis, pm Hypodermis, pm Palisade;fsophyll, Kranz cell, um
Anabasis aphylla 19,91+0,58 31,37+1,24 50,28+2,13 29,87+0,65
Haloxylon aphyllum 25,84+0,85 16,97+0,62 40,55+0,92 17,84+0,81
Halothamnus subaphyllus 57,36+1,85 - 74,75+1,10 25,19+0,88
Salsola tragus 35,99+0,95 - 56,81+1,34 25,29+0,85
Salsola sogdiana 22,79+0,68 30,15+1,09 38,17+0,52 22,70+0,70
Xylosalsola arbuscula 35,03+0,85 16,31+0,63 33,67+0,77 21,55+1,10
Caroxylon orientale (Salsola orientalis) 27,16+1,25 28,78+1,44 53,35+1,05 34,99+0,84
Caroxylon nitrarium (Salsola nitraria) 25,05+1,18 24,57+1,50 48,23+1,39 23,73+0,75
Climacoptera lanata 48,17+2,49 - 59,67+1,46 23,92+0,47
Petrosimonia sibirica 20,58+0,73 - 45,11+0,74 25,44+0,85
Suaeda microphylla 57,24+1,89 - 53,43+1,35 31,95+1,10
S. acuminata 40,87+2,10 117,01+£13,67 64,18+3,46 29,06+1,13
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Continuation of the table

Species Epidermis, pm Hypodermis, pm Palisade;:sophyll, Kranz cell, um
Bassia prostrata 17,88+0,61 20,58+1,27 36,68+2,01 22,98+1,26
Kalidium caspicum 54,27+0,90 - 196,66+5,78 -
K. foliatum 49,08+1,74 - 268,31+4,58 -
Halocnemum strobilaceum 63,45+1,24 - 148,72+6,45 -
Halostachys caspica 37,40+2,01 - 111,83+1,38 -
Salicornia europaea 23,64+0,64 - 203,29+3,55 -
Ceratocarpus utriculosus 13,14+0,47 - 59,65+1,18 -
Atriplex dimorphostegia 22.45+1,43 47,22+2.15 31,28+1,36 34,15+0,86
Krascheninnikovia ewersmanniana 15,54+0,54 - 84,49+1,43 -
Agriophyllum pungens 19,79+0,65 - 97,41+1,46 -

The presence and size ratios of their various lay-
ers are shown in Figure 6 to facilitate the understand-
ing of the anatomical structure of the studied species.

Based on the above results of the anatomical
structure of the assimilation organs, we classify the
studied species into the following types:

Agriophyllum pungens

Krascheninnikovia ewersmanniana

Atriplex dimorphostegia
Ceratocarpus utriculosus
Salicornia europaea
Halostachys caspica
Halocnemum strobilaceum
Kalidium foliatum
Kalidium caspicum
Bassia prostrata
Suaeda acuminata
Suaeda microphylla
Petrosimonia sibirica
Climacoptera lanata
Caroxylon nitrarium
Caroxylon orientale
Xylosalsola arbuscula
Salsola sogdiana
Salsola tragus
Halothamnus subaphyllus
Haloxylon aphyllum
Anabasis aphylla

50 100

150 200

250 300 350

EE, pm
EH, pm

oP, um
BKc, uMm

Figure 6 — Schematic representation of the presence or absence of layers and their comparative thickness
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Non-Kranz types: Corispermoid type with
palisade parenchyma on both sides of the leaf and
spongy parenchyma in the middle part. This type
is found in the leaves of Krascheninnikovia ewers-
manniana, Agriophyllum pungens, Ceratocarpus
utriculosus.

Ventro-dorsal type. Reduced leaves represent
the apex of the reduction of the assimilation appara-
tus in the species of the non-Kranz group. The pali-
sade parenchyma is 2-3 rows; on one side, it is in
contact with the vascular bundles or separated by the
aquiferous parenchyma. It should be noted that there
are no clear boundaries, on the other side with the
epidermis (Salicornia europea, Halostachys caspi-
ca, Halocnemum strobilaceum, Kalidium caspicum,
K. foliatum).

Kranz types. A distinctive feature of the Kranz
type is the presence of the Kranz chlorophyll sheath,
located between the palisade cells and vascular bun-
dles. Kranz cells are capable of rapidly accumulat-
ing starch and are often devoid of granules. In C4
photosynthesis, the mesophyll and bundle sheath
chloroplasts function jointly. Mitochondrial activity
in Kranz cells is 10 times higher than in mesophyll
cells. Their location and structure allow for rapid
movement of photosynthesis products, protection of
the photosynthetic cell, and provision of their mois-
ture during the critical xerothermic period.

Kochioid type. One row of palisade parenchy-
ma and Kranz cells are located on both sides of the
peripheral vascular bundles in a flat leaf, which are
also located on both sides of the leaf. In the center
of the leaf are located the aquiferous tissue and the
central vascular bundle (Bassia prostrata).

Atriplicoid type. One row of palisade and
Kranz cells surrounds the vascular bundles in
one central plane. There is a hypoderm (Atriplex
dimorphostegia); earlier, it was believed that this
type does not have a hypoderm; it should be taken
into account that for this type, the hypoderm is not
considered the main component. There are several
aquiferous cells with calcium oxalate druses be-
tween the chlorenchyma and vascular bundles. The
Salsina type is characterized by the arrangement of
palisade parenchyma and Kranz cells throughout the
leaf circle. The main and lateral vascular bundles are
located in one plane in the center of the aquiferous
tissue (Suaeda microphylla).

A large-celled epidermis characterizes the Sho-
beria type. Palisade parenchyma and Kranz cells are
located on both sides of the leaf, are adjacent to the
vascular bundles (Suaeda acuminata), and have a hy-
podermis. However, in our case, the epidermal cells
of Suaeda acuminata (40.87+£2.10 um) were smaller
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than those of Suaeda microphylla (57.24+1.89 um),
perhaps due to the peculiarity of the sampling time.

The most common is the Salsoloid-type. Sin-
gle-row palisade parenchyma and Kranz cells are
located along the entire circumference of the leaf.
Peripheral vascular bundles are adjacent to Kranz
cells. The main vascular bundle is located in the
center of the leaf among the water-bearing cells.
Hypodermis is present or absent (4dnabasis aphylla,
Haloxylon aphyllum, Halothamnus subaphyllus,
Salsola tragus, Salsola sogdiana, Xylosalsola ar-
buscula, Caroxylon orientale, Caroxylon nitrarium,
Petrosimonia sibirica). This type is noted in succu-
lent and scleromorphic modifications (Halothamnus
subaphyllus).

Climacoptera type. Differs from the Salsoloid
type in that the peripheral vascular bundles are sep-
arated from the Kranz cells by water-bearing cells
(Climacoptera lanata).

Based on the above data, we will first consider
the species with Kranz cell anatomy. These include
Bassia prostrata, Atriplex dimorphostegia, Suaeda
microphylla, S. acuminata, Anabasis aphylla, Hal-
oxylon aphyllum, Halothamnus subaphyllus, Salso-
la tragus, Salsola sogdiana, Xylosalsola arbuscula,
Caroxylon orientale, Caroxylon nitrarium, Clima-
coptera lanata, and Petrosimonia sibirica. As men-
tioned earlier, Bassia prostrata and Atriplex dimor-
phostegia have a distinctive arrangement of Kranz
cells located directly around the vascular bundles,
and the leaves of these species are lamellar. The
anatomical structure of Bassia prostrata described
in the literature fully aligns with our data. However,
for Atriplex dimorphostegia, our findings include
a small addition of hypodermis (47.224+2.15 pm),
which was previously thought to be absent in this
species.

The next group of species under consideration
is characterized by the Kranz cells being located
around all the vascular bundles and water-bearing
tissue, spreading along the entire periphery of the
leaf. First, we will consider species of the genus
Suaeda (Suaeda microphylla, S. acuminata). These
species belong to different anatomical types and
prefer loamy soil. However, as previously men-
tioned, Suaeda acuminata is characterized by large
epidermal cells, which is notable in comparison to
Suaeda microphylla. 1t is important to note that the
samples of Suaeda microphylla were collected in the
spring, while those of S. acuminata were collected
in the fall, which may be a key factor influencing
these results. Additionally, S. acuminata exhibits a
hypodermis in its anatomical structure, which is also
quite large (117.01 £ 13.67 um).
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Considering the obtained results for species
of the Salsoloideae subfamily (Anabasis aphylia,
Haloxylon aphyllum, Halothamnus subaphyllus,
Salsola tragus, Salsola sogdiana, Xylosalsola ar-
buscula, Caroxylon orientale, Caroxylon nitrarium,
Climacoptera lanata, Petrosimonia sibirica), we
can conclude that the presence of a hypodermis is
unimportant, as it functions primarily for water col-
lection. Additionally, all the studied species differ
in their substrate preferences. While it was previ-
ously believed that Haloxylon aphyllum belonged to
the Kranz-ventrodorsal type, our data suggests that
this species should be classified as a Salsoloid type,
likely a modified version, since this species lacks
leaves, and assimilation occurs in young shoots.

For the species Salsola sogdiana and Caroxylon
nitrarium, the anatomical structure of the leaf was
described for the first time, and the sizes of the lay-
ers are given. In other cases, the addition is that the
sizes of the layers are given for all species, which
was not previously given.

Species lacking Kranz cells. First, we will con-
sider species with lamellar leaves, specifically Kra-
scheninnikovia ewersmanniana, Agriophyllum pun-
gens, and Ceratocarpus utriculosus. These species
are primarily found in sandy areas, with Ceratocar-
pus utriculosus also occurring in clayey regions. All
three species belong to the Corispermoid type. While
they share similar features, each species also has
distinctive characteristics. Agriophyllum pungens,
in particular, exhibits a unique anatomical structure,
where the leaf blade is modified by sclerenchyma
under the epidermis, forming stripes along the leaf
blade that visually resemble veins.

The most interesting group without Kranz
cells is the species of the Salicornieae tribe of the
Salicornioideae subfamily (Salicornia europea,
Halostachys caspica, Halocnemum strobilaceum,
Kalidium caspicum, K. foliatum). In the process of
evolution, these species, have developed an anatom-
ical structure in which they need and prefer a salt
environment with a high concentration. Consider-
ing the thickness of the layers, we can say that this
group is characterized by very long cells of the poly-
sade mesophyll (Table 1; Figure 6).

Both groups of types (non-Kranz and Kranz)
complete the reduction of the leaf (aphyllous) and
form the assimilative primary bark of the non-Kranz
type in the subfamily Chenopodiaceae and the
Kranz type in the subfamily Salsoloideae. The pres-
ence of non-Kranz and Kranz types in aphylloids is

a significant version of its ancient and convergent
origin in different structural groups. Aphyllous is a
phenomenon of a progressive replacement organ,
the result of replacing the photosynthetic functions
of some organs (leaves) with others (shoots with as-
similating bark), better adapted to arid conditions.

The predominance of the succulent species is as-
sociated with the general saline background of the
deserts of Kazakhstan. Despite the relatively high
level of study of Kranz cells, we have not encoun-
tered data on their other quantitative parameters and
changes within one plant during its development
under different growing conditions and during the
growing season, which is a relevant topic for further
research in this area.

Conclusion

As a result of the study of the anatomical struc-
ture of assimilative organs, frequently found in dom-
inant species of the Chenopodiaceae family of the
Syr Darya River valley flora, the following types of
the anatomical structure of leaves and other assimi-
lation organs were determined: Corispermoid-type
— Krascheninnikovia ewersmanniana, Agriophyllum
pungens, Ceratocarpus utriculosus; Ventro-dorsal
type — Salicornia europea, Halostachys caspica,
Halocnemum strobilaceum, Kalidium caspicum,
K. foliatum; Kochioid-type — Bassia prostrata;
Atriplicoid-type — Atriplex dimorphostegia; Salsina-
type — Suaeda microphylla; Shoberia-type — Suae-
da acuminata; Salsoloid-type — Anabasis aphylla,
Haloxylon aphyllum, Halothamnus subaphyllus,
Salsola tragus, S. sogdiana, Xylosalsola arbuscula,
Caroxylon orientale, C. nitrarium, Petrosimonia
sibirica; Climacoptera-type — Climacoptera la-
nata. The sizes of the layers with the average
value are given. The anatomical structure of the
species Atriplex dimorphostegia has been clari-
fied. Haloxylon aphyllum was transferred from the
Kranz-ventrodorsal type to the Salsoid type. For the
species Salsola sogdiana and Caroxylon nitrarium,
a detailed anatomical structure of the leaf was de-
scribed for the first time.
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DISTRIBUTION OF ERANTHIS LONGISTIPITATA REGEL
IN THE TERRITORY OF CENTRAL ASIA

This manuscript gives an outline of the current growing sites of the endemic medicinal plant of Central
Asia, Eranthis longistipitata Regel. Today, this plant garners significant interest from the global scientific
community due to its remarkable anti-tumor, antioxidant, and anti-inflammatory properties. No analy-
sis of herbarium collections had been performed before, so we took first step to analyze one of the
largest herbarium collections in Central Asia — the Botanical Institute in Uzbekistan and the digital
database GBIF. More than 100 herbarium labels were studied from 1916 to 2020. Based on the her-
barium materials, 37 actual locations of E.longistipitata populations with GPS data were identified. As a
result E.longistipitata populations were found on the territory of five Central Asian states — Kazakhstan,
Uzbekistan, Kyrgyzstan, Turkmenistan, and Tajikistan. In Kazakhstan E.longistipitata was found in the
three growing points located in the western Tien Shan, Pamir-Alay, and Karatau mountain ranges. The
research allowed for the refinement and supplementation of information on the distribution range of
E.longistipitata in Central Asia.

Key words: Eranthis longistipitata Regel, western Tien-Shan, ephemeroid, herbarium, endemic,
Central Asia, geographic distribution, ontogenesis.

K.E. AitmeHoBa'", A.A. MaruaHos?, LLI.E. Ayncebaes’,
C.A. AxymaHos?, A.M. EcumoBa’
™. Oye30B aTblHAaFbl OHTYCTiK KasakcTaH yHuBepcuTeTi, LLIbiMkeHT K., Ka3akcTaH
2BMOOpPraHMKaAbIK, MHCTUTYTbI, TalKeHT K., ©36eKkcTaH
3Akcy->KabarbiAbl TaOUFU MEMAEKETTIK KOPbIFbl, XKabarAbl a., KasakcraH
*e-mail: zhanar.aimenova@auezov.edu.kz

OpTanbik, A3usi aymarbiHAa E. longistipitata regel
OCIMAriHiH, TapaAybl

E. longistipitata Regel — 6atbic TaHb-LLIaHb Tay 6ekTepiHae eceTiH OpTaAbikK, A3USHbIH SHAEMMKAADIK,
ecimairi. byrinri TaHaa OyA ©CIMAIK icikke KapcCbl, aHTMOKCMAQHTTbI >X8He KabbiHyFa Kapcbl
KacMeTTepiHiH, apKaCblIHAQ BAEMAIK FbIABIMM KAybIMAACTBIKTbIH KbI3bIFYLUbIAbIFbIH TYAbIPpaAbl. bypbiH
repbapuii KOAAEKLMSIAAPbIHA TAaAAQY XKYPTi3iATeH >KOK, COHABIKTaH 6i3 aArail pet OpTaAbIk, A3UsAafbl
aAFallKbl >kKeHe eH ipi repbapuit KOAAeKUMSIAApPbIHbIH OipiH — ©36ekctaH Pecriybamkachl FbiAbiM
aKaAeMMSICbIHbIH, boTaHuka MHCTUTYTbIH >koHe GBIF 6a3acbiHbiH MOAEMETTEpPIH, BAEMAIK BPTYPAIAIK
TYpPaAbl FbIAbIMM aKMapaT >XMHay YLWiH KypbiAFaH.. 1916 xbiaaaH 2020 xbiara aeriHri 100-peH actam
repbapuii yArinepi 3epTTeaai. Fepbapuin yariaepi apkpiabl E.longistipitata nonyAsumsiaapbitbii 37
HaKTbl HakTbl OpHbl GPS KoopAMHaTTapbiMeH aHbikTaAAbl.E. longistipitata nonyasumsiaapbl KasakcraH,
O©36ekctaH, KbiprbisctaH, TypikmeHcTaH xaHe TaxikcTaH cusikTbl 6ec OpTa A3usi MEMAEKETTEpIHIH
aymMarblHAQ TabObiAAbl. KasakcTaH aymarbiHaa batbic TaHb-LUanb, MNMamup-Anan xeHe Kaparay Ttay
6oKTEpiHAE OCIMAIK 0OBEKTIAEpi aHbIKTaAAbl. YCbiHbIAbIN TypraH 3epTrey OpTablk, Asusiaarbl E.
longistipitata TapaAy armarbl TYPaAbl aknapaTTbl HAKTbIAQYFa XXOHE TOAbIKTbIPYFa MyMKIHAIK GepAi.

Ty#in cesaep: E.longistipitata Regel, batbic TaHb-LLaHb, achemepona, repbapmi, sHAEMUKAAbIK,
OprTaablk, A3us, reorpamablk TapaAybl, OHTOreHE3.
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K.E. ArimeHoBa'", A.A. Maruanos?, LLI.E. Ayncebaes’,
C.A. AxxymaHos?, A.M. EcumoBa'’
"fO>xHo-KazaxcTtaHckuii yHuBepcuteT M. M. Aya30Ba, 1. LLIbimkeHT, KazaxcTaH
2HCTUTYT GMOOpraHmMyeckomn xummum, r. TawkeHT, Y36ekucraH

KCY-AXK FAMHCKUI T TBEHHbIN NpKn HbIA 3aNOBEAHMK, M. IAbl XCTaH
3AKC aba C oCcyAapcTBe OA 3anoBeaHUK, n. XKabarabl, Kasaxcral
*e-mail: zhanar.aimenova@auezov.edu.kz

PacnpoctpaHenue E. longistipitata regel
Ha TeppuTtopumn LleHTparbHOM A3un

E.longistipitata Regel — aHAeMMuHOe pacTeHue LleHTpaAbHOM A3uK, npouspacTatollee npemmyliie-
CTBEHHO B npeAropbsx 3anaaHoro TaHb-LLlaHs. Ha ceroaHsWHMIM AeHb, 3TO pacTeHWe Bbi3blBaeT 3Ha-
UYMUTEAbHbIN MHTEPEC Y MUPOBOr0 Hay4yHOro coobuiectsa 6Aaroaapst CBOMM 3HAaUMTEAbHbIM MPOTUBO-
OMYXOAEBbIM, aHTUOKCMAQHTHbBIM M MPOTMBOBOCTMAAMTEAbHbIM CBOMCTBaM. PaHee aHaAu3 repbapHbIX
KOAAEKLMI He MPOBOAMACS, MO3TOMY BIeEpPBble Mbl MPOAHAAM3MPOBAAM OAHY U3 MEPBbIX U KPYMHEMLLNX
rep6apHbix KoArekumii B CpeaHeit Asmmn — MHcTuTyTa 60TaHnkn Akapemmm Hayk Pecny6ankn Y3beku-
cTaH 1 6a3y aaHHbix GBIF, co3paHHyio AAS c60pa Hay4YHOM MHDOPMALMK O MUPOBOM pasHoo6pasmu.
BbiAo M3yueHo 6oaee 100 repbapHbix 06pasLos, aAatupyembix ¢ 1916 no 2020 roa. C nomolLbio rep-
6apHbIX 06Pa3LOB ObIAO MAEHTUMULMPOBAHO 37 aKTyaAbHbIX PAKTUUECKMX MECTOHAXOXKAEHUIA Mory-
aqumii E.longistipitata ¢ ykasanmem GPSkoopauHar. [Nonyasumm E.longistipitata 6biAv 0o6Hapy>KeHbl Ha
Tepputopumn natn CpeaHeasmaTckmx rocyaapcts: Kasaxcrada, YsbekucraHa, KbiprbisctaHa, Typkme-
HMCcTaHa 1 TapxkmkuctaHa. Ha tepputopum KasaxcraHa pactuteAbHble 00bekTbl 06HApysKeHbl B MPeA-
ropbax 3anaaHoro TaHb-LLaHgs, Nammpo-Anas n Kapatay. [NpoBeaeHHOe nccaepOBaHWE MO3BOAMAO
YTOUHWUTBL U AOMOAHUTb MHpopMmaumio 06 apeaae pacnpoctpanenus E.longistipitata B LleHTpaAbHOM

A3nn.

KatoueBble caoBa: E.longistipitataRegel, 3anaaHbiii TaHb-LLaHb, achbemepona, repbapmii, sSHAEMMY-
Hbin, LleHTpaAbHas A3us, reorpadmyeckoe pacrnpocTpaHeHe, OHTOreHes.

Introduction

Eranthis Salisb. plants belong to the Ranuncula-
ceae Juss. family, the Cimicifugeae Torrey & Gray
tribe. The majority of Eranthis Salisb. species are
predominantly found in the northern hemisphere
and are characterized as perennial herbs [1].The ge-
nus Eranthis has been subdivided into two basic sec-
tions: Eranthis and Shibateranthis (Nakai) Tamura,
which comprises 8—14 species growing in southern
Europe and Central Asia [2-5]. Eranthis plants are
characterized by annual tubers, yellow sepals and
emarginate or slightly bilobate upper petal margins.
Shibateranthis (Nakai) Tamura plants are character-
ized by enduring tubers, white sepals and two-lobed
petal edges with enlargements [6,7].

The genus Eranthis Salisb. is characterized by
thickened tuberous underground stems, separate
palm-like basal leaves, a leafless stem with leaf-like
sheeting on the upper part, and actinomorphic single
flowers with an unusual petal structure.The genus
Eranthis is a flowering herbaceous plant with thick-
ened tuberous roots [8-11].

Figure 1 shows the diversity of plants of the ge-
nus Eranthis and their distribution areas.
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The data in Figure 1 shows that the flowers of
plants of the genus Eranthis can are white or yel-
low. Currently, the species diversity of plants of
the genus Eranthis with white flowers is greater.
Depending on the color of the flowers, this genus
of plants is divided into 2 groups: E. sect. Eranthis
and E. sect. Shibateranthis (Nakai) Tamura [12].
E. sect. Eranthis is identified by annual tubers, yel-
low sepals, and upper petals with emarginate or
slightly bilobate margins lacking swellings (nec-
taries), while the E. sect. Shibateranthis comprises
species with long-lived tubers, white sepals, and
petals with bilobate or forked margins containing
swellings [13].

The plants belonging to the tribe Cimicifugeae
are among the most abundant sources of diverse ac-
tive ingredients and beneficial substances for thera-
peutic and health-enhancing purposes. The efficacy
of these constituents has been verified through ex-
tensive use in folk medicine practices in East Asian
countries over many years [14-16].

The scope of this investigation was to system-
atize, refine, and supplement information regarding
the presence and arrangement of the E. longistipi-
tata in the Central Asia mountain system.
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E.cilicica
(South-West Asia)
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(Central Asia from South
Russia to Iran)
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(Western China)

..

|

E.albifora
(Western China)

l

|

|

E.stellata
(Eastern Asia)

E.byunsanensis
(Southern part of Korea)
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Figure 1 — Dissemination of Eranthis speciesworldwide

Materials and methods

E.longistipitata is a perennial plant with a globu-
lar tuber, 4-5-separated leaves and a aphyllous stem
(3-25 cm) divided on the top to the linear segments
(Figure 2).

Prevoius studies have indicated that Eranthis
exhibits pharmacological activity. Eranthis sp. has
been usedas a pharmacological natural agent at the
treatment of urolithiasis and diuresis [17]. The tu-
bers of Eranthis plants possess notable pharmaco-
logical properties. The tubers of E.cilicica contain
triterpene glycosides belonging to the cycloartan

and oleanane groups, as well as saponins. These
compounds exhibit toxicity towards human promy-
elocytic leukemia cells (HL-60) [18]. Chromones
isolated from the tubers of E.cilicica have been
found to possess antioxidant and anti-inflammatory
properties [19]. Kumar et al. in researches showed
that the genus Eranthis possesses antibacterial and
antiviral activity [20].

As it mentioned in the Fig.3 we explored popu-
lations of E.longistipitata in three locations: Taldy-
bulak Gorge (42° 25’12N 70°2828E), Zhetimsay
Gorge (42° 24°41N 70°32’41E) and valley of the
Irsu River (42° 21’33 N70°22"28E).
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Figure 2 — E.longistipitata in nature habitat, A — in the beginning of flowering (end of the February),
B — in the flowering period (March)

THE MAP OF ECOSYSTEM OF AKSU-ZHABAGLY BIOSPHERE RESERVE
(within the Kazakhstan part of West Tien Shan)

Authors: K.M. Pachikin, E.|. Rachkovskaya

Scale 1:300 000

s o' oo

70" 20r 70" 3¢ 71" 00 e

Taldybulak Gorge

Figure 3 — Location of E.longistipitata populations in Kazakhstan part of Western Tien Shan

To further refinement the contemporary dis-
tribution of E. longistipitata, an inventory of
herbarium material dated from 1916 to 2020 was
conducted. Materials stored in the main reposito-
ries were processed for species synopses. These
repositories include the Botany Institute in Uz-
bekistan, which holds 105 herbarium labels, and
the digital herbarium of Moscow State University
(MSU) — “Noah’s Ark” Living Systems Reposi-
tory, which contains 22 herbarium labels and data
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from the GBIF database[21].The herbarium fund
of the Institute of Botany of Uzbekistan is one
of the largest in the world, considering the vol-
ume of the flora collection. The TASH founda-
tion holds more than 1.4 million plant samples;
the first herbarium labels were created at the be-
ginning of the XIX century [22]. The collections
of this herbarium fund are of great value, as they
help scientists obtain data on species distribution
and ecological occurrence.
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Results and discussion

In March 2023, we conducted a botanical ex-
pedition in the Aksu Jabagly Nature Reserve dur-
ing the flowering period of E.longistipitata to es-
timate the current state of populations. To create a
herbarium label were collected tubers and leaves
of E.longistipitata. Plant material was dried natu-
rally by air and crushed by a laboratory mill. Our
previous studies [23] found that populations of

E.longistipitata growing in the Irsu River valley
contain a more significant number of valuable flavo-
noids in their composition. In the Fig.4 is shown a
herbarium label of E.longistipitata collected during
the expeditions (Figure 4).

The individuals found in the Irsu River valley
are characterized by a left-sided age spectrum, i.e.
individuals of virginal age and especially juvenile
plants significantly predominate, this fact indicates
a high viability of seeds (Figure 5).

Figure 4 — A — Irsu River valley in the Aksu Jabagly State Nature Reserve,
B — E.longistipitata in the nature habitat in the flowering period, C — E.longistipitata herbarium label

Figure 5 — Populations of E./ongistipitata native to the Irsu River valley
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The numerical number of populations of
E.longistipitata decreases every year due to the free
grazing of ungulates in the protected area. The shoot
of E. longistipitata is multifunctional and has played
an adaptive role during evolution. The presence of
two forced types of rest (summer and winter) is as-
sociated with the adaptation of organs to self-sur-
vival and preservation. The vital activity of the apex
in E.longistipitata undergoes a short aboveground
and a long underground development. In the unique
conditions of the foothill zone of Southern Kazakh-
stan, this ephemeroid geophyte, E. longistipitata,
blooms in a fascinating manner. It springs to life

Tablel — E.longistipitataherbarium labels

immediately after the snowfall, in sync with other
ephemeroids of the region. The growing season is
a mere 30-46 days, and by the third decade of May,
the aboveground part withers away, while the un-
derground part enters a forced summer rest, a truly
remarkable adaptation.

The studied herbarium labels of E./ongistipitata
in the Botany Institute in Uzbekistan, the digital
herbarium of Moscow State University, and data
from the GBIF database were found on the terri-
tory of four modern Central Asian states: Kazakh-
stan, Uzbekistan, Turkmenistan, and Tajikistan
(Table 1).

Ne Country or area Coordinates Event date Dataset

1 Uzbekistan 40.5N, 66.9E 24.03.2024 iNaturalist Research-grade Observations
2 Uzbekistan 40.6N, 66.7E 23.03.2024 iNaturalist Research-grade Observations
3 Kyrgyzstan 42.8N, 74.6E 19.03.2023 iNaturalist Research-grade Observations
4 Uzbekistan 41.6N, 69.6E 26.03.2023 iNaturalist Research-grade Observations
5 Uzbekistan 38.3N, 67.3E 30.03.2023 iNaturalist Research-grade Observations
6 Uzbekistan 37.8N, 66.7E 14.03.2023 iNaturalist Research-grade Observations
7 Uzbekistan 41.4N, 69.8E 28.03.2023 iNaturalist Research-grade Observations
8 Kazakhstan 43.6N, 69.7E 11.04.2023 iNaturalist Research-grade Observations
9 Kazakhstan 42.8N, 70.7E 14.11.2023 iNaturalist Research-grade Observations
10 Kazakhstan 42.8N, 69.9E 22.05.2023 iNaturalist Research-grade Observations
11 Uzbekistan 38.4N, 67.4E 16.05.2023 Living C‘gfglil‘i’:afg:fdgfthenbmg
12 Kazakhstan 42.5N, 70.6E 28.03.2021 iNaturalist Research-grade Observations
13 Kazakhstan 43.3N, 74.8E 04.04.2021 iNaturalist Research-grade Observations
14 Kazakhstan 42.7N, 71.0E 02.04.2021 iNaturalist Research-grade Observations
15 Uzbekistan 40.7N, 66.6E 26.02.2020 iNaturalist Research-grade Observations
16 Kazakhstan 43.0N, 70.4E 29.03.2019 iNaturalist Research-grade Observations
17 Uzbekistan 38.1N, 67.3E 01.03.2019 iNaturalist Research-grade Observations
18 Kazakhstan 42.8N, 71.0E 20.03.2020 iNaturalist Research-grade Observations
19 Uzbekistan 39.3N, 67.1E 15.03.2019 iNaturalist Research-grade Observations
20 Kazakhstan 43.3N, 74.9E 16.04.2018 iNaturalist Research-grade Observations
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Continuation of the table

Ne Country or area Coordinates Event date Dataset

21 Uzbekistan 41.5N, 70.1E 20.06.2018 iNaturalist Research-grade Observations
22 Kyrgyzstan 409N, 732 E 08.04.2014 iNaturalist Research-grade Observations
23 Kyrgyzstan 41.6N, 72.6E 04.04.2014 iNaturalist Research-grade Observations
24 Kazakhstan 43.7N, 68.9E 25.04.2013 iNaturalist Research-grade Observations
25 Uzbekistan 40.5N, 66.8E 26.03.2012 iNaturalist Research-grade Observations
26 Kyrgyzstan 40.5N, 72.8E 04.04.2012 iNaturalist Research-grade Observations
27 Kazakhstan 434N, 77.4E 21.04.2009 iNaturalist Research-grade Observations
28 Turkmenistan - 28.03.2001 Tropicos MO Specimen Data

29 Uzbekistan 417N, 70.1E 01.05.1992 ImemaﬁOEfIEEZ?:t’;;TSi:?l‘;‘:;Z Database
30 Kazakhstan 43.6N, 68.6E 28.04.1984 COl?@"ig’}ﬁ Vp;fg:foifi;llaéf:ig?{}:{g’aﬂ"
31 Uzbekistan 40.4N, 66.5E 26.04.1979 Moscow University

32 Tajikistan - 28.02.1978 Meise Botanic Garden Herbarium (BR)
33 Tajikistan 37.8N, 69.6E 28.02.1978 Masaryk University — Herbarium BRNU
34 Tajikistan - 28.02.1978 Moscow University Herbarium (MW)
35 Kazakhstan - 08.05.1973 Moscow University Herbarium (MW)
36 Kazakhstan - 24.04.1969 Moscow University Herbarium (MW)
37 Uzbekistan - 30.04.1963 Moscow University Herbarium (MW)

As mentioned above, the systematic study of
Central Asia’s unique flora began with complex soil
and geobotanical expeditions in 1908-1916. And
it was from this period that the TASH herbarium
fund was created. The first herbarium specimens of
E.longistipitata are marked by this period. Plant di-
versity in Central Asia was not studied at that time,
and expeditions were carried out in large numbers
in the mountainous regions. It is from there that a
large number of E. longistipitata specimens are con-
centrated.

Table 1 shows data on herbarium collections,
which had data on GPS coordinates, the rest of the
data is not given, since they date from 1908 and may
not be relevant today.

Based on the findings of our previous researches of
herbarium specimens of E.longistipitata, we have com-
piled a map of the location of this species (Figure 5).

Based on the GPS data of E.longistipitata
growth sites presented in Figure 5, we have com-
piled a diagram of quantitative data on the detection
of this species within different countries (Figure 6).
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Figure 6 — Distribution of the number of herbarium labels (37) by countries

The maximum number of E.longistipitata pop-
ulations was found on the territory of two Central
Asian states — Kazakhstan and Uzbekistan (Fig-
ure 6).

The mountain systems of Central Asia and Ka-
zakhstan are characterized by tectonic activity, high
seismicity, young mountainous terrain, and high al-
titudes (absolute and relative). They belong to the
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drainage basin of Eurasia, where the Tien Shan and
Pamir reach heights of 5000-7500 m, and the mar-
ginal systems — 3000 m. They are characterized by
mountain glaciations [24-25].

By meticulously analyzing the collected geo-
graphical data on the GPS coordinates of the TASH
type collection and comparing them with the bo-
tanical and geographical districts of Uzbekistan,
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we made a fascinating discovery. Populations of
E.longistipitata, a plant known for its unique char-
acteristics, were found in all mountainous floristic
districts: West Tianshan (8), Kuhistan (1), West His-
sar (1), Ferghana-Alai (2) and Nuratinsk (2). This
distribution pattern presents a captivating puzzle for
us to unravel.

In general, the flora of the Western Tianshan
District is characterized by significant generic en-
demism of many Central Asian plants. The discov-
ered populations of E.longistipitata are primarily
located in the Pritashkent district, north of Tashkent
city (between the Arys and Keles rivers). This area
is almost entirely within the borders of Kazakhstan.
Uzbekistan includes only a part of the anthropogen-
ic landscape (near the Bozsu Canal and the border
area).

On the territory of the Republic of Kazakh-
stan, populations of E.longistipitata were found in
14 locations. Most of these are in the Aksu—Jaba-
gly Nature Reserve territory. This reserve is unique
not only for the duration of the established protec-
tion regime (it is the oldest in Central Asia and is
a UNESCO World Heritage Site), the diversity of
flora and fauna represented, and the uniqueness
of its geographical location and relief. It occupies
a marginal position within the orogens of Central
Asia, on the border with the most extensive inland
plains. The relief-forming processes there are typi-
cal for the mountains of Central Asia. Populations of
E.longistipitata within the Republic of Kazakhstan
have been found in the foothill plains, the low moun-
tains, and the lower part of the middle categories of
savannoids. This West Tienshan sub-provincial cov-

ers the southern microcline of the Talas ridge and a
group of Karzhantau and Ugamsky ridges extend-
ing from it. The foothills of the mountains are oc-
cupied by low-grass savannoids, which are replaced
by tall-grass ones above (Elytrigia trichophora and
Hordeum bulbosum).

Conclusion

The analysis of the Institute of Botany (TASH)’s
herbarium material and the digital herbarium data-
base GBIF has identified 37 actual places of E. lon-
gistipitata growth in Central Asia with GPS coordi-
nates. It has been ascertained that E.longistipitatais
widespread in all floristic areas in the Western Tien
Shan and Pamir-Alai. The populations of E. lon-
gistipitata found by us in the Irsu River valley are
characterized by a left-sided age spectrum, i.e., indi-
viduals of virginal age and especially juvenile plants
significantly predominate. This fact indicates a high
viability of seeds.

Since it was previously noticed that
E.longistipitata is an endemic medicinal plant of
the Central Asia (Western Tien-Shan mountain sys-
tems), the studies carried out made it possible to
systematize, clarify and supplement information on
the presence and distribution of E.longistipitata in
various floristic regions of Central Asia.
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IN VITRO ASSESSMENT OF PROBIOTIC SURVIVAL
IN SIMULATED GASTROINTESTINAL CONDITIONS
AND ADHESIVE PROPERTIES

The study focused on evaluating the functional properties of four lactic acid bacteria (LAB) strains
— Lactobacillus fermentum 30, Lactobacillus cellobiosus 36, Lacticaseibacillus paracasei 36/1, and Lac-
ticaseibacillus paracasei 30/1 — and their associations, aiming to assess acid resistance, bile tolerance,
enzyme stability, and adhesion capabilities using in vitro methods. The survival rates of these LAB strains
and their associations were investigated under simulated gastric juice (SGJ) and simulated intestinal juice
(Sl)). In SGJ, the association L. fermentum 30 + L. cellobiosus 36 showed higher survival rates compared
to individual strains, with approximately 75% viability after 2 hours incubation. Similarly, the associa-
tion L. paracasei 30/1 + L. paracasei 36/1 exhibited enhanced survival in SGJ, maintaining about 80%
viability. In SlJ, both associations demonstrated improved survival compared to individual strains, with
L. fermentum 30 + L. cellobiosus 36 and L. paracasei 30/1 + L. paracasei 36/1 maintaining approxi-
mately 70% and 75% viability, respectively. The adhesion capabilities of these LAB strains and associa-
tions were evaluated using human erythrocytes. All strains displayed high adhesive activity, particularly
notable in L. paracasei 36/1 + L. paracasei 30/1, which demonstrated a significantly higher adhesion
index compared to other strains. These findings highlight the robust survival and adhesive properties of
the LAB strains and their associations under simulated gastrointestinal conditions. Further research is
warranted to explore their potential applications in promoting gut health and combating gastrointestinal
disorders.

Key words: probiotics, tolerance, adhesion, simulated gastric juice, simulated intestinal juice.

C.A. Xantaecosa'?", A.K. CapaHoB', b.b. baimaxaHoBa',
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Mpo6uoTHKTEPAIH, )KacaHAbI aCKa3aH-iLLeK )KaFAalAapbIHAA
TIPLLIAIriH )KoHe aAre3MBTiK KacHeTTepiH in vitro 6arasay

ByA 3epTTey cyT KbilWKbiAAbI HakTepusirapAbiH, (CKB) TepT wrtammbl — Lactobacillus fermentum
30, Lactobacillus cellobiosus 36, Lacticaseibacillus paracasei 36/1 xeHe Lacticaseibacillus paracasei
30/1 — XeHe OAapAbIH accoumaumsAapbiHbiH (PYHKLMOHAAABIK, KacueTTepiH Gararayra GaFblTTaAFaH.
KbIWKbIAFa XXaHE 6TKe TO3IMAIAIK, (hepMeHTTepre TypakTbIAbIK, KOHE aAre3uBTiK KabireTTepi in vitro
BAICTEPiH KOAAAHY apKbiAbl 3epTTeAal. Ocbl CKB wTaMMAapbIHbIH X&HE 0AapAbIH aCCoLMaLMSIAaPbIHbIH,
OMIpLUEHAIT UMUTALMAAQHFAH acKa3aH LWbIpbiHbl (MALLL) xxeHe nMuTaumMsAaHFaH iwek WbipbiHbl (MILL)
KarpanaapbiHaa 3epTreaai. MALL-aa L. fermentum 30 + L. cellobiosus 36 accoumaumsicbl xeke
lUTaMMAAPFa KaparaHAa >KOFapbl OMIpLLEHAIK AEHTeriH KepCceTin, 2 caraTTblK MHKyOauusiaaH KemiH
LwamameH 75% emiplieHairid cakTaabl. L. paracasei 30/1 + L. paracasei 36/1 accoumaumscbl aa MALLI-
A2 OMIPLLEHAIKTIH, XKaKCcapTbIAFaH KepCeTKilTepiH KepceTin, wamMameH 80% eMipLUeHAIrH cakTaAbl.
MILLI-aa eki accoumaums Aa >KeKe lWTaMmaapra KaparaHAa >KOFapbl eMipLLEHAIK kepceTTi: L. fermentum
30 + L. cellobiosus 36 >aHe L. paracasei 30/1 + L. paracasei 36/1 TviciHwe wamameH 70% xaHe 75%
eMipLueHAiriH cakraabl. Ocbl CKB WwTaMmAapbIHbIH, )K8HE OAapAbIH, aCCOLMALIMAAAPBIHBIH, aAr€3UBTIK
KabireTTepi aAaMHbIH 3PUTPOLMTTEPIH KOAAAHY apKblAbl GararaHAbl. BapAblk, WTammaap >ofapbl
AAre3mBTIK OEACEHAIAIKTI kepceTTi, acipece L. paracasei 36/1 + L. paracasei 30/1 aiKblH KOpiHETIH
aAresmns MHAEKCiMeH 06acka HyCKAAapMeH CaAbICTbIpFaHAQ aMTapAbIKTai >KOFapbl KepceTKiwTep
kepceTTi. bya HoTnxxeaep CKB ITaMMAQpPbBIHBIH, X8HE OAapAbIH, aCCOLMALMAAAPbIHBIH, acKa3aH-illek
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YKOAbIH UMMTALMSIAQY >KaFAAMAAPbIHAQ TYPAKTbIAbIFbI MEH AAre3MBTIK KACMeTTepiH aTtamn KepceTeAi.
OAnap ek AEHCAyAbIFbIH KOAAQY >K8HEe acKa3aH-illeK aypyAapbIMEH KYPECYAE, 9AEYETTi KOAAQHbBIAYbIH
3epTTey YLiH KOCbIMLLIA 3epTTeyAep KakeT.

Tyiin cesaep: NpoOMOTUKTEP, TO3IMAIAIK, aAresms, >KacaHAbl aCKasaH LWbIPbIHbI, >KacaHAbI illeK
LUBIPbIHbI.
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OueHka BbDKMBa€MOCTU NMPOGUOTUKOB B MMUTUPOBAHHbIX YCAOBMSIX
YKEAYAOUYHO-KMLLEYHOr0 TPaKTa U UCCAEAOBaHUE MX aAre3UBHbIX CBOMCTB in vitro

AaHHOe MCCAeAOBaHME COCPEAOTOYEHO Ha orpeAeAeHUU (PYHKLIMOHAAbHbIX CBOWCTB YeTblpex
LITAMMOB MOAOYHOKMCABbIX GakTepuit (MKB) — Lactobacillus fermentum 30, Lactobacillus cellobiosus
36, Lacticaseibacillus paracasei 36/1 n Lacticaseibacillus paracasei 30/1 — 1 1x accoumaumin C LEAbio
OLEHKM YCTOMUMBOCTU K KMUCAOTE, TOAEPAHTHOCTM K XKEAUM, CTABUABHOCTU K (hepMEHTaM M aAre3MBHbIX
CMocoBGHOCTEN C UCMOAb30BaHMEM METOAOB in vitro. BbikuBaemocTb 3Tux wrammoB MKB u mx
accoumalmii MICCAEAOBAAACh B YCAOBMSIX MMUTUPOBAHHOMO >KeAyAouHoro coka (MXKC) mn kuwedHoro
coka (MKC). B MKC accoumaums L. fermentum 30 + L. cellobiosus 36 nmeaa 6oaee BbICOKMIA YPOBHU
BbI>)KMBAEMOCTM MO CPABHEHMIO C OTAEAbHbBIMM LUITAMMaMM, COXPaHSsS OKOAO 75% >KM3HECNoCOBHOCTM
nocAae 2 4yacoB MHkyOaumm. Accoumaumst L. paracasei 30/1 + L. paracasei 36/1 Takxke MNposiBUAA
YAyULLIEHHble nokasateAmn BbixkuBaemoctn B MOKC, noaaepykusas npumepHo 80% >M3HECnoco6HOCTU.
B MKC o6e accoumaumm Takxke npoAEMOHCTPUPOBAAM MOBbILLIEHHYIO KM3HECOCOOHOCTb MO CPABHEHUIO
C OTAeAbHbIMU WiTammamu: L. fermentum 30 + L. cellobiosus 36 w L. paracasei 30/1 + L. paracasei
36/1 coxpansisi okoAo 70% 1 75% >KM3HECNOCOOHOCTU COOTBETCTBEHHO. AAre3MBHbIE CMOCOBHOCTU
3Tnx wrtammoB MKB m 1x accoumaumini OLLEHMBAAMCH C MCMOAb30BAHMEM 3PUTPOLIMTOB YeAoBeka. Bce
LITaMMbl MPOSIBUAM BbICOKYIO aAre€3MBHYI0 aKTMBHOCTb, OCOOEHHO 3aMeTHyto y L. paracasei 36/1 +
L. paracasei 30/1, koTopast NokasaAa 3HaYMTEAbLHO OOAEE BbICOKMI MHAEKC AaATre€3um Mo CPaBHEHUIO
C APYrMMM BapuaHTamu. ITU pPe3yAbTaTbl AEMOHCTPUPYIOT YCTOMUYMBOCTb M aAre3MBHble CBOMCTBA
wtammoB MKbB 1 1x accoumaumii B yCAOBUSIX UMUTALIMK KEAYAOUYHO-KMLLIEYHOTO TpakTa. AaAbHenLme
MNCCAEAOBAHUS HEOOXOAUMBI AASl U3YUYEHUS UX MOTEHLMAAbHOIO NMPUMEHEHMS B NMOAAEPIKKE 3A0POBbS

KuLeyHrKa 1 6opbbe ¢ 3a60AeBaHUAMM JKEAYAOUHO-KMLLIEYHOrO TPaKTa.
KatoueBble cAOBa: NMpOOMOTMKM, TOAEPAHTHOCTb, AAre3usl, MCKYCCTBEHHbIA >XEAYAOUHbIN COK,

MCKYCCTBEHHbIN KULIEYHbIN COK.

Introduction

Probiotics are living microorganisms that, when
consumed in adequate amounts, are beneficial to the
human organism. The idea behind their use is that
taking probiotics can help restore and strengthen the
local intestinal microbiota, which largely contrib-
utes to maintaining the health of the entire gastroin-
testinal tract (GIT) and its resistance to colonization
by pathogens [1, 2]. Probiotics are usually used in
the form of biologically-active food additives, or
even therapeutic drugs in the form of tablets, cap-
sules, powders, and sachets. All these forms are ap-
plied orally and therefore enter the GIT. In order for
probiotics to flourish in the intestine and impart their
beneficial effects, they have to be able to survive
passage through the host’s hostile digestive tract en-
vironment [3]. The main factors that are detrimental
to the survival of probiotics in the stomach are the
low gastric pH and the antimicrobial action of pep-

sin [4]. Probiotic bacteria also need to survive the
environment in the small intestine where it is ex-
posed to pancreatin and bile salts.

So, the first tool in the selection of a strain of
probiotic interest is represented by in vitro methods
aiming to ascertain the ability to survive passage
through the upper GIT and arrive alive at its site of
action [5].

Adhesiveness, attachment to epithelial cells of
the GIT, is one of the important properties of pro-
biotic strains, therefore the determination of adhe-
sive properties is considered a necessary step for the
study of probiotic microorganisms. An important bi-
ological property of bacteria of the genus Lactoba-
cillus is their adhesive activity, which allows them
to colonize the intestinal biotope and successfully
implement antagonistic properties against pathogen-
ic and opportunistic microorganisms [6]. The study
of these property is necessary to predict the probiotic
effect of lactobacilli on the intestinal microbioceno-
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sis of a particular individual. It has been established
that adhesive ability is a strain-specific feature,
which should be taken into account when selecting
probiotic cultures [6]. In vitro model systems have
proved efficient for providing a good measure on the
adhesive ability of a potential probiotic.

The present study was designed to assess in vitro
the acid resistance, bile tolerance, enzyme stability,
and adhesion capabilities of four lactic acid strains
and their associations.

Materials and methods

Bacteria and growth conditions. The probiotic
associations studied in this research include differ-
ent microbial cultures. All strains were deposited in
the Republic Collection of Microorganisms (Asta-
na, Kazakhstan).

The first association comprises the following
microbial cultures — Lactobacillus fermentum 30
and Lactobacillus cellobiosus 36. Strain L. fermen-
tum 30 was isolated from a population of freeze-
dried culture L. fermentum 29, extracted from the
intestine of a healthy person. It is represented by
gram-positive, asporogenic, immobile bacilli sized
0.5-0.7x1.0-3.0pm with blunt ends. The cells are
often solitary, though short chains may occur. The
strain is nonpathogenic and exhibits high antimicro-
bial activity with a broad spectrum and increased
resistance to dehydration. Strain L. cellobiosus 36
was isolated from a population of freeze-dried cul-
ture L. cellobiosus 35. It is a rod with rounded ends
of variable size: 0.5-0.7x1.5-5.5um. The bacilli are
immobile, asporogenic, and gram-positive, arranged
singly, in short chains (3-5 cells each), and some-
times in longer chains. This strain is also nonpatho-
genic and shows high broad-spectrum antimicrobial
activity.

The second association includes Lacticaseiba-
cillus paracasei 36/1 and Lacticaseibacillus paraca-
sei 30/1. Strain L. paracasei 36/1 was isolated from
a population of freeze-dried culture Lactobacillus
cellobiosus 36. It is represented by gram-positive,
asporogenic, immobile bacilli sized 0.5-0.7x1.5-
5.5um with blunt ends, often solitary, though short
chains may occur. Strain L. paracasei 30/1 was iso-
lated from a population of freeze-dried culture L.
fermentum 30. It is represented by gram-positive,
asporogenic, immobile bacilli sized 0.5-0.7x1.0-
3.0um with blunt ends, often solitary, though short
chains may occur.

The probiotics and their associations were cul-
tured in a medium with the following composition
(g/L): glucose — 15.0, yeast extract — 5.0, meat ex-
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tract — 5.0, peptone — 10.0, ammonium citrate — 2.0,
sodium acetate — 2.0, potassium phosphate monoba-
sic — 2.0, sodium phosphate dibasic — 2.0, magne-
sium sulfate — 0.2, manganese sulfate — 0.05, cobalt
chloride — 0.01, pH 6.5-7.0. The cultivation was car-
ried out in an incubator at 35°C for 24 hours. After,
the culture broth was centrifuged at 4000x g for 15
minutes (using a laboratory centrifuge RS-6MC,
Dastan, Bishkek, Kyrgyzstan). The cells were sepa-
rated from the supernatant and washed twice with
physiological saline. A cell suspension with a con-
centration of 10° CFU/g was prepared.

Survival in Simulated Gastric Juice (SGJ) and
Simulated Intestinal Juice (SIJ). SGJ was prepared
by dissolving pepsin in sodium chloride solution
(0.2%, w/v) to a final concentration of 3 g/L, and pH
was adjusted to 2 with hydrochloric acid. SIJ was
prepared with the following composition (g/L): so-
dium chloride — 6.8 g/L, potassium chloride — 0.4
g/L, calcium chloride dihydrate — 0.2 g/L, sodium
bicarbonate — 1.5 g/L, bile salts — 5.0 g/L, and pan-
creatin — 1.0 g/L. The pH was adjusted to 6.8. Both
solutions were filtered for sterilization through a
0.45 pm membrane.

One aliquot (1 mL) from each suspension was
placed in 10 mL of SGJ. The tubes were incubated
on an orbital shaker incubator ES-20 (Biosan, Riga,
Latvia) (150 rpm) at 37°C for 2 hours. The samples
were collected after 2 hours in SGJ, transferred into
10 mL of SIJ, and incubated as described above for
SGlJ.

Surviving bacteria were enumerated by pour
plate counts in MRS agar incubated at 35°C for 48
hours. The survival of probiotics was presented as
the number of viable cells (log CFU/g). The follow-
ing equation was used to calculate the survival rate
% of bacteria cells:

log CFU/g after treatment

Survival rate % = x 100 (1)

log CFU/g after treatment

Determination of adhesive activity. Adhesion
was studied in vitro using human erythrocytes ac-
cording to the method of Brilis et al. [7]. The cell
substrate consisted of formalinized human erythro-
cytes of group 0 (1) Rh (+), pre-washed with a buf-
fer solution by centrifugation (1000x g for 10 min).
A suspension of erythrocytes with a concentration
of 100 million/mL was prepared in the specified
buffer.

For the experiment, a drop of buffer solution
was applied to a microscope slide, into which sus-
pensions of erythrocytes and microorganisms were
suspended. The slide with erythrocytes and mi-
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crobes was placed in a moist chamber for 30 min
at 37°C, then the preparation was dried at the same
temperature, fixed by heat, and stained according to
Gram. Adhesive properties were assessed using the
average adhesion index (AAI) — average number of
microbes attached to 1 erythrocyte when counting
at least 25 erythrocytes, considering no more than
5 erythrocytes in one field of view. To assess the
adhesive properties of the microorganisms, criteria
such as C and IMA were also used. C (erythrocyte
participation coefficient in the adhesion process)
is the percentage of erythrocytes with adhered mi-
crobes on their surface. IMA (index of microorgan-
ism adhesion) is the average number of microbial
cells on one participating erythrocyte, calculated by
the formula:

_ AAIx 100

2
c )

IMA

A microorganism is considered non-adhesive
when IMA < 1.75, low-adhesive from 1.76 to 2.5,
moderately adhesive from 2.51 to 4.0, and highly
adhesive when IMA is above 4.0.

Statistical analysis. Unless otherwise stated, all
experimental groups were analyzed in triplicate.
Experimental measurements are presented as mean
and standard deviation (mean + SD). The difference
between groups was analyzed using one-way analy-
sis of variance (ANOVA) followed by Tukey’s test.
All statistical analyzes were performed using SPSS
software (version 28.0, IBM Corp., Armonk, NY,
USA). A p value <0.05 was considered statistically
significant.

Results and discussion

The most important characteristic of probiotic
resistance is the preservation of cell viability in the
aggressive conditions of the GIT. Although the ulti-
mate model for determining the functional effective-
ness of probiotics is a human organism, this model
has ethical limitations. Therefore, in most studies,
an «artificial GIT» system is used, simulating the
physicochemical conditions of the main parts of
the digestive system [8—11]. This is usually a buffer
in which the pH value characteristic of a particular
department is maintained and various digestive en-
zymes are added.

To determine the effect of gastric and intestinal
conditions, studies were conducted on the compara-
tive survival of four probiotic strains and their asso-
ciations in SGJ and SIJ. To determine cell survival

count after sequential incubation, the cells were enu-
merated by pour plate counts in a nutrient medium.
The design of this series of experiments is shown in
Figure 1.

In the GIT, the entry of bacteria is restricted due
to the acidic pH of the stomach and the antibacterial
action of pepsin. Probiotics need to bear the gastric
juice discharge in the stomach where the pH can
be as low as 2 to provide medical advantages [12].
Therefore, acid tolerance is frequently used as a sig-
nificant paradigm for probiotic strain choice. The
viability of the probiotic associations and individual
strains in SGF after 2 hours of incubation is shown
in Figure 2.

In SGJ, the probiotic association of L. fermen-
tum 30 + L. cellobiosus 36 shows the highest sur-
vival rate, maintaining higher viability compared
to the individual strains. By 2 hours in SGJ, the
probiotic association retained about 75% viability,
whereas the individual strains of L. fermentum 30
and L. cellobiosus 36 dropped to around 60% and
55%, respectively. This indicates a positive effect
when these strains are combined.

Similarly, the probiotic association of L. para-
casei 30/1 + L. paracasei 36/1 demonstrates a high-
er survival rate in SGJ for the first two hours, retain-
ing about 80% viability. In contrast, the individual
strains, L. paracasei 30/1 and L. paracasei 36/1, de-
creased to around 65% and 60%, respectively.

Overall, probiotic associations tend to have
higher (p < 0.05) survival rates in SGJ compared to
individual strains. The L. paracasei association (L.
paracasei 30/1 + L. paracasei 36/1) shows the best
survival rate in SGJ, outperforming the L. fermen-
tum and L. cellobiosus combination.

Acidic pH environments may inhibit metabo-
lism and reduce the viability of lactic acid bacteria.
This study is consistent with other works that have
shown that upon exposure to gastric acid with a pH
of 2, a significant reduction in the number of bacte-
ria could be recognized [13, 14].

After passing through the stomach, probiotics
enter the intestine, where they face new challenges
to their survival and activity. Intestinal juice contains
several components that can significantly impact the
viability of probiotic microorganisms. Among these,
bile acids and pancreatin play crucial roles. This
makes it critical to ensure the resilience of probiotics
in such conditions. Alameri et al. [15] mentioned that
probiotics should possess good resistance toward bile
salts in order to survive in the human GIT. There-
fore, high survival percentages indicate good bile salt
tolerance. Bile plays an important role in the specific
and nonspecific intestinal defense mechanism of the
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gut, and the severity of its inhibitory action is primar-
ily determined by bile salt concentrations [16]. Pan-
creatin is a mixture of digestive enzymes, including
proteases, lipases, and amylases, which can disrupt
bacterial cell membranes and alter their metabolic

activity. Pancreatic enzymes are essential for the nor-
mal digestion of carbohydrates, fats, and proteins,
respectively [17]. Therefore, the capability to endure
these enzymes is a measure for the selection of probi-
otic bacteria [18].

15t stage. Sequential incubation in an artificial model system

N

Probiotic
suspension

Simulated
gastric juice intestinal juice

T

Simulated

2nd stage. Determination of the number of survived bacteria

N .

Figure 1 — Experimental design for the simulating upper GIT conditions

SGJ Sl

10

—=—Probiotic association
L. fermentum 30 +
L. cellobiosus 36

—+—L. fermentum 30

——L. cellobiosus 36

Probiotic viability (log CFU/mL)

Time (h)

10

sGl g s

—+—Probiotic association
L. paracasei 30/1 +
L. paracasei 36/1

—+—L. paracasei 30/1

——L. paracasei 36/1

Probiotic viability (log CFU/mL)

s . ; . .
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Figure 2 — Survival of probiotics in simulated gastric juice (SGJ) and simulated intestinal juice (S1J):
a) probiotic association L. fermentum 30 + L. cellobiosus 36, L. fermentum 30, L. cellobiosus 36;

b) probiotic association L. paracasei 30/1 + L. paracasei 36/1, L. paracasei 30/1, L. paracasei 36/1
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In S1J, the probiotic association of L. fermen-
tum 30 + L. cellobiosus 36 continued to show better
survival compared to the individual strains, with a
viability of approximately 70%. In contrast, the in-
dividual strains, L. fermentum 30 and L. cellobiosus
36, demonstrated about 60% and 55% viability, re-
spectively.

The probiotic association of L. paracasei 30/1
+ L. paracasei 36/1 maintained higher viability in
S1J as well, with about 75% survival. The individual
strains, L. paracasei 30/1 and L. paracasei 36/1, had
about 65% and 60% viability, respectively.

The effects of bile salts and pancreatin enzymes
on the survival of probiotic cultures revealed that
all have full tolerance to a concentration of 0.5%
and 0.1% respectively. In general, the physiologi-
cal concentration of human bile ranges from 0.3%
to 0.5% [19]. Therefore, resistance to bile acid is an
important characteristic that enables Lactobacillus
to survive, grow, and remain active in the small in-
testine [20].

Both probiotic associations demonstrated en-
hanced survival in SIJ compared to the individual
strains, but the improvement is more evident in SGJ.
The L. paracasei association (L. paracasei 30/1 +
L. paracasei 36/1) had the highest overall survival,
indicating that combining probiotic strains can im-
prove their resilience to gastric and intestinal condi-

tions. The outcome of this work is consistent with
the work done by Ribeiro et al. [21] which showed
that the mixed probiotic culture had a high resis-
tance after the passage through the gastrointestinal
system.

Given that the most significant point of interac-
tion between microorganisms and humans occurs on
mucous membranes, understanding mucus adhesion
is the primary target for controlling probiotic coloni-
zation. The most common method for quantitatively
assessing mucus adhesion involves using a fluores-
cent indicator as a correlate of cell concentration.
Surfaces are frequently modified by incubation with
mucus or by culturing intestinal epithelial cells/tissue
[22]. However, this method is expensive. Adhesion
in in vitro conditions can also be studied by mixing
human erythrocytes and microorganisms. This is a
completely adequate experimental system, reflecting
a positive correlation between the adhesiveness of
lactobacilli and their colonizing ability [23, 24].

To quantify this activity, the microbial adhesion
index was used, where low adhesion corresponds to
an index value from 1.76 to 2.5, medium — from 2.51
to 4.00, and high — to an index value greater than 4.

The results obtained showed that all tested
strains and probiotic associations demonstrated a
high degree of adhesion with an index greater than
4 (Figure 3).

) w S w o

Index of Microorganism Adhesion

-

.

Figure 3 — The degree of adhesive activity of probiotic strains and their associations
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The probiotic association L. paracasei 36/1 +
L. paracasei 30/1 demonstrated the highest adhe-
sive activity, which was statistically significant (p <
0.05) compared to the other strains and association.
The higher adhesive activity of this probiotic asso-
ciation compared to the other one may be attributed
to complementary surface proteins or the release of
substances that enhance mutual adhesion, such as
exopolysaccharides. Each strain may possess unique
surface characteristics or adhesion mechanisms that,
when combined, result in a synergistic effect [25],
enhancing their ability to adhere to erythrocytes.
This synergistic interaction could lead to a stronger
and more stable adhesion, ultimately resulting in
higher adhesive activity.

Conclusion

This study aimed to assess the survival under
simulated gastrointestinal conditions and adhesive
properties of selected LAB strains in vitro. The
tested strains demonstrated robust survival rates in
SGJ and S1J, indicating their resilience to the harsh
conditions of the GIT.

Specifically, the association of Lacticaseibacil-
lus paracasei 36/1 + Lacticaseibacillus paracasei
30/1 showed superior survival rates in both SGJ
and SIJ compared to individual strains, suggesting a
synergistic protective effect when combined.

Moreover, the adhesive capabilities of L. pa-
racasei 36/1 + L. paracasei 30/1 were noteworthy,
indicating their potential to adhere effectively to
gastrointestinal epithelial cells. Adhesion is critical
for probiotics to colonize the gut mucosa and exert
beneficial effects.

The findings highlight the promising probiotic
potential of L. paracasei 36/1 + L. paracasei 30/1
due to their robust survival in simulated GIT condi-
tions and strong adhesive properties. Further inves-
tigations, particularly in vivo studies, are warranted
to explore their full potential as probiotics for pro-
moting gut health and preventing gastrointestinal
disorders.
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YIELD STABILITY ANALYSIS OF BREAD
WHEAT GENOTYPES IN KAZAKHSTAN

Bread wheat (Triticum aestivum L.) is a significant crop for human nutrition and global food secu-
rity. Ensuring stable wheat yields is crucial, as fluctuations in production can have major effects on food
availability and prices globally. We evaluated 82 bread wheat genotypes in two growing seasons using
multi-environment trial analysis (eight environments) in Kazakhstan to identify superior genotypes using
AMMI-based stability statistics. The analysis of variances (ANOVA) of AMMI showed that environmental
effects largely explained yield variability (87.6 %), whereas the contribution of genotype (2.79 %) and
genotype-environment interaction (8.19 %) had minimal influence. An estimated set of stability pa-
rameters showed positive correlations between each other, and these measurements can be utilized to
choose stable genotypes. The mean yield of bread wheat genotypes ranged from 24.5 to 17.9 centners
per ha. Genotypes 342/08 (G62), Line P-1413m (G8), Lyutescens 54 190/09 (G54), 233/10 (G58), Ba-
jterek 15 (G25), and Lyutescens 57 4/09 (G52) were shown to be the most stable and productive based
on AMMI-based stability scores for grain yield. Breeders and farmers could use these samples as stable
and high-performing genotypes in a wide range of environments in Kazakhstan. Future studies could use
more growth seasons to identify the most stable genotypes.

Key words: yield, AMMI, bread wheat, productivity, stability, multi-environment trials, genotype-
environment interaction, superior genotypes.
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KaszakcraHaafbl XKymcak, 6MAait reHoTunTepi
OHIMAAITiHIH, TYPAKTbIAbIFbIH TAaAAQY

Kymcak 6uaarn (Triticum aestivum L.) aAaMHbIH TaMak TaHybl MeH XKahaHAbIK, a3bIK-TYAIK Kayinci3Airi
YLWiH MaHbI3Abl AAKbIA 60AbIN TabbiAasbl. BUAANABIH TYPaKThl BHIMAIAITIH KaMTaMachl3 €Ty 6Te MaHbl3Abl,
OMTKEHI BHAIPICTIH aybITKybl BYKIA 9AEMAE a3biK-TYAIK MeH Garara alTapAblKTal acep eTyi MyMKIH.
biz AMMI HerisiHA€eri TypakTbIAbIK, CTaTUCTMKACbIH MaAdAaHa OTbIPbIMN, €H, >KaKCbl F€HOTUMTEPAI
aHbikTay ywid KasakcraHaa ap TYPAI CblHAK, TaAAQYbIH KOAAQHbIM (Ceri3 3KOAOTMSAbIK >KaFaan), exi
BEreTauusiAbIK, MayCbIMAA KYMcak 61AariAbiH 82 reHoTUMIH HararaAblk. AMMI AMCepCUsIAbIK TaAsaYbl
(ANOVA) kopluaFaH opTaHblH 8cepi Heri3iHeH OHIMAIAIKTIH e3repriwTiriH (87,6%) TyCiHAIPETIHIH
KOPCETTIi, aA reHOTUNTIH, (2,79 %) >X8He reHOTUMN-0pPTaHbIH ©3apa apekeTTecyiHiH (8,19 %) yAeci eH a3
acep eTTi. TypakTbIAbIK, MapaMeTpAepiHiH 6araraHFaH KMbIHTbIFbI ©3apa OH KOPPEASLMSIHBI KOPCETTi
XoHe BYA OALIEMAEPAI TYPaKTbl FreHOTUNTEPAI TaHAAY YLIiH ManaasaHyra 6oAaabl. XXymcak Gmaan
reHOTUMNTEPIHIH opTala eHIMAIAIri 24,5-TeH 17,9 u/ra-Fa aeiiH 6oaabl. 342/08 (G62), P-1413m (G8),
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AtoTecueHc 54 190/09 (G54), 233/10 (G58), banTepek 15 (G25) xaHe AtoTecueHc 57 4/09 (G52) re-
HoTunTepi AMMI HerisiHAeri A8H OHIMAIAIMIHIH TYpPaKTbIAbIFbIH OaFaAay HerisiHAe eH TypakTbl XKeHe
eHiMAI 60AAbI. CeaekumoHepAep MeH hepmepaep GyA yAriaepai KasakcTaHHbIH KeH ayKbIMbIHAQ Ty-
pakTbl >KOHe XKOFapbl OHIMAI FEHOTUNTEP PETiHAE NarAaAaHa aAasbl. boAallak 3epTTeyAep eH TYpaKTbl
reHOTUINTEPAI aHbIKTay YLIiH Ke6ipeK BereTaumsaAbiK KE3eHAEPAI KaMTYbl MYMKIH.

Ty#in cesaep: WbIFbIMABIABIK, AMMI, >kymcak, 61Aai, OHIMAIAIK, TYPaKTbIAbIK, 9PTYPAI OpTarapAa
CblHAYy, FEHOTMM-OPTaHbIH 63apa 9PEKeTTeCYi, KOFapbl FeHOTUMNTEp.
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AHaAM3 CTAOMABHOCTM YPOXKAMHOCTH FT€éHOTHIOB
msarkon nwenuubl B Kazaxcrane

Msirkas nwenuua (Triticum aestivum L.) 9BASETCS BaXKHOM KYAbTYPOM AAS MUTAHWS YeAOBeka M
rA0GaAbHOM MPOAOBOALCTBEHHOM He3onacHocTr. ObecrneyeHre CTabMAbHBIX YPOXKaeB MueHULbl Mme-
€T peliaiollee 3HaueHue, NOCKOAbKY KOAebaHWsi MPOM3BOACTBA MOTYT OKa3aTh CEPbE3HOE BAMSIHME Ha
AOCTYMHOCTb MPOAOBOABCTBUS U LieHbl BO BCeM Mupe. Mbl oLeHnBaAn 82 reHoTMNa MArkoi miieHuLbl
B TeyeHue ABYX BereTtalMOHHbIX MepuoAoB B KasaxcTaHe, MCMOAb3YsS MyAbTU-CPEAOBbIM aHaAM3 (BO-
CeMb CpeA), UTOObI BbISIBUTb AyUlliME FreHOTUIbI C UCMOAb30BAaHMEM CTAaTUCTUKM CTABMABHOCTM Ha OC-
HoBe AMMI. AucnepcuronHbiit aHaan3 (ANOVA) AMMI nokasaa, 4To BAUSHWE OKPY>KatoLLLen CpeAbl B
3HaUMTEAbHOM CTerneHn 0ObICHIET M3MEHUMBOCTb YPOXKaMHOCTH (87,6 %), TOraa Kak BKAQA reHoTumna
(2,79 %) v B3aumoaencTBmg reHotun-cpeaa (8,19 %) MMeAn MMHUMAAbHOE BAMSHME. AHAaAU3UPYEMble
napameTpbl CTABUABHOCTU MOKA3aAM MOAOXKUTEAbHYIO KOPPEASLIMIO MEXAY CO60M, 1 3T M3MepeHus
MO>KHO MCMOAb30BaThb AAS BbIGOPA CTABMAbHBIX FTeHOTUMOB. CPEAHSISI YPOSKANHOCTb FEHOTUIMOB MSTKOM
nweHnubl korebaaachb oT 24,5 Ao 17,9 u/ra. INokasaHo, yto reHotunbl 342/08 (G62), AvHug P-1413m
(G8), AtotecueHc 54 190/09 (G54), 233/10 (G58), bantepek 15 (G25) n G52 (AoTecueHc 57 4/09)
6bIAM HanboAee CTabUAbHBIMM M MPOAYKTMBHBIMM Ha OCHOBE 3HaueHnii AMMI cTabMAbHOCTM yposKaii-
HocTh. CeAeKLMOHepb! 1 (hepMepbl MOTYT UCMOAb30BaTb 3TW 06pasLibl B KaUeCTBe CTabUAbHbIX M BbICO-
KOMPOAYKTMBHbIX FT€HOTMIMOB B LLUMPOKOM AMana3oHe cpea KasaxcraHa. byaAylume nccaepoBaHus MoryT
BKAIOYATb GOAbLLE BEr€TaLMOHHbIX CE30HOB AAS BbISIBAEHMSI HAMOOAEE CTAaBUAbHBIX FEHOTUIMOB.

KAtoueBble cAOBa: ypoXKanHoCTb, AMMI, Msirkas nieHuua, NpoAYKTMBHOCTb, CTAOMABHOCTb, MYAb-
TUCPEAOBbIE MCTbITaHUSI, B3aMMOAENCTBME FeHOTUMA M OKPY>KaIoLLEe CPeAbl, AyYllve reHOTHUIbI.

Introduction

Triticum aestivum L., commonly known as com-
mon wheat or bread wheat, is one of the world’s
most widely cultivated cereal grains. Enriched with
carbohydrates, proteins, dietary fiber, and an ar-
ray of essential vitamins and minerals, including B
vitamins, iron, zinc, and magnesium, bread wheat
grains form an indispensable component of diets
worldwide [1]. It is used in a variety of food prod-
ucts, such as bread, pasta, and cereals. Wheat is a
cornerstone of Kazakhstan’s economy, contribut-
ing significantly to the country’s agricultural output
and export earnings. Kazakhstan consistently ranks
among the world’s top wheat exporters, with a sub-

stantial portion of its agricultural land dedicated to
wheat cultivation [2].

Yet, the country’s wheat yield, averaging 1.2-1.3
tons per hectare, experiences fluctuations attributed
to various factors, encompassing climatic nuances
and agrotechnical conditions. In 2023, wheat pro-
duction was estimated at 12.1 million tons, below
the five-year average [3]. In contrast, total wheat
production, including winter and spring crops, was
16.4 million tons in 2022, above the five-year av-
erage [4]. These fluctuations indicate the dynamic
nature of wheat yields in Kazakhstan, which is influ-
enced by various internal and external factors.

Identifying high-performing wheat cultivars is
crucial for improving wheat production and nutri-
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tional security, especially in regions heavily reliant
on wheat. The highest grain yield in most cases was
not the most stable. Stability, in this context, refers
to the consistent performance of a variety despite
fluctuations in environmental conditions [5]. As a
complex trait, yield is largely determined by various
agronomic characteristics, with environmental and
genetic factors exerting significant influence [6].

Multi-environment trials (METs) are a cru-
cial component of wheat breeding and agronomic
research as they are designed to assess the perfor-
mance of wheat genotypes (cultivars, lines, hybrids,
etc.) across multiple locations (environments) and
over multiple growing seasons. The primary goal of
METs is to identify genotypes that exhibit consis-
tent performance and adaptability across diverse en-
vironments, thereby facilitating the selection of su-
perior genotypes for further breeding advancement
or commercial release [7, 8, 9].

The degree of genotype-environment (G x E)
interaction may be analyzed using various numeri-
cal and graphical stability methods, which can also
be used to identify genotypes with high seed yields
and stability under different environmental cir-
cumstances [10]. AMMI-based stability statistics
refer to stability measures derived from the Addi-

tive Main Effects and Multiplicative Interaction
(AMMI) model [11]. AMMI-based stability statis-
tics aim to assess the stability of genotypes across
different environments (such as varying growing
conditions, locations, or years) by accounting for
the main effects of genotypes and environments and
their interactions. The AMMI offers advantages in
capturing GEI patterns, improving yield estimates,
providing meaningful interpretation, and identifying
stable high-yielding genotypes through its analyti-
cal and graphical capabilities. This study aimed to
identify superior genotypes of Kazakhstan breeding
using METs and AMMI analysis to select genotypes
with high yield and phenotypic stability.

Materials and methods

The seeds of 82 bread wheat genotypes used
in this study were sourced from various breeding
organizations in Kazakhstan (Table 1). The collec-
tion included 12 cultivars and lines from the Aktobe
Agricultural Station, 13 from the Karaganda Agri-
cultural Station, 31 from the Karabalyk Agricultural
Station, 16 from the Barayev Research and Pro-
duction Center for Grain Farming, and 10 from the
North Kazakhstan Agricultural Station.

Table 1 — Origin of bread wheat genotypes field-tested in eight environments of Kazakhstan

Code Genotype name Origin Code Genotype name Origin
Gl Aktyube 39 Aktobe AS G42 Ajna Karabalyk AS
G2 Stepnaya 2 Aktobe AS G43 Fantaziya Karabalyk AS
G3 Stepnaya 50 Aktobe AS G44 5-14 Karabalyk AS
G4 Ekada 113 Aktobe AS G45 3-26 Karabalyk AS
G5 Dinastiya Aktobe AS G46 14-12 Karabalyk AS
G6 Stepnaya 53 Aktobe AS G47 15-14 Karabalyk AS
G7 Stepnaya 75 Aktobe AS G48 17-19 Karabalyk AS
G8 Line P-1413m Aktobe AS G49 Lyutescens 47 55/00 Karabalyk AS
G9 Line P-1415m Aktobe AS G50 Lyutescens 3 67/02 Karabalyk AS
G10 Line 201/ 21g. Aktobe AS G51 Lyutescens 17 174/08 Karabalyk AS
Gl11 Line 205/ 21g. Aktobe AS G52 Lyutescens 57 4/09 Karabalyk AS
G12 Line 225 /21g. Aktobe AS G53 Lyutescens 32 12/09 Karabalyk AS
G13 Lyutescens 2261 Karaganda AS G54 Lyutescens 54 190/09 Karabalyk AS
Gl4 Lyutescens 2262 Karaganda AS G55 Lyutescens 20 161/08 Karabalyk AS
G15 Lyutescens 1519 Karaganda AS G56 Lyutescens 11 95/10 Karabalyk AS
Gl6 Lyutescens 2202 Karaganda AS G57 176/09 Barayev RPCGF
G17 Lyutescens 2203 Karaganda AS GS58 233/10 Barayev RPCGF
G18 Lyutescens 2205 Karaganda AS G59 347/11 Barayev RPCGF
G19 Lyutescens 2207 Karaganda AS G60 312/10 Barayev RPCGF
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Continuation of the table

Code Genotype name Origin Code Genotype name Origin

G20 Lyutescens 2210 Karaganda AS G61 16/09 Barayev RPCGF
G21 Karagandinskaya 55 Karaganda AS G62 342/08 Barayev RPCGF
G22 Lyutescens 2264 Karaganda AS G63 248/10 Barayev RPCGF
G23 Lyutescens 2240 Karaganda AS Go4 55/08 Barayev RPCGF
G24 Lyutescens 2265 Karaganda AS G65 21/11 Barayev RPCGF
G25 Bajterek 15 Karaganda AS G66 330/12 Barayev RPCGF
G26 2-9 Karabalyk AS G67 225/12 Barayev RPCGF
G27 3-9 Karabalyk AS G68 66/10 Barayev RPCGF
G28 5-12 Karabalyk AS G69 129/12 Barayev RPCGF
G29 8-13 Karabalyk AS G70 25/13 Barayev RPCGF
G30 9-13 Karabalyk AS G71 371/13 Barayev RPCGF
G31 10-13 Karabalyk AS G72 238/09 Barayev RPCGF
G32 11-13 Karabalyk AS G73 435/1yut2 North Kazakhstan AS
G33 12-13 Karabalyk AS G74 659/12 North Kazakhstan AS
G34 13-13 Karabalyk AS G75 486/lyut22 North Kazakhstan AS
G35 14-13 Karabalyk AS G76 63/lyut37 North Kazakhstan AS
G36 15-14 Karabalyk AS G77 23/07 North Kazakhstan AS
G37 16-14 Karabalyk AS G78 218/10 North Kazakhstan AS
G38 20-16 Karabalyk AS G79 Erit 42/12 North Kazakhstan AS
G39 21-16 Karabalyk AS G80 Lyut 13/12 North Kazakhstan AS
G40 22-16 Karabalyk AS G81 Shl‘l’lrfli?l‘siﬁi‘;ayyaa% North Kazakhstan AS
G41 25-16 Karabalyk AS G82 Omskaya 36 North Kazakhstan AS

Note — AS — Agricultural Station, RPCGF — Research and Production Center for Grain Farming

The studies were conducted in the 2022 and 2023
growing seasons under non-irrigated conditions at
four locations in Kazakhstan (Table 2). These sites
were chosen to represent different agroclimatic
zones. The longitude, latitude, soil type, and precipi-
tation of those ecological areas are shown in Table
2. The experiment was laid out in a randomized

complete block design with two replications. A plot
size of 5 m? was used for the grain yield evaluation.
The locations where the experiment was con-
ducted were different regarding seasonal rainfall
and temperature (Table 3, Fig. 1). Therefore, combi-
nations of years (2022 and 2023) and four locations
were considered eight different environments.

Table 2 — Characteristics of environmental conditions at experimental research stations

Environment Altitude (m) Latitude Longitude Soil type
Barayev Research gnd Pr0(.1ucti0n Center for 340 51037°58), 71°02°28 southern carbonate
Grain Farming chernozem
Karaganda Agricultural Station 531 50°10'42" 72°44"20" dark chestnut
North Kazakhstan Agricultural Station 143 54°10'42" 69°31'31" ordinary chernozem
Karabalyk Agricultural Station 208 53°51'06" 62°06'14" ordinary chernozem
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Table 3 — Weather characteristics at the experimental research stations in 2022 and 2023 growing seasons

Environment Parameter April May June July August September October
T 2022 (°C) 8.3 15.7 20.2 21.1 17.2 13.2 34
R 2022 (mm) 3.0 16.9 22.2 52.9 252 8.0 14.9
Barayev RPCGF
T 2023 (°C) 32 15.3 20.0 24.4 19.0 11.8 6.6
R 2023 (mm) 4.1 2.5 13.2 10.6 12.7 332 19.7
T 2022 (°C) 7.9 15.1 24.9 20.2 17.0 13.5 39
R 2022 (mm) 6.8 15.3 12.0 55.9 10.2 4.5 24.4
Karaganda AS
T 2023 (°C) 5.2 13.7 14.9 22.5 19.1 12 6
R 2023 (mm) 3.5 16.6 40.3 40.1 29.2 31.5 342
T 2022 (°C) 8.6 14.8 18.7 21.2 18.0 13.3 4.4
North Kazakhstan | R 2022 (mm) 18.2 7.6 527 | 836 353 14.0 23.4
AS T 2023 (°C) 6.9 14.1 19.1 24.1 18.4 13.4 6.0
R 2023 (mm) 2.2 223 41.1 22.7 59.3 343 48.6
T 2022 (°C) 9.8 13.5 18.9 23.4 222 14.7 4.8
R 2022 (mm) 13.4 40.6 20.9 17.7 10.5 17.0 22.0
Karabalyk AS
T 2023 (°C) 8.2 16.9 19.9 25.2 18.8 14.0 59
R 2023 (mm) 2.3 10.3 393 232 117.4 54.4 58.2
Note — T — Temperature, R — Rainfall
Barayev Research and Production Center for Grain Farming, Kazakhstan Karaganda Agricultural Station, Kazakhstan
S1N, T1E | Elevaton: 340 m | Climate Class: Dib | Years: 1593-2022 50N, 72E | Elevation: 531 m | Climate Class: Dfb | Years: 19932022
Tre o T Tee e e | T | e
- - Feb -14.4 16.8 Feb 135 207
Mar 58 197 ] e War &0 251
Apr 50 207 Apr 64 238
an o Way 140 307 24 [ May 138 347
un 82| 422 Jun 191 438
2 2 Jul 207 852 2 B m 207 | 502
Aug 190 333 Aug 102 | s12
o - Sep 12611 200 o [ Sep 125 185
. 49| 264 ot 48 277
0 0, Nov a7 255 o Nov 54 308
. Dec 126 210 Dec  -121 | 244
Tempessiure Mearc 3.4 °C Precipitation Sum: 326.1 mm Temperature Mean: 3.7 °C Precipitation Sum: 350.7 mm
North Kazakhstan Agricultural Station, Kazakhstan Karabalyk Agricultural Station, Kazakhstan
54N, B0E | Elevation: 143 m | Climate Glass: Bfb | Years: 1903-2022 53N, 62E | Elevaticn: 208 m | Climate Class: Dfb | Years: 1993-2022
Ll [y Month | Temp  Precip . La Month = Temp | Pracip
e A
and o ::: ‘ji :Zj = =0 Mar 61 218
fpr 53 204 . " ﬁ“ 132 i‘;:
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Figure 1 — Long-term meteorological data in 4 experimental locations in Kazakhstan [12]
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All of the statistical analyses presented in this
study were performed with R statistical software
(version 4.1.3), using the package “METAN” for

Table 4 — Stability statistics and indices used in this study

stability analysis of multi-environment trial data
[13]. Table 4 represents different statistics and indi-
ces analyzed to evaluate yield stability in this study.

Stability statistics Symbol Pattern of Selection | Type of Method References
Averages of the squared eigenvector values Ev Minimum value Parametric [14]
Sums of the absolute value of the IPC scores SIPC Minimum value Parametric [15]
Distance of IPCAs point with origin in space DA Minimum value Parametric [16,17]
Zhang’s D Parameter DZ Minimum value Non-Parametric [17]
Stability measure based on fitted AMMI model FA Minimum value Parametric [18,19]
AMMI stability value ASV Minimum value Parametric [20]
Modified AMMI stability value MASV Minimum value Parametric [19]
;lglé: :Esolute value of the relative contribution of 7a Minimum value Parametric [19]
I?é;%ﬁig;i;?;iﬁﬁ?ms of the absolute value AV(AMGE) Minimum value Parametric [19]
AMMI stability index ASI Minimum value Parametric [21]
Modified AMMI stability index MASI Minimum value Parametric [22]
Weighted average of absolute scores WAAS Minimum value Parametric [13]

Results and discussion

Eighty-two bread wheat genotypes sourced from
Kazakhstan’s germplasm were evaluated for grain
yield performance. The yearly temperature and wa-
ter supply fluctuations throughout the two growing
seasons created diverse environmental conditions
for assessing bread wheat yield stability. The mean
grain yield varied across all environments, ranging
from 6.8 (Karaganda AS) to 30.7 (Karabalyk AS)
centners per hectare. The descriptive statistics for
yield, including mean, maximum, and minimum,

standard error of the mean, and standard deviation
across all environments, are detailed in Table 5. The
highest mean grain yield among the genotypes was
observed at the Karabalyk Agricultural Station. At
the same time, the lowest was recorded at the Kara-
ganda Agricultural Station, highlighting significant
differences in yield between these locations. Spe-
cific genotypes demonstrating superior performance
under distinct environmental conditions were iden-
tified, offering valuable insights for breeding pro-
grams to develop more resilient and high-yielding
crop varieties.

Table 5 — Bread Wheat Yield Values (centners per hectare) by Location and Year

Environment Year min max Mean SE SD Winner genotype
2022 7.7 20.6 15.5 0.3 2.9 15-14 (G36)
Barayev RPCGF 2023 9.8 20.8 15.6 0.3 2.3 342/08 (G62)
average 8.8 20.7 15.6 0.3 2.6 Fantaziya (G43)
2022 24.1 39.8 33.0 0.4 34 Dinastiya (G5)
Karabalyk AS 2023 17.9 35.7 28.4 0.4 3.6 486/lyut 22 (G75)
average 21.0 37.8 30.7 0.4 3.5 Lyutescens 32 12/09 (G53)
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Continuation of the table

Environment Year min max Mean SE SD Winner genotype
2022 26.9 42.4 34.6 0.4 3.5 248/10 (G63)
North Kazakhstan AS 2023 11.6 234 17.6 0.3 2.6 16/09 (G61)
average 19.3 32.9 26.1 0.3 3.0 Line P-1413m (G8)
2022 5.4 18.5 11.2 0.3 2.5 Bajterek 15 (G25)
Karaganda AS 2023 8.1 23.5 18.4 0.3 2.7 248/10 (G63)
average 6.8 21.0 14.8 0.3 2.6 Bajterek 15 (G25)

Note — c/ha — centners per hectare, SE- standard error of the mean, SD- standard deviation

The AMMI ANOVA was introduced in the
current investigation concerning the yield perfor-
mance of 82 bread wheat genotypes evaluated in
eight environments. This statistical method par-
titioned the total variance of squared yield into
components attributed to genotype, environment,
and their interaction (Table 6). The main effects
of environment, replication, genotypes, and in-
teraction were all highly significant at P < 0.01.
The environment contributed the most to yield

variability (87.6 %), with a significantly smaller
contribution from the genotype (2.79 %) and
genotype-environment interaction (8.19 %). The
Principal Component Analysis (PCA) further re-
vealed that PCA1 and PCA2 explained 34.1 %
and 18 % of the total GE variance (51.1 %) in
AMMI analysis for grain yield, respectively. Pre-
vious findings confirmed that employing the first
two PCAs may explain the greatest GEI in the
majority of cases [23].

Table 6 — AMMI PCA analysis under multi-location trials during 2022-23 growing seasons

o Contribution to variability, %
Source of variation df Sum Sq Mean Sq F value Pr(>F) - -
Yield Interaction
Environment 7 90578 12939.77 70.61 1,46E-06 87.6
Replication 1466 183.27 32.68 2,89E-43 1.42
Genotype 81 2881 35.57 6.34 1,04E-43 2.79
Interaction 567 8467 14.93 2.66 3,93E-33 8.19
PC1 87 2886 33.17 591 0.00e+00 34.1
PC2 85 1524 17.92 3.20 0.00e+00 18
PC3 83 1215 14.64 2.61 0.00e+00 14.3
PC4 81 897 11.07 1.97 0.00e+00 10.6
PC5 79 751 9.51 1.70 3.00e-04 8.9
PC6 77 632 8.21 1.46 8.80e-03 7.5
PC7 75 562 7.50 1.34 3.54¢-02 6.6
Residuals 648 3634 5.61
Total 1878 115495 61.5

Twelve stability metrics derived from the
AMMI model were assessed for each genotype’s
mean yield across all environments. All these in-
dices correlated positively (Fig. 2). It was found
that stable genotypes did not necessarily exhibit
high yields; thus, stability alone proved inadequate
as a selection criterion [24, 25]. To address this,
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the Stability Selection Index (SSI), the summing
of the rankings of the stability index and mean
yields, also known as GSI or YSI, was employed
[26]. The 82 genotypes were ordered according to
SSI for each of the twelve stability indices from
the AMMI model, with the highest ranking going
to the genotype with the highest yield and stability
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and the lowest ranking going to the genotype with
the lowest yield and instability (Fig. 3). Genotypes
342/08 (G62), Line P-1413m (G8), Lyutescens 54
190/09 (G54), 233/10 (G58), Bajterek 15 (G25),
and G52 (Lyutescens 57 4/09) were shown to be

Speraman's
Correlation

<10 05 00 05 10

0.42

&

«rﬁgﬁov

*p <005 ™p <001, and ™ p < 0.001

the most stable and high-yielding in the current
study, while genotype G81 (Shortandinskaya 95
uluchshennaya) displayed the lowest stability and
poor yield performance according to SSI calcula-
tions using all stability metrics.

AVAMGE

SIPC

DA — Distance of IPCAs point with origin in space; MASV — Modified AMMI stability value;
AVAMGE — The sum across environments of the absolute value of GEI modeled by AMMI;
WAAS — Weighted average of absolute scores; Z4 — The absolute value of the relative contribution of IPCAs;
EV- Averages of the squared eigenvector values; DZ — Zhang’s D Parameter;
SIPC — Sums of the absolute value of the IPC scores; A4SV — AMMI stability value; A4S/ — AMMI stability index;
MASI — Modified AMMI stability index; F/4 — Stability measure based on fitted AMMI model; Y — grain yield.
* ** and *** Significant at 0.05, 0.01, and 0.001 probability levels, respectively

Figure 2 — Correlation among AMMI-based stability parameters with yield data of 82 bread
wheat genotypes evaluated under eight test environments
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Y — grain yield; 457 — AMMI stability index; A4SV — AMMI stability value;
AVAMGE — The sum across environments of the absolute value of GEI modeled by AMMI;
DA — Distance of IPCAs point with origin in space; DZ — Zhang’s D Parameter;
EV — Averages of the squared eigenvector values; /4 — Stability measure based on fitted AMMI model;
MASI — Modified AMMI stability index; MASV — Modified AMMI stability value;

SIPC — Sums of the absolute value of the IPC scores; Z4 — The absolute value of the relative contribution of IPCAs;

WAAS — Weighted average of absolute scores.

Figure 3 — Ranking of genotypes based on simultaneous selection index (SSI) considering stability
and yield for 82 bread wheat genotypes tested in four locations
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Conclusion

The importance of wheat extends beyond its role
as a staple food; it is crucial for global food secu-
rity and economic development. Wheat production
in Kazakhstan contributes significantly to both local
consumption and international markets. Kazakhstan
faces challenges due to adverse climate conditions
such as short growing seasons, low precipitation,
and temperature extremes, which can limit yields.
Certain genotypes may thrive in specific environ-
ments but perform poorly in others, highlighting the
importance of selecting suitable genotypes for tar-
get environments. Selecting genotypes with broad
or particular adaptation involves conducting multi-
environment trials to identify which genotypes per-
form best across different conditions. This ensures
that farmers can choose cultivars that maximize
yield and minimize risks associated with environ-
mental variability.

This study assessed 82 bread wheat genotypes
of Kazakhstan breeding for grain yield and exam-
ined eight environmental conditions. The eight en-
vironments (Location + Year) varied in temperature
and precipitation during the 2022-2023 growing
seasons.

Yields in Barayev RPCGF were 15.5 and 15.6
c/ha in 2022 and 2023, respectively, which farm-
ers consider a good result, even though 2023 was
characterized by insufficient rainfall in June and
July. Despite insufficient rainfall in June and July
of 2023, grain yields at Barayev RPCGF reached
15.5 and 15.6 c/ha in 2022 and 2023, respective-
ly, which farmers deemed satisfactory. Among
the tested genotypes, lines 15-14 (G36), 342/08
(G62), and Fantaziya (G43) demonstrated notable
performance in terms of yield. Specifically, lines
15-14 (G36) and 342/08 (G62) displayed consis-
tently high yields across all experimental locations,
whereas Fantaziya (G43) exhibited lower yield sta-
bility indices.

The lowest yield of 14.8 c/ha was observed
in Karaganda AS. Over two years, the cultivar
Bajterek 15 (G25) consistently performed well,
achieving an average yield of 24.2 c/ha. This culti-
var demonstrated notable stability across all tested
environments.

In Karabalyk AS, despite two consecutive dry
years, the highest average yield was recorded — 30.7
c/ha. Among the tested cultivars, Dinastiya (GS5),
486/lyut 22 (G75), and Lyutescens 32 12/09 (G53)
exhibited the highest maximum yields. However,
only 486/lyut 22 (G75) and Lyutescens 32 12/09

(G53) demonstrated moderate yield stability across
all eight environmental conditions.

Despite challenging conditions in the 2023
growing season in North Kazakhstan AS, the aver-
age yield reached 26.1 c/ha. Among the evaluated
cultivars, 248/10 (G63), 16/09 (G61), and Line P-
1413m (G8) demonstrated the highest yields. Partic-
ularly noteworthy, Line P-1413m (G8) exhibited ex-
ceptional yield stability across all research regions.

The average yield varied significantly across
different regions: Karabalyk AS recorded the high-
est yield (30.7 c/ha), whereas Karaganda AS and
Barayev RPCGF reported the lowest yields at 14.8
c/ha and 15.6 c/ha, respectively. Recent studies on
wheat yield have indicated a strong correlation with
precipitation levels, particularly in June and July
[19]. Furthermore, soil types varied among these
regions, with North Kazakhstan and Karabalyk Ag-
ricultural stations having ordinary chernozem soil
and Barayev RPCGF and Karaganda AS featuring
southern carbonate chernozem and dark chestnut
soils, respectively. These soil differences under-
score the significant impact of soil type on crop pro-
ductivity, particularly in challenging environmental
conditions.

The AMMI analysis of variance highlighted that
environmental factors exerted the most significant
influence on the variability in grain yield. This find-
ing underscores the crucial role of environmental
conditions, including temperature, precipitation,
soil quality, and agricultural practices, in shaping
wheat productivity. The study identified substantial
variations in grain yield across different environ-
ments, genotypes, and their interactions (GEI), with
statistical significance observed at 0.1% (p < 0.001)
based on the combined ANOV A mean squares. Ad-
ditionally, the analysis indicated that the first two
principal components effectively explained the gen-
otype-environment interactions (GEI).

The research utilized twelve stability metrics
derived from the AMMI model to assess the mean
yield of each genotype across diverse environ-
mental conditions. The positive correlation among
these stability indices suggests their suitability for
selecting desirable genotypes. Based on the Sta-
bility Selection Index (SSI), the study ranked 82
genotypes, emphasizing those with optimal yield
and stability. Genotypes such as 342/08 (G62),
Line P-1413m (G8), Lyutescens 54 190/09 (G54),
233/10 (G58), Bajterek 15 (G25), and G52 (Lyu-
tescens 57 4/09) emerged as the top performers,
exhibiting superior stability and high yield across
eight environments.
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The analysis provided valuable insights into
identifying wheat cultivars and lines that can con-
sistently yield well across various environments
in Kazakhstan. These results indicate which geno-
types perform optimally and consistently across
eight different environments. Future work could
seek to include additional growing seasons to pin-
point the most stable and high-performing geno-

types.
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GENETIC DIVERSITY AND POPULATION STRUCTURE
OF TULIPA BUHSEANA USING SIMPLE SEQUENCE REPEAT MARKERS

Understanding the genetic diversity and population structure of Tulipa buhseana Boiss. is essential
for its conservation and management. We investigated 282 individuals from 15 populations of Tulipa
buhseana collected in two regions (Almaty, Zhambyl) using SSR (Simple Sequence Repeat) markers.
The results revealed that eight polymorphic SSR markers identified 31 alleles across the studied popula-
tions. The genetic diversity indices, including Nei’s diversity index (uh) and Shannon Information Index
(I), indicated considerable genetic variation within and among populations, with Population 9 from the
Almaty region exhibiting the highest genetic diversity. Analysis revealed high genetic diversity within
populations (66%) and significant differentiation among populations (34%) based on Analysis of molec-
ular variance (AMOVA). PCoA identified two distinct groups, consistent with the dendrogram analysis,
which grouped populations into two main clusters. Bayesian analysis suggested subtle genetic structur-
ing, supporting findings of low population differentiation by STRUCTURE. These results underscore the
complex genetic dynamics of Tulipa buhseana and emphasize the need for tailored conservation strate-
gies to preserve its genetic diversity.

Key words: Tulipa buhseana, Kazakhstan, genetic diversity, population structure, SSR markers, prin-
cipal coordinate analysis (PCoA), AMOVA, dendrogram.
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Kapanaiibim KaifTaraHaTbIH Ti36eK MapkepAepiH KOAAaHy HerisiHae Tulipa buhseana
NOMNMYASILMAAAPbIHbIH, TeHETUKAADBIK, AAYaHTYPAIAITi MEH KYPbIAbIMbI

Tulipa buhseana Boiss. MONyASLMSCbIHbIH, FTEHETUKAAbIK, aAYaHTYPAIAIri MEH KYPbIAbIMbIH aHbIKTay
OHbIH, NMOMYASIUMSIAQPbIH CaKTay >KOHe YTbIMAbl MalAaAaHy YLWiH eTe MaHbI3Abl. byAa skymbicta SSR
MapKepAepiH (KapanaibiM KaiTaAraHaTbIH Ti30eKTeP) KOAAAHY apKblAbl, €Ki aiMakTaH (AAMaTbl XaHe
KamObIA 00AbICTapbl) KMHaAraH Tulipa buhseana oH 6Gec nonyAsuMsiHbIH 282 YATICi 3epTTEAAI.
HatmxxeciHae ceri3 noammopdTbl SSR Mapkepaepi 3epTTeAreH nonyasumsasapaa 371 aAAeAbai
aHbIKTaAbl. [ €HEeTUKaAbIK aAYaHTYPAIAIK MIHAEKCTEPI, COHbIH, iliHAe HelMAiH reHeTUKaAbIK aAyaHTYPAIAIK
mHaekci (uh) xxeHe LLIeHHOHHbIH aknapaTTbiK MHAEKC (1) nonyAsaumsAap ilWiHAeri >kaHe NnonyAaumusaAap
apacblHAAFbl MaHbI3AbI FEHETUKAABIK, BAPUALMSIHLI KEPCETE OTbIPbIMN, OHbIH, iliIHAE AAMaTbl OBAbICHIHAH
JKMHAAFaH 9 TMOMyAUMSl eH >KOFapbl MEHETMKAAbIK, aAYaHTYPAIAIKTI aHbIKTaabl. MOAEKYASPABIK,
amncnepcns (AMOVA) HerisiHAeri Taapay NONyAdaUMs iliHAETI >KOFapbl FeHEeTUKAABIK, aAYaHTYPAIAIKTI
(66 %) »8He nonyAsLmMsAap apacbliHAaFbl alTapAblkTan aAnddpeperumanmsHbl (34 %) aHbikTaAbl. PCoA
MONyASIUMSAAPAbI €Ki Heri3ri KAacTepre TONTacTblpFaH AEHAPOTrPaMMAaAbIK, TaAAAYFa COMKEC eKi TYPAI
KOoOpAMHaTaAapra 6eAAi. baiiec Taapaybl NONYyASUMSHBIH TOMEH KYPbIAbIMABIK, AMPdepeHUMaLUIChI
TypaAbl KOPbITbIHABIAAPAbI  KOAAQMTBIH  CAAbICTbIDMAAbl TEHETUMKAAbIK, KYPbIAbIMABI  AHbIKTaAbI.
byAa HeTuxeaep Tulipa buhseana KypAeAi reHETMKaAbIK AMHAMMKACbIH XOHE OHbIH TeHETUKAAbIK,
AAYaHTYPAIAITIH cakTayAblH YKeKe CTpaTerMsAapbiH 93ipAey KaXKeTTIAIriH KepceTeAi.

Ty#iin ce3aep: Tulipa buhseana, KasakcTaH, reHETMKAAbIK, aAYaHTYPAIAIK, MOMYASILIMS KYPbIAbIMbI,
SSR-mapkepaep, Heri3ri koopamHaTTapabl Taraay (PCoA), AMOVA, aeHaporpamma.
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lFeHeTueckoe pa3Hoobpasue u cTpykrypa nonyasuum Tulipa buhseana
C UCMOAb30BAaHMEM MAPKEPOB MPOCTbIX MOBTOPSIOLLMXCS MOCAEAOBATEALHOCTH

[MoHMMaHMe reHeTMYecKoro pa3Hoobpasus 1 CTpyKTypbl nonyAsumm Tulipa buhseana Boiss. nme-
€T Ba)kKHOe 3HaYeHMEe AAS ero COXpaHeHUs M PaLMOHAAbHOIO UCMOAb30BaHMS. Mbl nccaepoBanmn 282
ocobu n3 15 nonyasumii Tulipa buhseana B aByx pervioHax (Aamaturckas n XKambbirckas o6AacTm)
C ncnoAb3oBaHuem SSR (MpocTble NOBTOPSIOLLMECS MOCAEAOBATEABHOCTM) MapKepoB. Pe3yAbTaTtbl no-
Ka3aAM, YTO BOCEMb MOAMMOPMHbIX MapkepoB SSR naeHTMdULMpoBaAn 31 aAAeAb B M3YUYeHHbIX NOMy-
AAUMAX. MHAEKCbI reHeTM4Yeckoro pasHoobpasmsi, BKAIOYas MHAEKC padHoobpasus Hes (uh) n nHaekc
nHpopmaumm LLieHHoHa (1), ykazaAn Ha 3HAUMTEAbHYIO FEHETUYECKYIO M3MEHUMBOCTb BHYTPU U MEXKAY
MONYASILMSAMM, MPX STOM MONyASUMs 9 M3 AAMATUHCKOM 0OAACTM MPOAEMOHCTPMPOBAAA CaMOE Bbli-
COKOE reHeTMyeckoe pasHoobOpasue. AHAAM3 BbISIBUA BbICOKOE MeHeTM4eckoe pasHoobpasve BHyTpH
nonyAgumin (66%) n 3HaunTeAbHYIO AnddepeHLMaLmio Mexay nonyAaumamm (34%) Ha ocHoBe aHa-
Am3a MoAekyAasdpHor ancnepcnn (AMOVA). PCoA BbISIBUA ABa Pa3AMUHbIX KAACTepa, YTO COrAacyeTcs
C aHAAM30M AEHAPOrpamMmbl, KOTOPbIM CrpynnMpoBaA MOMYASILMM B ABa OCHOBHbIX KAacTepa. baie-
COBCKMI aHaAM3 BbISIBUA TOHKYIO T€HETUUECKYIO0 CTPYKTYPMPOBAHHOCTb, MOATBEP)KAQIOLLYIO BbIBOAbI
0 Huskon andpepeHumanmm nonyAadumm no STRUCTURE. 2Tn pe3yAbTaTbl MOAYEPKMBAIOT CAOXHYIO
reHetTnyeckyto AmHamuky Tulipa buhseana n Heo6X0AMMOCTb pa3paboTKM MHAMBUAYAAbHbBIX CTPATErunii

COXpaHeHnq ee reHeTn4eCcKkoro pa3Hoo6pa3ml.

KaloueBble caoBa: Tulipa buhseana, KasaxctaH, reHeTtunueckoe pasHoobpasue, MonyAsUMOHHAs
CTPYKTYypa, SSR-Mapkepbl, aHaAM3 raaBHbIx koopamHat (PCoA), AMOVA, aAeHaporpaMmma.

Introduction

The Liliaceae Juss. family, is a perennial bul-
bous plant endemic to the regions of Central Asia,
particularly Kazakhstan [1, 2]. One of the largest
genera of the family is Tulipa L., genus comprises
approximately 150 species distributed primarily
across Europe, North Africa, and Asia, with a nota-
ble diversity center in Central Asia [3-7]. The genus
is taxonomically complex and is typically divided
into four subgenera: Eriostemones Raamsd., Tulipa
L., Clusianae (Baker) Zonn., and Orithyia (D. Don)
Baker [5]. These subgenera are further categorized
into 12 sections based on morphological and genetic
characteristics [5, 8].

In Kazakhstan, the genus Tulipa is represented
by 42 species that exhibit significant ecological and
morphological diversity [2, 9]. Among these, spe-
cies Tulipa buhseana Boiss. from the subgenus Eri-
ostemones [10] is a widely distributed in territory of
Kazakhstan [2].

T. buhseana has a bulbs 1-1.5 cm in diameter
with brown, leathery, thin-haired scales at the top.
Its stem is 15-40 cm tall and typically bare, featur-
ing two widely spaced, narrow linear leaves that do
not reach the flower. It is characterized by its woolly
filaments and relatively small, often brightly col-
ored flowers. It bears 1 to 6-8 flowers, which wilt
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after blooming. The tepals are white with a distinct
yellow spot at the base; the outer tepals are dirty-
purple or pink-brown, slightly longer, and almost
twice as long as the inner ones. The filaments are
thin and yellow, with a thick, hairy ring at the base
and sparser hairs along the thread, while the anthers
are short, measuring 4-6 mm. The fruit is an oblong,
sometimes nearly spherical capsule, up to 2 cm long
and about 1 cm wide. It blooms from late March to
April and bears fruit from late May to June [2].

The species is distributed in Kazakhstan’s desert
zone and the foothills of the Tien Shan, extending
from the Aral Sea region to the Balkhash-Alakul de-
pression and the Zhetysu Alatau. Outside Kazakh-
stan, it is found in neighboring regions of Turkmeni-
stan and Uzbekistan, as well as in Northwest China
and Iran [2, 10]. Renowned for its striking floral
morphology and ecological significance, 7. buhse-
ana contributes not only to the biodiversity of the
region but also holds potential ornamental and hor-
ticultural value. Despite its importance, limited ge-
netic information is available on this species, which
poses challenges for its conservation and breeding
programs.

Molecular markers have become indispens-
able tools in plant genetics and breeding, offering
insights into genetic diversity, population structure,
and phylogenetic relationships [11]. Simple Se-
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quence Repeats (SSRs), also known as microsatel-
lites, are particularly valued for their high polymor-
phism, co-dominant inheritance, and reproducibility
among the various types of molecular markers. SSR
markers have been successfully used in many wild
and cultivated plant species to analyses genetic di-
versity, phylogenetic relationships and molecular
breeding [12].

The use of molecular markers in the study of
tulips has advanced our understanding of genetic
relationships, evolutionary history, and species
differentiation within the genus [13-15]. Research
utilizing SSR markers has been instrumental in un-
covering genetic diversity in wild and cultivated
tulip species, assisting in developing of conserva-
tion strategies and breeding programs. Studies on
species such as 7. gesneriana L. and T. sylvestris
M.Bieb. have highlighted the genetic richness and
complexity within the genus, aiding in the identifi-
cation of distinct genetic lineages and hybridization
events [5, 16].

In Kazakhstan, however, the application of mo-
lecular markers in tulip research remains limited.
While some studies [17, 18] have begun to explore

the genetic diversity of certain tulip species in the
region, comprehensive genetic analyses particularly
using SSR markers, are still scarce. This gap in re-
search poses a significant challenge to the conserva-
tion and sustainable use of Kazakhstan’s tulip spe-
cies, including T. buhseana.

This study aims to analyze the genetic diversity
and population structure of 7. buhseana populations
in Kazakhstan using SSR markers. By generating a
comprehensive genetic profile, this research seeks to
enhance our understanding of the genetic resources
of T. buhseana, informing both conservation efforts
and potential breeding initiatives. The findings will
contribute to the broader knowledge of tulip genet-
ics and support efforts to preserve this valuable ge-
netic resource.

Materials and methods

Sample collection

A total of 282 individual plants of Tulipa buhse-
ana were collected from 15 populations across Al-
maty and Zhambyl regions in Kazakhstan (Figure 1;
Table 1).

Zhambyl Region

Pop 8

] Pop4e
Taraz

A Kyrgyzstan [ JEE,

120 240 360 480 km

Figure 1 — Locations of the collected Tulipa buhseana populations in Almaty and Zhambyl regions
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The sample size for each population ranged
from 12 to 21 individuals (Table 1), ensuring ad-
equate representation of genetic diversity within

and among populations. Fresh leaves were collected
from each plant, stored in silica gel, and transported
to the laboratory for further analysis.

Table 1 — Collected information on Tulipa buhseana populations in Kazakhstan

Population number Csia)llilzocltsesd Location
Population 1 21 Almaty region, left bank of Kapchagay sea
Population 2 21 }A{il\r:j;y region, right bank of Kurty River (Kurty River is the left tributary of the Ili
Population 3 18 Almaty region, right bank of the Ili River
Population 4 12 il;j:rﬂ;};lsfz)gion, Kordai district, near the Tarylgan river (Tarylgan — river of the Shu
Population 5 21 Almaty region, northeast of Konaev city
Population 6 19 Almaty region, 5-6 km along the Ili River
Population 7 20 Zhambyl region, Kordai district, at the turn to the village of Sogandy
Population 8 20 Zhambyl region, Kordai district, right bank of the Tarylgan River
Population 9 20 Almaty region, near the Kurtinsky reservoir
Population 10 21 Almaty region, left bank of Kurty River
Population 11 20 Zhambyl region, near the village of Degeres
Population 12 21 Almaty region, Chu-Ili mountains, Tambaly tas
Population 13 21 Zhambyl region, near the village of Matybulak, Kyzylkainar
Population 14 15 Almaty region, Balkhash district
Population 15 12 Almaty region, Balkhash district, Malaysary

DNA Extraction

Genomic DNA was extracted from the dried leaf
samples using the CTAB (cetyltrimethylammonium
bromide) method with minor modifications to opti-
mize yield and purity [19]. Approximately 25 mg
of leaf tissue was ground to a fine powder using lig-
uid nitrogen. The powder was then mixed with 700
pL of CTAB extraction buftfer (2% CTAB, 100 mM
Tris-HCI pH 8.0, 20 mM EDTA, 1.4 M NaCl, 1%
polyvinylpyrrolidone) and incubated at 65°C for 30
minutes. Following incubation, an equal volume of
chloroform alcohol (24:1) was added, and the mix-
ture was centrifuged at 12,000 rpm for 10 minutes.
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The supernatant was transferred to a new tube, and
DNA was precipitated with isopropanol. The DNA
pellet was washed with 70% ethanol, air-dried, and
resuspended in 100 pL of TE buffer (10 mM Tris-
HCI, 1 mM EDTA, pH 8.0).

PCR Amplification and Visualization

Fifteen SSR markers specific to Tulipa species
were selected [20] for this study based on their high
polymorphism and reproducibility (Table 2). The
PCR reactions were carried out in a total volume of
20 pL, containing 10 ng of genomic DNA, 10 pL of
2X PCR Master Mix (Thermo Scientific, USA), 0.5
UM of each primer, and nuclease-free water.
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Table 2 — Characteristics of simple sequence repeat (SSR) primers [20] used in genetic diversity analysis of Tulipa buhseana

populations

Ne Primer Sequence (5°-3°) ]i‘:;l; ¢ (cbf;;l Motif Ann(eoz:lji)ng T
L | RTCTCCTTTCCATGITICCTC SR Becalt I
[ ] e | W | oo |
3 | G RACATGOATTCCAAACAAGAG M| (Ao N
s | G RACCGAACTCCICGCATATAAC 8 | amop ¥
s | e RCACTOTCGTCATCITCTCCA e | cam ¥
oo | e | e | e |
A e e
- RAGTCATTCOATCCTCGAGTC. i I *
I R e B
10 | CTTIACATGUAGATAATGTTAACAA 2 (s N
] e, | e | cowo |
| K RTGGGTTTCACITAAACAGCT 75 | (Gramaan | s
o | ] et | | oo [
o] ] s [ e [ eo |
s [ | ety | v | e [
The PCR cycling conditions were as follows: Data Analysis

an initial denaturation at 95°C for 3 minutes, fol-
lowed by 35 cycles of 95°C for 30 seconds, 54-57C
(depending on the primer) for 30 seconds, and 72°C
for 1 minute, with a final extension at 72°C for 10
minutes. The QIAxcel Connect System for capil-
lary electrophoresis (QIAGEN, Germany) was em-
ployed, utilizing the QIAxcel DNA High-Resolution
Kit and the QX Alignment Marker (15 bp/3 kb) to
separate PCR products. The SSR alleles were scored
based on their size relative to the 100 bp DNA lad-
der (Thermo Scientific, USA).

Genetic diversity parameters, including the
number of alleles per locus (na), number of effec-
tive alleles (ne), Nei’s genetic diversity index (uh)
and the Shannon Information Index (I), and the
polymorphic information content (PIC), genetic dif-
ferentiation (Fst), and gene flow (Nm) were calcu-
lated using GenAIEx 6.5 software [21]. Addition-
ally, variation among populations was studied using
Principal Coordinate Analysis (PCoA), and Analy-
sis of Molecular Variance (AMOVA) was conduct-
ed using GenAlEx 6.5 software [21] to partition ge-
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netic variance within and among populations. The
unrooted dendrogram for fifteen 7. buhseana popu-
lations based on the neighbor-joining (NJ) method
was constructed using PAST software [22]. Popu-
lation structure was assessed using STRUCTURE
2.3.4 software [23], which employs a Bayesian clus-
tering method to infer the number of genetic clusters
(K) within the sample set. The optimal K value was
determined by running the program with K values
ranging from 1 to 15 and using the AK method de-
scribed by Evanno et al. [24].

Results and discussion

Fifteen SSR primer pairs were utilized to assess
genetic diversity within and among fifteen popula-
tions of 7. buhseana collected in Almaty and Zham-
byl regions. Based on the analysis of sample profiles
across all fifteen populations using 15 SSR mark-
ers, eight SSR markers (Ca-2572, Ca-3952, Ca-
5526, Ca-5553, Ca-6950, Ca-7862, Kn-2291, and
Kn-7108) were found to be polymorphic (Table 3),
while rest seven SSR markers were monomorphic.

Thirty-one alleles were identified among the 8
polymorphic microsatellite loci. The number of al-
leles (Na) per locus ranged from 2 (Ca-3952, Ca-
6950) to 8 (Ca-3952), with an average of 3.9. The
effective number of alleles (Ne) varied from 1.4 to
3.4, averaging 2.0 (Table 3). The most polymorphic

loci were Ca-3952, Ca-5553, and Kn-2291, while
Ca-6950 was the least polymorphic marker. Popula-
tions 8 and 15 exhibited the largest number of unique
alleles with low frequencies at locus Ca-3952. The
overall Nei’s genetic diversity index (uh) was 0.460.
The Shannon information index ranged from 0.387
to 1.315, with an average of 0.728 (Table 3). The
mean polymorphism information content (PIC) in-
dex for the SSR markers was 0.592, ranging from
0.449 (Ca-6950) to 0.822 (Ca-3952). The range of
PIC values, from 0.449 to 0.822, illustrates the vari-
ability in informativeness among the SSR markers.
An SSR marker is considered informative when its
PIC value is 0.5 or higher [25]. The marker Ca-3952,
with a PIC value of 0.822, is particularly noteworthy
as it indicates a high degree of allele diversity and
utility in distinguishing genetic differences within
the population. Conversely, Ca-6950, with a PIC
value of 0.449, is less polymorphic but still useful
for certain applications. The average fixation index
(Fst) was 0.287. Gene flow (Nm) ranged from 0.333
to 1.090, with an average of 0.690 (Table 3). In our
study, the Nei’s and Shannon’s genetic diversity in-
dices are higher than the results obtained for Tulipa
accessions using the CDDP method as reported by
Haerinasab et al. [26], which showed these indices
of 0.23 and 0.38, respectively. This demonstrates
that SSR markers are highly informative compared
to other types of molecular markers.

Table 3 — Assessment of the genetic diversity of simple sequence repeat markers in populations of Tulipa buhseana

Ne Primers Na Ne uh PIC F, N,
1 Ca-2572 4 2.0 0.772 0.515 0.518 0.221 0.881
2 Ca-3952 8 3.4 1.315 0.708 0.822 0.187 1.090
3 Ca-5526 2 1.6 0.533 0.376 0.450 0.209 0.945
4 Ca-5553 4 1.9 0.688 0.419 0.650 0.390 0.391
5 Ca-6950 2 1.4 0.387 0.272 0.449 0.428 0.333
6 Ca-7862 4 1.8 0.687 0.432 0.580 0.297 0.592
7 Kn-2291 4 1.9 0.703 0.471 0.645 0.310 0.557
8 Kn-7108 3 1.9 0.742 0.487 0.619 0.256 0.726
Mean 3.9 2.0 0.728 0.460 0.592 0.287 0.690
SE 0.104 0.071 0.033 0.018 0.123 0.031 0.095
Notes: Na — number of alleles per locus; Ne — effective number of alleles; I — Shannon’s Information Index; uh — Nei’s genetic
diversity index; PIC — polymorphism information content; F_— fixation index; N, — gene flow value; SE — Standard error
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The analysis of 15 populations of 7. buhseana
revealed a range in the number of alleles (Na) from
2.1 in Populations 7 and 15 to 3.5 in Population 9,
with an overall average of 2.7. The number of effec-
tive alleles ranged from 1.7 to 2.4, with an average
of 2.0. These results indicate a higher genetic diver-
sity within the populations of 7. buhseana studied
in our research compared to previous findings by
Pourkhaloee et al. [20] reported an average number
of alleles of 1.8 and an average number of effec-
tive alleles of 1.3 in their study of Tulipa accessions.
The Shannon diversity index (I) ranged from 0.519
(in Population 15) to 0.994 (in Population 9), with a

mean of 0.728. The percentage of polymorphic loci
(PPL) spanned from 75% to 100%, with an aver-
age of 95%. The genetic diversity (Nei) across T.
buhseana populations averaged 0.460, ranging from
0.348 (in Population 15) to 0.600 (in Population 9).
The evaluation of all indices indicates that the high-
est values were observed for population 9 from the
Almaty region (Table 4). Population 9’s elevated
genetic diversity suggests that the Almaty region
may serve as a genetic hotspot for 7. buhseana. This
region’s unique environmental conditions and eco-
logical factors might contribute to the high genetic
variation observed.

Table 4 — Genetic diversity indices of studied Tulipa buhseana populations

Populations Na Ne I uh PPL, %
Population 1 3.0 2.1 0.782 0.476 100
Population 2 3.0 22 0.812 0.506 100
Population 3 2.6 2.0 0.699 0.431 87.5
Population 4 2.6 2.0 0.741 0.498 100
Population 5 2.6 1.9 0.696 0.454 100
Population 6 2.6 1.9 0.706 0.449 100
Population 7 2.1 1.7 0.565 0.388 87.5
Population 8 3.1 1.8 0.705 0411 100
Population 9 35 2.4 0.994 0.600 100
Population 10 29 22 0.846 0.540 100
Population 11 2.5 1.9 0.664 0.419 87.5
Population 12 3.0 2.1 0.761 0.461 100
Population 13 2.8 2.1 0.746 0.465 87.5
Population 14 2.5 1.9 0.687 0.451 100
Population 15 2.1 1.7 0.519 0.348 75
Mean 2.7 2.0 0.728 0.460 95
SE 0.10 0.07 0.033 0.018 2.04
Notes: Na — number of alleles per locus; Ne — effective number of alleles; I — Shannon’s Information Index; uh — Nei’s genetic
diversity index; PPL — the percentage of polymorphic loci; SE — Standard error

The AMOVA results revealed that most of
the genetic diversity (66%) in T. buhseana was
found within individual populations, while a sig-
nificant portion (34%) was attributed to differenc-
es among populations (Table 5). This indicates
substantial genetic variability both within and
between populations. The gene flow (Nm) value
of 0.754 suggests a moderate level of genetic ex-

change among the populations (Table 5). This
moderate gene flow may be sufficient to prevent
complete genetic isolation but is not high enough
to homogenize the populations entirely [27, 28].
Consequently, while some degree of genetic ex-
change occurs, it is not enough to override the dif-
ferentiation caused by factors such as geographic
barriers, ecological variations, or limited seed and
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pollen dispersal [29]. These findings underscore
the importance of considering both within-pop-
ulation and among-population genetic diversity
in conservation and management strategies for
T. buhseana.

The PCoA plot separated the 7. buhseana popu-
lations using two distinct principal coordinates: Co-
ordinate 1 and Coordinate 2, which accounted for
66.5% and 17.2% of the total variation among popu-
lations, respectively (Figure 2).

Table 5 — AMOVA analysis of the 15 studied populations of Tulipa buhseana, using eight simple sequence repeat markers

Source df SS MS Est. Var. % Fst Nm
Among Populations 14 821.944 58.710 2.839 34
Within Populations 267 1452.676 5.441 5.441 66
Total 281 2274.621 8.280 100 0.249 0.754
Notes: df — degrees of freedom; SS — sum of squares; MS — mean squared; Est.var. — estimates of variance; % — percentage of
variation; FST — fixation index; Nm — gene flow (Nm) value; * p <0.001; Nm = (1 — FST)/4FST.

Principal Coordinates (PCoA)

+Pop 14
g
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L +Pop 1
~ Pop 10 " Pop 13 +Pop 11
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o Pop 2
S Pop 15 . - TPop
P15 pop12. Pop6 “Pop8
+Pop 3 Pop 5 *Pop 7

Coord. 1 (66,5 %)

Figure 2 — Principal coordinates analysis (PCoA) of 15 Tulipa buhseana populations
from Kazakhstan, based on pairwise population PhiPT values

Based on the PCoA plot, it is evident that the
T. buhseana populations exhibit significant genetic
differentiation. Coordinate 1, which explains 66.5%
of the total variation, has successfully separated
populations 7, 8, 11, and 14 from the majority of
other populations (Figure 2). This substantial sepa-
ration along Coordinate 1 suggests that these four
populations possess unique genetic characteristics
that distinguish them from the rest. Coordinate 2,
accounting for 17.2% of the variation, further re-
fines the genetic distinctions among the populations
but with less impact than Coordinate 1. Together,
these two principal coordinates elucidate 83.7% of
the total genetic variation, highlighting the robust
nature of the genetic diversity within 7. buhseana.
This differentiation could be attributed to various
ecological, geographical, or evolutionary factors
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that warrant further investigation to understand the
underlying causes of this genetic structuring.

The SSR analysis for fifteen 7. buhseana pop-
ulations, as evaluated using an unrooted dendro-
gram based on the neighbor-joining (NJ) method,
provides further insights into the genetic relation-
ships among these populations (Figure 3). The
dendrogram distinctly separated the populations
into two groups: Group I and Group 1I (Figure 3).
Group I formed the first clade and included popu-
lations 7, 8, 11, and 14, while Group II consisted
of the remaining populations clustered into a sec-
ond clade. Although populations 4, 7, and 8 of T.
buhseana are distributed almost on one lace geo-
graphically, genetic analysis reveals a significant
difference between population 4 and the closely re-
lated populations 7 and 8. Interestingly, population
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14, which is distributed far from populations 7 and
8, shows genetic similarity to them. This genetic
divergence in population 4 and the unexpected ge-
netic similarity between the distant population 14
and populations 7 and 8 could be attributed to vary-
ing environmental factors such as climate condi-
tions or soil composition. Different microclimates
might result in distinct selective pressures, leading
to genetic differentiation. Additionally, variations
in soil properties, such as pH, nutrient availability,
and moisture content, could influence the genetic
makeup of these populations by affecting their
growth and reproductive success [30, 31]. Gene
flow and historical seed dispersal patterns might
also play a role in these genetic similarities and
differences [12, 32]. These clustering results align
with the findings from the PCoA plot, reinforcing
the genetic distinctiveness of populations 7, 8, 11,
and 14 from the others (Figure 2).

This consistency between the dendrogram and
the PCoA plot supports the robustness of the ge-
netic differentiation observed. The clear separation
into two groups indicates that there are significant
genetic differences within 7. buhseana populations,

potentially driven by geographical, ecological, or
evolutionary factors. Understanding these genetic
relationships is crucial for conservation efforts, as it
highlights the need to preserve the genetic integrity
of both distinct groups to maintain the species’ over-
all genetic diversity.

The Bayesian analysis of 282 individuals of
T. buhseana revealed that the log-likelihood value
(LnP(K)) continued to decrease with the decrease
in K-value, without showing a significant inflection
point (Figure 4A, B). This suggests that the data did
not distinctly support a specific n umber of genetic
clusters as K decreased, implying potential genetic
admixture or interconnectedness among individuals
[33]. The delta K plot indicated a peak at K = 2, sug-
gesting that the optimal number of genetic groups
within 7. buhseana is two. The genetic structure
analysis depicted in Figure 1C illustrates the clus-
tering of 282 T. buhseana individuals. However, the
results of STRUCTURE analysis indicated a low
level of population structure among the 15 studied
populations (Figure 4C), implying that the genetic
variation observed predominantly reflects a single
cluster encompassing all analyzed accessions.

ﬂﬁPop 7
99 “Pop 8

100

100

Pop 11

—Pop 14

0.05
—

Figure 3 — The neighbor-joining dendrogram of 15 Tulipa buhseana populations

was constructed based on Nei’s distance, calculated from 15 simple sequence repeat markers
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Figure 4 — Genetic structure of 282 individuals from 15 Tulipa buhseana populations

The analysis of the STRUCTURE output indi-
cates that the clustering of the 15 studied popula-
tions collected from different regions is not well-
defined. This finding is consistent with the AMOVA
results, which also showed how genetic variation is
divided within and between populations (Table 5).

Conclusion

This study employed fifteen SSR primer pairs
to evaluate the genetic diversity within and among
fifteen populations of 7. buhseana from the Al-
maty and Zhambyl regions. The analysis revealed
that eight SSR markers were polymorphic, identi-
fying of thirty-one alleles across these loci. Nota-
bly, the SSR marker Ca-3952 exhibited the highest
polymorphism, highlighting its significant allele
diversity. Genetic diversity indices, such as Nei’s
genetic diversity index (uh) and Shannon’s informa-
tion index, averaged 0.460 and 0.728, respectively.
The mean polymorphism information content (PIC)
was 0.592, indicating the SSR markers’ high infor-
mativeness. Population 9 from the Almaty region
exhibited the highest genetic diversity, suggesting
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that this region may be a genetic hotspot for 7. buh-
seana. The AMOVA results indicated substantial
genetic variability within populations (66%) and
among populations (34%), with a moderate gene
flow (Nm) of 0.754. Bayesian and STRUCTURE
analyses supported the existence of two main genet-
ic clusters within 7. buhseana, although the overall
population structure was low. These findings under-
score the importance of preserving genetic diversity
within 7. buhseana populations, particularly in the
Almaty region, to ensure the species’ long-term sur-
vival and adaptability.
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KUIK AAKTAPbIH TTIMTOMHMKTE

KOAAA ¥YCTAIl bATYAbIH, (ACbIPAYADbIH)
EPEKLLUEAIKTEPI

B.E. Ec:kanos!

Kuik (Saiga tatarica tatarica L., 1766) — eTe exxeAAeH KeAe >KaTkaH, EBpa3usHbIH apuATI AaAarapbliH
KOHbBICTAHFaH YMipiMeH KeLlin >YpeTiH >aHyap. backa Aa TysKTbl >KaHyapAap CUSKTbl KUMIKTEp Ae
>kabarbl aHLLbIAbIK, MeH 6PaKOHbEPAIK, aHTPOMOreHAIK OYy3bIAyAAp >KOHE HETi3ri TIPLWiAiK OpTaAapbIHbIH
KbICKapyblHaH wWeT KaAMaAbl. KasakcraHaarbl xkabaibl TYSKTbl >KaHyapAapAbIH, iLLIHAE CaHbl >KOHIHEH
€H YAKeHi kniktep — Saiga tatarica tatarica L., 1766 60AbIn TaObIAAAbI.

KerkbIAABIK, AYHME XKY3IAIK ToxKipnbe aca KayinTi »araaiFa Tan 60AFaH >KaHyapAapAblH COHFbl
OKIAAEPIH OCbl TYPAiH reHO(OHAbIH cakTaylublAap PETIHAE KOAAQH >KaCaAFaH apHalbl BOAbEPAEP MeH
3006aKTapAa ecipy OAapAbl CakTan KaAyAblH CEHIMAT 6ip XKOAbI eKeHAIriH kepceTin oTbip. OcblAariiua
COHfbl 6ip FAaCbIPAbIH iLLIIHAE CaHbl OipHELLIE peT KayinTi AEHrenre AemiH TOMEHAEMN, KanTa KeOenreH KMIKTi
Ae OYpbIH TIPLWIAIK eTin Kasipri yakbITTa >XOMbIAbIN KETKEH TabuF opTaAapbiHa MHTPOAYKLMSIAQY AbIH,
COHAQM-aK, reHOOHABIH CaKTay >XKOHe OCbIHAAM OaFAapAaMameH anHaAbICyLIbIAApFa XKaHyapAapAbiH,
CypbINTaAFaH TOMTapbiH Gepy yLIiH OAapPAbl KOAAQ YCTan ecCipyAiH KelleHAI 6araapAamMachiH >kacarl
OHbl XKY3€ere acblpyAblH KQ>KETTIAITI TybIHAQM OTbIP.

byA Makaraaa FbIAbIMM B8AEOMETTEDP MEH MAKAAAAAPAbIH >KOHE aBTOPAAPAbIH XKEKE 3epTTeyAepiHiH,
Heri3iHAE KMIKTEPAI KOAAA yCTan 6ary GoMbIHILIA AYHME XKY3iHAEr )koHe KasakcTtaHAarbl ToxXiprbeaep,
COHbIMEH KaTap YAbITay 0OAbICbIHBIH ayMarbiHAQ 2022 >KbIAbI allibIAFaH MATOMHUKTE aBTOPAAPAbIH, KMiK
AQKTapbIH KOAAQ YCTan 6aryra TIKEAeM KATbICYbl XXOHE COA OarbiTTa >KYPri3iAreH 3epTrey >KyMbICTapbl
cUnaTTaAFaH.

KuniktepaiH >kannail Teaaeyi kesiHAe TyraHbiHa GipHewe caraT 6OAFaH KMiK AakTapbl Tabuen
OpPTaAaH aAblHbIM, apHarbl KOpLUayAapAa YCTaAbIM epecek >kaHyap BOAbIN 6CiM OHreHre AeMiHri OAapAbl
Garbin Kary MPOLEC, KMiK AaKTapbIHbIH MiHE3 KYAbIKTapbl, KE3AECETIH KMbIHABIKTAp, >KapakaTt aAyAapsbl
MEH aypyAapbl, T.0. cMNaTTaAaAbl.

CoHbIMeH KaTap, KMiK AaKTapblH >KacaHAbl CYTNEH KOPEKTEHAIpY GoMbIHLLIA TaxKipnbe xKxaHe BeArii
6ip WapTTapAbl CakTaraH >KarAanAa KMIKTEPAI MUTOMHMKTEPAE KOAAAQ ycTan 6GaryAbl COTTI XKysere
acblpyra 6GOAATbIHbI TypaAbl, COHAAM-aK, AaKTapAbl KOAAQ YCTay >KarFAalblHAAFbl OAApPAbIH MiHe3
KYAbIKTapblHa XXYpPrisiareH 6akbiAay MEH 3epTTEYAEp TypPaAbl alTbIAGAbI.

Tyiiin ce3aep: KMiK, MOMyASUMS, BOAbEP, MHTPOAYKLMS, FeHO(OHA, reHEeTUKaAbIK, OGaHK, Taburn
MHCTUHKT.
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Features of keeping saiga young in the nursery

Saiga (Saiga tatarica tatarica L., 1766) is a highly ancient species, a migratory herd endemic to
the arid steppes of Eurasia. Unfortunately, like many other species, saigas have not been immune
to the threats of wild hunting, poaching, anthropogenic disturbances, and habitat loss. Among the
ungulates in Kazakhstan, saiga antelopes, specifically Saiga tatarica tatarica L., 1766, hold the larg-
est population.
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Drawing from global experience, it*s evident that establishing breeding programs for the last re-
maining individuals of endangered species in specialized enclosures and zoos is crucial for preserving
their genetic diversity. Thus, there is a pressing need to breed saigas in controlled environments, along-
side comprehensive programs aimed at conserving their gene pool and potentially reintroducing select-
ed groups into both existing and previously extinct natural habitats, which have dwindled dangerously
over the past century.

This article presents experiments conducted worldwide, including in Kazakhstan, on maintaining
saigas in artificial conditions. It synthesizes information from literature, the authors" research, and their
direct involvement in managing saigas at a newly established nursery in the Ulytau region since 2022.
The article delineates the entire process, from removing saiga calves from their natural habitat shortly
after birth to their care and maintenance in specialized enclosures. It delves into various aspects of their
grazing behavior and the challenges, injuries, and illnesses they encounter before reaching adulthood.

Furthermore, the article scrutinizes the experience of artificially feeding saiga calves with milk sub-
stitutes, affirming the feasibility of successfully rearing these animals in nurseries under specific condi-
tions. Additionally, it presents findings from studies on saiga behavior in artificial environments, shed-
ding light on their adaptability and needs in captivity.

Key words: saiga, population, aviary, introduction, gene pool, genetic bank, natural instinct.
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OC00eHHOCTH CoAepXKaHUS MOAOAHSIKA CalrakoB B MMTOMHMKE

Caitrak (Saiga tatarica tatarica L., 1766) — oueHb APEBHEE XXMBOTHOE, MUTPUPYIOLLIEE CTAAOM, Ha-
ceAsiiolLiee apuaHble ctenuy EBpasun. Kak m MHOrne apyrve BUAbI )KMBOTHbIX, CalrakM He OCTaAMCh B
CTOPOHE OT AMKOW OXOTbl U GPAKOHLEPCTBA, AHTPOMOreHHbIX HAPYLIEHWUI MU COKPaLLEHUS! OCHOBHbIX
cpea o6uTaHuns. Cpear AMKMX KOMbITHBIX KMBOTHbIX B KazaxcTaHe cambIMu KPYTHBIMM [0 YMCAEHHOCTU
ABASIIOTCSI carakm — Saiga tatarica tatarica L., 1766.

MHOroAeTHUIM MMPOBOW OMbIT MOKa3bIBaeT, UTO Pa3BeAEHWME MOCAEAHMX MPEACTaBUTEAEN KUBOT-
HbIX, OKa3aBLUMXCS B 0COGO OMacHOM CUTyaumu, B CMELMaAbHBIX BOAbEPAX M 300MapKax, CO3AAHHbIX
BPYYHYIO B KQUeCcTBe XpaHUTEAeN reHO(HOHAQ 3TOr0 BUMAQ, SIBASIETCSI BEPHbIM CMOCOOGOM MX COXpaHe-
Hus. Takum 06pasom, Ha3peAaa HEOOXOAMMOCTb Pa3BeAEHMUs B UCKYCTBEHHbIX YCAOBUSIX Cairaka, a Tak-
e pa3paboTKM M pearsalmm KOMMIAEKCHOM MPOrpamMmMbl AAS COXpaHeHusi reHohoHAa M nepeaayn
OTOOPAHHbBIX TPy KMBOTHbIX TEM, KTO 3aHMMAETCS TaKOW MPOrPaMMON U UHTPOAYKLMM B paHee Cy-
LLIeCTBOBABLLYIO U HbIHE BbIMEPLLYIO MPUPOAHYIO CPEAY.

B AaHHOI cTaTbe onuMcaHbl OMbIThl MO COAEP>KAHMIO CairakoB B MCKYCCTBEHHBIX YCAOBMSX BO BCEM
Mupe u B KazaxcraHe Ha OCHOBE AUTEPATYPHbIX MCTOUHMKOB M COBCTBEHHbIX MCCAEAOBAHMI aBTOPOB, a
TaK>Ke HermoCcpeACTBEHHOE yyacTre aBTOPOB B COAEP>KaHMM CairakoB B HOBOM MUTOMHMKE, OTKPbITOM
B 2022 roay Ha Tepputopmmn YAbITayCckoi 06AACTU 1 MPOBEAEHHBIE B TOM K€ HarpaBAEHUM MCCAEAO-
BaTeAbCKMe PaboTbl.

CTaTbsi OXBaTbIBAET BECh MPOLECC OT Mb3ATUS CaliradaT U3 eCTeCTBEHHO CPeAbl 0OMTaHWS B Teue-
HWEe HECKOABbKMX YaCOB MOCAE MX POXKAEHWMS M 3aKaHUMBAs COAEP>KaHMEM MOAOAHSIKA B CreLMaAbHbIX
BOAbepax. AaAee OCBELLAOTCS acrekTbl MX BbiMaca, NOBEAEHME, a TakXke BO3HMKAloLMe TPYAHOCTH,
TpaBMbl 1 HOAE3HM, C KOTOPbIMU OHM CTAAKMBAIOTCS AO AOCTUIKEHUS 3DEAOCTM.

B cTaTbe Tak)ke paccmaTpuBaEeTCs OMbIT KOPMAEHWS calirayaT MCKYCCTBEHHbIM MOAOKOM, UTO MOA-
TBEP>KAAET BO3MOXKHOCTb YCMELHOrO COAEPIKAHUS STUX KMBOTHBIX B MUTOMHUKAX NMpu COBAIOAEHUM
OMPEAEAEHHbIX YCAOBMIA. TakKe MpPeACTaBAEHbl UCCAEAOBaHMS, Kacalolmecss 0COGEHHOCTeN NoBeAe-
HWS calrayaT B MCKYCCTBEHHbIX YCAOBUSIX.

KAtoueBble cAOBa: caiirak, roryAsiums, BOAbep, MHTPOAYKLMS, TeHO(OHA, reHeTuueckuin GaHk,
NMPUPOAHbBIA MHCTUHKT.

Kipicne Oip Oeuxirin TaOuru oprara xibepy KelOip *KOHbI-
7bIn Oapa >KaTKaH JXaHyapiiap HOIYJISILMSACBIHBIH

JKabaiibl xoHE >KOWBLIBIN Oapa >KaTKaH TYSIKTBl  CaHBIH TOJIBIKTHIPY HIAPACKI PETIH/IE JIe KOJIaHbLIa-
JKaHyapiapbl apHaiibl gepmanapaa (panuo) ackl-  jabl. COHAal-aK FRUTBIMH, MOJICHU, CIIOPTTHIK, KOHE
pan Oary KelOip enaeple >KEMICTi KOJJAHBUIBIT ~ KOMMEDIHSUIBIK, MakKcaTTapia ga KOJJaHBIIazbl.
Kyp. Mynnaii pepmanapza sxanyapaapael aceipan,  CoHbIMEH Karap, jkabaiibl TYSIKTBI KaHyapJap.ibl
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KOJIIa ycTan 0ary, KOWBUIBIN 0apa KaTKaH TOITy-
JIATUSITApAbl KAIBIHA KEeNTIpy YIIH TeHETUKAJBIK,
0aHK Kypy *oHe OoJalakTa 0JIapjbl PEHHTPOIYK-
LHysIay MaKcaThIHAa 1a skacanaast [1,2,3,4].

Kuixtepai xomma ycrayablH Toxipubeci Oy
TYPAI Kojjia ecipyiiH Oenriii Oip KUBIHIBIKTaphI
0ap eKeHiH KepceTei, aaia THICTI SKOJIOTHSUTBIK
TaJanTapasl CaKTaraH jKarmaimga KUIKTepIl IIeK-
TEJNreH ayMaKTa KOoJia ecCipil, CaHbIH apTThIpyFa
OonaTelHBIH KepceTeni. Kasipri yaksiTTa MyHAal
JKapThUIal epKiH Karmainapaa Kuikrep “AcCKaHus-
Hogra” (Ykpauna) Ouocdepaiblk KOpbIFbIHIA (Ka-
3ipri TaHga YKpawHaJarbl COFBICKA OaiJIaHBICTHI
Oy KOPBIKTHIH JKaFdaibl OSHMOIIM OOJIBIT OTHID),
lanscynarel (KpiTait) “Cupex KesleceTiH XoHe
Kayill TeHIll TYpFaH j>KaHyapjap OpTAIbIFhIHIA,
“Xabaiiwr sxanyapnap opraneireiaaa’ (Peceit, Ka-
MbIKHSA), “EBporia nananapblHbIH CHPEK Ke3/IeCEeTiH
*anyapuapbl optaibirbinga” (Peceit, Jlonmarsr Poc-
TOB) acwIpan Oarpuryna [1,5,6,7].

Kazakcranga mynaaii toxipube bareic Kazak-
cran oOmbickiHIa JKeHrip XaH aTwlHAarel bateic
Kazakcran arpapibIK-TeXHUKAIBIK YHHUBEPCHUTE-
tinge Oosael. 2012 xbuiel Kazakcran PecriyOmu-
KaCBHIHBIH O1J1IM JKOHE FBIJIBIM MUHUCTPIITIHIH KO-
naysiMeH bateic KazakcraH arpapiiblK-TeXHUKAJIbIK
YHHUBEPCUTETIHIH OKY FBUIBIMH-OHIIpIiCTIK 0a3a-
ChIH/A >Kalailbl >KaHyapJapAblH alXyaHTYPJiTiriH
KOpFay OpTaJbIFBl KYPBUIIBL. AJFanIbiHAa Oy op-
tanbik bateic Kazakctan o0nbichiHbIH Ka3Taion ay-
JIAaHBIH/Ia OPHAJIACTHI, COHBIHAH OHTIPICTIK KaXKETTi-
Jikke OaimaHbIcThl Tackana ayAaHbIHBIH ayMarbiHa
aybICTBIPBUIHI [8].

2022 xbUTbl YIBITAY OOJBICHIHBIH JKaHaapka
aynaHblHAA “Acap” mapya KoXKaJbiFsl “Okodapm”
KOMITAaHHUSICBIMEH OipJiecin KHIKTep/i KOJIa achipar
0ary >x00achIH KOJIFa alpl. [[MTOMHUKTI OYI1 sKepe
OpHAJIACTBIPYIBIH OacThl ce0edi, Oyn aliMak KHiK-
TepJIiH TaOWUFH TIPIILIIK €Ty apeabl OOJIbI TaObl-
Ja/ibl, COHBIMEH KaTap €JIJIi MeKEH/IEP/ICH KaIlIbIKTa
OpHAaJaCKaH JKOHE KHIKTEep JKapThLIail epKiH KaF-
Jaina Tipiriiik ety yinia 340 ra aymak KOpIIaiblil,
KOJIAMIIbI BOJIbEp JKacayiFaH. [IMTOMHHK FBUIBIMH
KOJIIay ’KOHE FBUIBIMH-3€PTTEY KYMBICTAPBIH KYP-
ri3y yurin XKeHrip Xan ateinaarst bateic Kazakcran
arpapiblK-TeXHUKAIIBIK YHUBEPCUTETIHIH FaIbIM/Ia-
pBIMEH KeJiciM mapTka OoTeIpraH. byn yHuUBepcu-
TETTI TaHIayIbelH cebe0i Kasakcranma kuiktepii
KOJIJIa YCTAWTBIH JKAJIFbI3 TUTOMHUK OChI YHUBEp-
CUTETTIH 0a3achlHAa FaHa OOJIIBI KOHE YHHBEPCH-
TET FaJbIMIAPhl OHJIA KEMICTi JKYMBICTAp JKacaJlbl,
SIFHM OJIapAbIH OyJI canana Oipkarap ToxipuOenepi
Oap. Auaiima OimiM >KOHE FBIIBIM MUHHUCTPIIITI Ta-
parmbIHaH KoJyifay OonMayblHa, COHBIH CaliapblHaH
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KapKbl SKeTicneyuriirine OaiyiaHblcThl Oyn TH-
TOMHUK >Ka0bUIblll KajraH OoiareiH. Kesinme con
MUTOMHHUKTIH alllbUTybIHa YHBITKBI OOJIFaH JKOHE
COJI TUTOMHHUKTI OacKapraH OMOJIOTHS FBUIBIMIAPHI-
HbIH Kanauaatel b.b. CapceHoBaHbIH IIAKbIPYBIMEH
2022 XbIIIBIH MayChIM aifbiHIa YJIbITAY OOJIBICHI-
HbeIH JKaHaapka ayJaHbIHIAFbl KaHAJAH AalllbUIbII
KATKAH ITUTOMHHKTE KYMBIC JKacaJIbIM.

Kuikrepai komnnma ycramn Oary Oyi skaHyapiiap-
JIBIH KOJIIAFbl KOPBIH ’KacaKTayFa, OChl TYPIiH MOp-
(hotorusACHIH, (PU3NOTOTHICHIH, OMOXUMUSCHIH, Te-
HETHKACBIH X0HE 0acKka Ja OarbITTapAarbl FEUIBIMU
3epTTeysep YLIIH SKCIEPUMEHTANIBIK MaTepuan-
MEH KaMTaMachl3 eTyTe, JKaHyaplapiblH Oip Oei-
riH Ta0WFraTKa kioepin, TaOMFU TONTAPBIH TOJBIK-
TBIPBIN OTHIPYFa XKaraan xacaias [9,10,11,12].

[TuroMHUKTE JkKacalFaH KHIKTEpai KoJa ycTar
OaFyJIbIH OMOTEXHOJIOTHSCHIH 0acKa Jla MUTOMHUK-
Tepae, 3000akTap MeH (epmanapaa KojgaHyra 0o-
JIa 161 ’KOHE OJ1 OCHI JKaHyapJIap/IbIH CAHBIH KOOEHTY-
re JKaraau >Kacaubl.

3epTTEey MaTepHaJAapbI MeH JicTepi

3eprrey HbIcaHbl YIbiTay 00nbichl JKaHaapka
ayJaHbIHBIH Acap LIapya KOXKaJbIFBIHIAFbl KHiK-
TepJi KOJIZia yCTall achlpayra apHajFaH ITUTOMHUK
JKOHE OHJAFbl IOJICUTTI JananapiblH TYSIKTHI Ka-
HyapsI KHiKTep/iH (Saiga tatarica tatarica L., 1766)
KaHa TyFaHHaH Oactan OipHelle aiJIbIK OOJBII
ecelireHre AEWiHTI JaKTapbl. 3epTTey MaTepHhasia-
PBl ABTOPJIAPABIH OChl MUTOMHUKTE XKYMBIC JKacay
Ke31HJIerl KUHAKTaFaH O3IHIIK 3epTTey MaTepual-
Japel MEH KUIiKTepAl Kojja ycranm OaraThlH AYHHE
JKY3IHIETI MUTOMHUKTEP MEH 3000aKTap OOHBIHIIA
o1e0ueTTep, FRUILIMUA MaKaiajiapAaH KHUHAKTAJIbI.
3epTTey HOTHXKeNepi Tikeiaeld Oakpuiay, CTATUCTH-
KaJIBIK, MBITIMETTEP/l TaJay JKOHE ©31H1IK MOHHUTO-
PHHT Kacay MOJIMETTepiHe HEeTi3IeNITeH.

3epTTeyAiH TCOPHUSUIBIK-OIICTEMENIK HEeTi3iH
YKAIITTBI FRUTBIMU BJIiCTEp: OaKpuIay, (POTO )KOHE BH-
JIe0 TYCIpy, KYHJIENIK JXYpridy, cumarray, cajbiC-
TBIPY, CTaTUCTUKAJIBIK, XYHENIK Tangay, oaicrepi
Kypauipl.

3epTTey HOTHKeIePi KoHe TAIKbLIAY

DKoJIoTHsT KOHE TaOWFH pecypcrap MHHHUCTp-
miri 2022 >XbUThl MUTOMHUKTE ycTan acbipayra 200
0ac KWK JIaFBIH ayFa pykcar OepreH, Oipak Tek 65
JIAKTHI FaHA YCTay MYMKiH Ooipl. OnapabiH yieyi
TaceIMajiay KesiHjae meriHen kerti. Jlaktap Tabu-
FU OpTaJiaH KHUIKTEpJIiH >Kanmail Tesjaeyi KesiHje
anbiHAbl. TyFaHbIHA OipHeIle carar OOJIFaH KHIK
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nakrapbel Koctanail oOJBICBIHBIH ayMarblHaH bert-
naKjana monyJsIusChiHAH ycTaybl. [IHTOMHUKKE
2022 xbuibiH 27 MaMbIp KyHI 62 0ac KHIK JIaFbl
SKETKI31II.

JlakTap MATOMHUKKE KEJITCHHEH KeWiH OH KYH
KapaHTHHJIE, SFHU >KaObIK Kopa imiHie OipHerne
TopFa Oeminin ycTtanasl. OH KYHHEH COH OpKaichl-
ceIHBIH aymansl 50x10 M (500 m?-11ik) Tebeci aIlbIk,
TOpMEH Kopiianral 4 Bonbepre 15-ten 16-gan op-
HaacTeIpbUIbl. OCBIHAAN 6 BOIBEp 0ap, OJap/IbIH
eKeyl KOCaJIKbl BOJbepiep, KUK JIAKTapbl ©3 BOJIb-
epJIEPiHIH 6CIMJIIK KaMbUIFBICBIH TallTall TacTaFaH
Ke3[Ie OChl KOCAJIKbl BOJIbEPIIEPIE aybICTHIPBUIBII
OTHIPBULIIBL. Bosibepiiep Kopara jkarcapiiac CayblH-
FaH JKOHE OChI KOpara jkarcapiiac OesiriHia Tebdeci
KYH MEH XaHOBIpJIaH KOpFay YIIH KaHBUITHIP XKa-
ObIHMEH Jka0bpuTFaH (cyper 1). JlakTap KyH BICCHI
Ke3JIe KOPILAayJIbIH OChl KOJICHKE OOJITiH/IE JKaThII
nemanazpl. KaHbUITBIp KaOBIHHBIH Oip KEMIIUTITi
JKaHOBIp JKayFaH Ke3le XKaHObIp TaMIIbUIAphl Ka-
HBUITHIP KaObIHFA COFBUIBII KATThI ILIOBIC IIIBIFA b
Jla, TAKTap YPKiIl )kaObIHHBIH acThIHAH ayJIaKKa Ka-
maapl. bonamrakta oCeIHIAH KEMITUTIKTEPIi KO0~
JIbl OMJIACTBIPY KEpEK.

Bonbeprnep kania keH OOJFaHbIHA KapaMacTaH
JaKTap KOpIIayra IMIBIKKAHHAH KeHiH eKi amnTajaH
COH BOJILEP/IH TAOWFH IO KAMBUIFBICHIH TamTaIr
TacTaibl, COHABIKTaH OJIap KOCAJIKbI BOJbEPTe KO-
IIipiTiIL, o601 TanTaaFaH BOIbEPIiH medi Te3 KaiTa
KaJTbIHA Keyl YIIiH Cy MAIIbUIBIT CyapbUIIbI.

Jlaktapnel waeHTHQUKAIMSIIAY (KAHCBICHI Ta-
MakK ImKeHiH Oury jkoHe 0acka Ja KaKeTTLTIKTep
YIIiH) YUIIH oJIapJblH MOWHBIHA (P Ka3bUIFaH
Oupkanap Oaiimanasl. Epkex nmakrap ym TaHOaibl
CaHMCH, aJl ypFamibuiapsl Oip jkoHE €Ki TaHOaIbl
canjiapMer nudpansl. JlakTapsiH canMarbl Oac-
Ka Ja Oenrijepi, cOHaai-aK cyT OepiireH Ke3ae cyT
IIIITIeH Kajca CoJl CYT iIITeTeH JaK Typaibl OapIibIK
MOJIMETTEp apHaiibl OaKpuIay >KypHAajblHA Ka3bl-
JIBITT OTHIPABI.

Kuik jakTapblH KOJJIaH TAMAKTaHBIPY OJIap.IbI
KOJIFa YHpeTyIiH eH THiMi (akTopbl OObIT TaObI-
nanpl. FO.H.ApbUToB KHiK JTaKTapbIH KOJIaH TaMaK-
TaHJBIPY/IbIH PAIMOHBIH )KAaCaFaH, OHBIH PAIUOHBI
OOWBIHIIIA CHBIP CYTIHE TaybIK >KYMBIPTKACBIHBIH
CapbIChIH, BUTAMHUHJIEP MEH MUHEPAJIbl KOcIaap
Kocansl [13].

Bi3aiH MTUTOMHUKTE JIaKTapFa BUTAMUHCP MCH
MHUHEpAJIsl 3aTTapra Oaif, Oamamapra apHaimFaH
“NESTOGEN 4” kyprak cyTi cyFa e3iin, eMi3airi
0ap MIacTHKAJIBIK OOTEIKEMEH VI ME3TiNT TaMak
Oepineni. Kyprak cyTTi €3€TiH CyAbIH TeMIIepaTy-
pacer 37-40°C 6omysr kepek. O YIIIiH Cy JIEKTpJIi

Ooinepae KaXeTTi TemrepaTypara ACHIH KbIJIbI-
TeUTaABl. TaMaKkTaHIBIPY KaTaH Typnae Oenrim Oip
yakpITTa, siFHn carat 7%, 13%, 19% ne Gepineni.
JlakTapra cyT OepinreHHeH KeiiH CyT OepeTiH 6e-
TEJKEeJIep MEH eMi3IIKTepl BICTHIK CYMEH >KaKChI-
Jam KybUIAAbl J)KOHE Ta3za CyMEH MIaibUIBIN Kerl-
tipineni. [IMTOMHUKKE KeNreH ajfallKbl KYHAepi
nakrap 6ip mesrinme 50-100 mur apanbIFBIHIA CYT
ilIce, KYH ©TKEH CaliblH CYT illy KOJeMi apThIIl, all-
TaHBIH COHBIHIA O1p Me3rinme 150-200 mut cyT ime-
TiH Oousiel. Bip anTaman con epOip akka Oip Oep-
reanae 200 mut, an toymirine 600 mi cyt Oepince,
eki antagaH coH Oip mesrinze 250 mul, ToymiriHe
750 mut cyT Oepingi. AMIBIK BOJbEPre MIBIKKAHHAH
Keiiin OipHellle KYHHEH COH JaKTap BOJbep imiHae-
Tl ecinm TypraH menTepAi kel O6actassl, yuI anTa-
JlaH COH OJlapfa CYTKE KOChIMILA dpKanchichiHa 50
rpaMHaH ecenTeNin Kypama xxem Oepinmi. blasicka
Cy KYWBUIBITT KOWBLIABI, MAOBIIFAH IO Oepisi.
JlakTap MW, KOHBIIIKA, ACTBIK TYKBIMJAC IIOI-
TepIi CyHciHim kelai skoHe cy imexi. Jlakrapra
JKEM IOTTEH KOCa MUHEPAIBIK KaKETTUTIKTEePiH
KaMTaMachl3 €Ty MaKcaTbIH/Aa KeCeK ac TY3bl KO-
WbLIIBL, 0ipa3 yaKbITTaH COH JIAKTap TY3bI JKalai
Oacrazpl. Keiine nakrapapy apacblHia i eTeTiH-
nepi ae Oonaapl. MyHal sxaFaia i eTim xKyp-
reH JlaKKa OepileTiH CYTTiH KejeMi a3alThLIambl,
MapraHIOBKaHbIH ©JICI3 epITIHMAICI KOCBUIFaH CY
Oepineni, >kanmel MYHOAH Cy TpOQMIAKTHKAIBIK
MaKcaTTa JIJAKTapra OepiuTin Typasbl.

=

U

1-cypet — [TuTOMHHUKTETrT BOJIBEPIiH CHI30ACHI
1 — xopa; 2 — 7-Bosbepiiep;

\Q — BoJIbEp/IiH TOGeci xa0bIK Geiri; |:|
2]

— ecikTep.

87



Knik makTapblH MITOMHHAKTE KOJIJa YCTaM OaryIbIH (aChIpay/IbIH) epeKIIeTikTepi

Bi3miH NMUTOMHHUKTEr1 KWiK JaKTapbIHBIH JKbI-  KOCKAaH, OHBI )KBIHBICHIHA Kapall Tajjacak, ypralibl
HBICTapbl MEH NMHTOMHHKKE KEJITeH Ke3feri skoHe  JjakTap optama 3014,36 rp, air epkek JaKTap opTa-
Oip aiijiaH KeWiHT1 canMakTapsl 1-kecteie OepiireH. ma 3143,1 rp canmMak KOCTHI, SIFHH €pKEK JaKTap-
bip afiman con nakrap oprama 3074,58 rp canmak ~ JIbIH 6Cyi TE3ipeK eKeHIH KopeMis.

1-kecte — .HaKTapZ[BIH ITUTOMHUKKE KECJIICH Kes,ueri CaJIMaKTapbl

JIakTBIH JIakTBIH
Ne MoOMHBIHAAFE! | JKBIHBICHI Canvarer, Canvarsr, Ne MOMHBIHAAFE! | JKBIHBICHI Canvarer, Canmarer,
HOMeEpi P P HOMepi P P

1 2 Q 3630 6580 32 33 Q 3635 6680
2 3 Q 3725 6650 33 34 Q 3280 6330
3 4 Q 3565 6500 34 167 ) 3890 6960
4 5 Q 3680 6700 35 168 g8 3950 7040
5 6 Q 3700 6730 36 169 3 3760 6970
6 7 Q 3590 6605 37 170 g8 3900 7060
7 8 Q 3635 6650 38 171 1) 3870 7010
8 9 Q 3820 6800 39 172 g8 3850 6980
9 10 Q 3560 6570 40 173 ) 3980 7100
10 11 Q 3575 6560 41 174 a8 3875 6980
11 12 Q 3650 6680 42 175 ) 3260 6670
12 13 Q 3720 6730 43 176 3 3115 6475
13 14 Q 3690 6685 44 177 ) 4290 7350
14 15 Q 3585 6610 45 178 3 3750 6840
15 16 Q 2940 6020 46 179 g 3790 6900
16 17 Q 3575 6590 47 180 3 3505 6660
17 18 Q 3530 6585 48 181 g 3895 6955
18 19 Q 3586 6615 49 182 <) 3880 6915
19 20 Q 2890 6005 50 183 g 3930 7020
20 21 Q 3650 6610 51 184 <) 3945 6990
21 22 Q 3590 6625 52 185 1) 3725 6885
22 23 Q 3575 6575 53 186 <) 3100 6360
23 24 Q 3615 6640 54 187 g 3890 7035
24 25 Q 3640 6675 55 188 <) 3925 6980
25 26 Q 3880 6900 56 189 g 3900 7065
26 27 Q 3675 6680 57 190 g 3630 6845
27 28 Q 3570 6590 58 191 g 3945 7120
28 29 Q 3565 6580 59 192 ) 3880 7035
29 30 Q 3715 6700 60 193 g8 3760 6980
30 31 Q 3580 6620 61 194 ) 3575 6725
31 32 Q 3760 6780 62 195 g8 3870 6980
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[TuToMHUKTEp/AET] TONACTCH KUIKTEPIiH JaKTa-
PBIH eMi3yJIepiH 3epTTereH aBTopJIap KUIKTiH YpFa-
IIBICHI ©3 JIAFBIMEH KaTap 0acKa JIakTap/pl j1a emMise
Oepeni nem »xa3raH. TaOWraTTa J1a aHAJBIK, KHIKTEP
03 JIaFbIHAH 0acKa JIaKTap bl eMisze Oepei JeTeH Ty-
ciHik Oap, Oipak keibip 3epTreyuriiep OyFaH Kapchl
nay airanel [14,15,16].

Kwuiktepni konma ycranm acelpay KesiHOe Ta-
MaKTaH/IbIPY PALMOHBI JKaHyapiiapra KaxeTTi Oap-
JBIK KQXKETTI KOPEKTIK 3aTTappl KaMTHIbI, anaiina
OapJipIK KaFdaiga KOpeK KypaMbl OJapiblH TaOH-
FaTTa JKEUTIH IIONTEPIMEH COKec Keie OepMeri
[17,18,19].

Mines gynvikmapsi. bi3 THTOMHUKTE KUK JaK-
TapblH Oarblll KAFYMEH KaTap, OJapIblH MiHE3 Ky-
JBIKTapbIH 3epTTEY MaKcaThlHAA OakKbuUIay Kypriz-
nik. [IlnToMHUKKe KenreHHeH KeliH Oip anta eTKeH
COH JIaKTap/a WapTThl peduieKc KalbINTAChII, CYT
Oepy yakbIThl JKaKbIHIAFaH/a KOPIIAYIbIH €CiriHe

KaKpIHAANl MaHplpan mrynail Oacraael. Cyt Oepy
Ke3iH/Ie oJlap KOPKBIHBIMITAPhIH KEHII, CYT Oepy-
i aJlaMHBIH KOJIBIHJAFbl OeTesikere Oip-OipiMeH
TaJIaChIN CYT imeni. AN CyT ilIiN anFaHHaH KeiH
KailiTamaH TaOWFU WHCTHUHKTTEpI JKEHIN aJaMHaH
ayJaKka Kamanel. Ayaiiia Kuik JakTapblHbIH 0opi
Oipzeii emec, oJapAbIH iIHAE agaMFa YHipiaepi ze,
opTalla Jopexene KOpKaTbIHAAPbI, COHBIMEH KaTap
aJlaMHaH eTe KYIITI KOPKAThIH YPKeKTepi Jie Oap.

Ocbl agaMHaH KYIITI KOPKaTbIHAApbIHA TaMakK
Oepy kubIH. JlakTap cyT OepreH Ke3je ajamra xKa-
KbIH/IAIl YHMEJCH/i, erep YPKeKTepi OChl Ke3/ie CYT
el JakTapAblH COHBIHAH KaJbIl KOMca, JKeKe
Japa KaJblll CYT 1LIyre KOPKBIN, KapbIHbI allbIIl
Typca Aa cyT immed kerin Kanaapl. COHIBIKTaH
CYTTI JIaKTapAbIH OChI YPKEKTepiHeH Oactan Oepyre
THIPBICTHIK. AJTaMFa YHip JIaKTap Tamak illin ajiFa
COH J1a BOJIbEpre KipreH ajaMra yKaKbIHJAl Tamak,
cypaiasl.

2-cypet — Jlakrapra cyT Oepy coTi
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Kuikrep yHipiMeH Xypinm TIpIIiIiK €TEeTiH Ka-
Hyapnap OOJFaHIIBIKTAH, )KEKEJICeTeH JTaKTapbIH J1a
MiHe3 KYJIBIKTapbl OHTOTE€HE3/1e YHIpMEH TIpIIiTiK
€Ty ocepiHeH KaibinTtacaasl. OHBIH HOTHKECIHIIEC
KHIKTepiH KOpPFaHY peakUusChl OipTUNTI OOIBI
KeJlelli )KOHE OJI JIOKOMOIMsFra OarbITTayiFaH. biz-
JliH OaKbUIaybIMBI3 OapbIChIHIA Oip Bodbepaeri 15
JIAKTBIH aJaMHAH KOPFAHBINI PEakIUsIChl OJ[aH Ka-
nryzaH Oacram oFaH YHip OoiyFa AEWiHTI apajibIK-
Ta €KEeHJITiH KepceTTi. 3epTTeNreH 15 makThiH S-i
(33,3 %) anmam >kakpIHOAFaHAA Kalla >KOHENTl, 8-
(53,3 %) sxaTkaH opbIHAApPbIHIA KaJbl, an 2-1 (13,3
%) amamra Kapai YMTBIIIBIL.

Kwuik makTapsl BOIbEep/IiH iITHIE TOTACHII XKY-
peni. Onapaply imriHge opOip Bojbep/e Oip eKileH
TE3 JKETIIreH, OOMBI 1a cajaMarkl J1a OacKalapbiHaH
VIIKEH epKeK JIakTap Oap, OyJ JakTap eTe IIUpaK,
0eTeIKEeMEH TaMaK OCepreH Ke3Jle allJ[bIHFbI eKi as-
FBIMEH TaMak, OepyIIIire MAMIIbIT eH aJABIMEH iIe-
ni. Erep omapra OGetenkeni OipiHIIi OepMeTeH Kar-
Jaina CyT 1M KaTKaH JIAKTBIH JKaHbIHAH KEJiI
TYdin OeTenkeHi TapThin anaapl. bBymap OGonamax
yiipai 6acTaymisl Tekenep 0oIaThIHBI KOPIHIIT TYP.

Kuik makrapbl coil HOPCEICH, MBICAIBI HTTiH
YPreHiHeH, KOJIKTiH IbIOBICBIHAH, BOJbEPre XKa-
KbIHIaFaH Oerie agaMaapaaH YPKIIl KeTefdl KoHe
Oipeyl ypkice, KajaFaHIapbl Jla COFaH epill YpKirl,
IYp eTin Kamma sxeneneai. OcblHIal YpKin Kamry Ke-
3iHIIe OoNap KOopHIayablH OaraHachlHA, KOPIIAYIbIH
KaOBIPFACHIH/IAFbI TOPFA COFBUIBII JKapakaTTap aja-
Ibl. Ocipece Tepisiepi ChIABIPBUIBIN, asKTapbl CHIHY
Kui Oomamel. JKapakaT aiFaH JaKTapra BETCpPHHAP
nepirep kemek kepceteni. O yirH 0acka JaKrap-
Il YPKITIIEH, KapakaT ajraH KHIK JIaFblH YCTaIl
Tepici CBIOBIPBUIFAH JKEepre JKakia Mail Hemece CIT-
pelt mamsuiagsl. Al asKTapbl CBIHFaH 00JIca, asFbl
runcreneni. MyHmai skaraiiap eKi-yIi peT OpbiH
anger. OcblHAal YpKill Kanry KesiHge Oip JTaKThIH
€Ki asFpl Oipjied aJJIbIHFbI JKOHE apTKbl asKTaphbl
CBIHJIBI, CHIHFaH asKTapbIHA TUIIC CAJIBIHJIBI, aJlaii-
Jla J)KapaKaTThIH ayblp OONYbIHAH JIAK OHAJIA aliMaid,
mIeTiden Kerri. ONreH JIAKTBIH, MONHBIHIAFBl HO-
Mepi 29, arHu yprambl Jak OosateiH. Knik jgakTa-
PBI XKapakaT anMmac VIIiH KOpPIIayJIblH TOPbl KO3re
KOPIHII TYpybl MakcaTbhlHAa TEMIp ChIMJbI TOPFa
CUHTETHKAJIBIK MaTepHa/iaH jKacaJFaH allbIK TYCTi
TOPJIbI KOCBIMIIIA JKaTChIpyFa Typa Kenji. COHbIMEH
Karap KOpaHbIH KaObIpFachIHA KaJIbIH KapTOH JKarl-
CBIPBUIJIBI.

Toynikmix 6encenoinix. Boxbepnepaeri Kuik
JIAKTapBIHBIH TOYJIKTIK OCJNCEHIUTIKTEePIH 3epTTey
OapbICBIHA OJIAPBIH €H >KOFaphl OelceHaAlmiKTepi
aya TeMIIepaTypachl >KOFapbl 00JIMANTLIH TAHEPTCH-
I'l )KOHE KelKi Me3rinje Oarikansl. TaHepTeH oJiap
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epre (mamames 5 00 ne) osHBIN en kel OacTaii-
ne1. Carat 7 00 re TamaH (OCHI yaKbITTa TAHFBI TAMAK,
Oepisie/i) eI Key/1i TOKTATHII, BOJIbEPIiH SCIriHIH
aJNJbIHA Kl Tamak Oepyai KyTeil >KOHE MaHBI-
pan nrymaii 6acraiinel. CyT immim anFad COH JaKTap
BOJILEP/IIH ILIHJE JKabUIaAbl, OlaH apFbl OeJICeH-
JTiKTepl aya paiipiHa OaiyaHbicThl. Aya paiisl 30
C xoHE ofaH Ja »OFapsl OoJica JIaKTap HETi3iHEH
KOJICHKE/IE JKaThIN JeMaiiajibl. Kelke Kapaid KapaH-
FBI TYCKEHTE JICHIH JIaKTap KaiTagaH OeJICeHIUTIK
TaHBITAJIbl, KAPAHFBI TYCKEH COH IlIaMaMeH carat 23
00 me onap Oip xKepre KUHAIIBII KATHII IeMaJIaIbl.

KuikTepai konma ycrayablH TapuxblHA Kapaii-
THIH OOJICaK, OJl OTe KANFBUIBI JICT alTyFa OONabl.
Kernreren 3000akTap e3/epiH/ie KHIKTEp/i ycTayFa
THIPBICKAH, aJlaiifia OJapblH OapiIbIFbl IEPIIiK KaH-
nmaii ma Oip OH HOTIDKETe KeTe KoiMaraH. 3000aK-
Tapaarel OYJ1 )KaHyapJiap IbIH ©JIMIHIH eH 0acThI ce-
OenTepi aypynap MeH >kapakarrap oonran [20,21].

Jynue >xy3iHmeri Oapiblk 3000akTapia, jka-
Hyapiap/bl Kopliayja YCTalThIH OpPTaJIbIKTAP.IbIH
OapnBIFBIHA 12 KHIKTEPIiH IIETiHEeY1 KoFaphl 0o-
TMATBIHABIFBl alThUTafbl. MYHIA KHIKTEpIiH KOl
Oesiri eMipiHiH aJFalIKbl JKbUIbI MICTIHEUTIHI aii-
TBUIaIBI, BCipece jKac TOJICP/IiH aTFallKbl aiiapaa
eJliMIe YIIbIpaybl KWl OPBIH anFaH [22,23,24].

OcChbl TUTOMHUKTE KHIKTEPJIi KOJIJIa yCTar Oary
OolibIHINA OipiamMa TeXipuOe KUHAKTAIIBI, COHBI-
MEH KaTap KHIK JIaKTapbl ajiFaml peT YCTalbI Oa-
FBUIFAHBIHA KapaMacTaH, OJIAPJbIH IIbIFIHBI ©TE
TOMEH JIeHrew e 0onapl. MyHIai ®KeTicTik TUTOM-
HUKTIH el MeKEeHJep/eH KAIIbIK OpHaIacyblHa,
BOJIBEPJICPJIIH KEH Opi JYPHIC OWIACTHIPBHLIBII Ca-
JIBIHFaHBIHA JKOHE MHTOMHHKTE YMBIC KacaraH
KBI3METKEPJICPIiH 63 MIHACTTepiHe aman OOJIBIIL,
TUSHAKTBI J1a THIHBIMCHI3 CHOETIHIH apKachIHIa
00 bI JIeN OMJIaMBI3.

[Muromuukre 340 ra aymak TOpMEH KOPILIAJIbII
YJIKeH BOJIbEP JKacalibl, OH/Ia KUIKTEp *KapThLIai
epKiH JKaFgaiaa TipUIIik eTell, epKiH jKaibuIapbl,
Oy yIIKeH BoJbepze opoip akka 5,6 ra aymakTaH
KeJiI oTeIp. byn Kopiay sl iminze exi xepue 0y-
nak, Oap, >xep Oenepi OWJIBI KBIPJbI, €Ki XKepre Ko-
JIeHKe OOJIaTBIH TeOecl kaObUTFaH KYPKE *KacallIbl.
[inpge afibiHga SFHU O1p JKapbIM aijlaH COH JIaKTap
0ipa3 ©CKeHHEH KeHiH OCHl YJIKEH BoJbepre xioe-
pinmi. JlakTap yaKeH BoJbepre KiOepiIreHHeH Ke-
HiH Jie oylapFa 0OTEIKEMEH CYT Oepy JKaJIFacThIphLIa
oepai. Ken Bombepre xiOepiirfeHHEH COH KHIK JIaK-
Tapwl JKaKCHl oce OacTampl, cedbedi Oy KepaiH Ta-
OuFy 11601 MOJI Bpi TanTaJIMaraH )KOHE JIAKTap IbIH
epKiH KO3FaJybIHA JIa XKep KEH, COHBIMEH KaTap KeH
KOpIIIay JaKTap/bIH JKapakaT ajly MYMKIHJIITIH Je
TOMEHICTE/II.



T.3. Beruos xoue T.0.

Kuikrepai xonaa ycran OaFy HOTHXKENI OOTyBI
VIIiH MBIHAHAAK OipKatap ¢akTopiapabl ecTe cak-
Tay KaXeT: jKaHyapiap/blH KEHICTIKKE JIereH Ka-
JKETTLNIr, KOPEKTIK epeKILelNiri, KopIaraH opTara
JITeH Tajar (TeMIepaTrypa, )KapblK, IHKJIbI, BUIFa-

JBUTBIK, T.0.), )KaHyapiapAblH TYPaThIH KepiHe KO-
HBUTATBIH TaJanTap JKOHE BETEPUHAPIBIK MOcee-
nep. Kaxerti mMonimerTep jkaHyapiapiblH TaOuFu
OPTaChIH JKaH-KAKTBl 3€PTTEY HOTHKCCIHAE alibl-
HYBI Kepek [25,26].

3-cypet — Kuik j1aKTapsl YJIKEH BOJILEPre MIBIFAPIIIbI

KopbIThIHIBI

JyHue >ky3iHIEri KHIKTEpHIiH TIPUIUIIK eTy
apeanblHblH 80-85 %-bl, anm AYHHEXKY31HAET1 KUiK-
TepliH caHbIHBIH 95-96 %-b1 KazakcTaHHBIH Tep-
putopusiceiHaa. KazakcTanmarsl sxabaiibl TYSKTHI
JKaHyapJapblH iMIiHAC CaHbl KOHIHEH €H YJIKCHI
KHikTep — Saiga tatarica L. Gombirt TaOemanst [27].
Slrau kuik Oyn KazakcraHHBIH OpeH/iHE alHaIbI,
COHBIMEH KaTap OyJI JYHHEKY31JIiK Taburat Kopray
KaybIMAACTBIFbIHBIH (Murpamnus >kacalThlH jxkada-

Wbl JKaHyapnapjbl Kopray skeHingeri KonBeHiwms
Cexkperapuatsl (IUCN), Kuikti KOopray >keHiHJeET1
AnbsHC )x0HE T.0.) aJIBIHAAFBI eTIMI3/IiH a0BIPOUBI
0oybIMEH Karap 013 YIIIH YJIKEH jKayarKepIIiIiK
Te 0oJ1bI TabbuTa bl Kasipri Tanna Kazakcranaars
kuikTepAid Enin-XKalivik xone bermakmana morry-
JSIIMSITAPBIHBIH CaHbI apThil, KazakcTaHmarbl KHiK-
TiH *kanmbsl cadbl 1 900 000 6acka *KeTinm OTBHIpFaH
JKaFaiia KHiKTep/i Kojjia ycran OaryFa apHaliFaH
MMUTOMHUKTEP/IIH KAXKETTUTIT] XKOK, CHAKTHI KOPiHYi
MYMKiH. Auaiifia 0i3/1iH eimizae Oy skaHyapiap-
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JIbIH OipHEIIe KYHHIH iITiH/Ie MOMYJISIASHBIH CAHbIH
150-200 MbIH Oacka JeiiH KbICKApTaTBIH Kammai
emimJiepi OipHelle peT TIpKEeNTeHIIriH YMBITIAYbI-
MbI3 kepek. COHJIBIKTaH jKaHyapiiapAbl TEK CaHBI
KayiInTi JIeHreire neiliH ToMeHIereH/ ie FaHa OaphIi
oJlapJibl KOpPFayFa ajly ToipuOeciHeH 0ac TapThll,
oJlapAbl KYHem Typae Y3IiKCi3, KemeHi 3epTTey-
IH YakbITBl Kelai. AJ MyHAal 3epTTeysiep YIIH
KHIKTEep/l KOJa ycTan OaraThlH MUTOMHHUKTEPIIH
MaHBI3BI 6TE 30P.

[TuTroMHUKTIH OOJaIraKra 300J0TTap MEH Be-
TEpPUHAPJIAP VIIIH FBUIBIMH 3€PTTEY JKYMBICTapbIH
KYPTrizy, HIeTeIepAeri MUTOMHUKTED MEH 300-
OaxTapra KHIKTEp/Ii SKCIIOPTTAY, TYPU3MII JaMBITY
OolibIHIIA TIOTEeHIMANBl oTe 30p. bonamrakra Oyn
MMUTOMHUK KOTITETeH OChIHJIAl KaXeTTi Je manialbl
JKYMBICTAp/IbIH OPTAJIbIFbIHA alfHalica CKeH JICTeH
Tinerimiz 0ap. KopwIThIHABUIAN KelceK KHiKTepii
MMUTOMHUKTEPJIE KOJ/1a ycrar Oaryra 00iaibl. OHBI

01311iH OCBI TOKipHOEMi3 aHBIK KOPCETIll OThIp. by
JKYMBICTBI COTTI iCKE achIpy YIIiH MBIHAHIaH O1pKa-
Tap MapTTap OPBIHIATYBI KOKET:

1. Kuik naktapsl TaOuFaTTaH )XxaHa TyFaH Ke3/1e
QIBIHYBI KEPEK HEMece COJ MUTOMHHUKTE JyHHUEre
KeJyl Kepek;

2. JlakTap/ipl aHACBIHBIH CYTIHIH KypaMblHa Ka-
KBIH CYTIIEH KOPEKTeHipy, KataH Oenrim Oip ya-
KBITTa KOPEKTEH/IIPY KOHE Ta3albIKThl KaTaH CaK-
Tay KaxerT;

3. Jlaktap TypaThlH BOJbLEp HEFYPJbIM KEH,
KYPFaK, KyH MEH XaHOBIpJaH KOPFANTHIH KaObIH
OouryBl Kepek, an Oip-eki aiffa jKeTKEH JlaKkTap KeH
BOJIbEP/IC KAPThIIAl epKiH XKaraaiia eMip cypyJe-
pi Kepexk;

4. Kuikrepni konga ycran OaraTbiH (acblpaii-
TBIH) TTUTOMHHKTEP KUIKTEPIiH TaOWFH OpTacChIHA
yKcac xepIieplie YHbIMAACTBIPBLUTYbI KEPEK;

5. BerepuHapJbIK Taqantap caKTalybl KaKeT.
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KEPATUH K¥PAMADI KAAABIKTAPADI
KEPATUHA3AADIK BEACEHAIAITI BAP
TEPMOO®UADbAI BAKTEPUAMEH bIABIPATY

KepatuHasanbik, 6eaceHaiairi 6ap Caldanaerobacter subterraneus KAk wrambl  >KapkeHT
reoTepMarAbIK, Cy KO3AepiHEH aHaspoOThl KOPEKTIK opTaaa GeAiHin aabiHAbl. KAk wrambl 55-85°C
Temniepatypa (ontumym 65-70°C) apanbiFbiHaa eHe pH kepcetkiwi 4,5-9,0 (onTumym 6,8) AeniHri
apaablkTa eceai. [Aloko3achbl 6ap KOPEKTiK opTaHblH OHTaMAbI >KaF AaMAApPbIHAQ YKaCyLuaAap HerisiHeH
XKEKe, XYMMEeH Hemece cupek TizbekTeAeTiHi 6arikaaca sHAOCMOopa Ty3y KabiAeTi 6arkaAMaAbl, aransa
KOPEKTIK opTaFa rAlOKO3aHblH OPHbIHA HEri3ri a3Heprus Ke3i peTiHAE KOW >KYHi, TayblK, KayblPCbIHbIMEH
MHKybaLMaAaFaHA HEMECE OHTalAbl eMec XaraanAaapaa KAK wtaMbiHbIH XacyllaAapbl ainTapAbIKTai
y3apbin (5-8 MKM), XiHiwkepin, mMopdoaorusicel e3repai. CoHbIMEH KaTap, >Kacyllaaapaa criopa
Ty3iAreHi 6Gankanabl. KAk wrambl 65-70 C apaAblifblHAAFbI TayblK, KayblPCblH KepaTUHIHIH >XoHe
KOWM >KYHiHIH TMIMAI blablpata aAy KabiaeTiH kepcetTi. KAk wrambiHbiH, 16S pPHK (1452 >.H) reH
Ti36erin BLASTn 6araapaamacbl kemerimeH GenBank aepekkopAapbiHaa 6GeAriai petTiaiktepre
comkecTeHaipiareH kesae, KAk wrambiHbiH HykAeOTUA TisberiHe C. subterraneus TUNTIK WTamAapbiHa
XKaKbIHAbIFbI aHblKTaasbl. KAk wrambl meH C. subterraneus subsp. tengcongensis DSM 152427 wtambl
apacbiHaarbl 16S pPHK ren TizberiHiH ykcactbiFbl 98,5% Kypaca, 6acka ocbl Typ iWwi wraMAapbiMeH
aAWAKTbIFbI 1-1,5% apaAblFbiHAQ 60AAbL. By 3epTTey KAK lwTambiHbIH (hM3UMOAOTUSIABIK, EPEKLLIEAIKTEPIH
XKOHE OHbIH, KePaTUHOAMTUKAAbIK, BeAceHAiAiri med Caldanaerobacter TybiCbiHbIH, 6acka eKiAAepiMeH
CaAbICTbIPFAHAAFbI albiPMaLLbIABIKTAPbIH KOPCETEAI.

Ty#iH ce3aep: aHaspobTap, KasakcTaHAaFbl reoTEPMAAAbIK CY KO3AEPi, TEPMOUAAI, KaybIPCbIHAbI
blAbIPATYLUbI.

A. Mashzhan'?3, R. Javier-Lopez?, A.O. Bisenbay'?,
A.B. Talipova', A.S. Kistaubayeva'"
'Al-Farabi Kazakh National University, Almaty, Kazakhstan
2University of Bergen, Norway
3Almaty Branch of the National Center for Biotechnology, Kazakhstan
*e-mail: kistaubayeva.kaznu@gmail.com

Degradation of keratin compound residues
by thermophilic bacteria with keratinase activity

The strain Caldanaerobacter subterraneus KAk with keratinase activity was isolated from the Zarkent
geothermal springs. The KAk1 strain grows under anaerobic conditions at temperatures ranging from 55
to 85°C (optimum 65-70°C) and pH 4.5-9.0 (optimum 6.8). Under optimal conditions with glucose, the
cells are observed mainly as single cells, in pairs, or in rare chains, and do not form endospores. How-
ever, when grown on merino wool, feathers, or under suboptimal conditions, the KAk strain cells show
significant elongation and altered morphology: the cell length increases to 5-8 um, and spore formation
is observed. The KAk strain demonstrates the ability to effectively degrade feather keratin and merino
wool at 65-70°C. The 16S rRNA gene sequence (1452 bp) of the KAk strain, analyzed using the BLASTn
program against the GenBank database, showed a high degree of similarity with other strains of C. sub-
terraneus. The similarity of the 16S rRNA gene sequence between strain KAk and C. subterraneus subsp.
tengcongensis DSM 152427 is 98.5%, while the difference from other strains of this species is 1-1.5%.
This study describes the physiological characteristics of the KAk strain and its keratinolytic activity in
comparison with other representatives of the genus Caldanaerobacter.

Key words: anaerobe, geothermal spring in Kazakhstan, thermophile, feather degrading.
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PaspylueHne 0CTaTKOB KePaTUHOBbLIX COEAMHEHUI C UCTIOAb30BaHUEM
TepMopUAbHOI HakTepru, 06AaAaIoLLEN KepAaTUHA3HOW aKTUBHOCTbIO

LLtamm Caldanaerobacter subterraneus KAk ¢ kepaTMHa3HOM akTUBHOCTbIO ObIA BblaeAeH 13 XKap-
KEHTCKMX re0TePMaAbHbIX MCTOYHMKOB. LLITamm KAk pacteT B aHaspOoOHbIX YCAOBUSIX NP TeMreparype
55-85°C (ontumym 65-70°C) n pH 4,5-9,0 (onTmym 6,8). B onTMMaAbHBIX YCAOBMSX C FAIOKO30M KAET-
K1 HaBAIOAQIOTCS MPENMYLLIECTBEHHO OAMHOYHO, Mapamm MAM B PEAKMX LIENOYKax U He 06pasytoT S3HAO-
cnop. OAHAKO MpK POCTe Ha MEPMHOCOBON LEPCTH, NMEPbIX UAM B CYyOONMTUMAAbHBIX YCAOBUSIX KAETKM
wtamma KAK 3HaUMTEABHO YAAMHSIIOTCS M U3MEHSIOT MOPOAOIMIO: AAMHA KAETOK YBEAMYMBAETCS AO
5-8 MKM 1 HabAtopaeTcs obpasosaHume crnop. LLtamm KAk aeMoHcTpupyeT cnoco6HOCTb 3hhekTUBHO
paspyLuaTb KEPATUH NepbeB M MEPUHOCOBYIO LLEPCTb Npu Temnepatype 65-70°C. AHaAM3 nocAepOBa-
TeAbHOCTM reHa 16S pPHK (1452 n.H.) wtamma KAK, BbIMOAHEHHbI C MOMOLLbIO NporpamMmbl BLASTn no
6asam aaHHbix GenBank, nokasaa BbICOKYIO CTeneHb CXOACTBa C Apyrumu wtammamm C. subterraneus.
CxoACTBO nocaepoBateAbHocTH reHa 16S pPHK wrtamma KAk ¢ C. subterraneus subsp. tengcongensis
DSM 152427 coctaBasieT 98,5%, Toraa Kak pasamMume C APYrMMu1 LLITaMMaMK 3TOTO BMAA COCTaBASIET
1-1,5%. Hacrosuiee nccaepoBaHme onucbiBaet pusmonormyeckme ocobeHHoctr wramma KAk u ero
KEPATMHOAUTUYECKYIO aKTMBHOCTb B CPAaBHEHUM C APYTMMM NpeAcTaBuTeAasmu poaa Caldanaerobacter.

KAroueBble cAoBa: aHa3poO6bl, reoTePMaAbHble MCTOUHMKM Ka3axcTaHa, TePMOMUADI, pa3pyLUnTeAn

rnepbes.

Kipicne

Caldanaerobacter TykpMmacel Thermoana-
erobacteraceae OTOACBICHIHBIH PECMH TYpHAE XKa-
pustianFad 18 TYKbIMIACBIHBIH KaTapblHA Kipesi
[1]. Byriari xyHre meiiin Oya TYKbIMaac €Ki Typ-
nen typran: Caldanaerobacter uzonensis K67" [2]
swoHe C. subterraneus, COHBIH IIIHJE Keyeci Typi-
mriziepi (subspecies): C. subterraneus DSM 130547
[3, 4], C. subterraneus subsp. pacificus JMT [5],
C. subterraneus subsp. tengcongensis MB4" [6],
C. subterraneus subsp. younseiensis KB-1T [7, 8].
Caldanaerobacter TYKbIMIIACBIHBIH TYpJIEpl KaTaH
aHadpoOThl TepModuIAep, OnapiabiH ['pam peak-
USICBI OH HEMece Tepic JKoHe dHIocIopanap Ty3y-
re Kao0inerti [4]. byn OGakrepusiiap ¢pepMeHTaTHB-
Ti MeTaboIu3Mre ue, oyiap MyHail KeH OpbIHJIaphI
’KOHE KYPJIBIKTAFbl BICTBIK CYy KO3/Iepi CHAKTBHI Op-
TYpJl reoTepMalIbIK OpTanapjaa TaObutiran [2, 4].
Caldanaerobacter TYKbIMIACBIHBIH OKLIIEPI KCH-
JIaH, KpaxMal KoHe KaHT KypaMbl 0ap KOChUIbICTap
TEKTeC TYpJl KypAaeni cyOcTpaTTapibl MaiijanaHa
ajay epekuienikrepiMer Oeinrimi. Anaiiga, OyriHri
KYHT€ ACHIH OCHl TYKBIMIAC MYIICICPiHiH eIIKai-
CBICBI KEPAaTUH/II BIBIPATY KaOlIeTi cCHIlaTTaiMaraH.

Kepatungep Heri3iHeH OMBIPTKAJbI KaHyap-
JapAbIH JIUTENUH JKacylalapblHAa Ke3JCCeTiH,
KYpaMbIHIa KYKIpT 0ap, epiMEeHTiH TalIbIKThI
aKybI3Jap, ojap Tepi MEH OHBIH KOCATKbLIAPhI-

HBIH (LIam, KaybIPChIH, MYHi3, TBIPHAK, KYH) He-
Ti3ri KOMITOHEHTTepi OONbIT TaObuIambl. Imrki mMo-
JICKYJIaJbIK [UCTEUH TUCYJIb(UAI KOHE CYTEKTIK
OaiflaHBICTAp/IBIH JKOFAPBl MOJIIIepi CHAKTBI KY-
PBUTBIMIBIK, CHUTIATTaMajlapblHa OalIaHBICTHI Kepa-
TUHJIEp OMOJIOTHSUIBIK KOHE XMMUSUIBIK BIIBIPAYFa
xorapel Te3iMai keneni[9]. Keparunnep o xouHe [
kepatuHaep Ooneim ekire Oeminemi [10]. a kepa-
TUHJCP CYTKOPEKTUIEP/IIH 3MuepMUCiHae (MbIca-
JIBL, KYH, IIIaNI Jk9He T.0.) Ke3lecei, oJiap o-CIu-
pajpai eKIiHIN PETTIK KypbUIBIMAapbIiHa Oalf yKoHe
oJIapABIH MOJIeKyJanbIK Maccackl 40-tan 70 xla-ra
neiiin [11]. Kyctap meH OaybIpeIMeH >KOpFaniay-
IIBUTAPABIH TEPICiHAC Ke3AECETiH S-KepaTHHACPIIH
MeJIepi dIeTTe a-KepatuHaepieH Kimipek (10-
HaH 20 k/la-ra geiiin) [11]. Cratuctuka OOHBIHIIA
JKbUT caiiblH oyeMae mamameH 10 MWIIMOH TOH-
Ha KEpaTUH KaJJAbIKTapbl TY3iIe/l, OHBIH IIIiHJIE
KaybIPChIH KaJABIKTAphl IIaMaMeH 8,5 MUJUINOH
TOHHAHBI Kypaiapl. KaysIpchiHmap KypaMbIHIa Ma-
HbI3]bl aMUHKbIIIKbLIAAD (70%), BUTaMUHIED, 6Cy
(axTopnapsl xoHE KeHOip KYHIBI DIEMEHTTEP KON
OOJFaHABIKTAaH, OJap epeKile KYHABl aKyBI3IbIK
a3bIK KO3l periHie KapacThipbutasl [12]. Kaysip-
CBIHJIAP/Ibl THIHAUTKBIIITAD, IIUKI3aT HEMECE KeIliM
ay YIIH MEXaHWKAJIbIK HEMECEe XUMUSIIBIK OJIiC-
TEPMEH THApOJu3Aeyre Oojiajabl, OipaK KepaTHH
Oy mpouecTep Ke3iHae TEK JKapThlIail bIIbIPaiIb,
COHBIMEH KaTap OYyJ KbIMOAT JKOHE KOpIaFaH OpTa-
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HBI JacTaHyblHa okeneni [13, 14]. Kasipri yakpiTTa
KepaThH Oap OWOJOTHSIIBIK, KAJIIBIKTApABIH KOII-
LIUTIT TIOJIMTOHAAP/A KOMY, Kary HeMece yKOFaphl
TeMIepaTypaaa eHJCHIN, TOMEH caralbl KaHyap-
JIap YHBIHA aifHAIIBIPBLIA/IBI )KOHE YH KaHyapiapbl
MeH OallbIKTapFa apHaliFaH a3bIK KOCIAChl PETiHjIe
naiinanansuiagpl. Anaiaa, Oya YH KYTBIPFaH CHbIP
aypysl xoHe Kpeiinidensar-Akod aypynapsl cexii-
Ji Oenrii aypylapMeH, COHJai-ak CHUBIPJIAPIbIH
ry0OKka Topi3/i SHIe(aTONaTUsICHIMEH OaiIaHBICTHI
MIPUOHAAPABIH TaChIMAIAYIIBICK 0O alaThIHBI
nmenenaenred [10]. KaybIpchlH OnMOMacCachIHbIH
XUMHSUTBIK, HEMeCe THAPOTCPMUSUIBIK —BIIBIPAYI
Ke3iH/e CeprH, METHOHHWH, JIN3HH, IIUCTEHH >KOHE
MPOJIMH CHUSKTHI MaHBI3/Ibl aMUHKBIIIKBULIAPHI Ja
binbIpaiiael [15]. ConaplkTaH, KepaTuHbl Oap Ouo-
JIOTUSUTBIK, KAJIBIKTApAbl KEPaTHHII bIIbIpAaTaThIH
MHUKPOOPTraHU3MJIEPMEH OHOIOTHSUIBIK  BIIBIPATY,
KaJIJIBIKTap bl THIMJII OacKapyAblH BIHFAWJIbI )KOHE
ap3aH oici O0JIBIT Ta0BIIAIBI, COHBIMEH KaTap KOp-
[aFaH OpTa MEH aJilaM Kayilci3diriH KaMTamMachi3
ereni [16]. Byran Koca, TaybIK KaybIPCHIHAAPBIH
ap3aH JKOHE KOJDKETIMII JHWeTaNbIK aKybl3 Ke3iHe
alHaIBIPy, OMOIKOHOMHMKAJIBIK TOCUIII KOJIIak-
el [17, 18]. Ocwiran OaityaHBICTBI, OYII 3epTTEy
JKapkeHT BICTBIK Cy KO3JIEpiHeH OKIIayJlaHFaH,
aHa’poOThl karnaiina 70°C-ka JAeHiHrl Temrepa-
TypaZa TayblK KaybIPCHIHBIH THUIMJ BIIbIPATATHIH
Caldanaerobacter subterraneus KAk mrambia cu-
naTTayra OarbpITTaIFaH.

3epTTey MaTepHuaJAapbI MeH daicTepi

Coinama any sicone ocipy

Yarirep KazakcraHHBIH AJMaThl OOJIBICBIHIA-
Fbl JKapkeHT reoTepMaliibl CyJIapblHAH aJIbIHJIbI.
Yorinepai skuHay Kesinge cy temmeparypachl 76°C
xoHe pH 6.8 Ten 6omnel [19]. Cy MeH merinainep
apanac yaruiepi 100 My HbIKTaJIbII Ka0bLIFaH aHad-
poOTHI KonbanapsiHa anbiHbI, 4°C Temneparypaaa
3epTXaHara TaChbIMaJIaH/Ibl.

AHa’pOOTHI KOPEKTIK OpTaHbl AalbIHAAY YIIiH
MoauUKanusIaHFaH XIOHTSUT 9/1iCi KOJIaHBUIJIbI
[20]. AnpIHFaH YATUIEpl AaKbpUIay YIIH OHTa-
nauabipbuiFad MMF KopekTik opTachl KOJIIaHbLI-
nel (mutpre makkaaaa): NaCl — 1,0 r; KCl— 0,3 T
MgSO,+7H,0 - 0,3 r; NH,Cl - 0,5 r; KH,PO, - 0,3
r; soHe CaCl,*2H,0 - 0,1 r; L-uucrenn-HCI*H20
— 0,25 1; wone H,BO, — 6 mr. CoHpiHaa, peaokce
naaukatopsl periae 0,2% pesazypunHig 0,5 M
MeJIIIepi KOPEKTIK opTara Kochuiasl. KopekTik op-
tanbl 121°C Temnepatypana 20 MUHYT aBTOKJIaBTa-
FaHHAH KeHiH, Y3MIKCi3 a30T ra3bl aFbIMBI ACTHIHIA
mamameH 50°C aeiiiH CalKbIHIATBUIBII, OPTaHbIH
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pH nenreiii 2 M HCI naiinanany apksuisl 6,5-ke ne-
fiH perrenai. OpTa acenTHKANBIK karFmaima 100 v
KosibanapeiHa XIOHTEHT DJIICIH KOJAAHBII, PE3EHKE
THIFBIHJIAPBIMEH HBIFBI3ANBIIT METall KhICKBIIITAP-
MeH x)a0sLabl [20].

Jlakpimgay ambITKBI SKCTPaKThl KockurraH 30
M1 MMF 6ap 50 mu1 konbanapsiaaa xypriziauni. Op-
Tara | MII Cy Jk9HE IeTiHl yaTinepi edriziimn, 70°C
TeMIeparypaza TopT KyH OOMbl MHKYOaIMsIaHIbI.
Jlakpuigap meKTiK CYWBUITY 9/1iCi apKbLIbI Ta3apThI-
JIBITI, HOTMIKECIHIE Ta3a mTaMM OeJiHinn oran KAk
aTaybl OepuIi.

Muxkpockonus

KAx mTaMbeIHBIH MOPQOJIOTHACH], CIopa TY3y
KacHeTi, Kacylla MbIFBIMbI, KO3FAIFBIIITHIFBI )KOHE
(U3MONOTHSIBIK JKaFiaiibl CEKUAl cUmaTTaManap
(haza xoHTpacThl KyphUIFBICH Oap Nikon, Eclipse
E400 (1000X) (>KamoHus1) MUKPOCKOITbI KOMETIMEH
Oaranmangel. [Jaiiein mpenapartapasl RA-7U 4.2
o0bekTHB xyieci 6ap Nikon D7000 SLR kamepacsr
apKBUIBI CypeTKe TYCIPUTIN OHIEI/I].

Jeol JSM-7400F ckanepieymii 3IeKTPOHIBI
MHUKPOCKOIT KOMETIMEH JKacyTanapablH KYPBUIBIMBI
2000X xone 8500X ynkeHTy ejiieM apajbIFbIHAA
3epTTeii. YATiJep aj/iblH ajla CUIaTTalFaH XaTTa-
Mara colikec manbsrHmamas! [21].

DuU3UON0UATBIK CURAMMAMACH]

Ocy temmneparypacsl, pH xone NaCl koHIeHT-
pammsicet KAk mramerta MMF opraceiHIa WHKY-
Oanusiiay apkpuibl aHbBIKTaNAbL. LllTaMHBIH ecy
TEMIIepPaTypachbiHbIH IUaa30Hbl CYHBIK KOPEKTIK
optana 40-90°C apansirbiga 5°C KOCy apKbUIbl HH-
KyOalusjiay HOTHXKECIHAE aHbIKTaIAbl. Ocymin pH
JIMarna3zoHbl MITAMHBIH ONTHMAJJIbl ©CY TeMIIepary-
paceraa 6arananapl. KopekTik opransH pH neHre-
#iin (3,0-ten 10,0 apansirsinaa) 2M HCI Hemece 5%
NaOH (canmmak/kenem) CTepUiIb/Ii aHadPOOTHI Type
JANBIHAAFaH ePITIHAUIEPiH KOCHII 63repTy apKbl-
Jibl Kacainpl. pH neHreiii 6enMe TemmepaTypachiH-
na pH emmerimi (VWR, AKILI) apKpiisl enmeHmi.
OcMmaTHKaIBIK, cTpecc Auana3oHbH aHbikTay NaCl
TY3BIHBIH TYpIi KoHueHTapusiapeiaaa (1%, 2%,
3%, 4%, 5%, 6% xoH 7%) OGaramangsl. API 20 A
xonakrapeiaaa rectiney (SKU:20300; BioMérieux,
Inc., Marcy-I’Etoile, ®pannuus) eHaipymIiHiH Hyc-
KayJapblHa coiikec oTki3inmi. Kpaxman, caxaposa,
rajakTo3a, KCWJIaH, THpyBar, apadnHo3a, KCHI03a,
TII0K03a, menToH, CM-1eiirono3a xoHe MEpUHOC
JKYHI CHSIKTBI OPTYPIIi CyOCTpaTTapAblH THIPOJIN3i
KaTaH aHadpoOTH karmaimapma MMF opraceiazma
aHBIKTANABL. OCy KapKeHABUIBIFEI 70°C Temmepa-
Typana 24 xoHe 48 caraTThIK MHKYOAIMsIIaH KeHiH
(ha3asIbIK-KOHTPACTBl MUKPOCKOITHS apKBUTBI Oara-
naHabl. Erep skacyina ThIFBI3IBIFBI 24 caFat iliH/e
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€Ki eceJIeHCe, ocy OH el ecenTeli, an Oasy ecyi
48 carar imiH7e )KacyIla THIFBI3IBIFBIHBIH €Ki ece-
JIeHyiMeH KepceTini. bapibik skcriepuMeHTTep yIi
peT KalTanaHbll, COMKec Tepic KoHe OH OaKbLIay-
JapMEH JKYPTi3iIIi.

16S pPHK cenoepin cexsenupuey

Bakrepusitap MMF opTtaceinaa 24 carat Golibl
ecipinim, 4°C Temneparypana 15 munyt 60tisr 6000
x g (8000 aiin/muH) neHtpudyranay apKbUIbl KH-
Hanael. 'enomasik JTHK skcTpakiusicel MEeH Tazap-
teuTybl GenElute Oakrepusumbik reHOMIBIK JIHK
aKcTpakius kubIHTHIFBIMEH (NA2100; Sigma-
Aldrich, Cent-Jlync, MO, AKIII) xone GenElute
I[ITP Tazapry »xubiHTHIFBIMEH (NA1020; Sigma-
Aldrich) opeiamanner. 16S pPHK renpepinin HyK-
neotuarep Tizoerin cexsenupney UiB Sequencing
facility (bepren yauBepcureri, HopBerns) opraisi-
FBIHJIA JIJIBIHFBI )KYMBICTa KOPCETUITEH Typa jKOHE
Kepi ombeban mpalimepiepai maijanaHa OTHIPHIIT
Cenrep omicimen opsiHmanabl [21]. IITP ammmm-
¢buKanMs HOTIDKECIHIH OHIMAEPIH OHIIPYIIiHIH
HycKayiapbiHa coiikec 3500 I'eHeTUKaNbIK aHATU-
3aToperana (Applied Biosystems, AKII) xommep-
msutelK, Big Dye Terminator v. 3.1 )KUHTBIFBI apKbI-
7l cekBeHMpIieH . CeKBEHHUpIIEY PEeaKIMsIChIHBIH
JKaamel kesemi 10 MK jkoHE Keneci OemkTepaeH
typabl: Big Dye v. 3.1 peaknusira 1 MKJI, CEeKBEHHP-
ney Oydepi 1 Mk, npaiimep 1,5 mxa (2 M), IITP
oHimi 200 HT, x0HE CTeprIbdi cy 10 MKIT KeiaemiHe
JKETKeHIIe KOochUiAbl. [laiia OosFaH aMIiuguka-
st enimaepin BigDye XTerminator Purification
KubIHTHIFBI (Applied Biosystems, AKII) keme-
riMeH OHJIPYLIIHIH HYCKayllapblHa CoOiikec Oaii-
JaHbICTIaFaH peaKUusi OHIMIACPIHEH Ta3apThUIIBL.
CexBeHHpIIey HOTIDKECIH/IE ANbIHFAaH HYKICOTH-
tep Ti30erin MEGA X Oarnapiamacsl [22] keMeri-
MeH TaiaH sl xeHe EMBOSS [23] 6armapiamacst
apKBUTBI TAJJaHFaH mpaiMeprep Oip OipiHe Oipik-
tipinai. Aneiaran 16S pPHK reninin Tiz0ekrepi
BLASTN (omenki mnapamerpiepMeH) Oarnapia-
MachIH TaiiaaHa OTBIPHII, JKaIIBIFa KOJDKETIM/II
JIEpEeKKOpJIap/arbl HyKJICOTH/ITIK Ti30€KTepMeH ca-
neicThipeiabl (https://blast.ncbi.nlm.nih.gov/Blast.
cgi). Tizoexrepai TeHectipy CLUSTAL X Oarnap-
JlaMachl apKbUTBI OpBIHAANE! [24]. dunoreneTuka-
neik, Tangay MEGA v11 Garnapiamanbik, KHBIHTHI-
FBIHJIA MaKCHUMAJIbl BIKTUMAJBIK DIIiCiH KOJIaHy
apKBUIBL KYPri3iiai [22]. DBOJIOIUSIIBIK KAIIbIK-
TeikTap Tamypa-He#t Monenin maiijanaHbein ecemn-
tenmai [25]. MakcuManabl BIKTUMAIIBIK JEPEeKTepi-
HiH bootstrap Tajjgaybl TapMaKTaldy HYKTEJIEPiHiH
ceHiMainiria 6aranay ymin 1000 pet kaiita yariaey
uTepansuIapsl KaMTeIael [26]. CoHBIMEH KaTap,

KETICHEeHUTIH JepeKTepi Oap mo3uuusiap Tangayaan
wsiFapeiabl. Caldicellulosiruptor saccharolyticus
16S pPHK reniniy Ti30eri ChIPTKBI TOI pETIiHE
naiananbUIIbL.

Kepamunazanvix bencenoinicin anvixmay.

[ITaMHBIH KepaTUHII BIABIPATY OEJICCHIILTITIH
aHBIKTAYy YLIiH cyOCTpaT peTiHAE TaybIKTBIH Key-
JIe KaybIpCHIHAAPHl KOJIMAaHBULABL. KaybIpchiHmap
[IIaH MEH Tepi OeJIIEKTEPiH KO YIIiH JSUOHH3a-
LUSUIAaHFAH CyMeH OipHelle peT MYKHMAT IaibUIbII
50°C temrieparypana TepmocrarTa 24 caraTr 00BI
kenTipingi. KenripinreHHeH keifin 25 + 5 Mr TaybIK
KaybIPChIHBIHA 25 MJ aHa’poOTHl KOPEKTIK opTa
KoChUIIBI. KOpekTik opTa KypaMbIHa KeJieci HHTpe-
nuentrep (1 marpre) kipai: NaCl — 1,0 r; anibITKs!
akcrpakThl — 0,01 r; L-uctenn-HCI*H20 - 0,25 T;
xoHe pesazyput (0,2%) — 0,5 mJI. Conpaii-ak, op-
tara 1 M KAK]1 mraMbIHBIH HHOKYJTFOMI KOCBLIIBI.
Tex kaybIpchiHAapsl Oap, Oipak WHOKYJSLHSICHI3
oprackl Oap Kojiba Tepic OaKpUIay peTiHAe KOma-
HBUIJIBL.

Haxpuimap 70°C TemmnepaTypaia aHadpoOThI
KaFaaiina WHKyOauusIaHael. Op 24 carar calblH
KayBIPCHIHIAP/BIH TYTACTBIFBIHIAFBl ©3repicTepIi
OakpLIay YIIiH Koj0anap Ke30eH TeKcepii.

3epTTey HOTHIKeEPi JKOHE 0J1ap/AbI TAJNIAY

KAk mraMbl aHa’poOTHI JKaFmaiiga skacairaH
TBIFBI3 KOPEKTIK OpPTaa KOJIOHHS Ty3yTe KabieTcis,
o1 Tek ['paM OH >kOHE TEeK OTTEKCi3 OpTaja FaHa Ke-
Ocrore kaoirerTi. OCBI OpTaa IMTaMM XKacyIagaphbl
Japa, *KyI, cupek Tizoekrenin opHaiackas (0.1-0.9
MM) OOJIBIN KeJieai koHe KeMipey Kocsutran MMF
KOPEKTIK opTaza ecipreHje cropa Ty3uryi Oaiikai-
manel (cyper 23, b, B), erep KopekTik oprara Ke-
Mipcy OpHBIHA HETi3r1 CyOCTpPakT peTiHIe TaybIK
KaybIPCHIHBIH KOCAThIH OOJICAaK, OHJAA >Kacyllaja-
PBIHBIH TIIIiHI ©3Tepe/Ii, oap Kil Topi3uec OOJIbII
(0,3-0,7 mm) criopanapsl O6atikanasl (cyper 1, A, ©).

Crioparap mraMM KacyIIackbIHBIH Oip IICTiHCH
OpHAJIACKIN TIIIiHI JAOMaJaK TEPMHHAJIbI OOJIBII
keneni. PazanbIK-KOHTPACTbl MHKPOCKOIIIEH Ka-
paraHza KehOip criopajapra >KapblK ChIHCA (CypeT
1, ©) keiibipeyepiHae oHAal KacueT OalKaiMaibl
(cypet 1, A). DAeKTpOHABI MUKPOCKOMHS KECiKiH-
nepinge, KAk mramasie Bacillaceae TykpiMaacsiHa
TOH MOP(OJIOTUSFA COUKEC Y3bIHABIFI 6-15 MUKpOH
apaibIFbIHAA KEJIreH JKYI HeMece Japa sKkacyluana-
pHBI Gaiikanael (Cyper 2).

KAx anaspo0OTsI sxarmaiina 55-85°C Temnepary-
pa (ontumymM 65-70°C) apanbiFsiHga sxxoHe pH xep-
cetkimi 4,5-9,0 meiiinri apanbikra ecemi (1-kecte).
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A, © TaysIK KaybIpchIHEI KocbTFaH MMF kopekTik opTama ecipinren skacymranap, skoHe b, B mroko3a Kocsinran
MMF opracsiraa ecipinres xacymanap (uakyoarms remneparypacbl 70°C). Tayblk KaybIPCHIHBI KOCBUIFAH KOPEKTIK OpTaaa
OCKEH yKacyIanap/bIH *KapblK CHIHOAUTHIH (A) %oHE ChIHFBILI (D) criopanapsl ak kebeMeH KopceTinreH. [oKko3a KOChUIFaH
KOPEKTIK OpTajia CKeH jkacyuraiap kebine 6ip-6ipaew, xynmen (B) nemece cupek Tizdexrenin (B) opHanackan. Macmrrad: 1 Mkm

1-cypet — KAkI mtaMbiabIH (a3aibK-KOHTPACTHI MUKPOCKOIIHNS KECKiHaepl

LEI 2.0kY  X4,000 1ym_ WD 8.0mm

2-cypet — CkaHepIieylii 3JIeKTPOH Ikl MUKpocKonTa KAK mTaMblHbIH KECKiH1
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1-kecte — KAk mtamMbIHbIH xoHE Oacka Oenrini Caldanaerobacter Typiepinin auddepeHnnanipl GeHOTHIITIK CHITaTTaMaaapbl

Epexmenix *1 2 4 5 6 7
Taskmanap Tasxwanap, Taskwanap,
Hacyuawopporormscs | R e eparae. | Tomwiap| U Tansaanap | TR
Topi3nec TBIPBIIFaH HIBIHKBIPIAaFaH

Cropa Ty3yre KaOuIeTTiTiK + + - - + -
I'pam peaxuusics + + + - + +
Ko3zranrbIureik - - - - + -
Ocy temneparypacsl (°C)
ApanbIFbl 55-85 50-75 40-80 50-80 50-85 50-80
Ontumym 65-70 68-70 65-75 75 75 70
Ocy pH kepceTkimi
ApabIrel 4,5-9,0 4,8-8,0 5,7-9,2 5.5-9.0 4,5-9,0 5,8-7,6
OnTtumym 7,0 6.8 7,0-7,5 7.0-7.5 6,5 6,8-7,2
AH.[LITKLI. 9KCTPAKTIH ocy (ak- N N . n n v
TOPBI PeTiHze
TENTOH v + + + + +
TPUIITOH + + + + + +
D-pubo3za + - - - + +
D-¢dpyxroza - + + + + +
D-ranakrosa + + + + + +
Menuoro3a + + + + +
HETI0N03a + + + - - +
KCHJIaH + + + - - +
upyBar + + + - + +
API 20A:
L-tpunrodpan - v + + + +
Hecennoap - + + + + +
D-rmroxosa + + + + + +
D-mannuron + - + +
D-nakrosza + + + + +
D-caxapoza + + - - + -
D-manbro3a + + + + + +
CaJTMLIUH + + + + + +
D-kcunosa + + + - +
L-apabunosa + + - - -
JKeJIaTuH + + + + - +
ICKYJIHMH TeMIp LIUTPaThI + + + + + +
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Kecmeniy orcanzacwor

Epexmremnix *1 2 4 5 6 7
Tasikanap Tasikmanap, Tasikmanap,
Kacya mophooruscet flapa, oKy, cii- RAIFDIS HE- Tasikiranap HATIFBI, Ay Tasikuranap byrakranran
peK Ti30eK/Kilm | Mece Kymrac- HeMece TasKIIauap
Topiznec TBIPBUTFaH IIBETHKBIPIAFaH

DIULEePUH + + + - + +
D-nenno6uosa + + + + + +
D-manno3a + + + + +
D-menesurosa + + + + + +
D-padpunoza + - + + + +
D-cop6uron + + + + - +
L-pamno3sa + - - + + +
D-tperanosa + + + + + +
['mroKo3aHbIH alIBITY OHIMIEPI:
3TaHOI + + - - + -
anerar + + + + + +
JIaKTar + + + + + -
st + + - + + +

*Benriiep: v, 03repiHki; +, oH; -, Tepic; =, oinci3 on; KAk mwrramst; 2, Caldanaerobacter uzonensis K67' [2]; 3, Caldanaerobacter
subsp. subterraneus DSM 13054" [3,4]; 4, C. subterraneus subsp. tengcongensis JCM 11007" [6]; 5, C. subterraneus subsp.
yonseiensis DSM 137777 [7,8]; 6, C. subterraneus subsp. pacificus DSM 12653 [5]

KAk mrampiaeiH 20 TYpii KOCBUTBICTapP.IbI
naiganany MyMKiHAirin aneiktay APl 20 A xo-
nakTapeiMeH Tekcepingi (kecre 1), mramm 20 Ko-
CBUTBICTBIH 18-iH BIIBIpaTyFa KadinerTi Oojca, co-
JapablH imriHAe TeK L-TpunrodaH XoHE HECEITHOp
KAK mraMbIMeH bIIBIpaTyhl OaliKaiMassl. bapibik
wramaap D-rimoko3ansl, D-manero3ansl, D-1enno-
0uo3aHbl, D-rajgakTO3aHbl KOHE alllbITKbI SKCTPAK-
TBIH DHEprus Ke3i peTiHjae KoyijgaHa anajisl. bipak
eIIKANCHICHI CyIb(aT, CyIb(UT HEMECE HUTPATTHI
AJIEKTPOH aKIENTOPJIAPhl PETIHAC KOJIIaHOaii bl
€KeH1 aHBIKTaJIJIbL.

KAk mramsiaeig 16S pPHK (1452 x.H) ren
tizoerin  BLASTn Oarmapnamacel KeMeriMeH
GenBank pepexkopnapeiga Oenriiai peTTimik-
Tepre colikecTeHAipiiTreH ke3ne, KAk mraMbHbIH
Hyksieotun tizoerine C. subterraneus mraMaapoi-
Ha KaKBIHALIFEI aHBIKTAIALI. KAK mtamer men C.
subterraneus subsp. tengcongensis DSM 152421
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mTambl apaceiHAarsl 16S pPHK ren Ti30erinin
ykcacTeirsl 98,5% Kkypaca, 0acka ocel Typ immi
mTaMJapbiMeH alakTeIFel 1-1,5% apansiFeiHAa
OO IBI.

KAk mtambiaeie 16S pPHK reniniy Tiz0erine
HerizgenreH ¢uinorenerukanblk aram MEGA X
OaFaapiraMachIMEeH JKYy3ere achIpbuULAbI (CyperT 3).

KAk mramel 6acka Caldanaerobacter mram-
JIapbIMEH TONTACTBHIPBUIIBI, JISTEHMEH OHBIH Oacka
Caldanaerobacter TMHITIK mTamMIapblHAH KAIIbIK-
TBIKTA JK€Ke Kiaja Kypsill opHaymacybl KAk iira-
MBIHBIH JKaHa TYp HEMece TYp il eKeHiH KopceTei
€KEIIr1 aHBIKTAJIIbI.

Caldanaerobacter KAk mrambl ©3iHiH XKOFapbl
KepaTuHa3alblK ~OCJICEHAUIITIMEH epeKIIeICH .
KAk mTamplHBIH KepaTHHA3IBIK —OEJICeHIIIIT
aHa’poOTel MMF  KOpekTik opTachlHAa TaybIK
KaybIPCBIHBIMEH (/3-KepaTHH) (MaMBbIK JKOHE KATThI)
CBIHAJIBI (CypeT 4).
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so r Caldanaerobacter subterraneus SEBR 7858 T (NR_114541)

Caldanaerobacter subterraneus subsp.pacificus DSM 12653 (AF174484)

Caldanaerobacter subterraneus subsp.yonseiensis KB-1T (NR_025056)
Caldanaerobacter subterraneus subsp. subterraneus DSM 3054T (NR_117592)

Caldanaerobacter subterraneus subsp.tengcongensis MB4T (NR_114543)
Caldanaerobacter uzonensis K67 (EF195126)

Caldanaerobacter KAk (OR351227)

i':hermoanaerobacter pseudethanolicus 39ET (NR_118662)
Thermoanaerobacter wiegelii Rt8.B1T (X92513)

90 { Thermoanaerobacter italicus DSM 92527 (AJ250846)
91 Thermoanaerobacter thermocopriae IAM 135777 (L09167)

Caldicellulosiruptor saccharolyticus Tp8T 63317 (NR_036878)

KaHaT KaybIPChIHBIH/A 4 TOyIIiK Ooiibl 70°C Temmeparypaia

0.020

Tipkey Hoemipiepi xaximana oepiaren. Bootstrap MoHaepi TapMakTap/a MaibI30eH KopceTiIeTi.
Aram maximum-likelihood oxiciMen Kypanran. ChIPTKBI TOI peTiHIe
Caldicellulosiruptor saccharolyticus Tp8T 6331T (NR_036878) maiiganaHbuiisl

3-cyper — 16S pPHK reninin tiz6ekrepine Herizaenren Thermoanaerobacteraceae 0T6aChICHIHBIH
TYpPJEPiHIH THITIK mTamMaapsl 6ap skoHe KAK mTaMbIHBIH (QrIIOreHeTHKAIIBIK aFalllbl

Ocswl cyOcTparta ecy OapbIChIHIA Ta3 TY3iMy
KacueTi Oalikanpl *KoHe KYpaMbIHa OpTa €CENIeH
8,9% cyreri (H2) sxone 4,1% KeMipKbIIIKbUI Ta3bl
(CO,) GonathIHABIFEI aHBIKTALABL. TaybIK KaybIp-
cerabiHIa KAk mraMbia nHKyOanusnay OapbIChIH-
Jla, ME3T1IJII IIBIHBI BIJBIC 1IIH/IE KbICHIMJIbI a3aUTy
JIAKBUIIAPBIHBIH CAHBIHBIH YIIFAIObIHA JKOHE CyOCT-
PATTBIH T€3 bIIbIPAYbIHA AJBIT KEJIJIi.

Caldanaerobacter KAK 1mTaMbIHBIH TaybIKThIH
TOCIHCH allbIHFAaH MaMBbIK, KOHE KaHAThIHAH aJIbIH-
FaH KAyBIPCHIHJAPBIH bBIABIPATY IKbULIAMIBIFBIH
apTTBIPy MaKCaThIHIA Op TYPIi cyOTparTap ChlHAK-
TaH OTKI3UI/i, OHBIH IIIHJIE: MalChI3IaH IbIPBUIFAH
CYT YHTaFbl, Ka3eHH, MMENTOH JKOHE allbITKbI 3KCT-
pakThl 60161 (CypeT 5, A).

Hotwmxkecinne ockl chlHalNFaH cyOTpaTTap imiH-
ne ambITKbl AKCTpakTel Caldanaerobacter KAk
L_ 72 carar IITaMbBIHBIH KEepaTHHA3aJIbIK OCJICEHAUIITH JKOFap-

JIaTaThIHBl aHBIKTANABl. Mpbicansl, MMF kopek-
Tik optaceiHa 0,1% aImBITKBI 3KCTPAKTiCI KOCBUICA
oprta ecenmex 70°C Temmeparypaaa MaMbIK, KaybIp-
CBIHJIBI BIIBIPATY +4 TOYIIK, a1 KAHATTaH aJbIHFaH
— 96 carar KAYBIPCHIHJIBI BIABIPATY +6 TOYIIK alaThbIHbI aHBIK-
tanel. JJon oceinaaii sxarnariga MMF kopekTik op-
TachIHA allBITKbI SKCTPAKTICIH KOCIIAFaH JKaFaiaa
TaybIK KaybIPCHIHJAPBIH BIIBIPATy YaKbITHl 3 ece
4-cyper — Caldanaerobacter KAk mrrambiabin YIIFali/Ibl )KOHE alllbITKbI SKCTPAKTICIH KOPEKTIK Op-
KepaTUHA3AIBIK OEJICEHILIITH TEKCepy YIIiH TaybIK, Tara KOCYy HOTHKECIH/E KbIMOAT AopyMEHIEp epi-
TIHICI3 TOJBIFEIMEH aJIMAaCThIpa alaThIHBI OaiiKa-
nel. By anieiTkel axerpakricinin Caldanaerobacter

— 0 carar

. 24 carar

— 48 carar

WHKYOAaIusuIay IbIH HOTHIKEC]
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KAk mTaMM nakpuigapslH JOpPYMEH epiTiHIiciHe
KaparaHJia dIeKania Te3ipeKk OeliHyiHe KoHE Ke-
paTHHA3aJIBIK OCJICeHIUIIrHE Bcep eTETIHIH Kepce-
Teai. COHBIMEH KaTap alllbITKbl AKCTPAKTICIHIH OH
OCEepIMEH Karap Tepic ocepi ae OalKaimbl, erep Ko-
PEKTIK OpTajia albITKbl SKCTPAKTICIHIH KOHIIEHTpa-
uwsicel 1,7% acateia O6onca, 0yn Caldanaerobacter
KAk mTaMpIHBEIH KepaTHHA3AIBIK, OCICCHIUTITIH
TOJIBIFBIMEH TEKEHUTIHI aHBIKTAJIBI. AIIBITKBI YKCT-
paxTicinen Oacka Caldanaerobacter KAk mrampl-
HBIH KepaTuHa3aiblK Oencerautirine NaCl Ty3sl oH
acep ereTiHi xkoHe oHbIH 0.4% Mediepi onTuMat-

800
700

600

bInbIpary yaksITHI (CaFar)
-~
(=]
(=]

100

0 0.2 0.4 0.6 0.8

Il eKeHl Oenrini Oosael (cypet 5, ©). Ykcac Ho-
txenep Stanly Merin Liya, Mridul Umesh, Anish
Nag, xoHe Oacka aa (2023) aBTOpJIapMEH Ka3bLI-
raH xxymbicta NaCl Ty3bl kepaTrHaza GepMeHTiIHIH
OCIICCHIUTITIH KOFapJIaTaThIHBI KepceTinred [27].
Caldanaerobacter KAk 1mTaMbIHBIH KepaTHHA3a-
JBIK, OCJICeHIUTIriHE KOPEKTIiK opTa Kypampaac 0Oe-
JKTEepiHeH 0acKa epekIie dcep eTyII (paKTOpAbIH
0ipi nHKyOanms Temneparypacs! 6onabl. KepaTuna-
3a7bIK Oencennimik 55-80°C apanbIKTapbiHaa 3€pT-
TEJII, HOTWXKECIHAC eH JKoFaphl oencenaimk 70°C
TeMIeparypachiH/ia OaiKanaThIHIBIFbl KOPCETLII.

1,6: 672

14; 624

1 1.2 1.4 1.6 1.8

3]

—8— AITBITKEI KCTPAKTHIHBIH KOHIIEHTPAIHAICH (%0)

blneipary yakeITHI (carar)

0 0,2 0.4

0.9: 369

0,6 0.8 1™-1;0 1,2

—eo— NaCl xoHrerTpamics (%)

5-cypeT — ABITKBI SKCTPAaKTHIHBIH (A) xkoHe NaCl (O) KOHIEHTpaHsIapbIHbIH

Caldanaerobacter KAk mtaMbIHBIH KepaTHHA3IBIK O€JICEHALTIrHE ocepi
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Ocwl 3epTTey/e CHUMATTAIFaH JKaHa W30JIST
C. subterraneus peTiHAC aHBIKTAIABI, ajaima,
C. subterraneus TypiminepineH KeiOip albIp-
MamibUIbIKTapbl  Oadikanapl, Oyn KAk mrambia
Caldanaerobacter exinmepiHin immHme >KaHa
HITAMM PETiHJe JKIKTEeyre Heri3 0ap eKeHiH Kepce-
texi. lllTamm caxaposa, ramakro3a, KCUJIaH, apaOu-
HO3a, KCUJI03a, TIIF0K03a, rmentoH, CM-1emrroo3a,
D-mannuton, D-makrtosa, D-manbrosa, caauliyH,
JKEJATUH, ICKYITUH (EpPpPUK MUTPATHI, TIUICPUH,
D-mienmmo6mnosa, D-manno3a, D-mene3utosa, D-pad-
¢uno3a, D-copburon, L-pamuosa xone D-Tpenosza
CHUSIKTBI BpTYpIIi cyOcTparTapia auTapiblKTaid ecy
kaobirerin kepcerti. ConsiMen karap, KAk 70°C
TeMIeparypajsa OHTaiibl ecim 96 cararrtaH Ke-
HiH TayblK KaybIPCBIHIAPBIH TOJBIK BIIBIPATAJIbI.
ATIBITKBI 9KCTPAKTHl KOMIPCYIApABIH ©Cyi YIIiH
KakeT Oommazel. Aiita kereiik, KAk tmrramer Tex
aIIBITKBl 3KCTPAKThI HEMECE TaybIK KaybIPCBHIHIA-
pel Oap opTama ecyre KaOUIETTUTIK KOpCeTTi, Oy
Caldanaerobacter TybICBIHBIH 0acKa ©KUIIEpIHEH
epeKIie KacueTi 0ok Tadbutae [2, 4, 5, 7].

JKorappima aranmrad  (U3HOIOTHSIIBIK, aHBIp-
MalibUIbIKTapaan Oacka, KAk 1irambiHBIH (u-
JIOTEHETUKAIBIK, Tanuaybsl oHbH C. subterraneus
subsp. younseiensis KB-17, C. subterraneus subsp.
subterraneus DSM 130547, C. subterraneus subsp.
tengcongensis MBA4" xone C. subterraneus subsp.
pacificus DSM 12653" tunti mramaapeiMeH Oip
TYpili TOOBIHA XKaTaThIHBIH KepceTTi. bipak, sxora-
pBla KepceTiareH (pU3HOIOTHSIIBIK ePEKIIeITiKTep
koHe 16s pPHK reH cukBeHcTepi HOTHX)ECI OOHBIH-
ma (UIIOreHeTHKANBIK aramra opHantacysl KAk
IITAMBIHBIH SPEKIICIITIH DI ICH/Ii.

KopbITBIHABI

Kananan Oeminin ansiaran C. subterraneus
KAk mrTamMbIHBIH KePaTUHOJUTHKAJIBIK OCICeH-
niniri 6aranassln, oHblH 65-70°C Temnepatypa-
Jla YII KYH i0IiHAe KayBIpChIH KepaTHHIH THIMII
BIIBIPATATBIHBI aHBIKTANAbl. COHBIMEH Kartap,
KAk mTambl alibITKbl 9KCTPAKTHICHIHA HEMECE
TEK TaybIK KaybIPCBIHBI O0ap opTajaa »KaKChl oce-
TiH Oipereil KaOiNeTiH KopceTTi, Oy Kacuerrep
oubl Caldanaerobacter TYKbIMIaCBIHBIH Oacka
MYIICIepiHeH epekmeneHaipenai. Ockl Kepce-
TUITEH epeKIIeNIKTep OHBIH OCHIMIeNTimTIiriH
KepceTeni JKOHE OHBI OpPTYpJi OMOTEXHOIO-
TUSIIBIK KOHTEKCTEPJIe MaHBI3JIbl €TIll OHBbI KYC
KaJJBIKTapblH )KaHyapiapra apHalFaH a3blK oH-
Iipy YIIiH Maigansl MIMKi3aTKa alHalIbIpyaa
JKOHE KEepaTHH KypaMBbIHJIAaFbl MaTepHUalapablH
THIMJII KaJJBIKTapabl Oackapy cTpaTerusJia-
pPBIHAa OHEPKOCINTIK KOJJAHY YLIIH OJeyeTiH
KepceTei.

AJIFBIC €03, KAPKbLIAHABIPY KO3i, MyaeJiep
KAKTBIFBICHI

Bbyn 3eprrey Kazakcran PecnyOnmkacer XKo-
Faphl O11iM J)KOHE FRIIBIM MUHHUCTPJIITIHIH FBUTBIM
komuteTi (rpant Ne AP14871683 «MmmoOumm3-
JEHIeH TepMoQMIasl OaKTepusIapIblH KoMe-
TiMeH KypaMmbIHAAa KepaTWHII j>KaHama 3aTTapbl
Oap eHiMaepai KaiiTa eHIeY OMOTEXHOIOTHSICHI»)
Kap>KbUIaHBIPYBIMEH JKY3€T€ aChIpbLIIbl. ABTOP-
Jap MyAnenep KaKTHIFBICBIHBIH JKOKTBIFBIH MO-
TIMIENHI.
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DROMEDARY AND HYBRID CAMELS’ MILK COMPOSITION

Last centenary there is an increasing attention for camel dairy products, which create an attractive-
ness for camel breeding with high dairy productivity. Camel physiology and adaption ability on the
background of climatic changes push for interest for these animals as an important livestock species at
international level, therefore, high productive camels could become an important milk source in arid
zones. In this article the difference in camel milk composition, milk productivity and udder morphology
of Aruana breed and hybrids from three regions of Kazakhstan was determined. According to camel
milk composition the percentage of well-classed was 83.8 %: 93.3% of the Aruana were well classed vs
77.9% of the Kospak and 68.2% of the Nar-Maya. The main discriminating factors were in the order, the
density and fat content in camel milk. Studying milk composition of camel breeds and populations could
give us an opportunity to improve milk quality and milk productivity of local camels.

Key words: camel milk, dromedary camels, hybrids, milk composition.
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Apomeaap >xoHe TMOPUATI TYHeAepAiH CYT Kypambl

COHFbl OHXKbIAABIKTA TYME CYTIHEH XKaCaAFaH OHIMAEPTe Kbi3bIFYLLIbIAbIK, aPThIM KEAEAT, OYA TYMEAepA|
CYT GHIMAIAITI >XOFapbl TyMeAepAi ecipyre biHTaAaHAbIpasbl. TyileAepaiH epekiie (U3MOAOrUSIChI
MeH KAMMATTbIK, e3repictepre 6eiiMaeAy KabireTi GYA >kaHyapAapFa XaAblKapaAblk, AEHremAe Haszap
ayaaptaabl. OcblAaiiila, >KOFapbl 6HIMAI TyieAep Kyprak, aMMakTapAa CYTTiH MaHbI3Abl Ke3i 6oaa
anaabl. Ocbl Makanaaa KasakcraHHbIH, Yl aiMarbiHaH aAblHFAH ApyaHa TYKbIMbl MeH OyAaHAAPbIHbIH
TYMe CYTiHiH KYpPaMbl, CYT OHIMAIAIT XK&He >KeAiH MOP(OAOTUSCbIHAAFbI alblPMalLLIbIAbIKTAP aHbIKTAAAbI.
3epTTey HoTMXKEeAepiHe COMKEC, TYMe CYTi KypamblHbIH >KOFapbl AeHrenae 6arasaHraH yaeci 83,8%
Kypaabl: ApyaHa TyKbIMbIHbIH 93,3 %-bl >koFapbl OaraAaHraH, aa Kocnak, ywin 77,9% >koHe Hap-Mans
YLWiH 68,2% KypaAbl. AliblpMalLbIAbIKTapAbI aHbIKTAATbIH Heri3ri hakTopAap Tyre CYTiHIH, ThIFbI3AbIFbI
MeH ManAbIAbIFbl 60AAbI. COHbIMEH KaTap, XKEAIH OAlleMi MeH CYT MeALLepi apacbliHAAFbl GaiAaHbIC
aHbIKTaAAbl, BYA GHIMAIAIKTI apTTbipy YiliH MOPMOAOIUSIABIK, CMNAaTTaMaAapAbl OAAH api 3epTrey
KQKETTIAITIH KepceTeai. Tyie TyKbIMAApPbl MEH MOMYyASUMSAAPbIHbIH, CYT KypambiH 3epTTey 6isre
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AIKTI TyMEeAepAiH CYT canacbl MEH CYT OHIMAIAIMH apTTbIpyFa YAKEH MYMKIHAIK Gepeai, 6yA cy pecypc-
Tapbl LWEKTEYAI KOHE TemrepaTypachl >KOFapbl aMMaKTap yiliH 6Te MaHbI3Abl GOAbIN TabbIAAAbI.
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CocTaB MOAOKa OAHOTOPObIX U TMOPUAHBIX BEpOAIOAOB

B nocaeaHune aecatnaeTns HaBAIOAQETCA PaCTyLLEe BHUMAHUE K MPOAYKTaM M3 BEPOAIOXKbErO MO-
AOKa, YTO AEAAET pasBeAeHre BepOAIOAOB C BbICOKOM MOAOYHOM MPOAYKTUMBHOCTbIO BCE GoAee mpu-
BAeKaTeAbHbIM. Crieumuryeckas (puUsmMoAorns BepOAIOAOB M MX CNOCOOHOCTb aAanTUPOBATLCS K U3-
MEHSIOLLIMMCSI KAMMATUYECKMM YCAOBUSM YCUAMBAIOT MHTEPEC K 3TUM >KMBOTHbBIM Ha MEXAYHAapPOAHOM
ypoBHe. bAaroaapst 3ToMy BbICOKOMPOAYKTUBHbIE BEPOAIOABI MOTYT CTaTb BaXKHbIM MCTOYHUKOM MOAO-
Ka B 3aCYLUAMBbIX pernMoHax. B aAaHHOM cTaTbe pacCMOTPEHbI Pa3AMUMSl B COCTaBE MOAOKA, MOAOYHOM
NMPOAYKTUBHOCTU 1 MOPOAOTMM BbIMEHW BEPOAIOAOB NMOPOAbI ApyaHa U rMOPUAOB M3 TPEX PErMOHOB
KaszaxcTtaHa. CoraacHO NOAYYEHHbIM AQHHbBIM, MPOLEHT BbICOKOKAACCU(ULIMPOBAHHOIO MOAOKA COCTa-
BUA 83,8%: 93,3% aAs nopoabl ApyaHa, 77,9% aast Kocnaka v 68,2% aas Hap-Marin. OcHoBHbIMM
AVNCKPUMMHALMOHHBIMKW (paKTOpamMu, OMPEAEASIOLLMMU Pa3AMUMs, CTaAM MAOTHOCTb U COAEpyKaHMe
>KMpa B MOAOKe. Kpome TOro, BbISIBAEHA B3aMMOCBSI3b MEXAY Pa3MEPOM BbIMEHM U KOAMYECTBOM MO-
AOKa, YTO YKa3blBaeT Ha HEOOXOAMMOCTb AAAbHENMLLErO M3YyYeHMs MOP(POAOrMUYECKMX XapaKTEPUCTMK
AAS YAYULLEHUS TPOAYKTUBHOCTU. MCCAeAOBaHME COCTaBa MOAOKA Pa3AMUHbIX MOPOA M MOMYASLMA
BEPOAIOAOB MPEAOCTABASET BO3MOXKHOCTb AASl YAYULLIEHUSI KAUECTBA MOAOKA M MOBbILIEHNS MOAOUYHOM
NMPOAYKTUBHOCTU MECTHbIX BEPOAIOAOB, UYTO BaXKHO AASI PETMOHOB C OrPaHNYEHHbIMM BOAHBIMM pPecyp-
CaMM U1 BbICOKMMM TeMrepaTypamu.

KAtoueBble cA0Ba: BEpOAIOXKbE MOAOKO, OAHOrOpObIEe BEPOAIOADI, TMOPUABI, COCTaB MOAOKA.

Introduction

In Kazakhstan, the historical nomadic lifestyle
was associated mainly with camels and horses.
These animals were the main nomadic logistical
reserve for the migration process of entire families
or villages. The strongest and hardiest animals were
selected for logistics. Bactrians or their hybrids with
dromedaries were mainly used. Due to which, on the
territory of modern Kazakhstan cohabiting double-
humped, single-humped camels and their hybrids,
currently the main goal of hybridization is to im-
prove productive qualities, such as milk, meat, wool
productivity and working capacity [1,2]. According
to Burger [3], Kazakhstan is the country where the
practice of anthropogenic hybridization is well de-
veloped. This is a country that has the most sophisti-
cated hybridization techniques with well-established
breeding strategies. Currently, these camels popula-
tions are an important productive livestock resource
in several regions of the country. Camel is one of
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the most ecologically harmless domestic animals in
the dry regions of camel breeding countries in the
world [4,5]. Using camels as a draught animal and
valuable camel breeding products showing the eco-
nomic importance of these animals [6]. Compared
to other dairy animals camels can produce an impor-
tant amount of milk from poor feed [7].

Nowadays, camel milk is under high demand
at both markets on domestic and foreign level. The
potential value of camel milk is on average 3.6%
of the total national milk production, and this pro-
portion increased by 30% since its independence. In
the last 20 years, the production of camel products
increased 5 times [8,9]. There is an upward trend
in prices for camel dairy products, which create an
attractiveness for breeding camels with high dairy
productivity in the country. Specific physiology and
adaptive capacity and increased interest for these
animals as livestock species worldwide could lead
to high productive camels becoming an important
milk source for humans [10]. In this article the dif-
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ference in camel milk composition of Aruana breed
and hybrids from different regions of Kazakhstan
was determined.

The milk composition is highly variable accord-
ing to genetics, feeding, or physiological status [11-
13]. If those factors were investigated previously
in Kazakhstan [14-16], up to now the relationships
between morphological characteristics of the ud-
der, the milk productivity and its composition were
not investigated. During lactation period the shape,
the teat diameter, the udder length and depth, teat
length and other parameters could change [16,17].
Thus, the present paper focused on the assessment
of the links between these parameters and on their
relationships withcamel milk composition, udder
morphology and milk productivity.

Materials and methods

Milk sampling procedure

Kazakhstan having the particularity to possess
dromedary (Camelus dromedarius) and Bactrian
camels (Camelus bactrianus), the animals (4-18
years old; lactation stage 4-5 months) sampled in
our study belong to three types, i.e., Aruana (drom-
edary), Nar-Maya (Crossbreed F1 between Bactrian
female and Dromedary male) and Kospak (cross-
breed F2 between Nar-Maya female and Bactrian
male). The animals were originated from three
camel farms located in (1) Atyrau region (24 Ko-
spak hybrids), (2) Kyzylorda region (19 Nar Maya
hybrids), and (3) Mangystau region (7 Kospak and 1
Nar Maya). Farming extensive management system
was similar in all the cases (natural pasture, hand
milking, type of housing). The milk was sampled
individually (n=50) in one time, in a specific clean
recipient.

Milk analyses and udder measurements

The analyses were performed immediately af-
ter collection in the farm. The following parameters
were measured: milk production (Pmilk), solid non-
fat (SNF), fat matter (Fat), density (Dens) and total
proteins (Prot). The physico-chemical parameters
were determined by using milk analyzer Lactan
1-4. The samples were identified by the breed of the
camel (Aruana, Kospak or Nar-Maya), their age,
parity and farm origin. Milk production (in kg) was
determined by measuring milk quantity produced
for the last 12 hours.Size and shape (udder length,
udder depth and teat length) were evaluated . The
measurements retained in the present investigation
(Fig. 1) were achieved immediately after milk col-
lection?

Figure 1 — Measurements of the morphology of udders
and teats of dairy camels. LU: length of the udder. LT:
length of the teat [18]

Statistical analyses

The objectives of the statistical strategy was
the following: (i) To identify the parameters sig-
nificantly different between breed and farms, or
between types of udder shape; (ii) to identify
the types of milk composition patterns; and (iii)
to identify the links between udder morphology
and milk composition and production. To achieve
such objectives, the following statistical proce-
dure was achieved: (i) variance analysis (ANO-
VA) after homogenization of the variances (as-
sessment of the breed, farm effect or udder shape)
, (1) Principal Components analysis (PCA) of the
milk composition parameters with farm and breed
as illustrative variables, following by Ascending
Hierarchical Classification (AHC) to identify the
homogenous groups of camels according to their
milk composition, (iii) Discriminant Factorial
analyse to identify the more discriminant param-
eters.

The software used was XLstat (Addinsoft©,
2022).

Results and discussion

Milk composition

The individual mean volume of milk produced
by camels over the past 12 hours was 4.6 £1.2 liters
for Aruana breed and 3.6 £0.5L only for hybrids.
The mean values of the physico-chemical param-
eters of the milk samples, were determined in the
different breed/species (Table 1).
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Table 1 — Physico-chemical parameters of camel milk samples

Animals SNF, % Fat Content, % Density, kg/m3 Protein, %
Aruana 9,71 3,63 34,13 3,13
Kospak 9,31 3,52 33,39 2,99

Nar Maya 9,26 4,28 33,35 2,98

There was no significant difference in the milk
composition between breed, or farms except slightly
for density (P<0.05). All the parameters were highly
correlated, notably fat and protein contents (Figure 2).

However, despite the lack of significant differ-
ences, the factorial discriminant analysis which is
taking in account, the whole componentsshowed a
certain separation between the breeds, with Arua-
na in one side (right side of the factorial plan and
hybrids in the left side along the first factor of the
analysis (Figure 3).

The percentage of well-classed was 83.8 %:
93.3% of the Aruana were well classed vs 77.9%
of the Kospak and 68.2% of the Nar-Maya. It is in-
teresting to note that the incorrect-classed Aruana
camel milk samples all belong to the same Farm
suggesting unreliable data, the “aruana camels” be-

ing probably not pure dromedary, but hybrids of 4
or 5™ generation.

The discriminating analysis using stepwise
method allows to give the more discriminating pa-
rameters which were in the order, the density and
the fat content.

Udder morphology and milk production

The milk composition was estimated according
to the size of the udder and of the teat. Thus, the
following types were investigated:

- Small udder (<40cm), medium udder (40-
49cm) and large udder (>50cm);

- Very short teat (<3cm), short teat (3-4cm),
medium teat (4-6¢cm) and long (>6¢cm).

A non-significant tendency to have more milk
when the size of udder and teat increased was
observed (Figure 4).

Proteins

Figure 2 — Correlation between fat and protein content in camel milk (n=50)

112



Sh.N. Akhmetsadykova et al.

Observations (axes F1et F2: 100,00 %)
4
3
2 ’ . . ™ o ;7— S T ~— *
. 7 . . . T~
I ° + 4 ‘. e . g
* { . ,_——'fz—/“sf . o .. . - ™
1 L P T, T le. & e .
E Kospak s e = .
3, [0 feme L e
® ‘ et T e L, e F\\. e . ! .. /
E e . .- * LI -\\ . - . . /:'
° 'o'. ..l.‘o She e L. ® . ¢ /‘
1 Nar Maya .#. - o ¢ e
\ .\“.. . . ‘ . P .
\\ «® e -, . ) ~ -
-2 ™ A _7_7 /_." . - -
5 -
4 L
4 -3 -2 -1 o 1 2 3 4 5
F1 (91,46 %)
« Aruana - Kospak =+ NarMaya ¢ Barycentres

Figure 3 — Main factorial plan of the Discriminant analysis applied to milk composition data
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Figure 4 — Changes in milk production according to the size of udder and teats

Variability in milk composition

In a study achieved in Sudan [13] on 60 she-
camels (Camelus dromedarius) of different breed
(Anafi, Kenana, Dali and Arabi) randomly collected
to investigate the effect of parity and breed on the
milk production, it was reported that milk yield, fat,
solid not fat (SNF) and protein were affected by par-

ity number (P<0.05). Significant breed differences
(P<0.05) were also observed on freezing point,
conductivity, milk yield, fat, lactose, ash, SNF and
protein. High positive correlations (P<0.001) were
observed also between the physico-chemical param-
eters as density, freezing point, fat, SNF, lactose, ash
and protein. Negative and significant (p<<0.001) cor-
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relations were observed also between each param-
eter and added water and conductivity. Globally, as
for other species, physico-chemical components of
camel milk could vary according to parity and breed
[13,19].

In a meta-analysis including 7298 camel milk
samples from 23 countries [20], the mean compo-
sition was reported as follows: protein, 3.17%; fat,
3.47%; lactose, 4.28%; ash, 0.78%; and total sol-
ids, 11.31%; calcium, 112.93 mg/100 g; iron, 0.45
mg/100 g; potassium, 116.13 mg/100 g; magne-
sium, 9.65 mg/100 g; sodium, 53.10 mg/100 g; zinc,
1.68 mg/100 g; vitamin C, 5.38 mg/100 g; vitamin
A, 0.36 mg/100 g; vitamin B1 ,0.05 mg/100 g; vita-
min B2 , 0.13 mg/100 g; vitamin B3, 0.51 mg/100
g; vitamin B6 , 0.09 mg/100 g; and vitamin B12 ,
0.0039 mg/100 g. Other factors than those investi-
gated in our present studies could play a role to ex-
plain the variability ion the milk composition such
as the number of samples, the different analytical
techniques, the feeding patterns, the camel’s breeds,
the geographical locations, and the seasonal varia-
tions [20].

Camel milk composition from both dromedary
and Bactrian species was described in several pub-
lications both in Kazakhstan [21-23] and elsewhere,
notably in the Middle-East [24]. In another meta-
analysis including eighty-two references from sci-
entific journals or grey literature relative to the gross
composition of camel milk (fat matter, total protein,
lactose, ash and dry matter) [23] have shown that
the references from Asia (notably involving Bactri-
an milk) gave higher values in all the milk compo-
nents (except ash content) than in samples originate
from Middle-East or Africa. Indeed, it was reported
that , the Bactrian camel milk has higher fat, lactose
and proteins than dromedary milk [25,26]. Within
African continent, milk samples from East African

were richer in fat matter content compared to other
samples in North or Western Africa [27-29]. The
chronicle since one century showed in the meta-
analysis cited above, made it possible to distinguish
four periods according to fat matter and total pro-
tein values. Personal data from Kazakhstan showed
significantly higher fat matter and total protein con-
tents, but a lower lactose content compared to other
references from Central Asia [23].

Conclusion

The present results are a preliminary investiga-
tion regarding the variability in milk composition
of various camel breeds and populations. It could
give an opportunity to pursue these investigations
for improving milk quality and productivity of local
camels. Research to detect the influence of external
factors on the composition of camel milk needs to
be continued and studied in more depth. Also need
to add some other factors to determine interaction
between factors and determine which profile will be
more suitable for industrialization of camel milk.
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M3YHEHUE COAEPXKAHUS NMAPKUHA U MUTO®PUANHA
B TKAHU AETKMX KPbIC NMOA AEMCTBUEM
XPU3OTUA ACBECTA

B pa6ote 6biA NpoBeaeH aHaAM3 coaeprkaHna 6eakoB napkmHa (PRKN) 1 mutodmanHa (IMMT —
Inner mitochondrial membrane transmembrane) B TkaHW Aerkmx KpbiC AMHMM BucTap noa AencTBuem
XPU30TUA achecTa. AAS BOCNPOM3BEAEHUS SKCMEPUMEHTAALHOrO acbecto3a NoAOrMbITHLIM KPbiCam B
AErKMe MHTpaTpaxeaAbHO BBOAMAACH XPU30OTUA-aCOECTHAS MblAb, KOHTPOAbHbLIM YKMBOTHbIM BBOAMAM
m3pacTBop. XKXMBOTHBIX Pa3AEAMAM Ha TPW rpynnbl: 1) KOHTPOAbHAS; 2) 3aTpaBAeHHas ac6ecToM B
A03e 25 Mmr; 3) 3aTpaBAeHHas ac6ecTom B Ao3e 50 Mr. Yepes ABa MecsLia NoCAe 3aTPaBKM acOeCTOM 13-
BAEKAAM Aerkme KpbIC M roMoreHn3npoBaAn. B romoreHaTax onpeaeasamn coaep>kaine PRKN v IMMT ¢
nomouibto MPA. Hamm ObIAO NOKa3aHO, YTO NMOA AENCTBMEM XPU3OTHMA acbecTa B TKaHSAX AErKUX KPbIC
HabAIOAQETCS CyLeCTBEHHOE CHUXKeHue ypoBHent 6eaka PRKN, koHTpoampyiollero mmurodarmio mu-
ToxoHapun. Coaeprkanne IMMT B MUTOXOHAPUSX TKaHM AETKMX KPbIC MOCAE BO3AEMCTBUS acbecToM
ObIAO HMXKE MO CPaBHEHUMIO C KOHTPOAbHOM rpynnoi. [oAyyeHHble Hammn paHee AaHHble Mopdome-
TPUYECKMX NMoKasaTeAel MUTOXOHAPUI MO3BOAMAM OLLEHUTb CTeNeHb YAbTPACTPYKTYPHbIX HapYLLUEHWI
MUTOXOHAPMI, YTO MOXKET CBUAETEAbCTBOBATbL O AMCHYHKLIMM MUTOXOHAPUI MOA AEMCTBMEM achecTa.
B cOBOKYMHOCTM 3TU pe3yAbTaTbl MOATBEPIXKAQAIOT CBSI3b MEXAY MOBPEXAEHMEM CTPYKTYPbl MUTOXOH-
APUI N AedheKkTaMm AbIXaTEAbHOIO KOMIAEKCa.

Katouesble croBa: PRKN, IMMT, MUTOXOHAPMSI, MUTOXOHAPUaAbHas Membpara, ADK, Xxpr13oTma
acbect, Mutodarms.

G.S. Ainagulova, A.A. Aripova, O.V. Bulgakova, R.l. Bersimbay*

Eurasian National University named after L.N. Gumilyov, Astana, Kazakhstan
*e-mail: ribers@mail.ru

Study of the content of parkin and mitofilin
in the lung tissue of rats exposed to chrysotile asbestos

The work analyzed the content of Parkin (PRKN) and mitofilin (IMMT - Inner mitochondrial mem-
brane transmembrane) proteins in the lung tissue of Wistar rats under the influence of chrysotile asbestos.
To reproduce experimental asbestosis, chrysotile asbestos dust was injected intratracheally into the lungs
of experimental rats, and saline solution was injected into control animals. The animals were divided
into three groups: 1) control; 2) poisoned with asbestos at a dose of 25 mg; 3) poisoned with asbestos
at a dose of 50 mg. Two months after asbestos inoculation, the lungs of the rats were removed and
homogenized. The content of PRKN and IMMT in homogenates was determined using ELISA. We have
shown that under the influence of chrysotile asbestos in the lung tissues of rats, a significant decrease in
the levels of the PRKN protein, which controls mitochondrial mitophagy, is observed. The IMMT content
in mitochondria of rat lung tissue after exposure to asbestos was lower compared to the control group.
Our previously obtained data on the morphometric parameters of mitochondria allowed us to assess the
degree of ultrastructural disorders of mitochondria, which may indicate mitochondrial dysfunction under
the influence of asbestos. Taken together, these results support a link between damage to mitochondrial
structure and defects in the respiratory complex.-

Key words: PRKN, IMMT, mitochondria, mitochondrial membrane, ROS, chrysotile asbestos, mi-
tophagy.
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Xpu30THAAi acbecTrneH acep eTKeHAE ereyKyipbIKTapAbIH, ©KIe YANACbIHAAFbI
NapkuMH MeéH MUTO(OUAMHHIH, KYpaMbIH 3epTTey

KyMbicTa XpM30THAAL acbecT acepiHeH BucTap ereykympbIKTapbiHbIH ©KMe YAMNacbiHAAFbl MapKMH
(PRKN) >xeHe mutodmamH (IMMT — Inner mitochondrial membrane transmembrane) akybi3aapbiHbiH
Kypambl TaapaHFaH. Texxiprbeaik acbecTtos3abl Xacay YuiH Tpaxesili apKbiAbl TOXKipNBeAik ereykyii-
PbIKTAPAbIH, ©KMNeciHe XpM30TMA acbecT waHbl, aA Gakbiray ereykympbikTapbiHa Ty3Abl €pPiTiHAI eH-
riziaai. JKanyapaap yi Torka 6eAiHAi: 1) 6akbiaay; 2) 25 Mr A03apa acOecTrneH yaaHraH; 3) 50 mr
AO3aAa acbecTneH yaaHFaH. ACOeCTTi eHrisreHHeH GacTan eki arnAaH KeniH ereykympbiKTapAblH eKre-
A€pi aAblHbIM, roMoreHu3aumusaAaHAbl. fomoreHaTTapaarbl PRKN sxaHe MUTODUAMHHIH MeAwwepi MDT
KOMeriMeH aHbIKTaAAbl. bi3 ereykyiipbikTapAbliH ©KMe yANaAapbiHAAFbl XPU3OTUA acOeCTTiH acepiHeH
MUTOXOHAPUSIAbIK, MUTOMarmsHbl GakbiraiTbiH PRKN akybi3bl A€HreniHiH, alTapAbIKTal TOMEHAEYiI
6anKaAaTbiHbIH KOPCETTIK. ACOeCTrneH acep eTKeHHEH KeMiH ereyKympblKTapAblH ©KMe YAMacbIHbIH
MUTOXOHAPUSIAAPbIHAAFbI MUTOMUAMHHIH MEALLIEP] 6aKbIAQy TOObIMEH CAAbICTbIPFAHAQ TOMEH GOAAbI.
AcbecT acepiHeH MUTOXOHAPUSIAAPABIH MOPOMETPUSIAbIK, KOPCETKILITEPI TypaAbl BYPbIH aAbIHFaH M-
AIMETTEP, MUTOXOHAPUSIAAPAbIH, YAbTPAKYPbIABIMABIK, OY3bIAbICTAPbIHbIH ASPEXKECIH Gararayra Mym-
KiHAIK 6epin, MUTOXOHAPUSABIK, AMCYHKUMSHBI KOPCETTi. ByA HaTMxeAep Gipirin MUTOXOHAPMSIABIK,
KYPbIABIMHbIH 3aKbIMAAHYbI MEH ThIHbIC aAY KELLeHIHAETT akayAap apacbiHAAFbl 6afAAHbICTbI PACTaNAbI.

Ty#in ce3aep: PRKN, IMMT, MuTOXOHAPMS, MUTOXOHAPUaAbIK, MembpaHa, Ob®M, xpu3oTmA ac-

6ect, muTodarms.

CoxpaieHust 1 CHMBOJIbI

PRKN — mapxun; IMMT u Mic60 — mutodu-
muH, UOA — ummyHodepmenTHbI aHanmn3; ADK
— aktuBHBIE PopMbI kucioponaa; MICOS — mecto
KOHTaKTa MHUTOXOHJIPUH W CHUCTEMa OpTaHU3aluu
kpuct,; Mic60 u Micl0 — KOMIIOHEHTHBIE OEIKU
cyoxomrurekca MICOS; PINK 1 — mapkun cBsI3bIBa-
ot 0enok BHemHed MemOpanbl; XOBJI — xpo-
HUYeckas oOcTpykTuBHasi Oose3np jerkux; JJHK
— IIe30KCUPHOOHYKIIEMHOBass Kuciora; ci-mMT/HK
— CBOOOAHO-LIUPKYJIUPYIOIIAS MUTOXOHAPHATIbHAS
HHK; TNF-a — ¢pakmop nexposa onyxoau-o; 1L-6 —
uHTepIIeHkuH-6; 1L-4 — naTEpIeKH-4.

BBenenne

MHUTOXOHAPUH  SIBISIIOTCSI  Ba)KHBIMH ~ Opra-
HEJUTAMU KJICTKH, BBIIOJIHSIOMIMMHI LIEHTPAJIbHBIC
(YyHKINA B KIETOYHOH SHEPTETHKE, METa0O0IM3Me
U peryJsiniu (yHKIMOHAIBHOW aKTUBHOCTH Kile-
Tok. OHU 00JaJaI0T CBOCOOPA3HOW apXUTEKTYpOH
¢ aByMs MemOpanamu [1]. Buernmasas memOpaHa Mu-
TOXOHJIPUI OKpY’>KaeT OpraHejuly ¥ UMeeT pellaro-
1iee 3HaYeHUE U1t 0OMEHa MOJIEKYJI C IUTO30JIEM U
JPYyTUMH KJICTOYHBIMU OpraHe/ulaMu. BHyTpeHHss
MeMOpaHa MUTOXOHJIPHI COCTOUT U3 BHYTpEHHEH
NOrpaHUYHON MeMOpaHbl, KOTOpas HAXOAUTCS B HE-
MTOCPEICTBEHHOH OJIM30CTH OT BHENTHEH MEMOpPaHbI
u MeMmOpanbl KpucT. CkiiaguaTbie MEMOpaHbl KPUCT

00pa3yIoT BITYNBAHUS PA3IMIHOTO pazMepa u Ghop-
MBI [2].

BuyTpeHHss nmorpaHudHas MeMOpaHa U MEM-
OpaHbl KPUCT MHUTOXOHIIPUI MMEIOT Pa3HBIN Oell-
KOBBIM cocTaB. MecTO KOHTAaKTa MHUTOXOHIPUI
U cUcCTeMa opraHu3anuu KpucT (mitochondrial
contact site and cristae organizing system, aHTII.
MICOS), npejcrapiiseT cOO0H BayKHBIN OCITKOBBIH
KOMIUIEKC, KOTOPBII criocoOcTByeT 00pa3oBaHuIo,
MTOAIEPYKAHUIO U CTAOMIBHOCTH MHUTOXOHIPHAITH-
HBIX KpHcT [3, 4]. Cyoxommiekcsl Mic60 u Micl0
SIBJISIFOTCSL OCHOBHBIMH O€ITKOBBIMU KOMITOHEHTaAMU
MICOS. Cybrkommieke, comepxarmuiit Micl0, 00-
pasyer CTPYKTYpHYIO OCHOBY COCIUHEHHU KPHUCT.
Mic60/IMMT unu MUTOQWIMH MPEICTAaBIAET CO-
001 6erTok BHyTpeHHEH MeMOpaHbl U UMEET pelra-
I0lllee 3HAYCHHE JUIsI COSJMHEHUS BHYTPCHHEH U
BHEIIHEH MeMOpaH MHUTOXOHJPHI B MECTaX KOH-
takta. OH KOHTPOJIUPYET MOP(OTOTHIO MUTOXOH-
npuanbHbiX Kpuct [5]. dedunur MICOS comnposo-
KIAeTCsl IOTeped CTPYKTYP COCIMHEHUS KPHCT H
OTCIIOEHUEM KPUCT OT BHYTPEHHEH MOrpaHUYHOUN
MeMOpaHbl MUTOXOHApUU [6, 7]. AOeppaHTHas
MOP(OJIOTHUS MUTOXOHAPHUATBHBIX KPUCT U CHH-
JKeHUe (QYHKIIMM MHUTOXOHIPWHA SBISIOTCS MAaTO-
JIOTHYECKUMHU TPU3HAKAMHU, HAOJII0IaeMbIMHU TIPH
MHOTHX 3200JICBaHUSX YEIOBEKa, CBSI3aHHBIX C
MHUTOXOHAPHAIBHONW auchyHKIHEeH. bplTo mMoka3a-
HO, YTO MHUTOXOHJpHUAIbHAS JTUCOHYHKIIHS HUIPACT
pelaonyo pojib B OMO3HEPreTHYecKoM MeTabo-
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JTU3Me U TaTOTreHe3e 3a00JeBaHUMN JIETKHUX, BKIIFO-
gas pak Jierkoro [8].

[ToBpexaeHne ambBEONSIPHBIX AMUTETHATBHBIX
KIICTOK SIBIIICTCSl OJJHHM W3 BaXKHBIX COOBITHIA, BO-
BIICYCHHBIX B IaTOTEHE3 JIETOYHOW TOKCHYHOCTH
OT pa3jIMUYHBIX areHTOB, BKIIFOUAs Pa3IMYHbIC BUIIBI
acbecra [9]. Bapixanue acOecTOBBIX BOJIOKOH IMPH-
BOJAHMT K MPOTPECCUPYIONIEMY UHTEPCTHIIHATHLHOMY
(uOpo3y JIeTKHUX Yy YeTIOBEKa U IKCIIEPUMEHTATBHBIX
JKUBOTHBIX. ACOECT CBSI3aH CO CIEKTPOM JICTOYHBIX
3a001cBaHUH, TakWX Kak 3a00JIeBaHMS IIIICBPHI
(rmeBpanbHbld GUOPO3 U IJICBpaTIbHBIC OJISIIKH),
MIPOTPECCUPYIONINH JIerouHblil puodpo3 (acbectos),
MEJIKOKJIETOYHAs W HEMENKOKIIETOUHAsI KapIIMHOMa
JIETKUX, 3]I0Ka4eCTBEHHAss ME30TEIIMOMa M paK Jer-
kux [10, 11]. AcOecToBble BOJOKHA yCBaMBAIOTCS
ATbBEOJISIPHBIMHA TTUTETHATHLHBIMHU KJIETKaMU BCKO-
pe mmocie BO3JCHCTBHS, YTO MPHBOIUT K IMTOBPEXKIE-
HUIO KJIETOK, IMOBBIIICHUIO MPOHUIIAEMOCTH U TIPO-
nrdeparum.

BoszeticTBre acOecTa BBI3BIBACT MMOBPEKICHUS
KaK Ha KJIETOYHOM, TaK U HAa TCHOMHOM YPOBHSX.
CymiecTByeT HECKOJIBKO MEXaHMU3MOB, C TIOMOIIBIO
KOTOPBIX acOecT MOXET MPUBECTH Kak K JJOOpoKa-
YECTBCHHBIM, TaK U K 3JI0KAYECTBEHHBIM 3a0oJie-
BaHUSM, U OHM BKIIIOYAIOT W3MEHEHHUS Ha XPOMO-
COMHOM YypOBHE, aKTHUBAIMI0 OHKOTCHOB, IMOTEPIO
TEHOB-CYIIPECCOPOB OIyXOJeH, M3MEHEHUsS MyTel
repeiaud KIETOYHBIX CHTHAJIOB, 00pa3oBaHUE aK-
TUBHBIX (opM kucioponaa (ADK), amontos3 u mps-
MO€ MEXaHHYECKOE TMOBPEKICHHE KIETOK acOecTo-
BeIMH BosiokHam¥ [12, 13]. Ha xirerounoM ypoBHe
acOecT BCTyHaeT B PEaKIMI0 C KIETKAMH JIETKHX,
TEM CaMbIM CTUMYJHPYs BeIpaboTKy ADK u 00-
pa30BaHUIO CBOOOHBIX PaJMKaJIOB, YTO ITO/IaBIIs-
€T aHTUOKCUJIAHTHYIO 3all[UTY JICTKUX U BBI3bIBACT
MEPEKUCHOE OKHCIICHHE JHUIHJIOB, MPUBOJS K II0-
BPEXKIICHUIO KIETOK M OKHCIUTEIFHOMY CTpeccy
[14]. IoBbiennsie ypoBHu ADK SBISAIOTCS IIUTO-
TOKCHUYHBIMA ¥ MOTYT MPUBOJIUTH K TIOBPEKIICHH-
sIM, BKJIFOYasi THOEIh KIETOK, MyTaIlld, XPOMOCOM-
Hble abeppannu 1 KaHueporenes [15].

WzBectHO, uTO momnepxkaHue (QYHKIMOHATH-
HOU MUTOXOHJIPUAIBHOW CETH OMOCPEAYETCsl TaK-
ke 0enkom PRKN, koTopblii mpeacTaBiiseT co0oi
marasy E, [16, 17]. Otor Genok paboTaer Hajx u3-
OmpaTenbHBIM pACIO3HaBaHWEM U yCTpaHEHHEM
MOBPEKJICHHBIX MUTOXOHIPHUN M3 KIIETKH MOCPE/-
cTBOM ayTtodparuu, Ha3piBaeMoil mMutodaruenn. Tak
KaK MUTOXOHJpHaJIbHAS AUCHYHKIIUS MOXKET, MPH-
BOJIUTH K BBIOPOCY TOKCUUYHBIX ypoBHel ADK, BbI-
3BIBAIOINX THOCNb KIETOK, i OOphOBI C ATHM
CYIIIECTBYET PSII CHCTEM KOHTPOJIS KadecTBa s
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BOCCTAHOBJICHUSI MOBPEKJICHHBIX MHUTOXOHIPUN U
3aIINATHI OOMICH IEJIOCTHOCTH MHTOXOHIPHAITBHOMN
cetd. OJIHaKO, KOT/Aa MOBPEKACHUE MUTOXOHIPUNA
CJIMIIKOM Cephe3HOe, YTOOBI €r0 MOXKHO OBIJIO BOC-
CTaHOBUTh, MHUTOXOHIPHUU MOTYT H30HpATEIHHO
paspymarbcss o nmytd Mutodaruu [18] mpu yua-
crun PRKN.

PRKN ¢usndeckn B3anMOACHCTBYET C MUTO(H-
JIMHOM BO BHYTPEHHEH MeMOpaHe MUTOXOHIPUHU H
BEI3bIBaeT Jierpaganuto IMMT mocpencrBoM youk-
BuTuHUpoBaHus. IIpennonaraercs, uro IMMT mo-
XKEeT JIeHcTBOBATh Kak HOBBIN cyOcTpat ainst PRKN n
yro B3aumojeiicteue PRKN-IMMT mosxer urparts
KITFOYEBYIO POJIb B MHUTOXOHAPHAIBHON TUCHYHK-
My ¥ Tben KieTok [19].

[IpoBeneHHbIN HAMU aHAIU3 YIBTPACTPYKTYP-
HbIX M3MEHEHUH MHUTOXOHIPHUI JIETKUX KpPBIC IO-
cJe OJTHOKPAaTHOTO HHTPATpPaxeajbHOrO BBEACHHUS
JKUBOTHBIM XPHU30THII-acOECTOBOH IBUTH MMOKA3aIu
3HAYUTEIbHBIE M3MEHEHUS B MHUTOXOHIPHSX IpHU
3aTtpaBke Kpric acoecToMm [20]. B ymbpTpacTpykType
MUTOXOHJIPUH JISTKHUX KPBIC, 3aTPaBICHHBIX acOeCT-
HOM TbUIBIO B jJ03ax 25 mr u 50 mr, yepes3 aBa me-
csna HabII0aI0Ch PUCYTCTBUE MHOKECTBEHHBIX
HaOyXaHWH B MaTpUKCE, BHEUIHSS W BHYTPEHHSS
MeMOpaHa OBUIH PeIyIIUpPOBAaHbI Pa3pPbIBAMH H SIB-
HOHM paspylleHHOW cTpykTypoil. IIpociexuBanace
BaKkyolIM3auusi U (OPMHPOBAHHE MHUEITUHOIOT00-
HBIX 00pa30BaHMiA, ITOKA3bIBAIOIINE HAPYIICHUS
LEJIOCTHOCTH MEMOpPaHHBIX CTPYKTYp. UHco KpucT
CUJIBHO PEIyLUPOBAIOCH, OHU TEPSUIA Mapajuieiib-
HOE PpACIIOJIOKEHUE M HE 3aOJHSIM IOJHOCTHIO
BHYTpEHHEE MPOCTPAHCTBO MUTOXOHpHi [20].

Tunuynas yABTPACTPYKTYypa MHUTOXOHIPHIL
SIBIISIETCS TIPEIOCHUTKON TS (DyHKITHOHUPOBAHUS
MUTOXOHJIPUH, KOTOpasi, B CBOIO OYEPElb, HIMEET pe-
nraromiee 3HayeHue Ui MPHUCIIOCOOICHHOCTH KIe-
TOK, TKaHEel U OpraHu3MoB B Hopme. [loHumaHue
MOJIEKYJIAPHBIX MEXaHHU3MOB, JIEKAIIUX B OCHOBE
MHOTOUYHUCIICHHBIX (DYHKIMH OCIKOB MUTOXOHAPUH,
B TOM YHCIIe U KOHTPOJHMPYIOIMUX MUTO(DAruro, oKa-
KeT OOJIbIIIOE BIMSIHUAE HA HAllle TOHUMAHUE apXH-
TEKTYpbI U (PYHKIIMU MUTOXOHJPHUN W, B KOHCYHOM
WUTOrEe, Ha BBIICHEHUE NAaTOJIOTMYECKUX MPOLIECCOB,
CBSI3aHHBIX C MUTOXOHIPUATHLHBIMU W3MEHEHUSIMU
npu 3a00JI€BaHUSAX YEJIOBEKA, B TOM YHUCIIE 3a00J1e-
BaHMM JIETKUX, BBI3BAHHBIX JCHCTBHEM acOecTa.

B nanHol paboTe MBI ITPOBENN M3YUYCHUE BITH-
SHUSL XpU30THI acOecTa Ha YPOBEHb COJEPIKAHUS
6enmxka PRKN, KoTOpBIi perymupyeT KINpEeHC Tuc-
(YHKIMOHAIBLHBIX MUTOXOHIPUH IMyTeM MuToda-
TUM U TaKkke OejKa MHUTOXOHAPHAIBHBIX KPHUCT
IMMT B TKaHU JE€TKUX KPBHIC.
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MaTepI/laJ'lbI U METOJAbI HCCJICAOBAHUSA

Jna wccnenoBaHusl BIMSHUAS PA3IHMYHBIX 7103
(25 mr u 50 Mr) acOecToBOH MBUIM HA CONEPIKAHNE
PRKN u IMMT B TKaHSX TeTKUX OBUTH UCIIOH30BA-
HBI TIOJIOBO3PEIIbIe Oelble KPBICHI-CaMITbl THHUN Bu-
ctap maccoit 200-250 rpamm. JKuBoTHBIE OBUIH pac-
MIpeJIeNIeHbl Ha 3 TPyl 1 TpyIina — KOHTPOJIbHas,
KyJla BOIILTM WHTAKTHBIC )KHBOTHEIE (n=6), 2 TpyII-
ma: >KUBOTHBIE (N=6), MOABEPTIITNECS BO3ICUCTBUIO
acOecta B 03¢ 25 Mr, 3 rpynmna: >KuBoTHbIE (n=6),
KOTOPBIM BBOAMIN acOecT B o3¢ 50 mr. JKuBoTHBIC
HaXOJWIIMCh HA CTAHJAPTHOM IHIICBOM pallOHE,
COTJIACHO TPEOOBAHUSM I10 COJICPKAHHUIO IKCIICPH-
MEHTAIFHBIX JKHBOTHBIX, COOTBETCTBEHHO CAaHHUTAP-
HBIM IIPaBUJIaM IO YCTPOMCTBY, 000pYIOBaHUIO U
COJICP)KAHUIO IKCIEPUMEHTAILHO-OMOIOTHYECKUX
KITMHUK. Bce MaHUTTY AN OBLTH BBITTOJTHEHBI B CO-
oTtBeTcTBUU C JKeneBckoil konsenmueit (1990 r.) u
XeNnbCUHKCKOM Aeknapanueil 0 TyMaHHOM OTHOIIIE-
HUU K )KHBOTHBIM U TPEOOBAaHUSAM HOPM STHKH. 115
BOCIIPOU3BE/ICHUS IKCTIEPUMEHTAIILHOTO acbecTo3a
MIOJIOTIBITHRIM KPBICaM B JIETKHUE WHTpATpaxeaabHO
BBOIMJIACH XpH3OTHI-acOecTHas meue [20, 21].
JKUBOTHBIM 1O/ TMOBEPXHOCTHBIM JICKAPCTBEHHBIM
HapKO30M BBOJIWJIH | MIJI CYCIIEH3MH XPH3OTHII-
acOecTHOU THUTH (25 MT, 50 MT B 3aBUCHMOCTH OT
CepuM dKCIepuUMeHTa). s KOHTPOJIBHBIX KPBIC
BBOMIM 1 MI husnonornyeckoro pactsopa. B ske-
MepUMEHTEe OBIT HCIOIB30BaH XPU30THI-acOecT
Jlxerpirapunckoro mecropoxxaenus (Kazaxcran),
€ro U3MeNpbyaid Ha BUOPAIIMIOHHOM H3MEJIbYUTEIIe
75T-dp. st OKOHYATEIbHON JOBOJIKH J10 BEJIUYHH,
OJIM3KHUX K JUCTIEPCHOCTH a3pO30JIeH, U3MellbUeHNe
OBLIIO BBITIOJITHEHO BPYYHYIO B araToBoi crymke. [le-
pen BBeIEHUEM KphICaM TIBUIEBBIE HABECKU CTEpH-
nm3oBanuck pu 105°C, 3aTem ux o0padaThiBain Ha
yipTpa3zBykoBoM aucnepratope Y3IH-2T (wacrora
44 xI'm). KppIc BBIBOIMIH U3 SKCTICPUMEHTA ITyTEM
aBTaHa3uu uepe3 60 1Hell oT Havana SKCIeprMeHTa
TOJT JISTKUM HapKO30M W 3a0MBali IyTEeM JCKaIlH-
Taruu. Pe3ynpTaTel MOp(pOMETPUIECKIX TTOKa3aTe-
JIeil MUTOXOH/IPUI TKaHeH JIerkux Bo 2-oi u 3-eif
rpynmnax CpaBHUBAIM C KOHTPOJIBHOH TpyMIION.
Jlerkvie TIOJOMBITHBIX KPBIC OBUTM U3BATH ITyTEM
paccekaHus CTepUIIbHBIM CKaJbIieNeM OpIONIHOM, a
3aTeM TPYJIHOH MOJIOCTH.

DA na 6enxrr PRKN mpoBoamim ¢ UCIonb30Ba-
HHEM KoMMepueckoro Haoopa Rat E3 Ubiquitin-protein
ligase parkin (PRKN) ELISA Kit (#abx540102, Abbexa,
CIIIA), taroke mpoBomum MDA Ha Gemxkun IMMT ¢
WCTIONIb30BaHMEM KoMMepueckoro Hadopa Rat IMMT
ELISA Kit (#abx528321, Abbexa, CILIA) mo npoToko-
JIy TIPOW3BO/TUTEIIS.

CTaTUCTHYECKUI aHaM3 JaHHBIX TPOBOIMICS
C HCIIOJIb30BAaHHEM IPOTPAMMHOTO 00ECTIeYEeHUS
GraphPad Prism 9 (GraphPad Prism 9.5.1.733 nns
Windows, GraphPad Software, bocton, Maccauy-
cetc, CIIIA). Bce nannbIe IpencTaBieHbl Kak Cpeli-
Hee + CTaHJapTHOE OTKJIOHEHHWe. Paznuums Mexay
9KCIIEPUMEHTAJIBHBIMI TPYIIIAMH  OTHOCHTEIILHO
KOHTpOJISI OLCHUBAIM C ITOMOILIBIO OAHO(MAKTOP-
HOTO JTUCTIEPCHOHHOTO aHanu3a (Ui HOpMaJbHON
BbIOOpKN) M H-xputepuit Kpyckana-¥Yomuca (ue
COOTBETCTBOBAJI HOPMAJILHOMY PacIIpe/ICIICHHIO).

Pe3y.m>TaT1>1 HCCJICJOBAHUA U UX oﬁcyme}me

Hamm wuccrenoBanus 1mMo M3yYEHUIO BIMSHUA
xpuzotun acbecra Ha cogepkanne PRKN u mu-
TOQUINHA B TKaHHW JIETKUX KPBIC TOKa3alld, YTO
ypoBeHb O6enka PRKN B KOHTposbHOM TpyIine *Ku-
BOTHBIX ObLT paBeH 18959 nr/mu. [lpu 3aTpaBke xu-
BOTHBIX acOecToM B f03¢ 25 mr conepskanne PRKN
B TKaHH JIETKUX coCcTaBstao 10271 mr/mit, 9To HIKE
Ha 45,8% 1o cpaBHEHUIO C KOHTPOJIBHOU IPyIIIOM.
Yposear PRKN y 3arpaBnennsx acoectom 50 mr
obu1 18959 paBen 16428 nir/mii, uto Hike Ha 13,4%
(p<0,05), B cpaBHECHUU C KOHTPOJBHOU TPYMIION.
[ToxasepraBmmecs Bo3meiHcTBHIO acOecTa B 103¢ 25
MTI' )KMBOTHBIE IOKa3alu OoJjiee HU3KHH YpPOBEHBb
PRKN na 37,5% (p<0,05) no cpaBHEHHIO C 3aTpaB-
KO KUBOTHBIX 10301 50 MT (pUCYHOK 1).

Hccnenosanus nokasanu, 4ro yposau IMMT y
MOJIBEPIraBIINXCs BO3JICHCTBUIO acOecTa KOHTPOJIb-
HOM TpyIIBl AKUBOTHBIX Obu1a 5608 Tr/Mi1, a y mo-
BEpraBIIUXCSl BO3JIEHCTBUIO acbecTa B J103e 25 Mr
4399 nr/ma. Cogepxxanne IMMT B MHUTOXOHAPHSIX
TKaHU JIETKUX KPBIC ITOCIIE BO3IEHCTBHUS acOECTOM B
no3e 50 Mr paBHsUTOCH 2365 Mr/mMil, 9YTO 3HAYUTEIIb-
HO HIXKe (0oJiee ueM B 2 pasa) o CPaBHEHUIO C KOH-
TPOJBHOH rpynmon (pUCYHOK 2).

WccnenoBanus, mpoBeACHHbIE B TEUYEHHE II0-
CIIETHUX JCCATUJICTUN, BBISBIJIM MHOTHE Ba)KHBIC
MEXaHU3MbI Y9acTHUsI MUTOXOHJPUN B MOJEKYIISP-
HBIX M KIETOYHBIX MEXaHHW3MaXx 3a00JeBaHU Jier-
KHUX, BBI3BAHHBIX BO3JielicTBHeM acoecta [9, 10, 12].
OmHUM U3 OCHOBHBIX MOBPEKIAIOIINX MEXaHU3MOB
acOecra sIBIISICTCS MHIYKLUS OKHUCIUTEIBHOTO KIle-
ToyHoro crpecca. [lpu B3aumoneiicTBun acbecto-
BOMH ITBITH € KJIETKaMH YeJIOBEKa, CHITUKATHI acOecTa
MIPUTATHBAIOT W CBSI3bIBAIOT KATHOHBI, a B JIETKHX
acOecTOBBbIC BOJIOKHA YJEPKUBAIOT HOHBI Ha CBOCH
MTOBEPXHOCTH M TEM CaMbIM CIIOCOOCTBYIOT BBIIIIE-
JTAYMBAHUIO KJIETOYHOU cperpl [15]. D1u mporeccsl
MoryT renepupoBatb ADK, KoTOpble HHUITMHPYIOT
rporecchl noBpexaeHus kiuetok u JJHK, n 06bsic-
HSIOT TeHOTOKCHYHBIHN 3(h(ekT acOecTa.
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Pucynox 1 — YpoBerb PRKN B MUTOXOHAPHSIX TKaHU JIETKUX KPBIC B KOHTPOJIbHON
Y 3KCMICPUMEHTAITBHBIX TPYIINaX, MMOBEPraBIIMXCS BO3ACHCTBHIO acOecTa B 1o3e 25 Mr u 50 mr
(xouTpostb u 25 mr: p=0,0097; 25 mr u 50 mr: p=0,0093, koHTpoiBHAs rpymma u 50 mr p<0,05).
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Pucynox 2 — Yposers IMMT B MUTOXOHIPHUSAX TKAHU JIETKUX KPHIC B KOHTPOIBHON
1 9KCTIEPUMEHTANBHBIX IPYTIAX, MOABEPTaBIINXCS BO3AEHCTBUIO acOecTa B 103€ 25 Mr u 50 Mr
(xonuTpOsB U 25 Mr: p=0,7012; xoHTpONE U 50 Mr: p=0,550; 25 Mr 1 50 mMr: p=0,95).

PesynpraTel HalMX MCCIIEOBaHUI IOKa3aiu,
YTO TMPHU 3aTPABIUBAHUU KPBIC Pa3HBIMU J03aMU
acbecra ypoBeHb PRKN cHmkanuch o cpaBHEHHUIO
C KOHTPOJbHOM rpynmnoi. Tak kak, 370poBasi MUTO-
XOHJIpUAbHAS CETh 3aBUCUT OT CIIOCOOHOCTH W3-
OupaTenbHO yIaIsITh U pa3pyliaTh MOBPEKICHHBIC
MUTOXOHApUM ¢ noMonpio PRKN-3aBucumoit mu-
To(aruu, Mpu NOBPEXKICHUN MUTOXOHPUH U JICTIO-
nsapuzaunn, PRKN HakamiuBaeTcst BO BHEIIHENH MU-
ToxoHIpransHOH MemOpane. PRKN moasepraercs
(hochoprIMpOBaHUIO M AKTHBAIIUU, YTOOBI WHUIIH-
npoBats PINK1/PRKN-3aBucumyo murodaruio u
Jerpananuio 1e(eKTHBIX MATOXOHIPHI.

Kpome Toro, coo0Imanocs o0 pa3indHbIX POJISX
PRKN B momuepxaHuu (QyHKIUH MHTOXOHJIIPHMA
ITOCPENICTBOM PETYISIITUHN IIEJIOCTHOCTH MHTOXOH-
npuanbuoit JIHK [22]. B Hammx npeaplaynmx uc-
CJIETOBAHUAX I10 U3YYECHHIO CBOOOIHO-IIUPKYIHPY-
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foruux MutoxoHapuansHbX JJHK (cu-mt/IHK) mpn
BO3/ICHCTBHN acOecTa ObLJIO TTOKa3aHO MOBBIIICHNE
yucna konuil cu-mTAHK, yTo yka3piBaroT Ha note-
pIO MOTEHIIMala MEMOpAHbl U yBEJIIWYEHHUE MTPOHU-
aeMOCTH MeMOpaHbl MUTOXOHAPHIA. DTO MPUBOAUT
K HapylICHUIO B MUTOXOHJAPHSAX, U BBICBOOOXKIE-
auto ci-MT/IHK 1 akTHBanmm maTojorndyeckux me-
xaHu3MoB [21].

PRKN Ttakxe MOXKET UrpaTh HENOCPEACTBEH-
HYIO pOJIb B KOHTPOJIE BOCIAJIUTEIHLHOTO MPOIEC-
ca. beuio nokazano, uto aedumur PRKN nemon-
CTpUpYyET NoBbllIeHUE ypoBHA IL-6 u yBenuueHue
ypoBHS (axTopa Hekpo3a onyxonu (TNF-a) B mep-
BUYHBIX SIUTEIHAIBHBIX KJIETKaX OpPOHXOB, YTO
YKa3bIBa€T Ha NPUCYIIUE IMApKUHY HMPOTHBOBOC-
MajuTeNbHble CBOMCTBA. M HaoOOpOT, HemaBHAA
pabora nokaseiBaeT, yTo PRKN MoxkeT omocpeno-
BaTh MHIYLIMPOBAHHOE 3HJOTOKCUHOM OCTPOE BOC-
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MaJIeHue B MOJEIN OCTPOTO MOBPEKIEHUS JIETKUX
[17]. Mp1 HaOmroanyu 3HAYMTENBHOE YBEITUYCHUE
KOJTMYECTBA BOCTATUTENBHBIX ITUTOKUHOB (IL-6,
TNF-a u 1L-4) B TKaHU JIETKUX KPbIC, TOABEPTLINX-
CsI BO3IIEHCTBHIO XPU3OTIII acoecTa [21].

beuo mokazano, uyro PINKI1 cBs3eiBaeTr u
dochopumupyer Mic60/IMMT, yto mpuBOIUT K
MICOS-3aBrucuMO#l  cTaOMIM3alid  MUTOXOHAPH-
ANBHBIX KpUCT. MyTalms STHX caiToB Qocdopu-
mupoBanust Mic60, 3aBucsmux ot PINKI1-PRKN,
MIPUBONT K aHOMAIIUSIM MATOXOH/IPHATIHLHBIX KPUCT
U MHUTOXOHJpHAIBHON auchyHkuuun [18] BrIiIO-
yast cHmkeHne yposHd IMMT nox BozneiicTBueM
acOecra.

Aliagan u np. [19] oTHOCHTENBHO HEABHO I10-
Kazajd, 4To JohaMHH M POTEHOH (cTpeccopsl 00-
ne3nu llapkuHCOHA) YCHIMBAIOT TPAHCIOKAIIHIO
muroxonapuanbHoro PRKN u ero B3aumojeicreue
¢ MUTO(QMIMHOM B MEPBUYHBIX KJIETKaX Aopamu-
HOBBIX HEHPOHOB 4YEIIOBEKa IOCPEIICTBOM YOWK-
BUTHHUPOBaHUS. DT 3(PPEKThI COMPOBOKAAINCH
HapylIeHUEeM YJIbTPacCTPYKTYpbl MHUTOXOHAPHI H
npuBomiu Kk aerpanamuu IMMT u muchyHkmmm
MUTOXOHAPUIA.

Araya u nip. [24] HaOIIOJAIN TIOJOKUTEIHHYIO
koppersnto Mmexxay PRKN u rectom GyHKITHM JTeT-
KHX, YTO YKa3bIBaJIA Ha TO, 4TO YpoBHU Oeiika PRKN
MOTYT OBITH BOBJICUEHBI B MEXaHU3M MPOrPECCHPO-
BaHUSI XPOHUYECKOH OOCTPYKTHBHOM OOJIE3HU JIer-
kux (XOBJI). ABTOpPHI COOOIIMIN O HAKOIIJIEHUU
(parMeHTHPOBAHHBIX U CTPYKTYPHO HCKaKCHHBIX
MUTOXOHJIpUH B OJIHTENHAIBHBIX KIETKAX JbIXa-
TenbHBIX myTel nerkux npu XOBJI. i BwisicHe-
HUSl HAKOIUIEHUS TOBPEXKJEHHBIX MHUTOXOHAPHIA,
OTpaXXAIOIUX HEJOCTATOYHYI0 MHUTO(Aruio, o0y-
cnosiennyto nepuiurom PRKN, npoBoauiu oreH-
Ky € TIOMOIIBIO 3JIEKTPOHHON MUKpOCKONHUU. B smu-
TEINATBHBIX KIETKaX JBIXaTENbHBIX IyTeH MBIIIeH
JUKOTO THIIA, MOJBEPTUINXCS BO3JEHCTBHIO CHra-
peTHOro AbIMa, HAONIOJATN HAKOIUICHHE TOBPEXK-
JICHHBIX MUTOXOHJIPUH C aHOMaJIbHBIM Ha0yXaHHEM
U pa3pylICHUEM KPHCT, KOTOPOE OBLIO YCHUIICHO Y
Mbllel ¢ HokayToM PRKN. YMepeHHOe, HO 3Ha4H-
TenpHOe CHIbKeHHE ypoBHs Oenka PRKN Obuto 00-
Hapy’)KeHO Y MBIIIEH AUKOTO THUIA, MOABEPIIINXCS
BO3/IEMCTBUIO CUTAPETHOTO JIbIMA.

Akabane u np. [25] npoaHaTM3upOBAIH CTPYK-
TYpBl MUTOXOHJIPHATBHBIX MEMOpaH KIETOK C HOK-
naynom MIC60, skcnpeccupyronmx MIC60-3HA
JIUKOTO THIIA WJIM MYTaHTa C IMOMOIIBIO DJIEKTPOH-
Hoi Mukpockornnu. Hoxkmayn MIC60 npusen k uc-
YEe3HOBEHHUIO KpUCT. bblto mokaszano, uto gpocdopu-
muposanue MIC60 npu yuactun PRKN nHapymiaer
MUTOXOHJpUanbHyto nokanuzanuto MICOS cucte-

Mbl 1 ipuBoAUT K otaeneHuto PRKN or IMMT B
CTPYKTYpE MUTOXOHIPHATLHOW MEMOpaHHI.

[IpoBeneHnble HaMK paHee MOPPOMETPHUIECKHE
M3MEpEHMsI YIBTPACTPYKTYpPbl MUTOXOHAPHUI MOKa-
3aJu, 9TO MO/ JeficTBreM acOecTa B MUTOXOHAPHUSX
KJIETOK JIETKMX TPOMCXOJUT YBEIHMYEHHE B MHTO-
XOHJPUSX IUIOMIAIU, MEPUMETPA, CPEHETO TUaMe-
Tpa BHEIIHMX M BHYTPEHHUX MeMOpaH, JuaMmerpa
KPHCT ¥ MEKMEMOpPAaHHOTO NMPOCTPAHCTBA, a TaK-
’K€ YMEHBIICHUE JITMHBI KPUCT MUTOXOHApUi [20].
MOKHO AyMaTh, YTO YJIBTPACTPYKTYPHbIE U3MEHE-
HUS B MUTOXOHJPUAX B KJIETKaX JIETKUX IO Jeil-
CTBHEM acOecTa, O4YeBUIHO, SIBISIOTCS PE3YIbTATOM
muchyakmuu cuctembl MICOS. Tlpu paszpymenun
kpuct ypoBeHb PRKN cHmMkaercs, 4To NpHUBOIUT
K MHTUOMPOBaHMIO MUTO(ArHH M HAKOIUICHHUIO I10-
BPCXKIACHHBIX MUTOXOHIPHA. ACOECT CHIKACT MEM-
OpaHHBI TOTEHIMAl MHUTOXOHAPHUH, YCHIMBAET
OKHCIIUTENIBHBIM CTPECC U CTPYKTYPHBIE MOBPEXK-
JIEHUsI MUTOXOH/IPHUH, a TaKKe CHIDKAeT BHIPAOOT-
Ky MuToxoHapusiMu AT®, uro Hapymaet GyHKINU
muToxoHapuid. CHmxkenue ypoBHs PRKN moxer
MPOUCXOIUTh uepes cHudxceHue IMMT npu neso3-
MOdICHOCIU  YJTaJIEHUS] TIOBPEXACHHBIX MHMTOXOH-
Ipuil B KJIeTKax myteM mutodaruu. [lomydeHHbIe
pe3yJIbTaThl MOTYT CBHJIETEILCTBOBATH O AUCHYHK-
MU MUTOXOHJIpHH 1o AeiicTBueM acoecta. Coxpa-
HEHHUE CTPYKTYPBI KPHUCT, KOTOPBIE COAEPIKATCS BO
BHYTpPEHHEH MUTOXOHAPHAITEHON MeMOpaHe, BaKHO
JUIsi HOPMaJIbHOM (DYHKIIMKM MHTOXOHAPHUHA U TIPOU3-
BoacTBa ATO.

3ak/ouyeHnune

Pesromupyst HU3510:KEHHOE, MOYKHO 3aKJIIOUYUTh,
YTO MHTOXOHApHUANIbHAS TUCHYHKIHMS UMEET pelia-
IOLIYI0 POJIb B OMOIHEPreTUUECKOM METa0OIH3Me
Y TIaTOreHe3e MHOTHX 3a0o0JieBaHWH Jerkux. Mu-
TOXOHJIpUM TocpencTBoM reHeparun ADOK u pe-
JIOKC-3aBHCHMOI Tlepefauyu CUTHAJIOB MOTYT KOH-
TPOJIUPOBATh OOIIMHA KJICTOYHBIH METa0OIM3M U
perynupoBath (GU3UOJIOTHIO BCel kieTku. [1pu Biu-
SITHUU XpU30TWII acOecTa HaOJII0aeTcsl CyIecTBEH-
HOe CHIDKeHHue ypoBHei 0enka mutodarnn PRKN u
IMMT B TKaHsAX Jerkux Kpwic. Hapymenne O6anan-
ca O6enkoBoro komriekca muroxouapuit MICOS u
aHomayuu mMutodaruu npu ydactun PRKN sBis-
IOTCSl pe3yJbTaTOM HapyILIeHHs YJIbTPACTPYKTYp-
HOW MOpP(OJIOrMH MUTOXOHIPHH, BeIpaboTkn ADK
¢ oOpa3oBaHHeM CBOOOIHBIX PaIMKAIOB, YTO yKa-
3bIBacT Ha HAIMYME TUCHYHKIIMA MUTOXOHIpUi. B
COBOKYITHOCTH 3TH JIJaHHBIE MOJTBEPKIAIOT CBS3b
MEKYy MOBPEXKIECHUEM CTPYKTYPbl MUTOXOHAPUU U
JneeKTaMu JIbIXaTeIbHOTO KOMILICKCA.
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TOO «HayuHO-IIpOU3BOJICTBEHHBIN LIEHTP 36pHOBOrO X03sicTBa UM. A.U. bapaesay,
n. Hayunsrit, Kazaxcran
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BAUSHUE TEXHOAOTUIA BO3AEABIBAHUS U AO3 BHECEHUS
YAOBPEHUI HA KAYECTBO 3EPHA SIPOBOI MATKOM MLLEHMLIbI
B YCAOBUSAX AKMOAMHCKOM OBAACTH

B cTtaTbe paccMOTpeHbl BOMPOCHI YAYULLEHUS KayeCTBa 3epHa SPOBOM MArkon nweHuubl B TOO
«HIML, 3X um. A.M. bapaeBa» C NpMMeHEHNEM COPTOB, AO3 BHOCMMbIX YAOBPEHUI 1 CUCTEMbI BEAE-
HUS 3emAaepeAns. [1oaBOp TEXHOAOMMM BO3AEAbIBAHUS, AO3 BHECEHUSI YAOOPEHWIN, COPTOB M MpeA-
LLIECTBEHHMKOB AASI KYAbTYPbI AOAXKEH ObITh HarpaBAEH Ha CO3AAHME AYULLIMX YCAOBUI AASI Pa3BUTUS
pacTeHns B OTAEAbHOCTU M (DOPMUPOBAHMS ypOoXKas 3epHa BbICOKOro kayectBa. OTCyTCTBME COPTOBbIX
TEXHOAOTMIA SIBASIETCS OAHOM M3 NMPUUYNH CHUXKEHWUS YPOXKAMHOCTM M KavyecTBa 3epHa. B cBs3u C 3Tum,
AAS NMOBbILLEHNS YPOXKaMHOCTH SPOBOM MIMKOM MLIEHULbI M €e KAaYeCTBa B YCAOBUSX CYXOCTEMHOM 30Hbl
CeBeproro KasaxcraHa He06X0AMMO BCECTOPOHHEE M3yueHMe BblpalMBAEMbIX COPTOB M TEXHOAOT M
BO3AEAbIBaHMS KYAbTYpbI. B X0A€ MccAeaOBaHMI onpeaseAeHbl Guoxmmmyeckme, msmdeckme, hrUsmnko-
XUMMYECKME MOKa3aTeAn KauecTBa 3epHa SPOBOM MATKOM MeHWUbl, (dU3nYeckne CBOMCTBA TECTaQ,
xAeborekapHble MokasaTteAmr 13 MyKu SpOBOI MSAFKOM MLLeHWLbl Npyu Npo6HOM AabopaTOPHON BbiMeyke.
AaHHble MCCAEAOBAHMS MO3BOASIT YCTAHOBUTb BAMSIHUE TEXHOAOTMIA BO3AEAbIBAHUS M AO3 BHECEHMS
YAOOPEHMIN HA KAaYeCTBO COPTOB SIPOBOM MSIFKOWM MLIEHULIbI B YCAOBUSAX AKMOAMHCKOM 06AACTH, a Tak-
e BbIAEAUTb HanboAee OMTMMAAbHYIO TEXHOAOTMIO BO3AEABIBAHMS U AO3bl BHECEHUSI YAOBPEHUI AAS
MOAYYEHMNS KaUECTBEHHOIO 3epHa. B yCAOBMSX 3aCyLUAMBOrO roaa MCCAEAOBAHMIA NMPEUMYLLECTBOM MO
HaKOMAEHUIO 6EAKOBbIX BELLECTB, a Tak>Ke Mo pe3yAbTaTam (M3NUECKMX CBOMCTB TECTa OTMEYeHa Hy-
A€Basi TEXHOAOTMS BO3AEAbIBAHMS.

KAtoueBble CAOBa: AO3bl YAOOPEHMI, KAUeCTBO, MArKasi MileHmua, TEXHOAOT S BO3AEAbIBAHMS.

0O.0. Kradetskaya*, E.V. Mamykin, S.M. Dashkevich,
M.U. Utebaeyv, I.V. Chilimova
“Scientific and Production Center of Grain Farming named after A.l. Barayev” LLP,

Nauchnyi, Kazakhstan
*e-mail: oksana_cwr@mail.ru

Influence of cultivation technologies and fertilizer doses
on the quality of spring wheat grain in the conditions of Akmola region

The article discusses the issues of improving the quality of spring soft wheat grain in the LLP “SPC
ZH named after A.l. Baraev” with the use of varieties, doses of fertilizers and farming systems. The se-
lection of cultivation technology, fertilizer doses, varieties and precursors for the crop should be aimed
at creating the best conditions for the development of the plant individually and the formation of a
high-quality grain harvest. The lack of varietal technologies is one of the reasons for the decline in yield
and grain quality. In this regard, in order to increase the yield of spring soft wheat and its quality in the
conditions of the dry-steppe zone of Northern Kazakhstan, a comprehensive study of the cultivated
varieties and cultivation technologies is necessary. In the course of the research, biochemical, physical,
physico-chemical indicators of the quality of spring wheat grain, physical properties of the dough, bak-
ing parameters of spring wheat flour during trial laboratory baking were determined. These studies will
allow us to establish the influence of cultivation technologies and fertilizer doses on the quality of spring
wheat varieties in the Akmola region, as well as to identify the most optimal cultivation technology and
fertilizer doses for obtaining high-quality grain. In the conditions of a dry year of research, the advantage
of the accumulation of protein substances, as well as the results of the physical properties of the test,
indicated zero cultivation technology.

Key words: fertilizer doses, quality, soft wheat, cultivation technology.
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0.0. Kpaaeukas*, E.B. MambiknH, C.M. AalikeBny,
M.Y. YTebaes, 1.B. Ynanumosa
«A.M.bapaeB aTbliHAQFbl ACTbIK, LLIAPYALLBIAbIFbI FBIABIMU-BHAIPICTiIK opTaAblFbl» XKLLC,
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AKMOAQ 0OABICHI XKaFAAMbIHAQA Xa3AbIK, OMAAM ASHIHIH, canacbiHa
TbIHAMTKbILLUTAPAbI 6HAEY TEXHOAOTUSIAAPbI MEH A03aAapPbIHbIH, dCepi

Makanraaa “cx FOO” XKLLIC-ae »Ka3Ablk XKyMcak, OMAait ASHIHIH canachiH XKakcapTy MoCeAeAepi Ka-
paAabl. A. 1. bapaeBa” TbIHAMTKbILITAPAbIH COPTTAPbIH, AO3aAapPbIH YK8HE EriHLWiAIK KYMeCiH KoAAAHA
OTbIPbIN. OCipy TEXHOAOTMSAChIH, ThIHANTKbILLITAPAbIH AO3aAapbiH, COPTTapPbIH XXKOHE AAKbIAFA apHaAFaH
NpeKkypCcopAapAbl TaHAQY OCIMAIKTIH JKEKe AaMyblHa XX8He >KOFapbl caraAbl acTblK, AAKbIAbIH KaAbIM-
TaCTbIPyFa XaKCbl >kaFAait >kacayra 0arbiTTaAybl Kepek. COPTTbIK, TEXHOAOTMSIAAPABIH, OOAMAYbl aCTbIK,
OHIMAIAITT MEH canacblHbiH TEMEHAEYIHIH cebenTepiHiH 6ipi 60AbIN Tabblraabl. OcCbliFaH 6aNAAHbBICTbI,
CoATycTik KasakcTaHHbIH KYpFaK, AaAa aiiMarbl >KaFAAMbIHAA >Ka3AbIK, XKYMCaK, OUAANABIH OHIMAIAIMH
JKOHE OHbIH, canacbiH apTTbIpy YLiH ©CIPIAETIH COPTTAap MEH AAKbIAAAPAbI 6CipYy TEXHOAOIMSIAAPbIH
JKaH->KaKTbl 3epAeAey KaxkeT. 3epTrey 6apbiCbiHAQ XKa3AbIK, >KyMCaK, OMAQl ASHIHIH GUOXMMUSIADIK,
hM3MKaAbIK, (PU3MKAABIK-XMMUSABIK, cana KepceTKiluTepi, KaMbIpAbIH (hM3MKaAbIK, KacMeTTepi, CbIHaK,
3epTxaHaAbIK Micipy Ke3iHAE >Ka3AbIK XKymcak OMAAN YHbIHAH >KacaAFaH HaH Micipy kepceTkirepi
aHbIKTaAAbl. by 3epTTeyaep AKMOAA OOABICHI >KaF AQbIHAA XKa3AbIK, XKYMCaK, OMAail COPTTapPbIHbIH, Ca-
nacblHa TbIHAMTKbILLTAPAbI KOAAAQHY TEXHOAOTMSAAPbl MEH AO3aAapPbIHbIH BCEPIH aHbIKTayFa, COHAAMN-
aK, CarnaAbl acTbIK, @Ay YLUIH ThIHAWTKbILUTAPAbI EHIi3YAIH €H OHTalMAbl TEXHOAOTMSICbIH KOHE A03aCbIH
GOAIN KepceTyre MyMKIHAIK Oepeai. 3epTTeyAEPAIH KYPFak, XblAbl >KaFAQbIHAA aKybl3 3aTTapblHbIH
SKMHaKTAAYbIHbIH, aPTbIKLbIAbIFbI, COHAQM-aK, CbIHAKTbIH (DM3MKAAbIK, KaCUETTEpPIiHiH HaTuxXeAepi 60-
MbIHLIA HOAAIK BHAEY TEXHOAOTMSIChI aTan OTiAAI.

Ty#iiH ce3aep: ThIHANTKbILTAPAbIH AO3aAapbl, Canachl, >Xymcak, O1aai, eHAEY TEXHOAOIMUAIChHI.

BBenenue

B MupoBoM npou3BOJCTBE 3€pHA IIIEHUIA 3a-
HUMAEeT JTUANPYIOIIEe MECTO CPEN BO3/IEIIBIBAEMBIX
KyJabTyp okoso 30% u gaet nouru 20% Bcex nuie-
BBIX KaJIOPUH JJIs HACEJIEHUs 3eMHOro mmapa. [lme-
HUIA SBISETCS OCHOBHBIM MPOAYKTOM B 53 cTpa-
Hax, B ToM uucie u B Kazaxcrane [1-2]. Hecmotps
HAa 3TO0, B 36pHE MATKOM MIIEHULIBI O 32 TOJJOM Ha-
OIII0/TAIOTCSl CHIDKEHHE COJEpIKaHUs KICHKOBHHBI,
Oenka M yxXyalieHue xyiebornekapHbix kadecTs. [lo
JIUTEPATYPHBIM JAHHBIM, YEM BBIIIE MaccoBas JOJsI
KJICHKOBUHBI XOPOIIIETO KaYeCTBa, TEM JIydIlle Kade-
CTBO 3epHa W X0, BbIlleKaeMbIli 13 Hero. Mcxonus
U3 3TOro, TpeOOBaHMS K COPTaM IO COJEPKAHUIO
OETKOBBIX BEIIECTB, 0COOCHHO TPU COBEPIICHCTBO-
BAaHUHU TEXHOJOTUU UX BO3/EIBIBAHNSA, @ TAKXKE MPU
M3MEHEHUHN HYKOHOMHUYECKHX U HKOJIOTHYECKHX yC-
noBuH Xo3stiicTBoBaHus [3-10].

ITepcnekTUBHBIM HANpPAaBIEHUEM YCTOHYHMBOIO
pa3BUTHUSA 3€pHOBOrO Ipon3BoacTea Kazaxcrana sB-
nsieTcst pa3paboTKa W COBEPIIEHCTBOBAHUE PECyp-
cocOeperarommx TEXHOJIOTHI BO3/CIbIBAHUS pa3-
JINYHBIX CEJIbCKOXO3AUCTBEHHBIX KyNbTyp [11-12].

KayecTtBO 3epHa CBSI3BIBAIOT C MPUPOIHO-
KIIMMaTHYECKUMH  YCJIOBHSMHU. | eorpaduueckoe
pacnonoxenne CesepHoro KazaxcraHa mo3BomsieT
BO3/IENIBIBATh BBICOKOKAYECTBEHHOE 3EPHO MST-
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KX COPTOB HNIICHUIIbI, XOTd HUMEET MECTO YaCTOC
MPOSIBJICHHE PAaHHEBECEHHEH 3acCyXH M BBICOKOTO
YBIOKHEHUS] TP TOHIKEHHBIX TeMIIepaTypax
BO3/yXa B IIEPUO/] HAJIMBA U CO3peBaHus 3epHa. [is
peruoHa xapakTepeH KOPOTKUH TepHOJl BEreTalluu
pacTeHul M, 4TO CBOMCTBEHHO /ISl 30HBI CTENHU U
JIECOCTEIH, MEHSIOIIUMHKCS FOJIJaMH C 3aCYILTUBOTO
Ha OJarompusTHBIN, a TaAKKe pe3Koe KoJlebaHne Me-
TEOYyCIIOBUH B IMIEPHOJ BeTeTallnU ¢/X KynbTyp [13].
3TO CO3MIaeT PSI TPYIHOCTEH ISl CEICKIIMOHEPOB U
TpeOyeT OT CO3/1aBaeMBbIX COPTOB BBICOKOW YCTOH-
YHBOCTH K 3aCyXe, a TakKe UMETh CIIOCOOHOCTH K
s¢dextuBHOM BiaroodecneueHHoctu. K coxane-
HUIO, TaKNX YHUBEPCAJIbHBIX COPTOB OYEHBH Mallo.
3epHO SPOBOM MSATKOM IMIIIEHUIIHI, BHIPAIICHHON B
AxmonuHCKON o0nactu 6orato 6eskom — 13-19 %,
U KJICHKOBUHON — 27-40 %, OTIMYHBIMH XIeOOIIe-
KapHBIMU Ka4eCTBAMHU.

KomrutekcHbI  1oI00p TEXHOJOTHH  BO3JIC-
JBIBaHUS, 103 BHECEHUS YAOOpEeHWil, COpPTOB M
MIPEIIIECTBEHHUKOB I KYJBTYPHl JOJDKEH OBITH
HampaBJieH Ha co37laHne U (HOPMUPOBAHUS BBICOKO-
YPOKaHBIX U BBICOKOKAYECTBEHHBIX CeMsH [14-
16]. OmHO#M W3 NMPUYHH CHUKEHUS YPOKAWHOCTH
M KavecTBa MPOM3BOJUMOIrO 3€pHa — OTCYTCTBHE
COPTOBBIX TEXHOJIOTHIA. B CBS3M ¢ 3TUM, IIJIsI TIOBBI-
LIEHUSI YPOXKAWHOCTU SIPOBOM MSTKOW MIIEHUIBI U
€e KauecTBa B YCJIIOBUSX CyXOCTenHou 30HbI CeBep-
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Horo KasaxcraHa He0OXOJMMO BCECTOPOHHEE W3-
y4eHHE BHIPAIINBAEMBIX COPTOB M TEXHOJIOTHUN BO3-
nenpIBaHms KyabTyphl [17,18]. A uMeHHO OIleHKa
TOBApPHBIX MTOKa3aTesel 3epHa (cojepxkanue Oenka,
KOJIMYECTBO U KA4eCTBO KICHKOBUHBI, HATYPA), PH-
3MYECKUX CBOMCTB TECTA, a TaK:Ke MpoOHas Jrabopa-
TOpHAs! BBITICYKA.

3amauu:

- W3yunTh BIUSHUE PA3JIUYHBIX TEXHOJOTUMN
BO3JICNIbIBaHNS (TPAAUIIMOHHON ¥ HYIJIEBOHW) TpH
pasHBIX /103aX BHECEHHUS YJO0OpEHHH Ha KadecTBO
3epHa SPOBOU MIIICHUIIBI TIPH BHICEBE COPTOB AcCTa-
Ha u lllopranaunckas 95 yiydineHHas B yCIOBHUSIX
AXMOJIIMHCKOI 00/1aCTH;

- OmnpenienuTh Ka4eCTBO 3epHA, MYKH, XJjie0a 13-
y4aeMbIX COPTOB SIPOBOM MSATKO# MIIICHUIIBI B 3aBU-
CHUMOCTH OT BHECEHHBIX /103 YIOOPEHUH U TEXHOIIO-
THUH BO3JCIIBIBAHUS.

- H3yuuTh KOPPEISAIMOHHYI 3aBHCUMOCTB
MeXJly TIOKa3aTelsiMHu KadecTBa (OMOXHMHUYECKH-
MH, TEXHOJIOIMYECKUMHU U XJICOONIECKAPHBIMH ITPH-
3HAKaMH).

Ilems pabGoTbl — oreHKa (U3WUSCKHUX, (PHU3HU-
KO-XUMHUYECKMX W OHOXUMHYECKHUX IOKa3aTe-
Jel KadecTBa 3€pHA SPOBOM MATKOW MIICHUIIBI;
(bM3UYEeCKUX CBOHCTB TeCTa, XJICOOTCKAPHBIX IT0-
Kazareleil kayecTBa xyeda U3 MyKH sIpOBOI MSTKOH
MIICHUIBI TIPU TPOOHOHN J1Ta0OPaTOPHON BEITICUKE
B 3aBHCHMOCTH OT JI03 yIOOpEHHH M TEXHOJIOTHU
BO3/IENIBIBAHMS, B YCIOBHUAX AKMOJIIMHCKOM 00/1aCTH.
Y CTaHOBUTH BIUSTHUE TEXHOJIOTUH BO3JICITBIBAHUS U
JI03 BHECEHHUS yIOOpEHMIA Ha KAYeCTBO COPTOB SIPO-
BOW MSTKOM MIIEHULIBI, @ TAK)KE MPOaHATIU3UPOBATh
KOPPEISLUOHHYIO 3aBUCHUMOCTh MEXKIY IOKa3are-
JISIMU Ka4ecTBa.

MarepuaJjibl 1 METOABI UCCIETOBAHUS

UccnenoBanust MpOBOAUINCH HA DKCIIEPUMEH-
tanpHbIX iomanax TOO «HITN3X um. A.H. bapa-
eBay. [IpoBoaunocs n3ydenme BiusaUs d(HPeKTrB-
HOCTH BUIOB MUHEPAIBHBIX yI00pEHUH — aMMO(OC
(N - 10%, P,O, — 46%), ammuaunas cenutpa (N
— 34%), cmecu 3TUX ynoOpeHHH, a TaKKe HHUTPO-
ammodoc (N —23%, P,O, — 23%) Ha kauecTBo m0-
JTy4yaeMod TPOAYKIIUU. AMMHUAYHAs CEIUTPa BHO-
CHJTaCh €XKETOJIHO TIOBEPXHOCTHO OCEHBIO U BECHOU
u B psaaku. Jloza dochop P8O B 3amac BHOCHIIACh
oceHblo mociue ropoxa cessikamu CKII-2,1 na rimy-
ouny 12-14 cm, P20 — B psaku mpu moceBe Ha BcexX
TexHoNorusax. Ha OcHOBE JaHHBIX XHMHYECKOTO
aHaJIM3a TIOYBBI B M3y4aeMbIX BapHaHTax IO JHa-
THOCTHKE a30Ta PacCUYMTHIBAJIACH J[03a TPU BHECe-

HUM B OCCHHUI M BECEHHUU MEPUOJBI U COOTBET-
CTBEHHO TIOCIICAYIONUM JOBEJICHHEM KOJMYeCTBa
a30Ta 10 HEOOXOJUMOH O0ECIeYeHHOCTH a30TOM
— 12 wmr/kr (176 o6pasmoB). A3oTHoe yaoOpeHue
U HATPOaMMO(OC BHOCHIIOCH B Ps/IKH. BapwaHThI
OBUIN 3QJI0KEHBI B 4-X KpaTHOH MOBTOPHOCTH, 00-
Iias Tiomnaas Bapuanta 215 M2, (¢ paciieruieHueM
105 m?) yuetnast — 80 m>.

OOBEKTOM HCCIIeIOBaHUsl OBUIM COpTa MST-
koi mmenunpl lopranaunckas — 95 ynydmieHHas
(Kazaxcran) n Acrana (KazaxcraH), ¢ nu3y4aeMbIx
BapUAHTOB 110 BHECEHHIO yIOOpEeHUil ¢ mpuMeHe-
HUEM TPaJUIMOHHOW W HYJEBOH CHCTEM 3emJe-
JeNvsl B TUIOZOCMEHHOM ceBooOopoTte 1 KymbTypa
nocie napa. O0paboTKka napa npu TPagulMOHHOM
3eMJIe[IeIMM TPOBOAMJIACH B TEUYCHHE BEreTalyu
MEXaHH4YeCcKoil 0o0paboTKoW B 5 pa3 Ha TiryOuHy
8-10 cm, 10-12 cm, 12-14 cm, 14-16 cM U oceHHSA
riyOokas 25-27 cm. [lpu HyneBoii TEXHOJIOTHH BCe
MeXaHn4ecKkue 00pabOoTKH 3aMEHSIINCh Ha XUMHU-
YecKHe, T.€. MPOBOIUTCS 00padoTKa repOunmuIaMu
CIUTOIIHOTO JieiicTBus. [lepen moceBoM MIIEHHUIIBI
IToCJIe Tapa MpoBOAMIIACE 00pb0a ¢ COpHSIKAMH 3a
OJIHY HEJIeII0 JI0 MOCeBa MPH TPAJUIIMOHHOM 3€M-
nenenuu cestmkoit CKII-2,1, mpu No-Till oO6pabatsi-
B TEpOUITUIOM CIUTONIHOTO neicTBus (YparaH
®dopte B 03¢ 2 j/ra). [ToceB MpoBOIMIN CESITKON
CKII-2,1 nnst HyJeBOM TEXHOJOTUU C YU3EIbHBIMU
COIITHUKAMH M CO CTPEIbUaThIMU JIAIKAMH IS Tpa-
JIUITMOHHOM TEXHOJIOTHH.

Tlousenno-kiumamuyeckas —xXapaxmepucmura
30Hbl U MemeopojiocuyecKkue noKasamenu 200a Uc-
C1e008aHUl.

XapakTep TOTOJHO-KIUMATHYECKUX YCIOBHM
B lllopranamHCcKOM paiioHe AKMOJIHMHCKOH 0011a-
CTH TIOATBEPKIAeT KOHTPACTHOCTh 30HBI CeBep-
Horo Ka3zaxcTaHa M CIIOXHOCTH TOJyUEHUs rapaH-
TUPOBAHHBIX YPOXKAEB CEIbCKOXO3WCTBEHHBIX
KYJBTYP.

B mae rona uccnenoBanuii cymma 0CajiKoB CO-
craBwia 12,1 MM B CpaBHEHUM CO CPETHUMH MHO-
royieTHUMHU 3HadeHusMu 32,4 mwm. IloBbIIEHHBIE
TEeMIEepaTyphl BO3/IyXa YBEIUYMIN NcTiapeHue. Mu-
HHUMAJIbHBIM 3amac MpOJYyKTUBHOM BJaru Mo mnapy
ObUI OTMEUEH K Hayally Bereranuu pacteHuid. [lo
TEMIEPAaTypPHOMY PEKUMY BeCHa ObLIa kKapkas H
cyxasi. MuHHMaJIbHOE KOJIMYECTBO ocajikoB 18,30
MM BBITIAJIO B MIOHE, YTO HIKE CPETHEMHOTOJIETHETO
3HaueHus Ha 21,20 MM, a Takke TeMmIeparypa Bo3-
nyxa HaOiromanach Ha ypOBHE CPEHEMHOTOJIETHUX
3HaueHui. Mronb OTMEUEeH Kak JKapKui U CyXoH
mecsil. Ha 25,10Mm ocankoii BeINAI0 HUKE CPEAHUX
3HaYeHUH (pUCYHOK 1).
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Pucynox 1 — Mereoposiornueckue nokasareiu roga ucciaenoanuit, AMC Lllopranabl

3a mepro/1 BereTaluHy BhINano ocaakoB Ha 53,10
MM HHXXE CPEJHUX MHOTOJIETHUX 3HAUCHUU. A TeM-
neparypHslii pesxum 0611 Bbimie Ha 1,10°C.

Omnpenenenue Biard B MOYBE MO KyJIbTypam B
MepuoJ| moceBa pacTeHWd ObuIo mpowm3BeneHo 14
Mmasi, cojiepxanue Biard B 100 cMm ciioe ouBbI CO-
craBwiIo 54,29 mwm.

B memnom BereTanoHHBIN MEPHOJ TOAA Xapak-
TEPHU30BaJICs 3aCyIUINBBIMHA YCIOBUSIMH — TIOBBI-
LICHHBIM TEMIIEPaTypHbIM (JOHOM M HU3KUM ypOB-
HEM BBINAICHUS OCAIKOB, YTO CKa3aJloCh HA POCTE,
Pa3BUTHU U MPOIYKTHUBHOCTH M3yYaeMBIX CEIIbCKO-
XO34MCTBEHHBIX KYJIBTYD.

[Ipu oueHKe KayecTBa COPTOB ONPEACISUTH CO-
nepxkanne Oenmka [19], mokazaTennm GU3HYECKHX
CBOMCTB 3epHa (KOJMYECTBO M KAa4eCTBO KIEHKO-
Bunbl [20], Hatypa [21], macca 1000 3epen [22],
CTEKJIOBUAHOCTH [23] ¢ mociemyromed ToBapHOU
KJaccu(uKamuen COrJIaCHO TEXHHUUECKHM YCIIOBH-
sim [24].

Jns onpenenieHus: peoJOTMYECKUX CBOMCTB Te-
CTa UCTIONBb30BAIN (apuHorpad, Ha HEM OTpeIelisi-
10T BOAOTIOTJIONIEHUE U BaJIOPUMETPHUECKYIO OLICH-
Ky [25]. Cury Myku ompenemnsiii Ha aimbBeorpade
— mnpubop ¢ KOMIBIOTEPHBIM OOecTeYeHueM,
MpeJHa3HaYeHHBIA U olpefencHus (PU3NIECKUX
CBOMCTB TecTa (yaenmbHas pabora aedopmanuu
TeCTa, OTHOIIECHHE YIPyroctu P Kk pacTsbkuMocTu
Tecta L) 1Mo oka3plBaeMOMY MM CONPOTHBIICHHUIO
JABJICHUIO BO3ayXa [26].

3aBepIIaroIIuM 3TaroM KauecTBa MyKH SIBIISICT-
cs1 OlIeHKa 00pasia npu NpoOHOH BhINIEUKe XJieba U
obmrero xyebomnekaproro 6amra [27].

Pe3y.m>TaT1>1 HCCJICJOBAHUA U X oﬁcymeﬂne

B xoze uccinenoBaHuii yCTaHOBIIEHO, YTO 3€p-
HO BBICHIETO KJacca MOJYy4YeHO Ha KOHTPOJIbHOM
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BapuUaHTC MMPHU ABYX HM3Yy4Ya€MbIX TEXHOJIOTUAX Ha
noceBax copta [lopranauuckas 95 ynyduieHHas
(tabmuma 1). Taxke MakCUMalbHOE HAKOIICHHUE
Oenka B 3epHE TIOJIYyYEHO IPU BHECCHHH aMMO(do-
ca B no3e P, B map y copra lllopranauuckas 95
yiydiieHHas u coctaBuio 17,55% mnpu cpensem
cogepxxanuu 16,62% mpu HCHOJB30BAHUH HY-
JIEBOW TEXHOJOTHM BO3JIEIBIBAHUS, HO B CBS3H C
KayecTBOM KJeWKoBHHBI 2 rpynnsl, 83 en.MJK
KJIaCCHOCTh 3epHa cocTaBmia 3. MaccoBas g0
KJIEHKOBUHEI HaXxoIujachk B Auamna3one ot 27,4 %
1o 38,4% B 3aBHCHUMOCTH OT coprta. [Ipu ucmons-
30BaHUM HYJIEBOM U TPaJULIMOHHON TEXHOJIOTUH
BO3/ICTIBIBAHUSL TOJIYUYCH BBICOKHMU YpPOBEHb Ha-
TYpPHOI'O BecCa 3€pHa MUIEHUIBI copTa AcTaHa OT
812 r/n no 804 r/n, ¢ NpeuMynecCTBOM Tpaauln-
onHoro (ona B cpexrem 808 r/n. Boree BbIMOIN-
HeHHoe 3epHO ¢ maccoi 1000 3epeH moaydeHo
NpU BEJCHUU TPAIAUIHUOHHOW CHUCTEMBI 3EMJle-
Jlenus y JIBYX M3Y4YaeMBIX COPTOB M COCTAaBUJIO:
copt Actana 37,1 T Ha BapuaHTE C BHECEHUEM
aMmmo(oca ¥ aMMHaYHON cemuTphl B no3ax N, P
B psiaku. [Ipu BHECEHNM aMMuaYHOM cenuTpbl N, |
BECHOH NOBTOPHO M ammo(oca P, B panku macca
1000 3epen momyuena 42,6 . y copra lllopran-
nuHcKas 95 ynyumennas. Hanbonee cTexknoBua-
Hoe 3epHO cdopmupoBanock y copta lllopran-
IuHCKas 95 yiydiieHHas Ha Bapuanrax P, B map
+N B pstku 1o quarnoctuke u N, P, B psiku npu
No-Till. IIpu ToBapHOW KiaccuHUKAIUN 3epHA
o CT PK 1046-2008 copra ActaHa npu HyJI€BOU
TEXHOJIOTUH BO3JIEIBIBAHUS 00pa3Ibl HAa BCEX Ba-
praHTax ObUIH OTHECEHHI K 1 Kilaccy. 3epHO BBIC-
mero U 1 kjacca moJiyd4eHO NMpU TPaJAUIHMOHHON
texnosiorun y copta llopranaunckas 95 ymyu-
mieHHasi. B ycloBHSIX 3acylUIMBOro roja mnpe-
HMYHIIECCTBO IO HAKOIIJICHUIO O€EIKOBBIX BCIIIECCTB
OBLIIO TIPY HYJIEBOW TEXHOJOTHUH BO3JICIBIBAHUSA.
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[lo naHHBIM MPOBEJCHHON OLCHKH PEOJIOTH-
YeCKUX CBOMCTB TeCTa Ha ajdbBeorpade HamOOIb-
masi cujia MyKd Obljia y 00pa3iioB, BBIPAIICHHBIX
mo No-Till Acrana — 426 W.e.a. u P/L — 1,09 na
BapuMaHTe C BHeceHmeM ammodoca B mose P, B
panku; lloprangunckas 95 ymydmennas — 451
W.e.a. Ha KOHTPOJBHOM BapuaHTE, YTO COTJIACHO
KJTacCH(PUKAIUU 110 METOAMKE TOCYJapCTBEHHOTO
COPTOUCHBITAHUS OTHOCUTCSI K CHJIBHOM MIICHUIE
(tabmuua 2). Tak xe B cpegHeM IO JaHHOMY IO-
Ka3aTero IPEeUMYIIeCTBO ObLIIO TIPU HYJIEBOU TeX-
nosjoruu (384-390 e.a.). Tak mis CHIIBHOW MYKHU

W xnaccudunupyercs B npeaenax 280-500 e.a., a
s cnaboit meree 180 e.a. COanaHCHPOBAHHOCTH
aJbBEOrpaMMBbl 10 OTHOILIEHHIO yIpyroctu P k
pacTspkuMocTd Tecta L Ui cuibHON MyKH JTOJIK-
Ha ObITh B quamasone 0,7-2,0.

Cynast 1mo naHHbBIM, HauOOJIbIIas COATaHCHPO-
BaHHOCTH 10 OTHOLICHHUIO yrpyroctu P k pacrts-
KUMOCTH TecTa L, a 3HaYuT CuiibHAas MyKa, IMOITy-
YeHa IpY HYJIEeBOH TEXHOJIOTHU y copTa AcTaHa (B
cpennem 1,81), mydmim otmeden Bapuant P, B map
o aByM u3ydaembiM coptam o No-Till (P/L — 1,75
—-1,96).

Tabnauua 2 — du3nyeckre CBOMCTBA TeCTa MIIEHHUIIBI B 3aBUCHMOCTH OT BHECEHUS J103 YAOOPEHUH 1 TEXHOJIOTUHU BO3/IEIbIBAHUS

yaenpHas padbota
BAJIOPUMETPUYECKAS
Bapuant nedopMaruu TecTa, P/L BOJIOTIOTVIOIICHHE, M
OLIEHKA, €.B.
W.e.a.
1 kynerypa nocie napa, No-Till, mogocMeHHbIH ceBO0OOPOT
Acrana [opr. Acrana [Hopr. 95 Acrana [Hopr. 95 Acrana [Hopr. 95

95 ya. yiI. yiI. yiI.
Kourpoins 368 451 2,08 1,95 71,6 71,4 83 83
P, B psIKH 426 378 1,09 2,80 71,6 71,6 87 83
N,, 0ceHbIo MOB-HO P, B pskn 366 348 1,73 2,81 71,8 72,8 85 85
N,, BECHOH 110B-HO +P, B psnKu 374 381 2,55 2,54 71,4 73,6 85 85
P, B 1ap 370 414 1,75 1,96 71,4 72,6 33 83
P B map #N B paman moj 5 362 1,66 3,18 72,2 73,6 85 85

JINArHOCTHKE
N,P,, (11ah) B psacn 390 380 1,77 3,17 71,6 74,4 83 87
min 366 348 1,09 1,95 71,4 71,4 83 83
max 426 451 2,55 3,18 72,2 74,4 87 87
X 384 390 1,81 2,62 71,7 72,9 85 85

1 KynbTypa 1mocie mapa, TpaJAUIMOHHAS TEXHOJIOT U, TUIO0CMEHHBIH CEBOOGOPOT

Kontpons 299 307 3,11 2,90 70,4 71,0 82 82
P,, B psjxu 308 349 2,07 1,82 71,2 71,6 85 81
N,,0CeHbIO NOB-HO +P, | B psaKu 341 348 2,34 2,67 72,4 72,0 87 83
N,, BECHOH 110B-HO +P, B psijiku 341 337 2,31 2,38 71,6 73,4 85 81
P, B 1ap 258 380 3,82 2,66 69,8 72,0 81 82
P B map N B pamin mo| 5, 342 2,33 3,42 70,8 71,8 82 82

JINArHOCTHKE
N, P,, (Had) B psiaku 379 387 1,79 2,09 71,4 72,4 80 85
min 258 307 1,79 1,82 69,8 71 80 81
max 379 387 3,82 3,42 72,4 73,4 87 85
X 319 349 2,60 2,58 71,1 72,1 83 82
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0.0. Kpagernxas u ap.

®dapuHorpaduueckas OIleHKa XapaKkTepru30Baia
BOJIONIOTJIONIEHNE MYKH, W3TOTOBJICHHOW W3 3€pHA
MIIEHUIBI copTa Actana u coctaBuna 71,1 — 71,7
M1 1o aByM Qonam. Myka u3 3epHa copra lllop-
TaHAMHCKAs 95 ymydlleHHas TMoKa3ajia HanOojee
BBICOKOE Bojomoriomenue 73,4 — 74,4 mn B 3a-
BUCUMOCTH OT (hoHa Bo3zenbiBaHus. CoriacHo Ba-
JIOPUMETPUIECKOHN OIEHKE 3€PHO BYX M3y4aeMBbIX

COpPTOB TIPU HYJIEBOH TEXHOJOTHU OTHECEHO K OT-
JIMYHBIM YIIYYIIUTEIISIM Ha BapuaHTax N, OCEHbIO
HOBEPXHOCTHO +P, B psinku, N, BECHOW mMOBEpX-
HocTHO +P, B psinkw, P, B map +N B psiiku 1o ua-
THOCTHKE W COCTaBWIO 85 €.B., IPH MaKCUMaJIbHOM
ypoBHe 87 e.B. ¢ BHeceHueM ammodoca P, B psikn
(Acrana) u N, P, (nad) B panku (Illopranannckas
95 ynyumieHHas).

Tadmuua 3 — Pe3ynsraThl BEINIEUKH Xi1e0a U3 MyKH MATKOH MIIeHHIBI copta Actana u [lloprannuackas 95 ymydiieHHAs B 3aBHCH-
MOCTH OT BHECEHHS J103 YJOOPEHHH 1 TEXHOIOTHH BO3/ETBIBAHHS

BapHanT 00beM xmeda hopmoycroii- HOpHCTOCTS, Ba o0mmuit )
u3 100 T myku, M YHUBOCTb, €. xJ1eOOTeKapHbIi, Oat
No-Till
Acrtana I;;O}I?HT: Actana L91§0};,)HT'. Acrtana 191;()}13;' Actana HIO;ZIT" %

Konrpons 635 630 0,42 0,41 4.4 4,6 4,6 4,5
P,, B paaxu 645 656 0,44 0,44 4,6 4,4 4,7 4,5
N,, 0cenbio noB-Ho +P, B psaku 640 650 0,46 0,39 42 4.8 4,6 4,6
N,, BecHoIi noB-HO +P, B psijikn 620 670 0,45 0,41 4.4 43 4,7 4,6
P,, B map 650 657 0,52 0,45 4,5 4,8 4,8 4,7
P, Bmap +N B psi/iKu [0 IHATHOCTHKE 670 612 0,46 0,41 4.8 4.5 4,7 4,6
N,,P,, (Had) B paaxu 660 620 0,48 0,43 4,5 4,3 4,7 4,5
min 620 612 0,42 0,39 4,2 4,3 4,6 4,5

max 670 670 0,52 0,45 4,8 4,8 4,8 4,7

X 646 642 0,46 0,42 4,5 4,5 4,7 4,6

TPaIULIOHHAS TEXHOJIOT UL

Konrpons 675 556 0,54 0,40 4,7 4,3 4,8 43
P,, B psixu 660 588 0,55 0,38 4,8 4,8 4,8 4,6
N,,oceHbio nos-Ho +P, B pssxn 700 644 0,63 0,46 4.7 4.8 4,9 4.8
N,, BecHOI noB-HO +P, B pskn 645 550 0,54 0,49 4,7 4.4 4.8 4.5
P,, B map 655 610 0,55 0,44 4,7 3,8 4,7 4,5
P, B ap +N B psAIKH 110 IMATHOCTUKE 660 661 0,60 0,40 4.5 3,7 49 4.5
N, P, (Hadh) B psnku 640 700 0,59 0,44 4,7 3,6 4,9 4,5
min 640 550 0,54 0,38 4,5 3,6 4,7 43

max 700 700 0,63 0,49 4,8 4,8 4,9 4,8

X 664 618 0,57 0,43 4,7 42 4,8 4,5

IIpu mpoOHOW nabOpaTOpPHON BHITIEUKE W3
MYKH MSTKOH MIIEHUIBI TOJIYYEH XJIe0 XOpOoIIero
o0beMa 1 KauecTBa, MPaBUIbHOHN (pOpMBI, C POBHOH
MOBEPXHOCTBIO U 30JI0TUCTO — KOPUYHEBOTO IBE-
Ta KOPKOH. MSKHIII UMEJI XOPOILIYIO 3JaCTUYHYIO

CTPYKTYpPY M O€JBIM C JKEITOBAaTBIM OTTECHKOM
LBETOM, MeEJKYI0 nopucrocts. Ilo pesyibraram
OTMEYEHO, YTO B CpPEJHEM IO JBYM H3y4daeMbIM
TEXHOJIOTUSAM BO3JEIBIBAHUS IOJIYYEHO 3ep-
HO CHJIBHOW MIIEHWIBI M YAOBIETBOPHUTEIHHBIN
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YIY4YIIUTEIb NMpU o0beMme Xjieba B CpelHEM OT
618 M 1o 664 MII B 3aBUCHMOCTH OT copTa (pH-
CYHOK 2-4).

Opnnako, HeOONBIIOE NPEUMYLIECTBO IO
XJIeOOTIeKapHbIM ITOKa3aTeIsIM MSATKOH IIIICHHU-
LBl IOJIy4E€HO II0 JBYM H3y4aeMbIM COpTaM IIpU
BEJCHUHM TPAJUIMOHHONW CHCTEMBl 3eMIICIEININs
(o6Bem 550 — 700 mu, dpopmoycroitunBocth 0,38
— 0,63 en., nopucrocth 3,6 — 4,8 Gamna, oOmias
xyebonekapHas onenka 4,3 — 4,9 6anna) (tabnuia

3). Ilo obmeit xnebonekapHOl OLEHKE, BbIACICH
copr AcraHa Ha BapuaHtax N, OCEHbIO MOBEpPX-
HOCTHO +P, B psnku, P, B map +N B psiaku mo
nuarHoctuke — 4,9 6amna. Takxke mo pesyiabTaTam
XJ1e00NEKapHON OLIEHKH OTMEYEH BapuanT N, oce-
HBIO MOBEPXHOCTHO +P, | B psijiku copT AcTana npu
TPaJIMIMOHHOM TEXHOJOTMHM Kak Hauboyiee IeH-
Hel (00beM 700 mi, ¢opmoycroitunBocts 0,63
el1., MopucTocTh 4,7 Oasa, oOmias xjaedonekapHas
oreHka 4,9 6anna).

Pucynok 2 — [Ipo6Hast maboparopHas BbITeUKa

Ha pucynke 3 u 4 mpencraBieHbl JaHHBIE IO
00BEeMHOMY BBIXOIY (hOPMOBOIO Xjie0Oa, BhINCUCH-
HoMy u3 100 r Myku npu npoOHO# nabopaTtopHoi
Beimeuke. [lo pucyaky BumHO, 9yTO (popMOBEIE Oy-
JIOYKH WMMENH TPAaKTUYECKH OIMHAKOBBIA 00BEM,
KOTOPBIH HE 3aBUCEIT OT TEXHOJIOTUH BO3/ICIIbIBAHUS
u 1103 BHeceHHbIX ynoopenuit. [Ipu No-Till o6bem
xJieba copta Actana Obul B Auarna3zoHe ot 620 mi 10
670 M1, copra lloprannnuckas 95 ymydrieHHas ot
612 Mt mo 670 mut.

OO0beM BBINIEYCHHOTO XJie0a Ha BapUaHTaxX C Be-
JICHUEM TPaJIMIIUOHHOTO 3eMIIEIeNUs ObLT B TMama-
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30He oT 640 mu 7o 700 M y copra AcTaHa, y copTa
[Hopranannckas 95 ynyumennas ot 550 mi go 700
MJI (pUCYHOK 4).

B tabmurie 4 npencTaBiieHbl JaHHBIE KOPPEIISIIN-
OHHOTO aHajih3a 10 HanboJee KOPPEeIupyeMbIM I0-
Ka3aTeJsIM 110 IByM U3y4aeMbIM COpTaM, TEXHOJIOTH-
SIM BO3/ICTIBIBAHMS 1 J03aM BHECEHHUS yI00pPEHHIA.

B xopme cratuctuueckoil 00pabOTKe AaHHBIX
WCCIIeIOBaHNH TIOJyuyeHa O4YeHb CHJIbHASI MOJIOXKH-
TeNbHAs KOPPEIALMS MEXIy NpH3HAKaMH OeloK,
KJICMKOBUHA M Ka4eCTBO KJICHKOBHHBI, I COCTaBHIIA
BeImie 0,90.



0.0. Kpanernkas u nip.

670 670 670670

00BeM X1e0a, MJT

®AcTaHA

H [Mloprt. 95 ya.

Pucynok 3 — O6bem xiebueB coproB Acrana u [llopranaunckas 95
yityuineHHas npu npumenennu No-Till

obbem xneba, mn

HAcTaHa

= [Mlop1.95 ya.

Pucynok 4 — O6bemubIi1 BeIxOA X11e0a coproB Actana u lllopranaunackas 95
YIIydIIeHHast IPY IPUMEHEHUN TPAANUIIMOHHOM CHCTEMBI 3eMIICICITHS
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Ta6auna 4 — KoppesiiimoHHast 3aBUCUMOCTb MEXK/1y IToKa3aTessiMu KauecTBamu coptoB Acrana u lllopranaunckas 95 ynydmeHHas

OT BHCCCHHUA 103 y}:[O6peHPIﬁ W TEXHOJIOTUU BO3/IC/IbIBAHU A

KoadpuumenT koppesiun, r

[Nokazatenn Acrtana | loprt. 95 ym. Acrtana loprt. 95 ym.
HYJICBasi TEXHOJIOTHSI TPaIUIMOHHAS TEXHOJIOTHUS
Harypa — kauecTBO KJICHKOBHHBI -0,67 -0,76 -0,06 -0,90
Harypa — macca 1000 3epen 0,68 -0,25 0,07 0,59
benok — BasopumeTpruieckast OreHKa 0,62 0,36 0,34 0,74
Benok — Bogonornoiexme 0,23 0,70 0,75 0,30
Macca 1000 3epeH — CTeKJIOBHIHOCTh -0,30 0,42 0,14 -0,55
VYnensHas pabora ngedopmanuu tecra — P/L -0,65 -0,82 -0,84 -0,39
i o o st
Banopumerpuueckas olieHKa — BOJONOITIONICHNE 0,25 0,91 0,70 0,02
Enaggf(inﬁgnqecxaﬂ OILICHKA — KaueCTBO 0,65 031 0.83 0.68

Y cTaHOBICHBI CHIIBHBIC U CPEIHUE OTPUIIATEITh-
HBIC B3aUMOCBSI3M MEKTy HATYPHBIM BECOM 3€pHA U
Ka4yeCcTBOM KJIEMKOBHHEI OT I = — 0,67 1o r =— 0,90.
CunbHasE OTpHUIIATEIbHAS KOPPENSIHS TOIydYeHa
MEXy yJAeIbHOW paboroil Aedopmanuu Tecta H
PLr=-081-r=-0,84.

3ak/ouyeHne

3epHO BBICIIETO KJIacca MOIy9IeHO Ha KOHTPOIh-
HOM BapUaHTE IPH JIBYX W3y4aeMbIX TEXHOJOTHUSX
Ha noceBax copta lllopranaunckas 95 ymydiieH-
Has. 1o toBaproi kmaccudpukarmu CT PK 1046-
2008 3epHO copTa AcTaHa MpH HyJIEBOW TEXHOJIO-
TUU OTHECEHO K | Kiaccy.

ITo pesynbraTam McclieIoBaHU MaKCUMAaJIbHOE
HaKoIUIeHHEe OejKa W KJICHKOBHHBI B 3epHE ObLIO
npu BHeceHnH ammodoca B o3¢ P, B map, a Taxke
N,, BecHOM noBepxHOCTHO P, B psiyikm o1 17,09%
1o 17,55%, ot 38,0% mo 38,4% Ha moceBax copra
[MopranauHckas 95 ymydlieHHas.

ITo oneHke peosIOruyecKkux CBOMCTB TecTa Ha
anpBeorpade IMONyuyeHO 3epHO, XapaKTepHOE s
CWJIBHOU TIICHUIIBI TIPU HYJIEBOH TEXHOJOTHU BO3-
nenpiBanns (384-390 W.e.a.). Hambomnee BBICOKOE
Bojonoromenue 73,4 — 74,4 M mokasana MyKa U3
3epHa copta lllopranauHckas 95 ymydmeHHas mo
IBYM (DOHAM BO3JICITGIBAHMS.

MaxkcumalbHbIe XJIeOOIeKapHbIe Oalljibl OTMe-
YeHBI TIPU BEJACHUU TPAIUIIMOHHOTO 3EMIICIIEIHS B
3aBUCUMOCTH OT copTa oT 4,8 6amra mo 4,9 6ama.
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Ha onpiTax ¢ sspoBOil MArKo# nineHuien Ha
coprax Actana u llloprannuuckas 95 ynyu-
HIEHHAsl MO0 M3Y4YeHHIO (OHA BO3JACIBIBAHUS U
BHECEHHS YIOOpEeHWH yCTaHOBJIEHO, 4YTO Ha
nokasaTeln KadecTBa 3epHa, TecTa u xjeborme-
KapHBIX OL[EHOK HamOoJblIee BIUSHUE OKa3alu
COpPTOBBIE OCOOCHHOCTH, MOTOJHBIE YCIOBUA H
TEXHOJIOTUs BO3jenbiBaHus. Pabora mo Hawm-
OoJiee ONTHMaIbHOU 03¢ BHECEHUS U BHIOOPY
ymoOpeHus, a Takke (GoHa BO3AENBIBAHUS Oy-
JeT MPOJ0JKATHCS A0 MOJHOTO U3YUCHUs JaH-
HOH MpOOIEMBI.

B ycnoBusAx 3acymmimBOTO ToOIa HCCIEIOBa-
HUHM NPErMYIECTBOM 10 HAKOIUICHUIO OEIKOBBIX
BEIIECTB, a TaKXe IO pe3yiabTaraM (U3UUECKUX
CBOICTB TecTa OTMEUEHA HYyJIeBas TEXHOIOTHS BO3-
JIeITbIBAHUSL.

Kondaukr unrepecon

ABTOpBI 3asBIISIIOT 00 OTCYTCTBUH KOH(IUKTA
HUHTEPECOB.

BbaaroxapHocTn

BR22885719 «Pa3pabotats U BHEAPUTH
YCTOMYUBBIE CHUCTEMBbI 3eMIIeNENusl sl pPEHTa-
OCIPHOTO TIPOU3BOJCTBA CEIECKOXO3SHCTBECHHOM
MNpoaAYKOWH B YCIIOBUAX HU3MCHAIOIICTOCSA KIUMMa-
Ta AJIs Pa3IUYHbIX TOUYBECHHO-KJIUMATUYECKUX 30H
Kazaxcranay.
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AHAAU3 BUOAOTUYECKU AKTUBHbIX CBOMCTB
SERRATULA CORONATA L., NMPOU3PACTAIOLLLEM
B PETMOHAX CEBEPHOI'O KA3AXCTAHA
(Kok4yeTaBCKOM BO3BbILLEHHOCTH)

Serratula coronata L. n3BecTHa B HapOAHOM MEAMLMHE KaK BSKYLEe, >XeAYeroHHoe, NMpoTUBO-
BOCMAAMTEABbHOE, MPOTMBOAMXOPAAOYHOE, MPOTUBOPBOTHOE U CEAQTMBHOE CPEACTBO. B cTaTbe npea-
CTaBA€Hbl Pe3yAbTaTbl MCCAEAOBAHMI MO OLeHKe PUTOLEHOTMUYECKOrO COCTOSIHMS U BMOAOrMYECKOoN
aKTMBHOCTU Serratula coronata L., npouspacTatowert B permoHax CesepHoro KasaxcraHa (KokueTtas-
CKOM BO3BbILIEHHOCTH). MeToAaMU MUKPOOMOAOTMMN M3YUeHbl aHTMOAKTEPMAAbHbBIE M NMPOTUBOrPUOKO-
Bble aKTMBHOCTM Serratula coronata L. npotus wtammos 6aktepuin Escherichia coli, apoxokein Candida
parapsilosis, naecHeBblx rpubos Aspergilus niger. AHTMGAKTEPUAABHOM AKTUBHOCTbIO OTAMYAAMUCH
CNMpTOBas HacToOMKa U BOAHbIM OTBap KOpHeit Serratula coronate L., koTopble noaaeasian poct E. coli
AO pasBeaeHus 1:512 (cnmpTtoBag HacTowka), 1:8 (BoAHbI oTBap). BoaHble akcTpakTbl Cepryxm BeHue-
HOCHOM 06AQAQIOT BblPa>keHHbIMKU GaKTepUOCTaTUUYECKMMM CBOMCTBaMM B OTHOLEeHUM E. coli.

Y BOAHOro HacTos KopHel Serratula coronate L. BbiiBAeHA (DYHIMUMAHAs aKTUBHOCTb B OTHOLLEHMU
Apoxokent C. parapsilosis, y CiMpTOBOM HAaCTOMKM KOPHEN PacTEHUS BbISBAEHA (DYHIMUMAHAS U (DYHIU-
cTaTMyeckas akTMBHOCTb MPOTMB YCAOBHO-MATOrEHHbIX MAECHEBbIX FPUOOB A. niger npu eé pasBeAeHnn
AO 1:8.

MacAsiHble M1 BOAHO-CMIMPTOBBIEIKCTPAKTbl HAA3EMHbIX M MOA3EMHbIX BEreTaTMBHbIX OpPraHoB
Serratula coronata L. UMEIOT Bblpa>keHHY0 aHTUNAPA3UTAPHYIO aKTUBHOCTb. [1p1 3TOM MHTEHCMBHOCTb
AQHTMMAPA3MTAPHbIX CBOMCTB BbIlLE Y BOAHO-CMIMPTOBbIX 3KCTPAKTOB HaA3EeMHbIX opraHoB Cepryxmu BeH-
LLeHOCHOMN.

YcTaHOBAEHO, UTO BUA Serratula coronata L. ¢ ycnexom MoeT 6biTb CbIpbeM AAS TPOM3BOACTBA
BETEPMHAPHbIX M (hapMaLeBTUYECKMX NMPenapaTos, NMULLEBLIX U KOPMOBbLIX AOOGABOK.

KatoueBble caoBa: Cepryxa BeHueHocHas (Serratula coronata L.), KokuyeTaBckas BO3BbILLEHHOCTb;
6aKTEPULIMAHOCTb; (DYHIMUMAHOCTD; aHTUMNApas3MTapHblid 3PMEKT; hapMaLeBTUUECKMI NOTEHLIMAA.

G.S. Aidarkhanova'’, E.V. Kukhar 2

'S. Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan
2Research platform of Agricultural Biotechnology of the S. Seifullin Kazakh Agrotechnical
Research University, Astana, Kazakhstan
*e-mail: exbio@yandex.ru

Analysis of biologically active properties of Serratula coronata |.
(above and underground parts), growing in the regions of northern Kazakhstan
(Kokchetav uplands)

Serratula coronata L. is known in folk medicine as an astringent, choleretic, anti-inflammatory, anti-
fever, antiemetic and sedative. The article presents the results of studies assessing the phytocenotic state
and biological activity of Serratula coronata L., growing in Northern Kazakhstan (Kokchetav Upland).
The antibacterial and antifungal activities of Serratula coronata L. against strains of bacteria Escherichia
coli, yeast Candida parapsilosis, and mould fungi Aspergillus niger were studied using microbiological
methods. An alcohol tincture and an aqueous decoction of the roots of Serratula coronate L. were distin-
guished by antibacterial activity, which suppressed the growth of E. coli to a dilution of 1:512 (alcohol
tincture), 1:8 (aqueous decoction). Aqueous extracts of Serpukha crowned have pronounced bacterio-
static properties against E. coli.

An aqueous infusion of the roots of Serratula coronate L. was found to have fungicidal activity
against the yeast C. parapsilosis, while an alcoholic infusion of the roots of the plant, showed fungicidal
and fungistatic activity against the opportunistic mould fungi A. niger when diluted, to 1:8.
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Oily and hydroalcoholic extracts of above-ground and underground vegetative organs of Serratula
coronata L. have pronounced antiparasitic activity. At the same time, the intensity of antiparasitic prop-
erties is higher in aqueous-alcoholic extracts of the above-ground organs of Serpukha crowned.

It has been established that Serratula coronate L. can successfully be used as a raw material for pro-
ducing veterinary and pharmaceutical drugs and food and feed additives.

Key words: crowned serpukha (Serratula coronata L.), Kokchetav upland; bactericidal; fungicidal;
antiparasitic effect; pharmaceutical potential.
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CoatycTik Ka3zakcraH aiimakTapbiHAa (Kekiertay TayAapbl) 6CeTiH
Serratula coronata l. Oxofapbl XxaHe Xxep acTbl 6eAimAaepi)

61OAOTUSABIK, GEACEHAT KacueTTepiH 3epTTey

Serratula coronata L. xaAbIKTbIK MEAMLMHAAQ TYTKbIP, OT aliAaylLlbl, KaObIHYFa Kapchbl, Kbi3bara Kap-
Cbl, KYCyFa KapCbl >koHe ThIHbILLTaHAbIPATbIH ASPi peTiHae 6eariai. Makaraaa CoatycTik KasakcraH
anmakTapbitaa (Kekueray taybiHAQ) eceTiH Serratula coronata L.-HbiH, (OUTOLEHO3ABIK, KYili MeH 61O~
AOTUSIABIK, GEACEHAIAIrH Bararay GorblHLLIA 3epTTeyAepAiH HAOTUXKEAepi YCbiHbIAFaH. Serratula coronata
L. 6aktepusiaapbitbib, Escherichia coli, awbitkbl Candida parapsilosis >xeHe 3eH, caHblpayKyAaKTapbi
Aspergilus niger wutamMmaapbiHa Kapcbl 6aKTEpUsSFa KapChbl KOHE aHTUMMKPOOTbIK, GEACEHAIAITT MUK-
POBMOAOTUSIABIK, BAICTEPAI KOAAAHY APKbIAbI 38PTTEAAL.AAKOrOAb TYHOAAApbl MeH Serratula coronate
L. TambIpbIHbIH CyAbl KalHaTMacbl 6AKTepUsFra KapCbl BEACEHAIAINIMEH epeKLLeAEHAl, OA illeK TasK-
LIacbiHbIH, 6CyiH 1:512 (aAKOroAb TyH6ACh), 1:8 (CyAbl KaiHaTMa) CyMbIATyFa AeriH 6acaabl.byAa ecim-
AIKTIH CyAbl CbIFbIHAbIAAPBI E. coli-re Kapchl arkbiH GakTepuocTaTuKanbIk, kKacueTrtepre ue. Serratula
coronate L. TambIpbiHbIH CyAbl TyH6aAapbiC. parapsilosis albITKbICbIHA KAPCbl (PYHIMUMATIK GEACEeH-
AIAIKKe Me BOAABI, aA BCIMAIK TaMbIPAAPbIHbIH, AAKOTOAbAIK TYHOACbIHAA CYMbIATbIAFAH Ke3ae A. niger
OMMOPTYHUCTIK 3eH CaHblpayKyAaKTapblHA KApCbl (DYHIMUMATIK XKHe (PyHrMCTaTUKAAbIK, GEACEHAIAIK
Gaiikaaabl. 1:8. Serratula coronata L. xep yCTi oHe ep acTbl BEreTaTMBTI MyLUEAEpiHiH MaiAbl XXoHe
FMAPOCTIUPTTI ChIFbIHABIAQPbI AMKbIH NapasuTTepre Kapcbl 6eacenairikke ne.CoHbiMeH KaTap,Serratula
coronate L. xep YCTi MyLLUeAepiHiH CyAbl-CMMPTTIK CbIFbIHAbIAQPbIHAQ NMapa3nTKe KapcCbl KACUETTEPAIH
KAPKbIHABIAbIFbI XXOFApbl €KeHi aHbIKTaAAbl. Serratula coronata L. TypiH BeTEPUHAPUSIABIK XeHe dap-
MaLLeBTMKAAbIK, MpenapaTTapAbl, TaFaMAbIK, X)KeHe YKeM-LLUemn KOCnaAapblH 6HAIPY YLUiH LWKWKi3aT peTiHAe
COTTi NaaaraHyFa 60AATbIHbI AHbIKTAAAbI.

Tynin ce3aep: Serratula coronata L., KexiweTay Taybl; 6aKTepULUMATIK acep; (DYHIMUMATIK acep;
AHTMMAPA3UTTIK 8cep; hapMaLeBTUKAABIK, MYMKIHLLIAIT.

BBenenue

CormacHo MEXAYHApOJHOH Kiaccu(UKaK
ceprryxa BeHIleHocHast (Serratula coronata L.) nipu-
HaUISXKNT poxy Serratula, uz cemenictBa Asteraceae,
nopsifika Asterales, xnacca Magnoliopsida, otnena
Magnoliophyta [1]. B Hapoae pa3iWyYHBIX PETHO-
HOB CEpITyXy BEHIICHOCHYIO €lllc Ha3bIBAIOT 3as9bU
JIaNKH, MEBEKbH MaJblibl, KOPOBUH SI3BIK, TypMaH,
TOpJISTHKA U COITyJIbKA, 3€JICHHULIA, LIBETyXa-CepIryxa,
xpuctoBo pedpo. Ceprmyxa BEHIIEHOCHAs — MEIO-
HOC, JIEKapCTBEHHOE pacTeHHe, UMerolee OoraThlit
MNOTEHLUUAJ, IIUPOKO MCIOJIb3YEeMbIi B HapOIHON
MeaunuHe [2].

UccnenoBarenn pasHbIX PETHMOHOB YCTaHOBH-
71 MecTta npouspactanus Serratula coronate L. Ha
Aunrtae, [lTansem Boctoke, benapyccun, bypsarun,
Hentpansuoit EBpomne, Kurtae, Monromuu, mo-

nun, Kazaxcrane, Koipreizcrane, Kopee, KaBkase,
Pymbinum, Ykpaune [3].

Serratula coronata L. w3BecTHa B HapOJHOU
MEIUIINHE KaK BSDKYINEE, >KETYCTOHHOE, IPOTH
BOBOCIAJIUTEILHOE, MPOTUBOJIMXOPAIOYHOE, TPO-
TUBOPBOTHOE W CEIATHUBHOE CPEACTBO. PaHHMMH
HCCIICIOBAHUSIME CIIeiaH 0030p O mpobiemMax Hc-
I0JIb30BaHUs JMKUX JICKAPCTBEHHBIX PACTCHHM, B
ToM umcne Serratula coronata L. Y CTaHOBIIEHO, UTO
Bun Serratula coronata L. ¢ ycriexoM MOXKET OBITh
CBIPBEM JIJISl TIPOU3BOJICTBA BETEPUHAPHBIX U (hap-
MaIlleBTHYECKUX TPEnaparoB, MHIIEBBIX U KOPMO-
BBIX 100aBOK [4].

[TokazaHo, 4TO y CEepIyXH KOJUYECTBO OUOJIO-
TUYECKH aKTUBHBIX BEIIECTB HAIMPSMYIO 3aBUCHUT
0T MOPGOJIOTHUECKHUX MapaMeTpoB pacTeHHi. Uem
Oosbiie OMomacca pacTeHHs, TeM OOJIbIIe KOJH-
YECTBO IIeJICOHBIX BEIIECTB B HUX HAKAIJIUBACTCS.
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[MoaToMy, M3yYEHHIO aHATOMO-MOP(OIOTHUSCKUX
O0COOCHHOCTEH CepIyXHW BEHIIEHOCHOW Npuaaercs
00JIbIIIOE 3HAYCHHE. BereraTuBHBIC OPraHbl 3TOrO
pacTeHUs — MEePCICKTHBHBIA HCTOYHUK MOTyUSHUS
SKIUCTEPOUIOB TSI CO3/IaHUS JIEKAPCTBEHHBIX TIpe-
mapatoB [5]. Takoe mpeamnoyioKeHue HATOIKHYJIO
Ha OTBITHI 110 MPUBJICYCHHUIO JAHHOTO BUJA B CEIb-
CKOXO3SHCTBEHHYIO KYJIbTYpY [6, 7, 8].

B paboTax OT[eNbHBIX yUEHBIX JIOKa3aHa POJIb
MIPUPOTHO-KIIUMATHYECKUX U IKOJOTHUECKUX YCIIO-
BHI B TIPOIECCE HAKOIUICHNUS Pa3IUYHBIX OMOJIOTH-
YECKUX BEIIECTB B OpraHax pacTeHHU. ABTOpamu
OBLT HUCCIIEIOBAaH KAYECTBCHHBIN COCTaB U KOJHMYE-
CTBEHHOE COjIep)KaHue OTACIHHBIX (hTaBOHOWIOB B
qacTsax S. coronata L., mpou3pacTammux Ha TePpU-
topuu Anras u B [Ipumopckom kpae Poccuiickoii
Oenepanuu. CoctaB (pI1aBOHOMIHBIX TITHKO3UIOB U
pacnpeie/icHUe UX arjIMKOHOB B CHOUPCKUX U Jalib-
HEBOCTOYHBIX PACTCHUSX UMEIH Pa3IndHs, YTO, 1O
MHEHUIO aBTOPOB, TTO3BOJISIET CYUTATH STO XEMOTAaK-
COHOMHYECKUM TIpU3HaKoM Buaa S. coronata L.s.l.
[9, 10].

B Lentpanbuom Ionecke YkpauHbl BIepBbIie B
YCIIOBHUSIX HHTPOAYKIIUHU ObUI OTpeiesicH OHOXUMHU-
YECKUU COCTaB HA/I3eMHOMU YacTu S. coronata. Y cta-
HOBJIGHBI OCOOCHHOCTH 3aBHCHMOCTH COJIEPKAHHS
OMOXMMUYECKUX COCIUHCHHI W MaKpOIJIEMEHTOB
OT BO3PACTHBIX OCOOCHHOCTEW pacTeHui. Pactenus
S. coronata TpeThETO TOJa JKU3HN OTIMYAIHNCH HaW-
0OJIBIIUM COJIEPIKAHUEM aCKOPOMHOBOW KHCJIOTHI,
KapoOTHHA M CyXOT'0 BEIIECTBA; IBYXJIETHUE — Op-
TaHUYECKUX KHCIIOT, (ocdopa, 3076, OOBIYHBIX
caxapoB; YETBEPTOrO T0/ia JKU3HH — COJEPIKaHH-
€M Maclia ¥ Kayiblius. B ceipbe ObLIO 0OHAPYIKEHO
3HaYUTENbHOE KOJIM4ecTBO BUTamMuHa C M keresa.
[TosrydeHHbIe Pe3yJIbTaThl CBUACTEILCTBYIOT O MEp-
CIICKTUBHOCTH JTAJIBHEUIIIETO U3ydeHUs: (papmako-
JIOTUYECKUX CBOMCTB S. coronata ¢ LEIbIO TOJY-
YCHMsI HOBBIX MHIIEBBIX MPOJYKTOB, OMOI00aBOK
U QuTONpenapaToB, 00OTAlIEHHBIX OHOJIOTHYECKU
AKTUBHBIMH BEIIECTBAMHU M BAKHBIX JIJISl JKU3HEe-
SITETLHOCTH vesioBeka [11].

B Kazaxcrane Bun Serratula coronata L. nipu-
BIIEYECH B MHTPOIYKIIMOHHBIC TEXHOJOTHH B YCIIO-
BUSIX CYXO-CTEIMHOM 30HbI pecny6nuku [12]. Ha oc-
HOBE 3KIUCTEPOUI-(PESHOTBHON (PaKIH CEePIyXH
BEHIIEHOCHOM, 3aroTaBjiuBaeMoi B peruoHax lleH-
TpasmbHOro KasaxcraHa NpOM3BOIUTCS Iperapar
«Oxaudur» [13].

TpamumnonHass STHOOOTaHWYECKass MPAKTHKA
CHoCOOCTBOBAJIA U3YYEHHUIO HOBBIX JICKAPCTB pac-
TUTEIBHOTO mpoucxokiaeHus [14]. beun uzyue-
Hbl OMOXWMHUYECKHE M (UTOXUMHUYECKHUE COCTABHI,
CTPYKTYPHBIE KOMITOHEHTBI MHOTHUX JTUKOPACTYIIHX
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BHUJIOB JIEKAPCTBEHHBIX PACTEHUH TNPUMEHIEMBIX
MIpH JICYEHUH PA3IMYHBIX 3a00J€BaHUN HApPOJIHBI-
MU JIeKapsiMu U TpaBHuUKamu [15].BreisiBneHa mep-
CHEKTUBHOCTB MpUMeHeHus Serratula coronata L. B
KayecTBe IMIIEBOM J00AaBKM KaK aJalToreHa, Jei-
CTBHE KOTOPOTO HANpaBJICHO Ha BOCCTAaHOBJICHHE
3alIMTHBIX cril oprau3ma [16], nokazana 3¢ dek-
TUBHOCTh OWOKOMITIOHEHTOB Serratula coronata L.
B JICYCHUU M TPOPUIAKTHKE Pa3UYHBIX KOMHBIX
3a0oJieBaHUi, 0COOCHHO, Iicopuasa [17, 18].

B IlentpansHom Ka3zaxcraHe mnpoBeJieHO
KOMIUIEKCHOE HCCIIEZIOBAaHHE HAA3EMHON 4YacTu
Serratula coronata L., KynbTUBUPYEMOW Ha y4acT-
Ke cOopa JeKkapcTBEHHBIX pacteHuid MPD «durto-
xumus» (Kaparanaa) B pa3sble ¢asbl pocTa U ¢ Mc-
MOJIb30BaHUEM HauOoJiee ONTUMANBHBIX METOHOB
sKcTpakmu. M3ydeHo comepkaHie OCHOBHOTO aK-
THBHOT'O KOMITOHEHTa dKaucTepona (20E) [19].

YuuteiBas, uto Serratula coronata L. aBnsercs
pactnpocTpaHeHHBIM BHIoM B Kaszaxcrane, HO Ha-
y4HOU MH(pOpPMAaLUU 0 OHOJIOTHYECKHX CBOMCTBAaX
BHUJa, npouspactaromero B CesepHoM Kazaxcra-
He, HEJOCTaTOYHO, NallbHEHINEe HCCIeTOBaHMs B
3TON 00JacTu SBIAIOTCS aKTyaJbHBIMU. B cBs3m ¢
9TUM, HaMM BBINIOJIHEHBl CEPUU DKCIIEPHMEHTOB,
HaIpaBJIeHHBIE HA BBISBICHNE OMOIIOTHIECKHIX 0CO-
Oennocrel nonynsiuu Serratula coronata L. Kok-
YEeTaBCKOM BO3BBILIEHHOCTH, IS €€ BO3MOYKHOIO
WCTIONB30BaHMsI B (papMarieBTHYECKOM IPOU3BOJ-
CTBE.

Leano uceaenoBaHus SBISCTCS OICHKA (GH-
TOIICHOTHYECKOTO COCTOSHUS M OMOJIOTHIECKOH aK-
TUBHOCTU Serratula coronata L., mpouspacraromei
B pernoHax CesepHoro Kazaxcrana (KokueTtaBckoii
BO3BBIIICHHOCTH).

MarepuaJjibl 4 METObI HCCJIEI0BAHUS

MatepuasioMm JUIsl UCCIEIOBAHMUSA TMOCTYKUIN
npoOsl Serratula coronata L., nocTaBIIeHHBIE U3
skocucteM CepepHoro Kazaxcrana B mepuoJ| sKc-
nexunn 2020 1. [Ipu or6ope npod pacteHuit ObUTH
onpeaeneHbl KOOPANHATBl MECTHOCTH, MPOBEIEHBI
reo0OTaHMYECKUE OIMMCAHMS, COOpaHBI O00pa3Ibl
JUTSL TepOapust M MOCIeTyIOIMX MUKPOONOIorye-
ckux uccnenoBanuii [20, 21, 22]. BunoByto npuHaj-
JISKHOCTD ONPENEIISIIN C HCII0Ib30BaHUEM O0LIEH3-
BECTHBIX Pa3HOOOPA3HBIX ONpeeInTeNeH pacTeHUH
Kazaxcrana, Cpenneit Azuu, CCCP [23, 24, 25, 26].

OKCTIEpUMEHTHI 110 aHaIN3y OHMOJIOTHYECKON
aKTUBHOCTHU 3KCTpakToB nposoauauck B HUIT CXb
KATWY um. C.Ceitdpymnnuna B 2020-2022 rr.

[IpoObI pacTeHmst A1 TaOOPATOPHBIX aHAIA30B
BBICYIIMBAJIM JI0 BO3JYIIHO-CYXOTO COCTOSHUS Ha
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CTeJuIaXKax B MOMEMICHUH. M3 BBICYLICHHBIX TPOO
Serratula coronata L. TOTOBAIN yCpeAHEHHBIE TIPO-
OBl TMyTeM H3MENbYEHHS HaJ3eMHBIX OpPTaHOB U
MOJHOTO MX cMemmBaHus. 13 ycpenHeHHBIX Tpo0
pacTeHni TOTOBWIIM MAacisHbIe W BOJHBIE HACTOW,
CIIUPTOBBIE HACTOMKH, BOJHBIE OTBAphl U3 pacyera
1:10, cornacuno I'ocynapcrennoi ®apmaxomnee PK
[27]. Hactom m HacTOWKM HacTaWBaiau 2 HEACITH B
TEMHOM MECTE, OTBapbl TOTOBWJIM HEMOCPEICTBEH-
HO mepes; npuMeHeHneM. CTepuIu3yomyo Guib-
TPAIHIO TIPENIapaToOB MIPOBOIMIIH C IIOMOIIBIO (PHITh-
TpoB ¢ nuametpom mop 0,45 um. Hactown, HacToiiku
Y OTBapbl XpaHuiau npu 4-6°C B yCI0BUSIX OBITOBO-
TO XOJOAMIbHUKA He Ooree 24 4.

AHanm3 HaTM4Yusl aHTAMUKPOOHBIX M MPOTHUBO-
TpUOKOBBIX CBOMCTB MPOBOJUIICS METOJIOM CEpHii-
HBIX pa3BeJCHUN B arape u JUCKO-TU(Py3HOHHBIM
METO/IOM. AHTHOAKTEepHaabHas U MPOTUBOTPUOKO-
Bas aKTUBHOCTH Serratula coronata L. ananuzu-
poBaTach MPOTHUB MTAMMOB OakTepwit Escherichia
coli, npoxxeit Candida parapsilosis, TIeCHEBBIX
rpuboB Aspergilus niger.

Jlo BBIMOTHEHNS MUKPOOMOJIOTHYECKHUX HCCIie-
JIOBaHUW TOTOBUJIM MUTATEIbHBIE CPEABI: IS BbI-
paumBanust Oaktepuit — 'PM-arap, nist Beipamu-
BaHUSI MUKPOCKOIIMYECKUX TpruboB — arap Calypo.
OxJnak/IeHHbIe aBTOKJIABUPOBAHHBIE NMUTATENbHBIC
Cpebl CMEIIMBANIU C pabOYMMH PAacTBOPAMHU JKC-
TPaKTOB W pa3nvBajiy B damku llerpu cmoem Tod-
MUHON 4 MM.

Take roTOBWIM JIBOIHBIE MOCIEN0BATENbHBIC
pa3BeqeHHsT KOHIIEHTPAIMI KaKJI0TO dKCTPAKTa OT
MaKCHMalbHOM K MHHMMAaJbHOW (HATMBHAs WU
1:1, 1:2, 1:4, 1:8, 1:16, 1:32) B 00beMe 4 mi1. 3aTeM
SKCTPAKTHI B PA3IMYHBIX KOHIIEHTPALIUSIX BHOCHIIA
B )KUJIKYFO ITUTATEIbHYIO cpeay (OyIbOH) B IpoOup-
KH 1 I00aBIISTH MUKPOOHYIO B3BECH.

Omnpenenenne MUHUMAIbHBIX —TTOAABIISIONIUAX
koHneHTparmii (MIIK) pacTUTenbHBIX SKCTPAaKTOB
METOJIOM TIOCJEIOBATENbHBIX MHUKPOpa3BEACHUN
MPOBOAWIM TIOCJIE TPUTOTOBIEHUs | 1-cepuiHbIX
JIBYKPAaTHBIX Pa3BEICHUH JKCTPAKTOB PACTHUTEIb-
HOTO CBIPbSI B JYHKax 90-IIyHOUHBIX IUIAQHILIETOB.
BHocunmu crofja cTaHIapTU30BaHHBIC IO ONTHYE-
CKOI1 TNTIOTHOCTH CYCITIEH3UH TECTUPYEMBIX KYJIbTYP
B KOHeuHOH KoHueHTpauuu 10° kin./mi. Yaer MITK
BBITIOHSUTA BU3YaJIbHO 1O OTCYTCTBHIO BHIMMOTO
pocta MukpoopranuzMoB. Onpeneneaue MbBIT auc-
KO-TU(QPYy3MOHHBIM METOJOM MPOBOJIWIIN 1O CTaH-
nmapTHOU Metoamke [28, 29, 30, 31, 32].

AHTUTEIBMUHTHBIE CBOMCTBA MPOBEPSIIN Ha aH-
HeJNHUJIaX — KOJbYAThIX YepBIX Lumbricus terrestris,
KOTOPBIX HMCIIOJIF30BANIM B KAUECTBE TECT-00BEKTA.
s mpoBeneHHs 3KCIEPUMEHTA BHOCWIM 4Y€pBEl

B vamku [leTpu Ha roTOBBIC MHUTATEIBHBIC CPEIIbI
C JyHKaMH, TIPEBapUTEIbHO 3aIl0OJTHEHHBIMUA JKC-
TpakTamMu. HaGmronenne 3a xapakTepoM MOBEICHUS
yepBell Ha TBEPAON MUTATEIBLHOU Cpelie BEIH KaxK-
Iple 3-6-12 yacoB B TeUEHHE NEPBBIX CYTOK U KaAXK-
JbIe 8 9acOB B TEUCHHUE CICAYIOIINX ABYX CYTOK.

JJis yCTaHOBJICHUS HAJTMYUS TEITbMUHTOIUIHO-
ro 2 dexTa UCIoIH30BATN COOCTBEHHYIO METOTUKY
ydeTra pe3yJbTaTOB, YUUTHIBAS CICAYIOIIUE IIPU-
3HAKU: €CTECTBEHHOCTh MOBEICHUS YEPBEH, CTpPEM-
JIeHWe TPHONIM3UTHCA K JTYHKAM WM YAAJTUTHCS OT
HUX, TM0OeJb YepPBEil B TCUCHHUE ONPEICICHHOTO Tie-
puoJia BpeMeHH, HaJIMYie U UHTCHCUBHOCTD 3araxa
pasioXeHus B ciydae THOenH, HaJudue W MHTCH-
CHUBHOCTh reMoimu3a. KaxJplii npu3Hak OTMEYalu
KpecTamu: +++ - IpKO BBIPAXKCHHBIN MPHU3HAK, ++
- BBIPOKCHHBIH TNPU3HAK, + - CIa00BBIPA’KEHHBII
npu3Hak. B cimydae oTCyTCTBHSI pe3yibTaTOB CTa-
BHJICS «MHHYC». [10 UTOram OIBITOB MOACYUTHIBATH
001I1ee KOJMIECTBO «+» U MPOCTaBIIsLIN Oatel [33].
HHuTtepnperanuio pe3yapTaTOB aHAIM3a OUOIoTHYe-
CKOM aKTHMBHOCTHU TMPENapaToB CEPIyXU BEHIICHOC-
HOM TIPOBOAMIIM C HCIIOJIB30BAHUEM CTaHAAPTHBIX
CTATUCTUYECKUX METOMOB.

Pe3yabTarhl HCC/1€I0BAHMS H UX 00CYKAeHHE

Serratula coronate L. — Cepnyxa BEeHLICHOCHAs
MPEACTABIISIET COOOM MHOTOJICTHEE PAacTCHUI BBI-
cortoit 35-150 cm. PacreT 1o jecHBIM, BBICOKOTpAB-
HBIM, TTOMEHHBIM M CTEIHBIM JyraM Ha COJIOHYa-
KOBATBIX JIyTaX U OCOKOBBIX Oonorax. B Kazaxcrane
BcTpeuaercs B 2 To6.-Ummwm., 3. Upt., 4. Cemur.
oop., 5. Kokuer. 6. [Ipukacm., 7. Axti00., 10, 11.
3amn. u Boct. Mmenkocor., 18. banx.-Anak., 22. An-
tai, 23. Tap0., 24. Txynr. Anar., 25. 3aun. Kynr.
Anat.9 [34]. B kauecTBe JE€KapCTBEHHOI'O CHIPbHS
HCIONb3YeTCs HaJl3eMHas Macca.

OOcnenoBanHas KazaxCTaHCKas —TOMYJISINS
Serratula coronate L. mpouspactaeT Ha TeppH-
topuu, Bxojsmend B cocra ['HIIIT «Kokierayy,
I'pubHOBCKOE necHMUecTBO, KB.114. KoopauHaTs
—52°46°02,3» c.m1., 69°03°07,2» B.1., BeIcoTa 1501
M Hajg yp. M. Perbed MECTHOCTH paBHUHHEIN € TI0-
HIDKEHUSIMU. BUJ BXOJIUT B COCTaB 371aKOBO-Pa3-
HOTPABHBIX 3aJMBHBIX JIyroB. O0Iee NpOeKTHBHOE
nokpeiTHe coctaBisieT 100%. HamouBeHHBIN 110-
KpPOB XOpOIIIO BhIpaskeH 2-2,5 cM ToimuHbL. B 3a-
BHUCUMOCTH OT (DIIOPUCTHYECKOTO COCTaBa, BBIACICH
W OTIHCaH OIUH (DUTOICHO3.

enonomymsus CEpILyXOBO-3JIAKOBOIO
(Dacwylis  glomerata, Phleum pratense, Agrosti
sgigantea, Serratula coronata) ¢uToneHo3a ¢ yda-
CTHEM JIyTOBBIX Me30rurpoutoB: Sanguisorba
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officinalis,  Allium  hymenorhizum,  Fritillaria
meleagroides, Thalictrum minus, Filipendula
ulmaria, Ranunculus acris, Taraxacum officinale,
Iris ruthenica, Vicia cracca, Carex acuta. B Becen-

HUH IEpUOJ 0TMEYAETCS CUIIbHOE YBIA)KHEHHE Tep-
PHUTOPHH, KOTOpasi COXpaHsAeTCs 0 Hadasa jteta. Ha
pucyHKe | TOKa3aHbl BHEITHUN BHJI y9acTKa apeaa
00uTaHUS CepIyXU U OTACIHHON 0COOH.

Pucynoxk 1 — Bun nonyssinuu Serratula coronate L. Ha Tepputopun KokueTaBcKo# BO3BBIIICHHOCTH

Ceprmyxa 1o TUIOIIa i TOMYJISIUN BCTpeYaeTcs
PacCesiHHO, OT/ICIbHBIMU KPYITHBIMU MHOT'OITOOETO-
BBIMH 0co0siMu. Ha MOMEHT ommcaHus BUJ HaXo-
nuTcest B (aze aKTHBHOW BEreTaluu, He JOCTHTHYB
MpeNIebHOTO pocTa pa3BuTs. KomaumuecTBo B3poc-
JeIX 0cobeit Ha 1m? cocrasnger 1,7+0,44 mr. Brico-
Ta B3POCIBIX pacTeHuid 57,66+2,11 cM; KOTUIECTBO
noOeroB Ha oguH KycT — 19,46+3,08 mr; mamuHa
JINCTOBOM miiacTUHKM — 22,75+0,89 cm, mupuHa —
14,65+0,65 cM. YpoKaifHOCTH BO3IYIIHO-CYXOTO
CBIPbs HaJI3eMHOW Macchl cocTaBmuia 5928,7 kr/ra;
9KCIUTyaTallMOHHBIA 3amac — 59,2 T. O0bEM BO3-
MOJKHBIX €KErOJ[HBIX 3arOTOBOK BO3IyITHO-CYXOTO
ChIpbs cocTasisieT nmpumepHo 11,8 1. Ha obcneno-
BaHHOW TEPPUTOPHUH TIOMYJISAIUS CEPITYyXH 3aHUMAET
IJIOMAaL IpUMepHO okoJjo 20 ra.

Ot60p 1po6 Serratula coronate L. Ha Teppu-
Topun KokueTaBCKON BO3BBIIICHHOCTH MIPOBE/ICH B
HI0JI€, B IEPUOJI AKTUBHOW BEreTalluy PacTEHUM.

[Ipu oneHke OHONOTMYECKOW AaKTUBHOCTH
Serratula coronate L. HamMu OBITH pa3JeNbHO H3-
y4eHBl HaJ3€MHBbIE W TOJ3EMHBIE BETETATHBHBIC
OpraHbl, IKCTPAKTHI U3 KOTOPHIX MOJTyYalld B aHAJIO-
THYHBIX YCIOBHSAX.

BuemHuid  BHUJI  TOJIYYEHHBIX  AKCTPAKTOB
Serratula coronata L.oTindancss 1BETOM U OT-
TEHKOM. OKCTPakThl HaJ3eMHON uacTu Serratula
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coronata L. nMmenu 0oJiee HACHIIEHHBIN I[BET, YEM
9KCTPAKTHI MMOJI3eMHOM yacTu. CriMpTOBBIE HACTOM-
KM Ha/I3eMHON 4acTH OBUIM KOPWYHOBO-3EJIEHOTO
3BETa,N0I3€MHON YaCTH — 3€JI€HOBATO-COIOMEHHO-
ro I[BeTa; MaCIsIHbIE HACTOW — CBETJIO-JKENTOTO M
WHTEHCHBHO YKEJITOTO [IBETa; BOJHbBIC HACTOH — BbI-
PaKEHHOTO0 KOPHYHEBOTO W OJIETHO-KOPHYHEBOTO
1[BETa; BOJHBIE OTBapbl — COJIOMEHHO-KEITOr0 H
OJIeTHO-)KEITOBATOTO I[BETA, COOTBETCTBEHHO.OCO-
OCHHO BBIPAKEHHBIN OTTEHOK HMMENHU CIHPTOBBIC
9KCTpakThl.Bce mpenapaTel obnanany NpUSATHBIM
3aImaxoMm.

Jn1st BeIsIBIIEHUS! OAKTEPULIMIHON MUHUMAIBHOM
MOJABIISIONICH KOHIICHTPALUH YKCTPAKTHI Serratula
coronate L. npoBepsuIM NPOTUB KUIIEYHON NAJIOUKH
E.coli, nporuBorprOKOBO¥i— MPOTHB YCJIOBHO-IIA-
TOTEHHBIX IITAMMOB, BO30YAWTENECH OMMOPTYHH-
CTHYECKHX MHKO030B, apoxoked C. parapsilosis n
IIecHeBbIX IpuboB A. niger. Yuer MIIK nporus
OakTepuil ¥ rPUOKOB BBIMOIHSIIN BU3YyaJlbHO IO OT-
CYTCTBHUIO BUJIMOTO POCTa MUKPOOPTAaHH3MOB.

Jns onpenenennsst MBK npoBoauiu BHeceHue
9KCTPAKTOB C TUTPOBAHKEM 1:2 M BHOCHIIM B JTYHKH
96-TyHOYHBIX TDIaHMETOB 1Mo 10 MK OakTepuaib-
HOM B3BECH KHUIIEYHOW Majiouku. BuzyasibHOE BbI-
apnerre MBK npotus E. coli nokazano cienyoiiee
(pucyHOK 2).
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Pucynok 2 — MBK skcrpaktoB Serratula coronate L. npotus E. coli

Kakx BugHO u3 pucyHKa 2, HAMHU BBISIBIICHO,
YTO Psii DKCTPAKTOB pacTeHusi Serratula coronate
L. Koxkmerayckoil momysiiiui BOOOIIE HE WMeEET
OaKTepUIUIHON WM 0AKTEPHOCTATUYCCKON aKTHB-
HocTu. [IpakTHyecku Bce SKCTPaKThl HAA3EMHOMN Ya-
CTH M KOpHeW Serratula coronate L. He noaaBnsum
POCT KHIIIEUYHOW TaJOYKH, BU3yajdbHO HAOIIONAIH
MIOMYTHEHHE PacTBOPOB, MOSBICHUE OCaaKa pas-
JTMYHOW MHTCHCUBHOCTH.

Hckitouenue cocTaBisuiv CIMPTOBAsi HACTOMKa
1 BOJIHBIN OTBap KopHei Serratula coronate L., xo-
TOpBIE MOJABIISIIN POcT E. coli B HATHBHOM COCTO-
STHAHM ¥ 70 pasBeaenus 1:512 (criupToBasi HACTOM-
ka), 1:8 (Bomsblii oTBap).Kak BUAHO W3 AaHHBIX,
Cpe/lM BCEX HKCTPAKTOB CBOMMH BBIPAKCHHBIMHU
OaKTePUIIUIHBIME ¥ OAKTEPUOCTATHUCCKUMHU CBO¥-
CTBaMH OTJIIMYAETCsl CIUPTOBas HacTolka Serratula
coronate L.Hamuune OaKTepUITMIHBIX CBOWCTB
0O0JIBIIMHCTBA BOIHO-CITUPTOBBIX IKCTPAKTOB O0bIY-
HO OOBSICHAETCS ICHCTBUEM CITUpTA. XOTS Hpeabl-
JYIIHA OTBIT H3YYCeHUS] OAKTEPUITUTHOCTH CIIUPTO-
BBbIX HACTOEB IMOKA3bIBACT, YTO OOBIYHO 3TOT S (HeKT
OBICTPO CHIIKAETCS M YK€ Ha 2-3 CYyTKHU B JIyHKax ¢
HHU3KOM KOHLEHTpalMed COupTa MOSIBISETCS POCT
Oaktepuii. Cuntaem, 4YTO B JJAHHOM CITydae HAIUIIO
MpOsIBIICHUE cHHepruyeckoro 3ddekra cnuproBoit
OCHOBBI Y OMOJIOTHYECKH aKTUBHBIX KOMITOHCHTOB
JKCTpaKTa KOpHEW pacTeHus. DTO JieiaeT NepCcreK-

TUBHBIM JlaJIbHEHIICe N3yueHUE BOIHO-CIIUPTOBBIX
9KCTpakToB CepIryXu BEHIEHOCHOM.

Anammz gynrummmHoi MIIK skctpakToB Hanu-
3€MHBIX M II0/I3€MHBIX BEI'€TaTUBHBIX OpPIaHOB II0-
KazaJ IPOTHBOpeUMBbIe pe3yibTarhl (Pucynku 3, 4).

[To nanHBIM pHECyHKa 3 BUIHO, 9TO Y OOJIBIIOTO
KOJINYECTBA HKCTPAKTOB PACTEHUsI PErUCTPUPYETCs
OTCYTCTBHE (PYHTHIIMIHON WK (DyHTHCTATHYECKON
AKTHUBHOCTHU NPOTUB Apoxokel. [TonHoe oTcyTcTBHE
POTUBOrPHOKOBOr0 3((ekra MPOTHUB YCIOBHO-
naToreHHbIX npoxoker C.parapsilosis BBISIBICHO y
IKCTPAKTOB HaA3eMHOW wactu Serratula coronate
L. ¥V BogHOro HacTtoss KOpHEH pacTEeHUsBBISIBICHA
(yHrHLIMAHAS aKTUBHOCTH B OTHOLICHUU APONOKEH
C.parapsilosis TONbKO y HaTHBHBIX HpENapaTos.
Jns HaTUBHOM CHUPTOBOM HACTOMKM BBISIBICHA
¢yHrunuanas, GyHrucraTuideckas — npu e€ passe-
nennu 1o 1:8.

IIpakTuuecku BceM 3kcTpakraMm pacrtenus Cep-
MyXa BEHI[EHOCHAsl XapaKTEPHO OTCYTCTBHE (DyHIH-
OUIHON M (PYHTHCTATHYECKOH aKTHBHOCTH IPOTHB
YCIIOBHO-TIATOTE€HHBIX IIIECHEBBIX IpuOOB A. niger
(Pucynok 4).

Kak BugHO W3 pucyHKa 4, TONBKO HATHBHBINA
BOJHBIA AKCTPaKT KopHEH Ceprmyxu BEHIICHOCHOU
obmagaer (yHrucraTuyHOCThIO. [Ipemapar 3anep-
KHUBaJl pa3MHOKEHHE U POCT IUIECHEBBIX IPUOOB B
TEYEHUE [EPBBIX CYTOK.
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CnuproBbie Macnaurie Bonanrie Bonnrie
OTBaphbI

HACTOMKHU 9KCTPAKThI HacTou

Pucynox 3 — MOK skcrpakrtoB Serratula coronate L. npotus C. parapsilosis

CnupTtoBblie Macnsinbie

o Bonansie HacTon Bonnsie orBapsl
HAaCTOMKHU IKCTPAKTBI

0

Pucynok 4 — MOK skctpaktoB Serratulacoronatel.. mpotus A. niger
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Uepes cyTku nenand BeiceB 1o 10 MK U3 Kax-
JIO JIyHKHM Ha CEKTOp IUIOTHOW MHUTATEJIBHOH cpe-
JIbl, YaIllKu MHKYyOupoBanu B TeueHue 16-18 4 mpu
35°C (pucyHoK 5).

Jucko-muddy3noHHBIM  METOIOM  OTpeere-
Ha ¢ pexTuBHOCT MBK BOIHBIX 0TBapoB MpPOTUB
TpeX LITaMMOB MHUKPOOPTaHU3MOB (PUCYHOK 0).

Kax BumHO W3 pucyHKa 6, MpU BO3IEHCTBUH
JKCTPAKTOB Ha KHIIEYHYIO MAJO4YKy U MHUKPOMH-

E. coli: cimproBas E. coli: BonHBbIl OTBap
HACTOMKa KOpHEH

pazBenenue 1:512

KOpHel pa3BeneHue 1:8

LETHI, TUAMETP 30HBI 3a/IePKKH POCTa MUKpPOOpra-
HU3MOB UMEET pa3Mepsl oT 7 10 12 MM. D10 cBHIE-
TEJNBCTBYET O C1a00¥ YyBCTBUTEIILHOCTH OAKTEPHii,
JPOsOKEH U TIIECHEBBIX TPHOOB K IPOTUBOMHUKPOO-
HBIM M IPOTUBOIPUOKOBBIM KOMIIOHEHTaM BOAHBIX
IKCTpaKkToB Serratula coronate L. B 10 xe Bpems
BHJHO, YTO BOJHBIC SKCTPAKTHI 00JaJar0T BbIpa-
KEHHbIMH OaKTEpHUOCTATUYECKUMH CBOMCTBAMH B
oTHouIeHUH E. coli.

C. parapsilosis:
HATUBHBIN BOIHBIN
HacTOU KOpHEen

A. niger: HaTUBHBIN
BOJIHBIM 9KCTPAKT
KOpHel

Pucynok 5 — MunnManbsHas 3aepXKUBaroIIasl KOHIIEHTPAINs SKCTPAKTOB Serratulacoronate L.

14

12

10

E. coli

C. papapsilosis

Asp. niger

MMobez 9

0 0

M KopHu 12

7 0

Pucynok 6 — DddexruHOCTE MBK BOJHBIX 9KCTPAKTOB HA36MHBIX

¥ TIOA3EMHBIX BET€TaTUBHBIX OPTaHOB Serratula coronata L.
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Pesynprar unccnenoBaHus aHTHNApa3UTaPHBIX
CBOICTB y IKCTPAKTOB HAJ3EMHBIX M ITOJ3EMHBIX
BEreTaTUBHBIX OpraHoB Serratula coronata L. npen-
CTaBJICH Ha PUCYHKE 7.

Kak BUIHO M3 pUCYHKa 7, MaclIIHbIE U BOJIHO-
CIIMPTOBBICAKCTPAKTH HAJI3EMHBIX W TIOA3EMHBIX
BEreTaTUBHBIX OpraHoB Serratula coronata L. ume-
10T BBIPAKCHHYIO aHTHITAPa3UTApHYI0 aKTUBHOCTb.
[Ipy >TOM WHTEHCHBHOCTh aHTHUIAPA3UTAPHBIX

CBOWCTB BBIIIE Y BOJHO-CIIUPTOBBIX 3KCTPAKTOB
HaJ3eMHBIX opraHoB Cepryxu BEHIICHOCHOMU, Jaxe
B MPUCYTCTBUU IIOJIOKUTCIIbHOI'O aHTUIIapasuTap-
HOro 3¢ deKTa KOHTPOJIBFHOTO PaCTBOPA, B KAYECTBE
KOTOPOTO OBLT B3SAT DKCTPAarcHT (BOIHBIA PacTBOP
ATUJIOBOTO CITUPTA).

[lomHBIM ~ OTCYTCTBHEM  aHTUIAPA3UTAPHBIX
CBOMCTB OTJIMYAIINCh BOJHBIE DKCTPAKTHI HAI3EM-
HBIX U TIO/I3EMHBIX OpraHoB Serratula coronata L.

2 10
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.EE MacnAHble BOJHO-CMUPTOBbLIE BOAHblE
B HaasemHada 4acTb 4 9 0
HMoaszemHan 4yacTb 4 3 0
LIKoHTpO/b 0 1 0

PI/ICyHOK 7 — Hanmuuuie u MHTEHCUBHOCTH aHTUIlapasUuTapHbIX CBOWCTB OKCTPAKTOB HAA3EMHBIX

Y TIOI3EMHBIX BETE€TATUBHBIX OPTraHoB Serratula coronata L.

C 1967 rona u3 st BUA0B Serratula ObUIH BbI-
JIETICHBl W UACHTH(PHUITUPOBAHBI 261 MeTabOIUTOB.
CBefieHHSI O XEMOpPa3HOOOpa3uu TEpIEeHOB, (HEeHO-
JIOB, JIMIIUJIOB U JPYTHX COCIUHCHUMU, BCTpEUaro-
IIMXCS B HUX, CHCTEMATHYECKH MOMOJIHs0TCS [35].
Ha ocHOBe MMEIOTIMXCSI TAHHBIX pa3padaThIBAIOTCS,
CTaHJIAPTU3UPYIOTCS HOBBIE BHJIbI (DUTOIIPETIAPATOB
Ha OCHOBE CHIPBSl M3 Pa3IMYHBIX OPTAHOB CEPITyXH
[36].

TpamuioHHbIe JTEKApCTBEHHBIC PACTCHUS Jie-
MOHCTPHUPYIOT IMIMPOKHHA CIIEKTP MOJE3HBIX (hap-
MaKOJIOTMYECKUX CBOMCTB U TOJIOXHUTEIBHOE BO3-
JICHCTBHE Ha 3/I0POBbE YEIOBEKA U )KUBOTHBIX. OHH
CUHTE3UPYIOT paznuuHble BAB, KoTOpble IaBHO
NpHU3HaHbl CUJIBHBIMU HpOTI/IBOMI/IKpO6HBIMI/I, mpo-
TUBOTPUOKOBBIMH, aHTUIIAPA3UTAPHBIMH CPEJICTBA-
MU TIPOTHB HIMPOKOTO CTEKTpa maroreHoB. Heko-
TOPBIC OMOaKTHUBHEIE COCIMHCHUS, TOJIYUCHHBIC U3
JISKaPCTBEHHBIX PAaCTeHUH, 00J1a/1atl0T OMOCTUMY U~
PYIOLIMMHU CBOMCTBAMHU Ha POCT MOJE3HOH MUKpPO-
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¢ope1 MO0 pereHepUpYIOIIMMHI CBOWCTBAMH, CIIO-
coOCTBYsI BOCCTaHOBJICHHUIO TKaHek [37].
[Mpuponnsie  ¢uTOnpenaparbl, 00JNagAIONIIE
3HAYUTEIbHBIMU (PapMaKOJIOTMYECKUMHI CBONCTBA-
MH, IMAPOKO U 3PPEKTUBHO TMPUMEHSIFOTCS IS JIe-
YeHUs paH U NpouIakTUKU nHpeKkmid. C qpeBHUX
BpeMeH ¢uroTepanus no3possia 3Q(eKTuBHO Je-
YUTHh KOXKHBIE PaHbI, YMEHbIIATh BO3HUKHOBEHHE
WHQEKIMHA U CBOJAUTH K MHHUMYMY HCIIOJB30Ba-
HUEC AHTUOMOTUKOB, BBI3BIBAIOIINX KPUTHYECKYIO
YCTOWYHMBOCTH K aHTHOMOTHKaM. CyIecTByeT 3Ha-
YUTEIFHOE KOJMYECTBO PAHO3KUBIISIONINX pac-
TUTEIBHBIX CPEACTB, KOTOpPBHIC HIMPOKO HCIOJIb-
3ytorcsi B CeBepHOM TOJYIIapUU, B TOM YHCIE
Achiella millefolium, Aloe vera, Althaea officinalis,
Calendula officinalis, Matricaria chamomilla,
Curcuma longa, Eucalyptus, Jojoba,, momopoXHUK,
COCHA, 3eJICHBIH 4ail, rpaHaT u Jp. DKCTPaKTHl He-
KOTOPBIX PACTCHUH MPOSBISIOT CIIOCOOHOCTH CHH-
3UTh YCTOWYMBOCTH MUKPO(DIOPHI K aHTHOMOTHKAM
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U YIy4IIUTh CHHEPIreTHYECKOe JIEHCTBHE C CYIIe-
CTBYIOITUMHU aHTHOMOTHKaMH [38].

AKTHBHBIMM  KOMIIOHGHTAaMH  3KCTPAKTOB
Serratula coronata L., o0ecrieYnBarOIIUMHA BBICO-
KU Onosiormueckuii d(PQeKT, ABIAIOTCS (DUTOIK-
JUCTEPOUIBI — TOJUTHAPOKCHIIMPOBAHHBIE CTEpH-
Hbl. PasnmuyHbIe BUJBI MpEnapaToB, SKCTPAKTOB U
OTJIENBHBIX COEIWHEHHH, COAepKalnX (UTOIK-
JIMCTEPOUIBI, OKa3bIBAIOT LIMPOKHUH creKTp ap-
MaKOJIOTHYECKOTO BO3JICHCTBHSI Ha psiJi OpPTraHoB,
HampuMep, Ha MO3T, KpPOBB, CEPIACHYHO-COCYIH-
CTYIO ¥ HEpPBHYIO CUCTEMBI, a TaK)Ke Ha pa3jHyHbIe
OMOXMMHUYECKHE NPOLECCHl M (UIUOIOTUUECKUE
¢ysaxmum. Takue SKCTPaKThl U MpemnapaTsl U3 pac-
TeHHI OEe30TacCHBI M TPOSBISIOT JOTIOJHUTEIBHBIC
Oounosornueckue 3PQPeKTsl (AHTHOKCUAAHTHOE, HM-
MYHOMOTyJIUPYIOIIee, TPOTHBOPAKOBOE, MTPOTHUBO-
MHUKpPOOHOE, MPOTHBONAPA3UTAPHOE U aHTUPHIAHT-
Hoe) [39].

B HamzemMHOM yacTu cepryxu BEHIEHOCHOH,
KyJnbTHBHpYeMOl B CulOupu, oOHapy»KeHbl HE Me-
Hee 14 BemectB ¢eHOMBHON mpuponas! (7,3%), u3
KOTOpbIX 10 MOXXHO OTHECTH K (DIIABOHOMIHBIM
TTIMKO3WJIaM M arfinkoHaMm (AmUreHuH, JIIOTEOJHH,
KBEPLETHH M MX TIMKO3uAbI). M3 ceprmyxu BeHIe-
HOCHOI1 BBIZIETICHBI TOMHUMO BBIIIIEHA3BAHHBIX ariH-
KOHOB 3-O-MeTOKCHKBEpUHUTHH, 4-B-D-riroko3ust
JOTEOJNHA U kBepueTHH. CpaBHUTENBHBIN BOXXX-
aHaM3 (PUTOXMMHUYECKOTO COCTaBa OMOKOMITOHEH-
ToB Serratula coronata L., mpouspactaromei B
[Tpumopckom u B AnrtaiickoMm kpasx Poccum, mo-
KazaJl, 9YTO JAIbHEBOCTOYHAS TIOMYJISIUS CEPITyXU
BEHIICHOCHOW 0oJjiee HAChIIICHa TEPCIIEKTHBHBIM
MCTOYHUKOM (priaBoHOWIA — KBepueTuH-4’-O-B-D-
TJTIOKYPOHOITUPAHO3K 1A, YeM anTaiickas [9]. Taxxke
W3BECTHO, YTO KOMIIOHEHT (pJIABOHOMIA KBEPIICTHH-
4’-O-B-D-rarokypOoHONTUPAHO3UA  TPH  CO3JAHUH
HOBBIX JIEKAPCTBEHHBIX CPEJICTB ITOKA3al BBICOKYIO
3((HEeKTUBHOCTh TPHU JICYCHUH OTEKa T'OJIOBHOTO
MoO3ra, MoJIarpbl, CepAeuHO-COCYAUCTHIX 3a00eBa-
HUH KaK cOeauHEeHHe, 00JaIaroliee aHTHOPOTEK-
TOpHBIMU cBoicTBamu [40, 41].

W3 »sKkcTparupoBaHHOIO 3THUJIAIIETATOM COKa
Serratula coronata L., oTKaToro M3 HaJI3eMHBIX
YyacTeil CBEXKHX pacTEHHH, XpoMaTorpapuiecKuMu
METOaMHU OBUIO BBIACIICHO CEMb (DUTOIKAUCTEPO-
nnoB. OOWH W3 HUX — HOBBIM (PUTOIKIUCTEPOHUT
3-3mu-20-TUIPOKCUIKAN30H. J[Ba Mpyrux sKaucTe-
pouna, 20-TUAPOKCUIKAUIOH-22-alleTaT U TaKCH-
CTEpOH, BIEPBHIE BBLICICHBI U3 TOTO BUAA B JI0-
MOJTHEHHE K TUITMYHBIM dKIUCTEPOUaM S. coronata
[18].

O XUMHYECKOM COCTaBE MOJU(PEHOIBHBIX KOM-
MOHEHTOB Ka3axcTaHCKuX momymanuii Cepryxu

BcTpevaeTcst oTpeiBouHas uH(opmanus. Cooduia-
ercs, uto y Serratula coronata L., npouspacTaro-
e Ha Teppuropun KaparaHAuHCKOH 00yacTH,
oOmiee cojepaHue (QCHONBHBIX COSAMHCHUN U
(hTaBOHOMIIOB pa3HOE B PasIUYHBIX (Da3ax Berera-
muu. Merogom BOXKX moxaszano, 4yTo Ayia pactu-
TEJBHBIX AKCTPAKTOB CEPIIyXH BEHLEHOCHOW Hau-
OopITice comepikanne ()IIaBOHOUIOB KBEPIICTHHA U
pyTuHa HaOmroIaeTcsl BHavYase Bereranuu [42].

B monyd4eHHBIX HamMu pe3yJbTaTax Ha3eMHAS
yacte Serratula coronata L. KOKYETaBCKOH II0-
NyJSIUN HE TPOSBMUIIA 0KUIAeMON aHTUMHKpPOO-
HOM M TPOTHBOTPUOKOBOIN aKTUBHOCTH, XOTS 3(-
(bekT OTpUIIATENFHOTO BO3/CHUCTBUS IIPETapaToB
Ha OaKTepuu W MHUKPOMHUETHI ObLT BbIsBIEH. OO
AHAJIOTMYHBIX pe3yJibTaTax CcooOIIajgoch paHee.
ABTOpaMHU ONHCAaHO OTCYTCTBHE AHTHUMHUKPOOHOM
AKTHUBHOCTH 10 OTHOUICHHUIO K OOJIBIIMHCTBY CTaH-
JAPTHBIX TECT-KYJIBTYP MUKPOOOB y TIPUPOIHBIX K-
JICTEPOUIOB, BBIACICHHBIX U3 Serratula coronata
L., B Tom uncne 20-ruapoxcudkanzona (20-HE),
25-S-HUHOKOCTEpOHA U 3KAN30Ha [43].

IIpakTHyecku Bce SKCTPAKThl HAJI3EMHON YacTu
U KopHell Serratula coronate L. He IOJaBISIIU pOCT
E. coli. AuTrbakTepruaibHON aKTUBHOCTBIO OTIIHYA-
JIUCh CIIMPTOBAsi HACTOMKA M BOJHBIM OTBap KOpHEH
Serratula coronate L., KOTOpbIe TOAABISAIN POCT E.
coli mo passenenus 1:512 (crimproBasi HacToiika),
1:8 (BomHBIH OTBap). Y BOJHOTO HACTOS KOpHEH
pacTeHus BbISIBICHA (DYHTHIMIHAS aKTUBHOCTH B
otHowueHuu apoxokel C. parapsilosis, y cnupToBoi
HAaCTOWKH BBISIBICHA (DYHTHIMIHAS ¥ (YHTHCTATH-
YecKast akTUBHOCTh TpH e€ pa3BeneHuu a0 1:8. Otu
JTaHHbBIE MOATBEPKJIAIOT pe3ynbTaTel Kurxkan A.A.
¢ coanT. (2022), KOTOpBIC YCTAaHOBWIIH, YTO HaH-
Ooubliee cojiepkanne GIaBOHOUIOB 3a(UKCHPOBa-
HO B 3TAHOJILHOM U BOJIHO-3TaHOJIBHOM SKCTPAKTAX
[43].

Hanuuue anTUnapasuTapHbIX CBOMCTB 3KCTPAK-
TOB HAJ[3EMHBIX BETE€TATHBHBIX OpraHOB Serratula
coronata L. BcTpanBaeTcs B OOIIYIO CXeMY OITHCaH-
HOM NpyruMu aBTOpaMHu OMOAKTUBHOCTH CEPITYyXH
BeHIleHocHoH [40].

KommiekcHoe nccienoBanie HaJl3eMHOM YacTH
Serratula coronata L., KynbTUBHPYEMOI Ha ydacTKe
cOopa nekapcTBeHHbIX pacteHuit PO «Durtoxu-
must» (Kaparanma) B pa3ubie (pa3sl pocTa U CE30H-
HOW TMHAMHKHU COJIEP’KaHUSI OCHOBHOTO aKTHBHOTO
KoMIoHeHTa 3knuctepona (20E), mokasano, 4To
€ro MakCcHMaJbHOE HAKOTUIEHHE HaOIIoJaeTcs BO
BpeMsi BeretatuBHOU (a3bl. ABTOpaMu OOHapyxe-
HO, YTO COJEpKaHHE DKIUCTEpOHA C Hayalla Bere-
TaIUK 70 3aKITIOYUTENIbHON (ha3bl CHIDKAETCS, UTO
OBUIO TOATBEPXKIEHO TAHHBIMH BBICOKOA((EKTHB-
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HOM xuaKocTHOM Xpomarorpaduu (BIXX). C yue-
TOM IIOJyYEHHBIX PEe3yJbTaTOB aBTOPaMH CIEJIaHO
MIPEOI0KEHNE, YTO B PACTEHUH MPOUCXOJIUT OT-
TOK 9KJIUCTEPOHA B KOPHEBYIO CUCTEMY, a 3aTEM, IO
Mepe AajJbHEHIIEro pa3BUTHUsSI PACTEHUS, IPOUCXO-
JIUT €ro TepepacnpeesieHue ¢ YaCTUYHbBIM BhIIETIe-
HueM B nouBy [19]. Iloay4yenHsle HaMu pe3yibTa-
ThI MOATBEPIKIAIOT MPEAIIOI0KEHUE, BEICKA3aHHOE
aBTOPaMH, O YeM CBUJCTEIILCTBYET OoJiee BBICOKas
AHTUMHUKPOOHAs] ¥ MPOTHUBOIPHOKOBAsi aKTHBHOCTh
JKCTPaKTOB M3 KOpHeH Serratula coronata L. B Ha-
LIeM CcITyyvae.

3ak/aouyeHne

OOcneoBaHa  Ka3axCTaHCKas  TOIYJISALUS
Serratula coronate L. mpomuspacratomas B CeBep-
HoMm Kaszaxcrane Ha teppuropun Kokmerayckoi
BO3BBIIIEHHOCTH, BXosamie B coctaB I’ HITIT «Kox-
meTay».

Hazemnas wacte Serratula coronata L. xok-
YETAaBCKON MOMYJSIUU HE MPOSBHIIA OXKHAAEMOU
AHTUMUKPOOHON W TPOTHBOTPHOKOBOH aKTHBHO-
CTH, XOTsA APQPEKT OTPHUIATEIBHOIO BO3ACHCTBUS
MperaparoB Ha 0aKTEPUU ¥ MUKPOMHUIIETHI OBLT BbI-
SIBJICH. AHTHOAKTepHATHbHOW aKTHBHOCTBIO OTITHYA-
JINCh CIIUPTOBAsI HACTOMKA M BOJHBIM OTBap KOPHEU
Serratula coronate L., KOTOpbIE MOJABISIIM POCT
E.coli no pa3zBenenus 1:512 (cimpToBast HaCTOWKa),
1:8 (BoxHBIN OTBap). BojiHbIE SKCTPaKTHI CEPITyXU
BEHIICHOCHOW 00JIaaf0T BBIPAKCHHBIMU OaKTEpH-
OCTaTHYECKUMH CBOWCTBaMH B OTHOIIEHHUH E. coli.

VY BogHOrO Hactos KopHe# Serratula coronate
L. BbIsiBiEHA (DYHIMUINAHAS AKTUBHOCTD B OTHOLIE-
Huu aposxokeit C. parapsilosis, y CIUPTOBON Ha-
CTOMKHM KOpPHEH pacTeHUsl BbIsiBICHa (QyHTHUIUIHAS
u (yHrucraTuueckass akTUBHOCTb IPOTHUB YCIIOB-
HO-TIATOI'CHHBIX TJIECHEBBIX TPUOOB A. niger npu eé
pa3Benenuu 1o 1:8.

MacnsiHple W BOJHO-CIIUPTOBBIEIKCTPAKTHI
HAJ3EMHBIX U TOJ3EMHBIX BEreTaTUBHBIX OPraHOB
Serratula coronata L. IMEIOT BBIpaKCHHYIO aHTH-
HapasuTapHylo akTHBHOCTh. IIpu 3TOM MHTEHCHB-
HOCTh aHTHIIAPa3UTAPHBIX CBOICTB BHIIIE Yy BO-
JTHO-CITUPTOBBIX 3KCTPAKTOB HAJ3E€MHBIX OPraHOB
CepIlyXH BEHLUEHOCHOM.
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FTOMEOCTATUYECKUE U OKUCAUTEAbHBIE NMOKA3ATEAU KPOBU
Y HE3BPEAOTO OPTAHU3MA INMOCAE OCTPOU TMIMTOKCHUUN

M3MeHeHMe romeocTasa KpPOBWM HE3PEAOro OpraHuM3ama cpasy MOCAe OCTPOM TMMOKCMU U3YUYEHO
Mano, 6oAee TOro, nMpakTUyecku OTCYTCTBYIOT MCCAEAOBAHUS MO OLIEHKE CTerneHW aAanTUpyemMocTu
OpraHM3MOB, NMepeHecILNX CeaHC KMCAOPOAHO HEAOCTAaTOYHOCTU. B cTaThe npeAcTaBAeHbl AaHHbie 06
M3MEHEHMAX BaXKHEMLLMX KOHCTAHT (pH, rAloko3a, reMorA06MH) 1 OKMCAMTEABHBIX MOKa3aTeAen KPOBM
Yy HEMOAOBO3PEAbIX KPOAMKOB MOCAE OCTPOM TMMOKCUM U MOCAEAYIOLLEN prn3nyeckon Harpysku. m-
MOKCMS CO3AaBaAACh AblXaHWeM ra3oBor cmecbio 5%0, +95%N, B TeueHme 20 muH. OnbITbl NOKa3aAm,
4yTO pH KPOBM Y XXMBOTHBIX YEPE3 YaC MOCAE MMMOKCUM CABMIaeTcsl B CAAOOKMCAYIO 06AacTb. [Mocae-
Aytolias pusnueckas Harpyska npuBoAmT K cABury pH B e 6oAee KMCAYI0 0OAACTb M 3aAepKuBa-
€T BOCCTAHOBAEHME AO KOHTPOASI B CAAOOLLLEAOYHOM 30HE. YPOBEHb rAIOKO3bl B KPOBM MOCAE OCTPOI
rMMNOKCUKM MOKa3biBaeT runepramkemmyeckmin adpdekt. Musnyeckas Harpyska rnocae nepeHeceHHom
rMMNOKCUM NMPaKTUYECKM He OTPaXkaeTCs Ha AMHAMUKE YPOBHS FAIOKO3bl B KDOBM, XOTS Y MHTAKTHbIX >KM-
BOTHbIX HAOAIOAQETCS HEKOTOPbIN FMMOrAMKEMMYECKMIA 3PEKT NocAe 6eroBoit Harpysku. FeMorAo6mH
KpOBW npeTtepreBaeT a3Hble U3MEHEHMS MOCAE OCTPOM TMMOKCUM, UYTO MPOSIBAIETCS B AOCTOBEPHOM
HaYaAbHOM CHMXKEHWW U CBEPXBOCCTAHOBAEHUU B CAeaytowmin neproa. Dusnyeckas Harpyska nocae
rMMNOKCUYECKOM Harpy3ku, He BbISIBUAO CYLLLECTBEHHbIX U3MEHEHWUI B AMHAMMKE COAEPIKAHUS FEMOTAO-
O6uHa B KpoBK. Bce 3Tn peakumm ykasbiBalOT Ha KOMMEHCATOPHO-aAAMNTaLUMOHHbIE MPOLECChI B Oopra-
HM3Me HEe3PEAOro XXMBOTHOIO B OTBET Ha BO3AENCTBME IKCTPEMAAbHOMO hakTopa. M3yueHne BAUMSHNUS
OCTPOWM MMMNOKCMYECKOM Harpy3ku BbISIBUAO M3MEHEHMS M B COCTOSIHMM CBOOOAHOPAAMKAABHOIO OKMC-
AeHMs B KpoBM. [Toka3aHo, UTo OCTpasi F’MNOKCUS MPUBOAUT K YCUAEHMIO NMPoLecca NepeknMcHOro OKMc-
AEHMS AUMUAOB M aKTMBALMM aHTUMOKCUAAHTHOM CUCTEMbI KPOBU. B nocTrmnokcmMueckmii nepmoa npo-
UCXOAUT YBEAUYEHME COAEPIKaHMS MEePEKMCHOrO NMPOAYKTa MAaAOHOBOIO AMAAbAEIMAA B CbIBOPOTKE U
3pUTPOLMTAX. DTU U3MEHEHMS MPOUCXOAST Ha (DOHE MOBbILEHUS aKTUBHOCTU (DEPMEHTA CYNEPOKCUA-
AMCMYTasbl, YTO NMPEACTABASETCS Kak CPOYHAs apanTaLMOHHAS peakumst K OKUCAUTEABHOMY AEMCTBMIO
runokcun. OAHaKO OLEeHKa aAanTaUuMOHHOIO MOTEeHLMaAa PEeAOKC-CUCTEMbl KPOBU TECTMPOBAHUEM
hbM3MYECKON HarpysKom OOHAPY>KMBAET HEKOTOPYIO HEYCTOMYMBOCTb B OKCMAAHT-aHTUOKCMAAHTHbIX
OTHOLLEHMSX B MepPBble YacCbl MOCAE MMMOKCUU. DTO yKa3blBaeT HA HEOAHO3HAYHOCTb AOCTUXKEHUSI FOMe-
OCTAaTMYECKOro PaBHOBECUS 3a CHET BHAOTEHHbIX PECYPCOB Y HE3PEAOIr0 opraHusma. I'o-Buaumomy, no
NCTEYEHUN OMPEAEAEHHOrO KPUTMUECKOrO BPEMEHM MOXET NOTPeboBaTbCS NPUMEHEHNE IK30reHHbIX
CpPeACTB, TaKMX Kak aHTMOKCMAAHTbI, aHTUTMMOKCAHTbI.

KAtoueBble CAOBa: He3peAblt OpraHu3M, MMokcud, u3anyeckasi Harpyska, KpoBb, FOMeOCTas,
apanTauus.
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*e-mail: ahmed.hajiyev@yandex.com

Homeostatic and oxidative blood parameters
in an immature organism after acute hypoxia

The changes in the blood homeostasis of an immature organism immediately after acute hypoxia
have been little studied, moreover, there are practically no studies to assess the degree of adaptability
of organisms that have undergone a session of oxygen deficiency. The article presents data on changes
in the most important constants (pH, glucose, hemoglobin) and oxidative blood parameters in immature
rabbits after acute hypoxia and subsequent physical activity. Hypoxia was created by breathing a gas
mixture of 5%0,+95%N, for 20 min. Experiments have shown that the blood pH shifts to a slightly
acidic values 1 h later of hypoxia. Physical activity following hypoxia leads to a shift in pH to an even
more acidic values and delays recovery to control in the slightly alkaline zone. Blood glucose after acute
hypoxia shows a hyperglycemic effect. Physical activity following hypoxia actually has no effect on the
glucose dynamics, although intact animals have some hypoglycemic effect after running. Blood hemo-
globin undergoes phase changes after hypoxia, which manifests itself in a significant initial decrease
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and over-recovery in the next period. All these reactions indicate compensatory and adaptive processes
occurring in immature organism in response to the effects of an extreme factor. The study of acute hypoxic
effects revealed changes in the processes of free radical oxidation in the blood. It has been shown that acute
hypoxia leads to both intensification of lipid peroxidation process and activation of the antioxidant sys-
tem. In the post-hypoxic period (within 6 h later), an increase in malondialdehyde content both in serum
and erythrocytes was observed; in serum, this indicator stabilizes at a level exceeding the control level,
while in erythrocytes continued growth is observed. These changes occur with an increase in superoxide
dismutase activity, which are indicative of an urgent adaptive reaction to the oxidative effect of hypoxia.
However, assessment of the adaptive potential of blood redox system by physical activity testing reveals
some instability in the oxidant-antioxidant relationship for first hours after hypoxia. This indicates the
ambiguity of achieving homeostatic equilibrium at the expense of endogenous resources in an immature
organism. Apparently, after a certain critical time, the use of exogenous agents such as antioxidants,
antihypoxants may be required.
Key words: immature organism, hypoxia, physical activity, blood, homeostasis, adaptation.
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JKeAeA rMNOKCUSIAAH KeHiH XeTiAMereH ar3aAarbl
KAHHbIH rOMeOCTaTUKAABIK, XKOHE TOTbIFY KepceTKiluTepi

KeaeA rmnokcmsaaH KeriH XKeTIAMereH ar3aHblH KaH rOMeOCTasblHbIH, ©3repyi a3 3epTTeAreH, co-
HbIMEH KaTtap OTTeri »KETKIAIKCI3Airi ceaHCbIHaH ©TKEH OpraHM3MAEpPAIH BeriMaeay aspeskeciH Gara-
Aay GOMbIHLIA 3ePTTEYAEP a3 HEMECE MYAAEM XKOK,. MakaAaaa >KeAEA MTMMNOKCUSIAAH XKOHE OAAH KEMiHTi
pM3MKaAbIK BEACEHAIAIKTEH KEMiH XXeTiAMereH KoiHAAPAarbl MaHbI3Abl TYpPaK ThiAapAbiH (PH, rAloko3sa,
reMorAOOMH) >k&He KaHHbIH TOTbIFy KOPCETKIWTEPiHiH 63repyi TypaAbl MOAIMETTED KeATIpiAreH. [Mnok-
cns 20 MUHYT iWiHAE 5%02 +95%N, ras KocnacbIMeH TbIHbIC aAy apKblAbl ManAa 6oAAbl. Taxipnbeaep
TUMOKCUSIAQH KeRiH Gip caraTTaH KemiH »KaHyapAapAarbl KaHHbIH pH asaan KbllKbIA aliMakKa ayblca-
ThIHbIH kKepceTTi, KeriHri pmankabik, 6eACeHAiAIK pH-HbIH 0AaH AQ KbILIKbIA aliMakKa aybICyblHa oKe-
AEA )KOHE COA CIATIAI aiMaKTa 6aKpblAayFa AEMiIH KAAMbIHA KEATIPYAI KellikTipeai. XKeaea runokcusiaan
KeMiHri KaHAAFbl FAIOKO3a AEHreni rmnepraMkeMUsIAbIK, 9CEpPAi KepceTeai. OTKeH rMNoKCUAAAH KEMiHTi
hm3MKabIK, BEACEHAIAIK KaHAAFbl FAIOKO3aHbIH AMHAMMKACbIHA &Ccep eTrnenAi, AereHMeH Oy3blAMaraH
>KaHyapAap >KYripy >KaTTbiFyAapbiHaH KeriH Kenbip rmnorAMKeMmsIAbIK, acepre ne. KaH remMorao6uHi
KEAEA TUMOKCUSIAAH KelliH (ha3aAblk, e3repictepre yuiblpanabl, 6YA KEAeC Ke3eHAe CeHiMAT GacTarkpl
TOMEHAEY >XK8He LlaMaAaH TbIC KAAMbIHA KEATIpY Ke3iHAEe KepiHeAi. [MMNOKCUAABbIK KYKTEMeAEH KeliH-
ri oM3MKaABIK, XKYKTEME KaHAAFbl FreMOrAOOMH AMHAMMKACbIHAQ alTapAbIKTall ©3repicTepAi aHblKTa-
FaH >KOK. BapAbIK, oCbl peakumsasap aKCTpemMarAbl (PakTOPAbIH 8cepiHe >kayan peTiHAe >KeTiAMereH
>KaHyapAbIH AEHECIHAET KOMMEHCaTOPAbIK-6eriMaAeAy npouecTepit kepceTeai. dKXeAeA rMnoKCHsAbIK,
JKYKTEMEHIH 8CepiH 3epTTey KaHAAFbl €pKiH paAMKaAAbl TOTbIFY KYMIHAEri e3repicTepAi aHbIKTaAbl.
KeaeA rmnokcus AMMUATEPAIH aCKblH TOTbIFY MPOLECIHIH >KOFapblAAybIHA >KOHE aHTMOKCUMAAHTTbI KaH
JKYMECIHIH OeACEHAIpIAYiHe aKeAeTiHI kepceTiAreH. MMnokcnsaaH KeniHri kesenae (6 caratTaH KeniH)
CapbiCyAa AQ, SPUTPOLMUTTEPAE AE MAAOHAMAAbAETMA MOALLEPIHIH XOFapbiAaybl 0aiKaAAbl; CapbICy-
Aa ByA KepceTKil 6akbiAdy AEHIeMiHeH >KOFapbl AEHrenAe TypakTaHaAbl, aA SPUTPOLIMTTEPAE OCYAIH
>KaAracybl Oaiikaraabl. ByA e3repicTep rvnokcusiHbiH TOTbIFY 9cepiHe WyfFbiA OeRiMAEAY pPeakLmsCbl
peTiHAE YCbIHbIAQTbIH CyNepoKCHMA AMCMYyTaza (PePMEHTIHIH GEACEHAIAIMIHIH XOFapbliAaybl asiCbiHAQ
OpbIH aAaAbl. AAanAQa, KaHHbIH TOTbIKCbI3AAHY XKYMECiHIH 6eMiMAeAY MOTeHUMaAbIH (OM3MNKAAbIK BeA-
CEHAIAIKTI TecTiAey apKblAbl OaFaAay IMMOKCUSIAQH KEMiHTi aAfallKbl caraTTapAa aHTMOKCMAQHTTbI
KaTblHaCcTapAarbl Kenbip TypakCbI3AbIKTbI aHbIKTalMAbl. ByA >KeTiAMereH opraHuM3mAeri 3HAOTreHAIK
pecypcTap apKblAbl FOMEOCTATUKAABIK, Tere-TeHAIKKe XXeTYAIH eKiyLWTbIAbIFbIH KepceTeAi. LLlamacsl,
GeAriAi 6ip CblIHM yakKbITTaH KEMiH aHTMOKCMAQHTTAP, aHTUIMIMOKCAHTTAp CUSIKTbl SK30reHAIK npernapar-
TapAbl KOAAAHY KaXKeT G0AYbl MYMKIH.

TyitiH ce3Aep: >XKeTiAMereH opraHumam, rmrnokcusl, XKaTTbIFy, KaH, roMeocTas, beriMaeny.

Coxpamenusi 1 0003HAYCHHSA Beenenue
OI' — octpas runokcusi, ®H — pusnueckas Ha- @DyH/IaMEHTAJIbHOE U3YUCHHUE PA3BUTHUS 3aLIUT-
rpy3ka, [IOJI — nepekucHoe OKuCIEHHE JUMHUIOB,  HO-aJAQNTUBHBIX pEaKIUil Ha OTHAENbHBIX JTamax

CO/] — cymepokcugmucmyTtaza, OAA — o0mas aH-  paHHETO MOCTHATAILHOTO OHTOTE€HE3a YelIOBeKa W
THUOKCHUJaHTHAsA aKTUBHOCTb. KHUBOTHBIX SABJIACTCS OIIHOﬁ U3 BaXKHEHUITNX mpo-
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T'oMeocTarnueckre U OKUCIUTEIIbHBIE ITOKA3aTeIIn KPOBH Y HE3PEJIOTO OpraHu3Ma Imocjie OCTPOﬁ TUIIOKCUH

OJieM BO3pacTHOW (PU3UOJOTHH U OMOXUMHUH. BEI-
JKUBAHHE OPTraHU3Ma B CIIOKHBIX JKCTPEMabHBIX
U CTPECCOBBIX YCIOBHSAX BO3MOYHO Onaronaps
Pa3BUTHIO M peaM3alliy 1IeJI0r0 Habopa 3aluTHO-
aJaNTUBHBIX U3MEHEHUH Ha MOJIEKYJISIPHO-KIIETOY-
HOM, METa0OJINYeCKOM M CUCTEMHOM YPOBHSIX €ro
opranmzanuu [1,2]. Jlnsg amanramuu OonbIIoe 3Ha-
YeHHe UMeeT OBICTPOTAa, BRIPAKEHHOCTh U HaIlpaB-
JICHHOCTh KM3HEHHO BA)XKHBIX PEaKIUil Ha MHOTUX
YPOBHSIX Pa3BUBAIOIIETOCS OPraHU3Ma, COXPAaHCHHE
OCHOBHBIX TIapaMEeTPOB BHYTPEHHEH Cpelbl, , Ipe-
JKJIE BCETO, BAKHEHIINX KOHCTAHT KpoBH [3].

MHorue wuccienoBaHus CBUICTEIBCTBYIOT O
TOM, YTO TsDKEJble (POPMBI THIIOKCUU — OCTPOH He-
XBaTKH KHUCJIOPOJAa — SIBIISIOTCSI CHIIBHBIM JKCTpe-
MaJbHBIM, CTPECCOPHBIM, IECTPYKTHBHBIM (pak-
TOpOM ¥ (U3NYECKHE HATPY3KH B IKCTPEMaJIbHBIX
(dopmax HeOe30macHBI JJIsl pa3BUBAIOIETOCS Opra-
Hu3Ma. Takue Harpy3kd BJICKYT 3a COOOW Hemalo
M3MEHEHUH B ()M3MOJOTUH M OMOXUMHUHU TKaHEH U
OpraHoB, B TOM YHCIIE€ U KPOBH [4].

['maBHBIM OHOJIOTMYECKHM JICHCTBUEM THUITOKCHH,
[0 CYIIECTBYIOIIMM TIPE/ICTABICHUSIM, 3TO Hapyllle-
HHUE KJICTOYHBIX MHUTOXOHJPHAJBHBIX IMKIOB BhIpa-
OOTKH HYXKHBIX JUISl OpraHu3Ma 00beMOB CBOOOIHOM
sHepruu B Buje AT® mW3-3a HEXBAaTKW KHUCIIOPOJA,
YTO BECbMa OTPUIIATETIHHO BIUSET Ha ABUTATEIbHYIO
AKTHBHOCTB, IMOJUICPKaHIE TOMEOCTa3a BHYTpPEHHEU
Cpelbl, Ha aJIalITHUBHBIC BO3MOYKHOCTH HE3PEIbIX 0CO-
Oeit [5,6]. B TO sxe Bpems, XOpOILIO U3BECTHO, YTO B
MEXaHU3ME TUIMOKCUHU CYILICCTBEHHOE 3HAUCHUE UME-
0T CTPYKTYPHO-(DYHKIIMOHAIFHBIE HAPYIIEHHUS B Op-
raHU3alUKM SPUTPOIIUTOB, BbI3BAHHBIC AKTHBU3AIINCH
CBOOOTHOPAIMKAITLHBIX TIporieccoB [7,8]. SIBneHme
OKHCIIUTEIEHOTO CTpecca, XapaKTepHu3yromeecsi Ha-
KOIUICHHEM TIEPEKUCHBIX TMPOAYKTOB B KJIETKAX U
TKaHSAX, HAPYIICHUSIMUA B CHCTEME aHTHOKCHJIAHTHOM
3aIIATHI, COMPOBOXKIAET MHOTHE TATOIIOTHIECKUE
TIPOIIECCHI B OPTraHU3Me, OTHAKO YMEPEHHBII YPOBEHb
€ro Pa3BUTHSI MOXKET UTPATh M CUTHAIBHYIO POJIb JUIS
3aITycKa a/IalTalliOHHBIX TPOTIeccoB [9].

YuuthiBas TOT (akT, 4TO UMECIOLIUECS B JINTE-
paType 3KCIepUMEHTAaIbHbBIC HAHHBIC 110 BIIHSHHIO
OCTpPOH THIIOKCHU Ha CHCTEMY KPOBU TMOIydYEHBI
Ha 3peibIX OpraHu3Max, U B JOCTATOYHO TO3HHE
CPOKH TIOCJIe THUIIOKCHH, 00Jiee TOTO, OTCYTCTBYIOT
WCCIIEIOBAHNUS, KOTOPbIE MOTJIH OBl OLIEHUTHh ypO-
BEHb a/IalTAlIMOHHON CTIOCOOHOCTH OPTaHNU3Ma, MBI
COWIH TIeNIECO00pa3HbIM HM3YyYUTh TMEPBUYHBIC H3-
MEHEHHSI HEKOTOPHIX TOMEOCTATHUECKNX KOHCTaHT
Y OKHCIIUTENIbHBIX TOKa3aTeleil KpOBU HE3Pesoro
YKUBOTHOT'O OpTaHHU3Ma, TIOJIBEPIKEHHOTO THITOKCHH,
a TaKKe pPeaknuio Ha (PU3NIECKYI0 HArpy3Ky C Iie-
JIBIO BBISIBIICHUS COCTOSITETEHOCTH K aIalTaIluH.
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OMBITHI TPOBOAMIIM Ha 3-X MECAYHBIX KPOJMKAX
nopozs! LnHmmia, cojepkaBIIuXcs B CTaHAAPT-
HBIX YCJIOBUSIX BHBapus. JKXUBOTHBIX pa3/eisuii Ha
KOHTPOJIbHYIO W 3 OTBITHBIE TPYIHI IO 5 TOJIOB B
kaxnoi. KoHTponpHast rpymma Oblia npeacTaBicHa
WHTAKTHBIMU JKUBOTHBIMH. [lepBast ombITHas rpy1i-
a MoABeprajgach THIIOKCHHA B OCTPOH dopme (IbI-
xaHue B TedeHne 20 MUHYT B Kamepe cO CMEChIO
5% xucnopona u 95% azora), BTopoil rpymne aaBa-
nach (hu3uyecKkas Harpy3ka B BHJE BBHIHYKJICHHOTO
10-muHYyTHOTO Oera BO BpamiarorieMcs OapabaHe,
TPEThs TPYMIIAa TOJBEPraiaCh OCTPOH THUIIOKCHUHU C
rociemyromieit Gpusndeckoit Harpy3Kkoit B 6apadane.
KpoBb 1151 nccnenoBanusi y KOHTPOJIBHBIX U OTIBIT-
HBIX KPOJIMKOB Opaji U3 KpaeBOU BEHHI yXa.

B KpoBuM XKMBOTHBIX KOHTPOJHHOW W OIIBITHBIX
rpymnn onpeaensimy pH, reMoraoOMH W TIIOKO3Y.
AHanu3 KpOBH Y IMOIOTIBITHBIX )KHBOTHBIX OCYIIIECT-
BIISUTH B TIEPBBIN IEHh TPUMEHEHHS THIIOKCHUHU U (H-
3UUECKOU HAarpy3KH, uepes 1, 3 u 6 4acoB mocie npu-
MEHEeHHUsI 3TUX Tpornenyp. pH KpoBu m3mepsin Ha
MMOTEHIIMOMETpPE, TEMOTIIOONH Ha aBTOMATHYECKOM
remoanainm3arope (Mindray BC-2800 Vet), riro-
ko3y Ha rimokomerpe (FIA BIOMED glucometer,
I'epmanms).

[lepekucHOE OKHUCIIEHUE JIMIINJIOB OLICHUBAIN
MyTeM W3MEPEHHUs] KOHIICHTPAIMU OKPAIIEHHOTO
KOMIUTEKCa, OOpa30BaHHOTO MAaJOHOBBIM JIHAJb-
JIETUJIOM ¢ JT0OOABJICHHON M3BHE THOOApOUTYPOBOI
KHUCIIOTOU, coriacHo AHnpeeBoil u np. [10] B cbl-
Bopotke, u CymnoToBy u ap. [11] B apuTporuTax.
OO01yr0 aHTHOKCUAAHTHYIO akTUBHOCTH (OAA) B
CBIBOPOTKE OIPEIEIISUIN 110 METOAY [ opsiluKoBCKOTrO
[12], B KOTOPOM aKTHBHOCTE OIICHUBAJIH 1O CTETIC-
HU MHTUOUPOBAHMS OKUCICHUS TBUH-80 70 Majio-
HoBoro muanbneruga (MIIA) cuctemoit ackopOu-
HOBasi KHCIIOTa-)KeJe30.

[Mony4yenusle 1uQpoBbie MaTepuanbsl oOpada-
THIBAJIM CTAaTHUCTUYECKH TapaMETPUYECKHUM METO-
JIOM, C HWCIoib30BaHueM t-kputepusi CThIO/ICHTA,
Pa3HOCTH MEXAy CPECAHHMH IO TPyNIaM CUUTAIH
nocroBepHbIMH Tipu p<0,05, pe3yabTaTsl onpezene-
HUSl OBUTH TIPE/ICTaBJICHBI B BHE CPEIHEr0 3Hade-
HUS C yKa3aHueM cpeanen omuoku (M+m).

Pe3yabTarhl McclieI0OBAHUSA U UX 00CyXK/IeHHUE

[lognep:xanue OTHOCUTEIBHOIO IOCTOSIHCTBA
KU3HEHHO BAKHBIX COCTABIISIONINX M PEAKIHHA Ha
YPOBHE KJIETOYHOTO W OPraHHO-TKAHEBOTO COEp-
JKUMOTO, U TJIaBHBIM 00pa30M, Ha YPOBHE CUCTEMBbI
KPOBH OTHOCHTCSI K TJIaBHBIM (PU3NOIOTHIECKUM
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(GYHKLIMSAM [ETOCTHOrO OpraHu3Ma Ha BCEX 3Tarax
WHAMBHyaIbHOTO pa3BUTHs. ['omeocTa3 KpoBH
0COOEHHO BaXKEH, MIOTOMY YTO Y YellOBEKa U BbIC-
IIMX )KUBOTHBIX KPOBB SIBJIIETCS] OUEHB CJIOKHOU 11O
cocTaBy M (YHKLUSIM CHCTEMOH, HCIIOJHSET POJib
OCHOBHOW OMOJIOTHUECKON KUIKOCTH BHYTpPEHHEH
Cpelpl OpraHu3Ma BhICIIMX MilekonuTaromux. Co-
IJIACHO MMEIOIINMCS (PU3MOJIOrMYECKUM BO33PEHU-
sIM, TOMEOCTa3 KPOBH B HOpPME M TIPU CTpeccax pe-
TYJIUpYyeTCs AEUCTBUSMU HEPBHBIX, TOPMOHAIBHBIX
Y UMMYHHBIX MEXaHH3MOB, B Pe3yJibTaTe KOTOPBIX
oOecrniedyrBaeTcsl ajanTanns KPOBH K IKCTpEMab-
HBIM YCIIOBHSIM BHEIIHEM Cpenbl, K pa3iIMYHbIM
Harpy3kam, CHOCOOHBIX H3MEHATh BAXKHBIE METa-
Oonnyeckre U PyHKIIMOHATbHBIC 3BEHbs Pa3BHBAIO-
mierocst opranusma [13].

HexkoTtopele mokaszarenu KpoBH SIBIIIOTCS VI Op-
raHu3Ma O4YeHb Ba)KHBIMU TOMEOCTaTHUECKUMHU KOH-
CTaHTaMHM, OHH TOHKO PETryJIUPYIOTCS B Pa3iIMYHBIX
YCIIOBUSIX €ro CylecTBoBaHUs. pH KpoBU BaxkHEM-
IIMHA BBIPA3UTEIb COCTOSHUS ¢€ Oy(QepHBIX CUCTEM
Y aKTUBHBIX peakUuid. | eMOrIoONH 1 SpUTPOLUTHI B

KpOBU OCHOBHBIC CPE/ICTBA CBSI3BIBAHUS KUCIIOPOJA
BO3/lyXa U €ro TPAaHCIOPTUPOBKH K TKAHSIM OpPraHu3-
Ma U BBIHOCA U3 HUX YIJIEKUCIIOro rasa. JIeMKouuThl
KpPOBH — [NIaBHBIC UCTIOTHUTEIN UMMYHHBIX peaKLui
KPOBU M TKaHEW MpH UX MOBpexieHuax. [1roko3a B
KPOBH, 3TO «IKCTPEHHOE TOILUIMBO» I OBICTPO pe-
arupyromnX (U3HOJIOTUIECKUX CUCTEM (HEPBHOM,
JBUTATETIFHON ¥ T.1.) OPTaHU3Ma, B TO K€ BpeMsd
MoJJIep)KaHNe €€ TOMeocTa3a IOJABEPKEHO BIIMS-
HUIO Pa3IMYHBIX CTPECCOTCHHBIX (DAKTOPOB, B TOM
YyHUCJIe U TUIIOKCUU. Bee 3TH nokasareny, uMerolye
HEIMOCPEJICTBEHHOE OTHOILIEHHUE K IOCTaBKE U TIOTpE-
OJICHHIO KHCJIOpOJia B OpraHM3Me, MOTYT OXapaKTe-
pU30BaTh FOMEOCTATUUYECKOE PAaBHOBECUE KPOBU U
TOBOPHUTH 00 YCTOMYMBOCTA WJIA HEYCTOMYHUBOCTHU
MIPUCTIOCOOJICHNSI K HOBOMY KHCIIOPOJAHOMY PEXKUMY
y He3pesioro opranusMa [ 14,15].

DKCIEPUMEHTHl TI0 HM3YYEHHI0 TOMEOCTaTHYe-
CKHX IOKa3aTeliel KPOBU Yy HEIMOJIOBO3PENBIX KPO-
JIMKOB, KOTOpBIE OBUIHM ITOJBEPIKEHBI THIIOKCHIO H
(u3nyecKoil Harpy3ke B OTIEIBHOCTH M MOCJEIO-
BaTeNbHO MOKa3alu cieaytomiee (Tadi.1).

Tadmuna 1 — Biusiaue octpoit runokcuu (OI) u Gusmyeckoii Harpy3sku (OH) Ha mokasarenn KpOBH Y 3-X MECSYHBIX KPOJIHUKOB!

TlokazaTtenu YenoBust dkcriepuMeHTa
Kposu KonTpons Uepes 14. mocie OI' Uepes 34. mocie OI' Yepes 6 4. mocae O

6,81+0,21%* 7,16+0,11* 7,30+0,20
pH 7:44£0,10 6,20+0,06* 6,35+0,07* 6,84+0,09*

98,5+4,2%* 95,342,5% 85,6+2,0

Fioxosa (ur/an) 86,0+2,6 96.2+2.4* 90.8+3.6* 84.6+2.5
8,36+0,30* 9,44+0,46 12,3340,45%*

0 s s B s s s

I'emoro6un (1%) 10,33+0,40 8,5040.25* 9.0040.18 12.60-40,20*

t— nepBas CTpoika B TabJI. OTHOCHTCS K JaHHbIM, IOJIYYCHHBIM 11OCJIC OCTpoﬁ TUIIOKCUH, BTOpas CTpOUYKa — K JaHHBIM, I1OJIY-

YCHHBIM I10CJIC HOCJ'IC,Z[yIOHIeﬁ (1)1431/1%01(01‘«'1 Harpysku

pH kpoBu y XuBOTHBIX uepe3 1 uac mocie
OCTpPOW THUIMOKCHM CABHHYT B CJIa00 KHUCIIyIO 00-
JIacTh, CHIDKEHUE AaKTUBHOM PEaKIUHM Cpelbl 110
OTHONIEHUIO K WHTAKTHBIM XHBOTHBIM CO Cia0o-
menoynon peakimueit (pH=7,44+0,10) cocraBusier
8,5% (p<0,01). /lanee B TeueHnue 3-6 4acoB ypOBEHb
pH mocreneHHO BoO3Bpamiaercss K KOHTPOJIHLHOMY
3HaueHuro. duznyeckas Harpys3Ka cpasy rnocie ru-
MOKCHH, HECMOTPSI Ha JIOTIOJIHUTEIBHO MOCTYIA0-
LM KUCIOPOJ B KPOBb, IPUBOAUT K cABUry pH B
emé Oosee kuciyo obmacts (Ha 17% HIDKE, Yem
KOHTPOJIbHBIN YPOBEHB) U 33JICPKUBACT BOCCTAHOB-
JIEHWE 710 KOHTPOJIS B CIIA0OIIENIOYHON 30He.

CopepixkaHue TIIHOKO3bI B KPOBU 3-X MECSYHBIX
KPOJIMKOB OKa3aJIOCh JIOCTATOYHO BBHICOKUM (y MH-

TaKTHBIX JKHBOTHBIX — B cpemHeM — 86,0+2,4 mr/
m). [locne ocTpoit TUITOKCUHM YPOBEHB TIIFOKO3bI B
KpPOBH IOBBIIIAETCS C BEICOKOM JJOCTOBEPHOCTBIO HA
14,5% (p<0,01) B Teuenue 1-ro yaca. Taxoii rumep-
TIIMKEeMIYeCKHH d(Q(EKT TUITOKCHU COXpaHSIETCs B
Te4eHHe 3-X 4YacoB, 4yepe3 6 yacoB HaOIrOmaeTcs
BOCCTAHOBJICHHE NMPAKTUYECKH J0 YPOBHS HOPMBEI.
dusuyeckas Harpys3ka I0Ciie TepeHECeHHOM TI'-
MOKCHUU MPAKTUUECKH HE OTPAKACTCS HA AUHAMUKE
YPOBHS TJTFOKO3BI B KPOBU, XOTS y WHTAKTHBIX KH-
BOTHBIX TI0CJI€ (PU3NYECKON HArpy3KH HAOJH0AaeTCs
HEKOTOPBIH TUMOTITMKEMUYECKUN d3PPEKT B IIEPBbIC
3 gaca nocie OeroBoit Harpy3ku [16]. Bo3amosxHo,
3TO CBSI3aHO C M3MEHEHHUSIMH PEryJIITOPHBIX MeXa-
HU3MOB. B uccienoBaHusix Apyrux aBTOPOB yKa-

159



T'oMeocTarnueckre U OKUCIUTEIIbHBIE ITOKA3aTeIIn KPOBH Y HE3PEJIOTO OpraHu3Ma Imocjie OCTPOﬁ TUIIOKCUH

3BIBACTCS HA TO, YTO THIOKCHS, KaK OCTpas, TaK U
XPOHUYECKasi, MOXKET BBI3BaTh WM TOBBINICHUE, U
CHIDKEHHUE TIIFOKO3BI M KOHTPOJIMPYIONUX €€ ypo-
BEHb B KPOBM MHCYJIWHAa W TiiokaroHa [14]. Oto
MOJKET 3aBHCETh OT BHJA >KMBOTHOI'O, TSHKECTH U
MIPOJIOJKUTEIBHOCTA BO3ACUCTBUS THUIOKCHH. ['e-
HETHYECKas CTPECCOYCTOWYMBOCTh OCOOEH TaKxke
BIIUSIET HA XapaKTep JWHAMHUKU YPOBHSI TIOKO3BI
IIpH CPOYHOM ajanTanuu kK runokcuu [15]. Umerot-
Csl JTaHHBIE, KOTOPBIE TTO3BOJISIIOT TPEIIIOJIOKHUTh,
YTO BO3JCUCTBHUE TMIIOKCHUU, COUETAHHOE C OCTPHI-
MH (U3HICCKUMU HArpy3KaMHu WIH PETYIISIPHBIMA
TPEHUPOBKAMH, MOXKET YIYUIIUTh TOMEOCTAa3 TIII0-
KO3BI B OpraHU3ME C HapYIICHHBIM META00IU3MOM
[17,18].

I'emornoOuH KpOBH B MEPBBIi Yac 1Mociie THIoK-
cuu cHrbkaeTcst Ha 19,1% OTHOCHTEITBHO HHTAKTHBIX
®UBOTHBIX (p<0,05), B nanbpHEUIIEeM BOCCTAHABIIH-
BasICh B TCUCHHE O UACOB, JIOCTUTAET YPOBEHH Ha
19,4% Borie, yem OazoBeiii. Ouznueckas Harpyska,
MpUMEHseMas K KPOJUKAaM TOCJEe TUIMOKCHYECKON
Harpy3KH, He BBISIBIIIO CYIIECTBEHHBIX W3MEHEHHH
B JIMHAMUKE COJICPIKaHUs reMOrJioOMHa B KPOBH, B
OTIIMYUE OT WHTAKTHBIX; ITOCJICIHAE pearupyroT Ha
(bm3UYECKyr0 Harpy3Ky NMepBOHAYAIBLHBIM ITOBBIIIC-
HHUEM ypPOBHS T€MOTJIO0NHA B KPOBH C JATbHCHIITUM
BOCCTaHOBJICHHEM B Te€4eHHE 3-0 4acoB JIO YPOBHA
KOHTPOJISL.

PaccmarpuBass BBINICOTIICAHHBIC HECTIOKHBIC
peakiuu B (PU3UOJIOTHUECKOM KOHTEKCTE, MOXKHO
3aKJTIOYNTH, 9YTO B OCHOBHOM OHH HOCAT 3aTyXalo-
LW XapaKTep ¥ UMEIOT OINPEICIICHHOE aIallTUBHOE
3HAUCHHE HAa PAHHUX CPOKax IOCJIEC BO3IACHCTBUS
TUIMOKCHN B (PU3NIECKON HATPY3KH B TOM M HHOM
Bapuante. OcTpast 9K30reHHasi TUIIOKCHSI, KaK BUIHO
W3 HAIIIMX ONBITOB, MOKET OKAa3aTh BIUSHUC HA Ta-
KHE OUYEHb CTOMKHE KOHCTAaHThI KPOBH, B YACTHOCTH,
Ha pH cpenpr. Cmemienne pH u3 menouHoi obmactu
B KHUCITYIO, TI0 BCEH BEPOSTHOCTH, CBSI3aHO C yCHIIE-
HUEM TMOCTYIUICHUS B KPOBb KHUCIIBIX METa0O0JIUTOB,
oOpasyromuxcss B TKaHAX TPH TUMOKCHU. Hamm
paHee MoKa3aHo, YTO MPH TMIIOKCHUH, a TAaK:Ke B pe-
3yJIbTaTe MHTCHCUBHOW pa0OTHI B KPOBU yBEIHUU-
BaeTcs KoHueHTpauus jJakrata [ 19]. [To-Bugumomy,
OBICTPOEC CHUKCHHE y THUIOKCHPOBAHHBIX KPOJIH-
KOB, paHee HaKOIUICHHOH B KPOBH TITFOKO3BI, MOXKET
OBITh CBSI3aHO C YCHJICHHEM aHA’POOHOTO TITHKOJIH-
3a B TKaHIX, Kak BakHas (popma OMOXUMHUIECKOMN
ajanrtanuy Ha MetaboimdeckoM ypoBHe. Da3oBbie
CIOBUTH B YPOBHE TE€MOTJIOOWHA, T.C. TICPBUYHBII
pocT B Hayalle TMOCT-TUTIOKCHYECKOTO TMEepHoaa U
CBEPXBOCCTAHOBJICHUE B JaJbHEHIIIEM, BO3MOXKHO,
CBSI3aHO C M3MEHEHUSIMHU B IUPKYIIALNN KPOBH IS
oOecrieueHusl KHUCIOPOJIOM KPUTHUECKH Ba)KHBIX
OpraHOB, PETyIHpPyeMOU (DakTOpaMu TPAHCKPHUII-
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uuu tuna HIF (Hypoxia-inducible factor) [20].
W3menenus copep)kaHusi TeMOTIIOOMHA W OKCH-
JTAHT-aHTUOKCHJAHTHBIX IIOKa3aTeneil KpOBW Ha-
OJIo/1aMCh TIPU OCTPOW LUPKYJIATOPHON peakiuu
[21,22]. Taxxe Henb3sl HCKIIOYATh U PETYISLUIO
C MOMOUIbI0 TMIIOKCHYECKON peakiuy, 3aBUCAIICH
OT HaKOIUICHHWS] MOJIOYHOW KHCIOTHI, BBIPAOOTKA
KOTOPOTO YBEJIUYUBAETCS B YCIOBUSIX THUIOKCUU
(Lactate-induced response to hypoxia) [23].

Wzydenne BIHUSHUAS OCTPOW THIIOKCUU ¥ (PHU3H-
YECKON HArpy3KH BBISIBUJIO U3MEHEHUS U B COCTO-
STHU CBOOOJHOPATUKATHHOTO OKHCIEHUS B KPOBH
y HE3pelbIX KpoJIMKOB. B Tabnuie 2 mpeacrasie-
HBI JaHHBIE 00 M3MEHEHWH TOKa3aTeleldl OKCUIaHT-
AHTHOKCHJAHTHON CHCTEMBI KPOBU y 3-MECSYHBIX
KpPOJIMKOB II0CJIE OCTPOM runokcuu. BujHo, uro
aktuBHOCTh COJI B »pUTpOLIUTAX O OTHOLIEHUIO
K MHTaKTHBIM >KMBOTHBIM d4epe3 | uac mocnie ru-
mokcuu moBbItieHa Ha 25% (p<0,05), gepe3 3 yaca
Ha 30% (p<0,05). Yepe3 6 wacoB mocie TMIIOKCHU
nanpHelmii poct aktuBHocTH COJl B 3puTporu-
Tax He HaOmromaercs. Takas cpodHas aHTHOKCH-
JAHTHAsl PeakUysl CBUIETEILCTBYET 00 YCHICHHU
MPOAYKIIMK aKTHBHBIX (OPM KHCIOpOAa B KPOBH
MO/ BJIUSHUEM OCTPOM TUmokcuu. B criBOpoTKe
KpoBU akTUBHOCTH COJ] mocIie THIIOKCHH PacTeT C
HEKOTOPOH 3a7iepkKoii (depe3 1 "yac mocie Tumnok-
CHU HET JOCTOBEPHOro U3MeHeHus) 10 44% mo ot-
HOIIIEHUIO K MHTAKTHBIM JKUBOTHBIM.

AKTUBaIUs AHTUOKCUJIAHTHOM CHUCTEMBI SIB-
JISIETCA aJalNTUBHOM peakiueil Ha yCUJIEHHE CBO-
00THOpaIUKATLHBIX MPOIECCOB B KPOBU JIJIS MPO-
THUBOJCUCTBUS OKHUCIUTEIBHOMY TIOBPEXKICHUIO
MeMOpaH 3pUTPOIUTOB — HAPYIICHUIO MX (PyHK-
uMil. YcuiieHue nporecca NeEPEKUCHOro OKUCIEHUS
JTUTUAOB, KaK B DPUTPOIUTAX, TaK M CHIBOPOTKE
KPOBH TOCJI€ TUIIOKCUU BBISBICHBI B U3MEHEHUSIX
CO/IepXKaHUS TMPOMEKYTOYHOTO TPOAYKTa 3TOTO
mporiecca ManoHoBoro auanbaeruaa (M/IA). Kak
BHJIHO U3 TaOJuIbl, conepxkanne MJIA uepe3 dac
MOCJIe TUTIOKCHUHU BBIPOCIIO B CBIBOPOTKE U APHUTPO-
nmutax Ha 25,2% u 15,5%, COOTBETCTBEHHO, OT
YPOBHSI ISl MHTaKTHBIX JKUBOTHBIX. Yepes 3 waca
MocJje TUMOKCUU IpeBbllIeHre coaepxanus MIA
B 000MX KOMITapTMEHTax cocTaBuiio ~40% 1o oT-
HOIIICHHUIO K KOHTPOJHHBIM JKUBOTHBIM. [lanpHei-
niee HaOJIIO/ICHUE MTOKA3bIBACT, YTO Uepe3 6 4acoB
MocJie TUTIOKCHH, HECMOTPSI Ha BBICOKUN yPOBEHb
aktuBHocTu COJl MmO CpaBHEHUIO ¢ MHTAKTHBIMHU
JKUBOTHBIMH, coepkanre MJIA B CBIBOPOTKE CTa-
Oomnmsyercs (J1ake MMeeTcsl HeKOTOPOe CHIDKEHHE
[0 OTHONICHWIO K MPEBIAYLIEMY YpPOBHIO), a B
SPUTPOLIUTAX TPOJAOIDKAETCA HakorieHue MJIA,
JlocTurast ypoBHs Ha 62,5% Bblllie, 4eM KOHTPOJIb-
HBbIH YPOBEHb.
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Tadanna 2 — Bausaue ocrpoii runokenu (OI') Ha mokasaTenn MepeKUCHOTO0 OKUCIICHHS JIUIHU0B M aHTHOKCHIAHTHOW 3aIllUTHl Y

HE3peIbIX KPOJINKOB (3 Mecsna)

[Toxazarenu
VYenoBus SKCIIepUMEeHTa MAA coa
ChIBOpOTKa OpUTPOLIUTI CbIBOpOTKa OpUTPOLIUTBI
(MKMOJTB/JT) (MKMOJIB/JT) (ycn.en./m) (ycm.en./mi cycrt.)
WHTaKkTHBIE (KOHTPOIB) 8,68+0,78 52,25+6,61 97,8+8,3 110,5+9.8
UYepes 1 4. mocne I'TT 10,87+0,89* 60,3745,72%* 83,0+7,2 138,1+11,6%*
Yepes 3 u. nocine I'T1 12,23£1,18%** 73,13+6,07** 132,3+11,7* 143,4+13,1*
Yepes 6 4. mocie ['T1 10,91+1,14* 84,91+7,11*%* 140,9+10,8** 131,9+11,2%

JuHamMuKa aHTHOKCHUJIAHTHOM peaKiuu 3pUTPO-
LIUTOB U CHIBOPOTKU KPOBH IOCJIE€ OCTPOI THIIOKCUHU
B TeUeHHe 6 4acoB OKa3bIBaeTcs paziuyHON. B chbI-
BOPOTKE, TTO-BUANMOMY, O1aroaapst 6ojee BICOKOM
E€MKOCTH AHTHUOKCUJAHTHOM 3allUThl, K KOTOPOI
MIPUBJICUYCHBI Kak (epMEHTHBIC, TaK U HepepMeHT-
HBIC COCTABJISIONINE, MPOUCXOMUT TIOCTEIICHHOE
3aMeJICHHE CBOOOHOPAJMUKAILHOIO OKHCICHHUS,
9TO TpemoxXpaHseT MeMOpaH (hOPMEHHBIX JJIEMEH-
TOB KPOBH, B TOM YHCIIE JPUTPOIIUTOB, OT OKHC-
JUTENBHOrO TOBpekAcHUs. Hamo oTMeTuTh, 4TO
AHTHOKCHJIAHTHBIA TIOTEHIIMAJ CHIBOPOTKH KPOBU
MOJKET OBITh TIOBBIIICH 3a CUET «OeJIKOBOM Oydep-
HOW CHCTEMbD» ILIA3Mbl, CIIOCOOHON WHAKTHBHPO-
BaTh KHCIJIOPOTHBIE PauKaibl, 00pa3yromuecs npu
runokcuu [22]. B apuTporuTax 3a 3TOT Ke MEPHO]T
BPEMEHH CKOPOCTh 00pa30BaHUsI MEPEKUCHBIX TIPO-
JYKTOB TIPOJIOJDKAET PACTH, HECMOTPSI Ha IOCTATOY-
HO BBICOKMIH YpPOBE€Hb aHTMOKCHJIAHTHOW aKTUBHO-
CTH T10 CPAaBHEHHIO C MHTAKTHBIMU JKUBOTHBIMH.

TokcuyHBIE TPOAYKTHI CBOOOIHOPAIMKAIBEHO-
rO OKWCIICHUS, HAaKOIUICHHBIE B CHIBOPOTKE KpPO-
BU, SIBJISIFOTCS YrpoO30H IEJIOCTHOCTH MeMOpaH
SPUTPOIUTOB, COOTBETCTBEHHO, MOTYT BIIHMATH Ha
X (PyHKIMOHAIBHOE COCTOsIHUE. V3MeHeHwus co-
OTHOIIICHUSI TIPO- U AHTUOKCHJIAHTHBIX (DAKTOPOB
B CHIBOPOTKE (TUTa3Me) WTPAIOT BaXXHYIO pOIb B
KHCIIOPOA-TPAHCIIOPTHON (YHKITUH, TIOITOMY II0-
CTYIJIEHUEM JOTOJIHUTEIBHOIO KUCIOpOAa B KPOBb
MOKHO TECTHUPOBATh aJallTAllHOHHBIA TMOTEHITHAI
PEAOKC-CUCTEMBI K JEHCTBUIO TMIIOKCHU. MBI H3y-
YK BIIASIHUE (PU3NUECKON HArpy3KH, Kak (pakropa
YCHIIMBAIONIETO MOTPEOIIeHNEe KUCIOPOoa OpraHm3-
MOM, Ha aHTUOKCHJIAHTHYIO aKTHBHOCTH CBIBOPOTKHU
KPOBH Y )KMBOTHBIX, TIOJIBEPIKEHHBIX OCTPOM TUTIOK-
cun. beum m3Mepensr aktuBHOCTH COJl 1 oOmias
aHTHOKcHJaHTHas akTUBHOCTH (OAA) ChIBOPOTKH
yepes 1, 3 u 6-4acoBbIX HHTEPBAJIOB BPEMEHHU MOCTIE
10 munyTHOTO Oera B OapabaHne. Pe3ynbTars! npea-
CTaBJIEHBI B TA0IHIIE 3.

Pactymas co Bpemenem aktuBHOCTH COJ] B
CBIBOPOTKE I0CJIe TUNIOKCHU (OCOOCHHO K 3 4acy)
YKa3bIBaeT Ha peajn3aliio MeXaHu3Ma aIarTalliu
K THIIOKCHYIECKOMY COCTOsIHMIO. OO0IIast aHTHOKCH-
JTAaHTHAas aKTHBHOCTh CHIBOPOTKH KPOBH, B KOTOPOW
MIpeBAIMPYEeT aKTUBHOCTH IEPOKCHIA3HBIX peak-
Ui, Tociie TOBBIMIEHHs 3a 1 Jyac mocie rUmoKCUn
puOIrKaeTesl K 0a30BOMY YPOBHIO (JUJIsI MHTAKT-
HbIX XKUBOTHBIX OAA cocrasmsuia 2,75+0,29 ycn.
€/1.) B TOCJIeIyIOIINE Yachl, YTO TaKKe TOBOPUT 00
aJaNTallMOHHOM XapaKTepe W3MEHEHUH OKCHJIAHT-
AHTHOKCUIAHTHOW CHCTEMBI.

dusnyeckas Harpy3Ka Mocie MpeabIBICHUs TH-
[TOKCHU MTPUBOJIUT K MOBBIIIIEHHIO akTuBHOCTH COJ]
B chiBOpoTke Ha 19,9% B Teuenue 1-ro yaca, a no-
kazarenb OAA HesHauntenpHO cHIKaercs (10,2%,
npu p>0,05). B 3-m uwacy mocne ¢uznyeckoir Ha-
rpy3ku akTUBHOCTb COJl y TMIIOKCHPOBAaHHBIX >KH-
BOTHBIX XOTS M YBEJIHMUUBACTCS TOCTOBEPHO (24,3%,
p<0,05) o oTHOIIEHUIO K YPOBHIO B 1-M yacy, HO J0-
CTOBEPHOTO Pa3JINMs MO0 OTHOIIEHHUIO K YPOBHIO JI0
(bu3ryecKoil Harpy3KH He TIOKa3bIBaeT (YMEHBIIICHHE
Ha 4,8% npu p>0,05). AHTHOKCUIAHTHAS peaKiys
CBIBOPOTKH KPOBH TUTIOKCHPOBAHHBIX KHMBOTHBIX Ue-
pe3 6 yacoB nocie GprU3NIECcKoi Harpy3Ku 1o 000uM
nokazaremsiM (COJ] u OAA) ykasbiBaeT Ha TO, 4TO
a/IanTalMoHHast CTIOCOOHOCTH KPOBH «COPBaHay, T.e.
OpraHu3M HE MOKET OTBETHUTH Ha JIOTIOTHHUTENbHBIN
[TPOOKCHUIAHTHBIH BKJIAJI, CBSI3aHHBIN C TOBBINICHHBIM
notpediieHreM kuciopoaa. CHIKeHHE aKTHBHOCTH
CO/] na 15,3% (p<0,05), obmieit aHTHOKCUTAHTHOM
aktuBHocTH Ha 23,8% (p<0,05) mo cpaBHEHHIO C
YpOBHEM 110 (PU3UYECKOW HArpy3KH CBUIECTEIHCTBY-
0T 00 MCTOINEHHHM €MKOCTH aHTHOKCHJIAHTHOW 3a-
LIUTHI KpOBU. [IMHaMUKa aHTUOKCHUIAHTHOTO OTBETA
KpPOBH TUIIOKCUPOBAHHOT'O HE3PEJIOro OpraHu3Ma Ha
(du3ryecKkyr0 Harpy3Ky OOHapy>KHBaeT HEYCTOWYH-
BOCTb OKCHJIAHT-aHTUOKCUIAHTHOMN CHCTEMBI B paiio-
He 3-6 4acoB MOCJIE MOCIEA0BATENILHOTO MPEIbSIBIIEC-
HUSI OCTPOU TMIIOKCUH U (PU3MUECKOH HArpy3KH.

161



T'oMeocTarnueckre U OKUCIUTEIIbHBIE ITOKA3aTeIIn KPOBH Y HE3PEJIOTO OpraHu3Ma Imocjie OCTpOﬁ TUIIOKCUH

Taéanua 3 — Biusiaue ¢u3nueckoil Harpy3ky Ha OKCHJAHT-aHTHOKCHIQHTHBIH OaaHC B CBIBOPOTKE KPOBH y KPOJIMKOB, OJIBEPT-

muxcs K octpoii runokcun (OI)

[Toxazarenu
VenoBus skcriepuMeHTa Jlo ¢pusmueckoii Harpy3ku [ocne ¢pusnygeckoit Harpy3Ku
OAA (ycn.em.) CO/], (MxMOI1B/11) OAA (ycn.em.) CO/I (MxMoOJ1B/1T)
Yepes 1 4. mocne OI" 3,25+0,27 84,5+6,9 2,95+0,26 101,3+8,0*
UYepes 3 4. mocie O 2,91+0,21 132,3+11,7* 2,81+0,23 125,949,3*
Yepes 6 4. mocie O 2,69+0,18%* 140,9+10,8* 2,050,197 119,4+9,5*

TectupoBanue ¢Qu3nyeckoil Harpys3koil He-
3peNoro OpraHu3Ma, IMOABEPKEHHOTO OCTPOH T'H-
MOKCHUH, BBIABUJIO ClIeAyIOllee. XOTs BaKHEHIIue
FOMEOCTATUUYECKUE TOKA3aTeNId KPOBH, TaKUE Kak
YPOBHH TIIIOKO3BI, JIAKTaTa, TeMoriaoouna, pH xpo-
BH OTBEYAIOT HAa BPEMEHHOE OTPAHUYCHUE IMOCTY-
IUICHUS KUCIIOPOJIa M3MEHCHUSMHU B (PU3UOJIOTH-
YeCKUX JUara3oHax, OAHaKo, (hakT OOHapyKeHHS
HEYCTOWYHUBOCTH B CBOOOTHOPATUKATILHOMN CHCTEME
KPOBU BHOCUT HEKOTOPYIO HCOJITHO3HAYHOCTh B J0-
CTIDKEHHE TOMEOCTATHYECKOTO PaBHOBECHS CHCTe-
MBI KPOBH 32 CUET DHIOTCHHBIX PECYPCOB MPH IEH-
CTBUM HeOnaronpusTHOro daktopa. [lo-Buaumomy,
[0 MCTEYCHUH OTIPENICICHHOTO KPUTUIECKOTO Bpe-

MEHH MOKET ITOTPeOOBATHCSI IPUMEHEHNE K30TeH-
HBIX CPEICTB, TAKMX KaK aHTHOKCUIAHTbI, aHTUIH-
MOKCaHThI [24,25].

Takum 00pa3oM, pe3yabTaThl HAIIUX SKCIEPH-
MEHTOB IOKAa3bIBaIOT BBICOKYIO UYBCTBHUTEIBHOCTh
K BHCIIHHM CHJIBHBIM BO3JCHCTBUSIM CHCTEMBI
KpOBU M €€ BaXHEHIINX (PU3MOIOTHUECKUX, OMO-
XUMHYECKUX M MOP(OIOTHIECKUX COCTABIISIFOLINX
Ha paHHUX dTallaX NOCTHATAILHOTO PA3BUTHSI Opra-
Hu3Ma. biaarogaps Takoi cnocoGHOCTH KPOBHU B Op-
raHU3ME CO3JAl0TCs HAJEKHBbIC BO3MOXKHOCTHU IS
ajanTanui HeONaronpusTHBIM (pakTopam BHEUTHEH
CpeZbl U CIOKHBIM (PU3MYECKUM JCHCTBUSAM CaMOT0
opraHusma.
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FEATURES OF AMYLASE INHIBITORS
IN WHEAT GRAINS

The grains of cereal are able to synthesize and store various protein inhibitors of proteases and amy-
lases. Despite some scientific breakthroughs, there is insufficient information about -amylase/subtilysin
protein inhibitor of wheat grains. Furthermore, when baking bread from germinated wheat grains, the
excess activity of a-amylase, which contributed to the restoration of its quality, is suppressed by an in-
hibitor added from the outside.

In our work, the localization of the a-amylase protein inhibitor (Pl) in the endosperm and peripheral
parts of the grain (shell, aleurone) was determined. In the endosperm, the protein may be free or associ-
ated with starch granules. No inhibitor detected in the germ of grain. Pl inhibits the catalytic center of
AmyTa-amylase of wheat grain, having little influence on the center responsible for the binding of the
enzyme to starch granules. The activity and composition of a-amylase in nine samples of wheat meal
with high autolytic activity were analyzed (the number of falls is from 248 to 72). FN 91 sec grist showed
the most heterogeneous spectrum to the effect of mixtures of wheat’s inhibitor and raw extract from
grain bran that were taken from the previous studies on a-amylase enzyme. The results of the experiment
showed that exposure to the addition of two drugs of purified and raw inhibitors to grist extract with a
low number of drops led to a decrease in the activity of a-amylase (Amy1). The novelty of the work was
found to inhibit the localization of protein inhibitors and the catalytic center of wheat a-amylase.

Key words: wheat, germination, growth, protein inhibitor, a-amylase, aleurone, Falling number.
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buaai A9HAEpiHAEeri aMMAa3a MHTMOMTOPAAPDIHbIH, epeKLueAikTepi

ACTbIK, ABHAEPI MpoTeasarap MEH aMMAa3aAaPAbIH SPTYPAI aKybl3 MHIMOUTOPAAPbIH CUHTE3AEYTE
>KOHe >KMHakTayra KabireTTi. Keibip fbIAbIMM >KETICTIKTEpre KapamacTaH, GuAam ASHIHIH, aKybl3
MHIMOUTOPbI 0-aMUAA3a/CyOTUAMBMH TypaAbl akmapart >eTkiAikci3. CoHbIMeH Kartap, eHreH 6uaan
ABHIHEH HaH micipreH Ke3ae OHbIH camnacblH KaAMblHA KEATIpyre bIKMaA eTKeH o-aMMAa3aHblH apTblik,
GEACEHAIAITIH CbIPTTAH KOCbIAFAH MHIMOMTOP apKblAbl 6acaAbl.

Bi3AiH >KYMBICBIMbI3AQ 3HAOCMEPMAETT XXOHEe ABHHIH nepudepusabik GeAikTepiHaeri (kabbik,
aAerpoH) a-amMAasa akybi3Abl MHIMOUTOPbIHLIH (AM) AOKaAM3aUMSCbl aHbIKTaAAbl. DHAOCTIEPMAE
aKybl3 60C KyMiHAE Hemece KpaxMaA TyMipulikTepiMeH accoumaumsinaHFaH 6GOAYbl MYMKiH. YpbiK,
GOAIriHAE MHIMOMTOP aHbiKTaAMaAbl. AWM Kpaxmaa TyiipluikTepiMeH ¢epMeHTTiH 0GaiAaHbICyHa
>KayanTbl OPTaAbIKKA a3 bIKMaA €Te OTbIpbiM, OMAat ASHIHIH AmMy1 a-amMAa3acCbiHbIH, KaTaAMTUKAABIK,
OPTaAbIFblH TeXeMAl. ABTOAMTMKAABIK OEACEHAIAIr >XOFapbl OMAQ YHbIHbIH TOFbI3 YATICIHAETI
0-aMMA@3aHbIH BEACEHAIAITT MEH KOMIMOHEHTTIK Kypambl TaaAaHAbl (Tycy caHbl 248-AeH 72-re AeniH).
AAAbIHFBI 3epTTeyAepAe OeAin aaraH OMAal MHIMOUTOPbLIHBIH KOCMaAapbl KeHe AdH KeberiHeH
AAbIHFaH LUKMKI CbIFbIHABIHBIH 0-aMMAa3acbiHa hepmeHTiHe acepiHe TC 91 cek WPOT eH reTeporeHAi
cnekTp KkepceTTi. Taxxiprbe HaTuxXeAepi TeMeH Tycy caHbl 6ap WPOT CbIFbIHABICbIHA Ta3aPTbIAFAH XKoHe
LUMKI MHTMOUTOPAAPAbIH €Ki npenapartbiH KOCY apKbIAbl 9cep eTy a-ammnAasa (Amy1) GeACEHAIAIriHIH
TeMeHAeyiHe oKeAAi. JKyMbICTbIH >KaHAAbIFbl aKybl3Abl MHIMOMTOPAAPAbIH  AOKAAM3aUMSICbl MeH
O6MAANABIH 0-aMMAA3AChIHbIH, KATAAMTUKAABIK, OPTAAbIFbIH TEXKEMTIHI aHbIKTAAAbI.

Ty¥in ce3aep: 61Aan, eHy, Micin >KeTiAy, aKkybl3Abl MHTMOUTOP, a-amMMAa3a, aAMPOH, TYCY CaHbl.
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OCo6eHHOCTU MHTMOUTOPOB aMHMAA3bI B 3ePHE MLLEHMULLbI

3epHOBKM 3AAKOBbIX CMOCOOHbI CMHTE3UPOBATb M HaKamAMBaTb pa3HOOOpasHbie GEAKOBbIE UHIM-
6GUTOpbI NpoTeas M ammnaas. HecMoTps Ha HEKOTOpble HayuHble AOCTUXKeHUS, uHgopMaumMn o6 MH-
rmbutope GeAka 3epHa MieHWLbl a-ammrAase/cybTnAnsmHe HepocTaTouHo. Kpome Toro, msbbitouHas
AKTMBHOCTb 0-aMUA@3bl, COCOHCTBOBABLLIAS BOCCTAaHOBAEHMIO €€ KauecTBa Npw Bbineyke xAeba 13 npo-
POLLEHHbIX 3€PEH MLIEHWULbI, MOAABASIETCS BHELLHE AOOGABASIEMbIM MHIMOUTOPOM.

B Haweit paboTe ycTaHOBAEHA AOKaAM3aLms 6eAKOBOro nHrnbutopa (bW) a-amraasbl B sHAOCTEP-
Me 1 B nepudepuiHbIX YacTax 3epHOBKM (0O0AOYKM, aAerpoH). B 3apoabileBoi yactm MHrMbUTOpP
He o6Hapy»eH. B MHrMOMpyeT KaTaAMTUYECKUIA LLEHTP a-ammAasbl AMUT 3epHa MeHULLbl, MPU 3TOM
MaAO 3aTparueas LeHTp, OTBETCTBEHHbIN 3a CBs3blBaHMe (hepMeHTa C rpaHyAamm Kpaxmaaa. [poaHaam-
3MPOBaHbl aKTUBHOCTb M KOMMOHEHTHbI COCTAB 0-amMMAa3bl B AEBATM obpasLiax MileHUYHOro wpoTa C
MOBbILIEHHOM aBTOAMTMYECKOM akTMBHOCTbIO (YT oT 248 A0 72). Bce 06pasupl, HO B pasHoi CTenexwu,
coaepxkaan 06e mnzorpynnbl — AMM1 (a-ammaasbl «npopactaHms» 1 AMmn 2 (a-aMmnAasbl «CO3PEBAHUS).
Pe3yAbTaTbl 3KCreprmeHTa nokasaam, 4To aobGaBAeHue 060MX MpenapaToB MHIMOMTOPOB, Kak OuM-
LEHHOro TaK U rpyboro, K 3KCTPaKkTy LWpPOoTa C HU3KMM YT NPUBOAMAO K MOAABAEHUIO -aMMAA3HOW
(AMMT) akTMBHOCTU. HOBM3HOM paboTbl CTaAa AOKaAM3aLMst 6EAKOBbIX MHTMOUTOPOB M MHIMOMPOBaHUE

KaTaAUTNYECKOro ueHTpa a-aMnAa3bl NMiieHnubI.

KAroueBble cAOBa: MileHNLa, BCXOXXECTb, CO3peBaHne, 6EAKOBbIN MHIMOUTOP, o-aMrAa3a, aAeMpPoH,

UYMCAO MAAEHMS.

Introduction

Inhibitors are different substances of a protein
nature. They have the ability to inhibit the proteolyt-
ic activity of certain enzymes. That is why they are
also called as protease inhibitors. Furthermore, we
can name protease inhibitors as digestive enzymes.
This group includes enzymes such as o-amylase,
chymotrypsin, trypsin, pepsin [1].

Substances of protein nature make up the larg-
est group of enzyme inhibitors, and the most studied
in terms of its composition are proteins that inhibit
the activity of proteases [2]. Protein inhibitors form
complexes with stable proteolytic enzymes under
physiological conditions, in which the enzyme com-
pletely or partially loses its activity. In addition,
several dozen protein inhibitors that suppress the
activity of trypsin, chymotrypsin, carboxypeptidase,
kallikrein, elastase, plasmin and other proteolytic
enzymes have been identified and studied. Most
of them were obtained in a homogeneous crystal-
line state. The molecular masses of protein inhibi-
tors range from several thousand to several hundred
thousand, but they are mainly composed of proteins
with a molecular weight of about 6000 Da. Many
enzyme inhibitor proteins are glycoproteins. At the
moment, the initial structures of several dozen in-
hibitors have been discovered. Among them, we can
mention trypsin inhibitors I and II of the pancreas

of pigs and cattle, soy, peanut and bean inhibitors
isolated from snake venom, lima beans and pine-
apple proteinase inhibitors [3,4]. Cereal grains are
able to synthesize and accumulate various protein
inhibitors of proteases and amylases. These proteins
are usually divided according to their structure and
ability to inhibit certain classes of enzymes. To date,
serine-proteinase inhibitors are the best studied,
most of which have several inhibitory domains. In
storage organs such as seeds and tubers, inhibitors
accumulate during embryogenesis and maturation.
It is assumed that in the event of damage or attack
by the pathogen and insects, they can perform a pro-
tective function [5].

Protein inhibitors against endogenous a-amylase
have been relatively little studied. The first group
of inhibitors usually refers to the components of the
plant defense system. The physiological role of in-
hibitors of the second group is to regulate the activity
of the endogenous enzyme during the ripening pe-
riod of the grain [6,7]. Among the a-amylase inhibi-
tors of cereals, the most popular is the bifunctional
o — amylase/subtilisin inhibitor (BASI), which was
first found in barley grain [8]. The inhibitor is able to
suppress the activity of barley a-amylase and serine
protease of microorganisms. Further, BASI-like in-
hibitors have been found in the seeds of some other
cereals. Currently, the functioning of these proteins
and their regulation for practical use are being inten-
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sively studied [9,10]. Similar BASI inhibitors were
later found in the seeds of several other cereals, in-
cluding wheat (Wasi) [11]. These two functional in-
hibitors are currently combined into one group of
proteins — ASI [12].

Despite some progress, research on the wheat
grain a-amylase protein inhibitor remains very in-
sufficient. Kazakhstan, being one of the main pro-
ducers of high-quality wheat grain in the world, an-
nually loses from 10 to 30% of the crop due to the
uncontrolled synthesis of a-amylase, which causes
PHS [13].

Data on inhibitor properties and regulation, as
well as methodological approaches in the study of
inhibitors from other cereals, were useful for our
work with the wheat a-amylase inhibitor. Analysis
of general literature sources allows us to draw con-
clusions about the prospects of the chosen direction
of research.

One of the main defects of flour is high autolytic
activity (AA), which indicates an increase in the ac-
tivity of enzymes, especially a-amylase[14]. Most
often, such flour is obtained from sprouted or fro-
zen grain. In the production of bread, AA is usually
reduced by methods such as hydrothermal process-
ing to inactivate excess a-amylase, acidification of
dough with liquid yeasts, lactic enzymes, lactic acid,
etc. [15]. These methods have both advantages and
certain disadvantages. In addition, the cereal itself
is rich in various substances — regulators of enzyme
activity. These include substances of protein, carbo-
hydrate and phospholipid nature [16,17].

Bread baked from such flour will have a sticky
crumb, reduced in size, indistinct in shape. In this
regard, it is very important to develop ways to im-
prove the quality of bread made of defective flour.

Based on the above data, we determined the lo-
calization of the a-amylase protein inhibitor in the
endosperm and peripheral parts of the grain (shell,
aleurone, germ part). Moreover, we also determined
the effect of the protein inhibitor on the binding of
the enzyme to starch granules. The number of drops
of different wheat varieties grown in Kazakhstan has
been determined as well. The activity and component
composition of a-amylase inhibitors in nine samples
of wheat flour with high autolytic activity were ana-
lyzed (the number of drops is from 248 to 72).

Materials and methods
As objects of research, wheat grains in a dor-
mant state, various wheat varieties (7riticum aesti-

vum L.) bran, aleurone, embryonic part, wheat meal,
starchy endosperm were obtained.
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Isolation of the o-amylase inhibitor

Wheat grains in a dormant state were planted
in petri dishes. Further, on day 4, the sprouted part
were removed separately. Plant material (wheat
grains, grinded grain, bran, flour, germ part, etc.)
was extracted at pH 5.0 with 0.05 m acetate buf-
fer with Smm CaCl, in a 1:3 ratio. After stirring for
1 hour at +4°C, the mixture was centrifuged for 15
minutes at 3000 rpm. The supernatant was used as
a source of the a-amylase inhibitor. To remove the
associated o and B amylases, the extract was heated
at 75° C for 10 minutes, then quickly cooled and
centrifuged [18].

Determination of inhibitory activity

The determination of antiamylase activity was
carried out by adding 1 mm CaCl, at pH-8.0 (50
mm phosphate buffer) [19]. Then, the inhibitor and
a-amylase were reacted in a 1: 1 ratio. 1 ml of starch
was used for each sample as a substrate. After 10
minutes of incubation, 100ml of Iodine solution
(0.005% 1,/ 0.05% KJ) was added. The spectrofo-
tometer carried out measurements with a length of
320 nm [20].

Insulation of starch granules

Starch granules (SG) were separated from finely
grinded wheat flour by repeated decanting and cen-
trifugation in distilled water. The resulting raw SG
preparation was washed three times with ethanol,
dried at 35 ° C for 48 hours and stored at room tem-
perature [21].

The experiments and measurements of enzyme
activity were performed three times. Furthermore,
the experiment data were statistically calculated in
Microsoft Excel and their standard deviations were
shown.

Results and discussion

Amount of a-amylase inhibitor in different parts
of wheat grain

At the first stage of the work, we studied the lo-
calization of the protein inhibitor in various anatom-
ical parts of the wheat grain. According to barley
grain research data, the synthesis of the endogenous
a-amylase inhibitor is maximum during the period
of full ripening. In this regard, the analysis of the
quantitative content of the o-amylase inhibitor of
wheat was carried out on the mature, dormant grain
(“Kazakhstan 10”).

Several grain fractions were obtained using the
SD1 roller mill (Chopin, France). Fraction 1 had
mainly shells and aleurons, fraction 2 had germ
particles, germ shield and subaleyronic layer of the
endosperm, and fraction 3 had white flour consist-
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ing only of starchy endosperm. Whole grain pow-
der (grist) was obtained using a laboratory mill ML
3100 (Perten, Sweden). The resulting grist consists
of homogeneous particles, the size of which does
not exceed 80 micrometre.

The content of inhibitors in isolated grain frac-
tions was determined by its antiamylase activ-
ity. The highest inhibitory activity was seen in the

starchy endosperm (2700 enzyme unit/ mg protein);
in the peripheral parts of the endosperm and in the
germ part, the inhibitor was present in a slightly
smaller amount (2330 enzyme unit/mg protein). The
smallest amount of it is contained in grain shells and
in the aleurone layer (1980 enzyme unit/ mg pro-
tein) was. Inhibitory activity in whole grains 2680
enzyme unit/ mg made up protein. (Figure 1).
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Figure 1 — Amount of a-amylase inhibitor in different parts of wheat grain (1-starchy endosperm,
2 — germ and subaleurone layer, 3 — grain shell and aleurone, 4-whole grain)

However, it remained unclear whether the inhib-
itor protein was present in the germ part, since the
2-bran fraction contains the outer layer of the endo-
sperm in addition to this tissue. For this purpose, the
embryos were isolated in organic solutions by flota-
tion method, the extracts from which did not show
inhibitory activity. Consequently, the activity of 2
bran fractions is expressed by an inhibitor derived
from the endosperm.

Currently, it is not clear whether the presence
of an inhibitor affects the binding of a-amylase to
starch granules. For more information content, the
study conducted a comparative experiment using
two other known carbohydrate-based a-amylase in-
hibitors, B-cyclodextrin and acarbose.

First, the effect of 3 types of inhibitors on the hy-
drolysis of soluble starch a-amylase Amy1 of wheat
was studied. To do this, equal aliquots of the puri-
fied enzyme were pre-incubated for 10 minutes at
a temperature of 30°C with different concentrations
of inhibitors. determination of a-amylase activity
was carried out according to the following standard

procedure [22]. From the graph (Figure 2A) we can
see that the inhibitory effect of B-cyclodextrin on
substrate decomposition is very weak. In contrast,
a protein inhibitor derived from grain and acarbose
showed a high inhibitory effect. And the oligosac-
charide had a fairly high effect, especially in the
highest concentrations (almost 100%).

A different result was observed when using
starch granules as a substrate. To do this, a-amylase
Amy1 was pre-incubated with the studied inhibitors
(1 pg each) at 30°C for 10 minutes. Then, commer-
cial granulated wheat starch (Sigma-Aldrich) with a
pH of 5.1 50 mg in 2 ml of 0.05 m acetate buffer was
added to the samples. The mixture was incubated for
10 hours by slowly whisking in a shaker at 30°C.
the degree of sorption (binding) of a-amylase was
estimated by the amount of protein measured using
the Lowry method every 2 hours remaining in the
medium.

From the graph shown in Figure 2B, it can be
seen that B-cyclodextrin significantly (up to 90%)
inhibited the binding of a-amylase to starch gran-
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ules. In contrast, acarbose and grain inhibitor did not
show such an inhibitory effect. It should be noted
that in the last hours of incubation (8-10 hours),

there was no increase in sorption of the a-amylase
inhibitor, which may be due to partial breakdown of
the enzyme-inhibitory complex.
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Figure 2 — The effect of various inhibitors on the hydrolysis of soluble starch (A)
and the binding of a-amylase Amy1 to granular starch (B)

The data obtained indicate differences in the
action of different types of a-amylase inhibitors.
B-cyclodextrin prevents the enzyme from binding to
starch granules, but has not inhibited the hydrolysis
of soluble starch. Acarbose and a protein inhibitor
from wheat grain suppressed hydrolysis of the sol-
uble substrate with a-amylase, but did not affect its
sorption in starch granules.

As noted above, there are at least 2 active cen-
ters in the structure of a-amylase, one of which

170

carries out the hydrolysis reaction (catalytic cen-
ter), the other is responsible for the interaction of
the starch granules of the enzyme (binding center).
With this in mind, we can conclude that a pro-
tein inhibitor of wheat blocks the catalytic site of
a-amylase without significantly affecting the bind-
ing site. In terms of its effect on the enzyme, the
bifunctional inhibitor is similar to acarbose oligo-
saccharide, but differs from another carbohydrate
inhibitor — B-cyclodextrin.
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Effect of a-amylase inhibitor on flour amylase
activity

One of the most important indicators of wheat
flour in baking is autolytic activity (AA), which
varies widely depending on the weather, climatic
and soil conditions of grain cultivation[23]. Unfa-
vorable conditions for the ripening or preservation
of the grain provoke its germination, accompanied
by an increase in the activity of enzymes, mainly
a-amylase. To assess the autolytic activity of flour,
the Hagberg method is used, in which the Falling
Number (FN) is determined — the viscosity indi-
cator [24,25]. The higher the autolytic activity of
the flour, the lower the viscosity of the slurry and,
accordingly, the lower the value of the number of
falls (in seconds). For wheat flour, the optimal value
for the number of falls is considered to be 250 s.
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When the numbers decrease for less than 250 sec-
onds, the bread turns out to be of poor quality, low
in shape, sticky and shapeless. We analyzed the
activity and component composition of a-amylase
in nine samples of wheat flour with high autolytic
activity (FN 248 to 72). In previous studies, the ef-
fect of isolated wheat inhibitor supplements and raw
extract from grain bran on the a-amylase of FN 91
sec grist with the most heterogeneous spectrum was
studied. Taking into account the thermal stability of
the inhibitor, a bran extract without amylase activity
was obtained by preliminary 10-minute processing
at a temperature of 80°C. The results of the experi-
ment led to a decrease in the activity of a-amylase
(Amy1) by adding two drugs of purified and raw in-
hibitors to the grist extract with a reduced number of
drops (Figure 3).

iIi - IIII-II‘ |
2 3 4 5 6 7 8 9

B Non germinated part of wheat grain

H Total wheat meal (grist)

Figure 3 — Activity of the non germinated part of wheat grain (aleurone) and total wheat meal (grist)
inhibitor number of drops:1-248s,2-237s,3-220s,4-204s,5-179s,6-175s,7-171s,8-91s, 9-72s

Thus, the data obtained make it possible to use a
protein inhibitor of endogenous a-amylase, as well
as processing residues of grains consisting of an in-
hibitor (for example, bran) to correct flour with high
autolytic activity and improve the quality of bread.

Conclusion

The localization and content of the a-amylase
protein inhibitor in wheat grain, as well as the par-

ticipation of various endogenous factors in the regu-
lation of its activity, were studied. It has been found
that the inhibitor is present both in the starchy en-
dosperm and in the peripheral parts of the caryopsis
(shell, aleurone). In the endosperm, the protein can
be in a free state or bind to starch granules. No in-
hibitor was found in the germinal part.

In a comparative plan, the effect of carbohy-
drate inhibitors (B-cyclodextrin, acarbose) and the
protein inhibitor a-amylase on granular starch bind-
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ing and hydrolysis was studied. It has been found
that the protein inhibitor inhibits the catalytic center
of a-amylase Amyl in wheat grains, while having
little effect on the center responsible for binding the
enzyme to starch grains.

Both refined and raw preparation of the inhibitor
effectively suppress the Amyl isoenzymes of wheat
flour with a number of drops. The results obtained
make it possible to use protein inhibitors of endog-
enous a-amylase, as well as grain processing resi-
dues consisting of them (for example, bran) to cor-

rect flour with high autolytic activity and improve
the quality of bread.
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POAb MUPHK B PA3BBUTUU
BUIMOASAPHOIO PACCTPOUCTBA YEAOBEKA

BuUnoAsipHoe paccTporCcTBO — 3TO MCUXMUYECKOe 3ab0AeBaHMe, BbipaXkatloLleecs B MOBTOPSHOLMX-
CS MaHMAKaAbHbIX, AENPECCUMBHBIX M 3YTUMHbIX (HOPMaAbHbIX) ha3ax YeAOBeveckoro noseaeHus. Pas-
AMYHbIE UCCAEAOBAHMSI OBHAPYXKMAM, UTO M3MEHEHMS SKCMPECCUU MAM MyTaLmM ONPeAEAEHHbIX FeHOB
BOBAEUEHbI B MPOrpecc 3Toro 3aboAeBaHusl. ITU reHbl KOAMPYIOT GEAKM, YyUaCTBYIOLIME B Nepeaaye
HepBHbIX MMMYAbCOB (Takue, Kak HEMPOMEAMATOPbI, MOHHbIE KAHAAbI U T.A.), SHAOKPUHHOWM PEryAsLmm
HaCTPOEHMS 1 APYrUX npoueccax. Kak Mbl 3HaeM, 3KCMPeccusl MHOrmMx 6eAOK-KOAMPYIOLLMX FreHOB Ye-
AOB€Ka Ha NoCT-TPaAHCKPUMNLMOHHOM YPOBHe peryanpyetcs ¢ nomolbio MmPHK (MrkpoPHK), koTopble
cBsi3biBaloTCst ¢ MPHK reHoB 1 6AOKMpPYIOT Mx TpaHcAdumio. HeaaBHO npoBeaéHHble 3apy6exxHble 1c-
CAEAOBaHUS MOKasaAu, 4To HekoTopble MMPHK MoryT yuyactBoBath B mpoueccax, CBS3aHHbIX C 6u-
MOASIPHbIM PACCTPOMCTBOM AMYHOCTM YEAOBEKA M AQXKe CAYXUTb €ro AMarHoCTMYECKMMU MapKepamm
(ocobeHHO 3K30CcOMHble MUMPHK, umpkyAmpyoume B GBUOAOTMUECKMX SKMAKOCTSX MALMEHTOB, TaKMX,
KaK LleAbHas KpoBb, AMM@Ia, MAa3ma, CbIBOPOTKA, CMMHOMO3roBast XXMAKOCTb U T.A.). TeopeTnyecku,
METOA AMArHOCTMKM Ha ocHoBe MMPHK 1 nx reHoB-muLLeHeR) GbiA Obl HAMHOTO 6e30MnacHee CepbE3HO-
ro XMPypruyeckoro BMeLaTeAbCTBA B TKAHM FOAOBHOIO M CMTMHHOIO MO3ra NMauyeHTOB AAS YTOUHEHUS
AMarHo3a, NMoAyYeHHOro C MOMOLLbIO TPAAMLMOHHBIX METOAOB MCUXOAOTMW U MCUXOTEPANnM, TaKMX,
Kak npsiMoe HabAIOAEHHME 33 MOBEAEHMEM MALMEHTOB, NMCUXOAHAAU3, U3yUeHUEe UHAMBUAYAABHOM U Ce-
MEMHOM UCTOprM 6OAE3HM NaumeHToB 1 T.A. Ho Ha npaktuke npumenenne MuPHK B kauectBe 61o-
MapKepoB MCUXMYECKMX 3ab0AEBaHMIA BCE ellé CTaAKMBAETCS C TaKMMU TPYAHOCTSIMM, KaK MX OTHOCU-
TEeAbHO 6OAbLLOE KOAMYECTBO (91), HM3Kas CNEUMUUHOCTb B OTHOLIEHUM KOHKPETHbIX MCUXUMYECKMX
PacCcTpoMCTB (Tak Kak YacCTb M3 HMX Tak>Ke IKCMPeCccupyeTcs npu WmnsopeHun, 6OAbLLIOM AENPeCcCcHB-
HOM PacCTPOMCTBE, CYMLMAAABHOM MOBEAEHUMN U T.A.), BbICOKAs CTOMMOCTb U TPYAOEMKOCTb MpoLec-
COB BblAGAEHUS!, OUMCTKM U XpaHeHuns MUPHK. [Mo3ToMy Mbl pelian 06061mnTb M NpoaHaAM3MPOBaTh
MMPOBOM OMbIT MO AQHHOM Teme AASl ByAyLero npoBeAeHust NoAOGHbBIX CCAeAOBaHMI B KasaxcTaHe
M NOCMoco6CTBOBATH BbISBAEHUIO OTHOCUTEABHO HEGOABLLIONM FPYMIbl Bbicokocneumpuuecknux MuPHK,
XapakTepHbIX AAS BUMOASIPHOrO PACCTPOMCTBA AUUHOCTU.

KAtoueBble cAoBa: GUMOASIPHOE PaCCTPOMCTBO, MaHUS, Aernpeccust, a3yTnmms, redbl, MuPHK, MPHK.

I.V. Pinskiy®, W.M. Anas

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: ilya.pinskyi@mail.ru

The role of miRNAs in the development of human bipolar disorder

Bipolar disorder is a mental illness characterized by recurrent manic, depressive, and euthymic
(normal) phases of human behaviour. Various studies have found that changes in the expression or
mutations of certain genes are involved in the progression of this disease. These genes encode proteins
involved in the transmission of nerve impulses (such as neurotransmitters, ion channels, etc.), endocrine
regulation of mood, and other processes. As we know, the expression of many human protein-coding
genes is regulated at the post-transcriptional level by miRNAs (microRNAs), which bind to the mRNAs of
genes and block their translation. Recent foreign studies have shown that some miRNAs can participate
in processes associated with human bipolar disorder and even serve as diagnostic markers (especially
exosomal miRNAs circulating in the biological fluids of patients, such as whole blood, lymph, plasma,
serum, spinal cord liquid, etc.). Theoretically, a diagnostic method based on miRNAs and their target
genes would be much safer than serious surgical intervention in the tissue of the brain and spinal cord
of patients to clarify the diagnosis obtained using traditional methods of psychology and psychotherapy,
such as direct observation of patient behaviour, psychoanalysis, studying the individual and family medi-
cal history of patients, etc. But in practice, the use of miRNAs as biomarkers of mental diseases still faces
such difficulties as their relatively large number (91), low specificity for specific mental disorders (since
some of them are also expressed in schizophrenia, major depressive disorder, suicidal behaviour etc.),
the high cost and labour-intensive processes of miRNA isolation, purification and storage. Therefore,
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we decided to summarize and analyze global experience on this topic for the future conduct of similar
studies in Kazakhstan and contribute to the identification of a relatively small group of highly specific
miRNAs characteristic of human bipolar disorder.

Key words: bipolar disorder, mania, depression, euthymia, genes, miRNAs, mRNAs.

M.B. MuHckmin®, B.M. AHac

OA-Dapabu atbiHaarbl Kasak, yATTbIK yHUBEpcuTeTi, AAMaThl K., KasakcraH
*e-mail: ilya.pinskyi@mail.ru

AAaMHbBIH, 6UMOASIPABIK, 6Y3bIAYbIHbIH, AaMybiHAaFbl MMPHK, peai

BUNOASPAbIK, OY3bIABIC — aAaM MiHE3-KYAKbIHbIH KaWTaAaHATblH MaHMaKaAbAbl, AEMPECCUSAbIK,
>KOHE 3BTUMMSABIK, (KAABINTbI) (ha3arapbiMeH CUMaTTaAaTbiH MCUXMKAABIK, aypy. TYpAi 3epTTeyaep 6ea-
riAl 6ip reHAepPAiH 3KCMPECCUSICbIHbIH HEMECe My TalMSChiHbIH 63repyi OCbl aypyAblH epliyiHe KaTbica-
ThIHbIH aHbIKTaAbl. BYA reHAep XyiKe UMMyAbCTapbiHbIH GepiAyiHe (MbICaAbl, HEIMPOTPAHCMUTTEPAEP,
MOHADBIK, apHaAap aHe T.6.), KOHIA-KYMAIH SHAOKPUHAIK peTTeAyiHe >koHe 6acka npouectepre Ka-
ThICATbIH aKybI3AAPAbI KOATAMAbBI. BeAriai 60AFaHAQNM, aAaMHbIH, KOMTEereH akybl3-KOATay FreHAepiHiH
3KCMPECCUSIChbI MOCTTPAHCKPUMUMSABIK, AeHrerae reHaepAit MPHK-cbiMeH 6aiiAaHbICaTbIH >kaHe oAap-
AbIH TPAHCAAUMACHIH 6A0KTaTbiH MUPHK (MkpoPHK) apkbiabl peTTeaeai. XKakbiHaa XKypri3iAreH we-
TeAAiK 3epTreyaep keinbip MUPHK-HbIH apaMHbIH GUMOASPAbI TYAFACbiHbIH Gy3blAybIMEH GaliAaHbIC-
Thbl MpOLECTepre KarbiCa aAaTbIHbIH >XXOHe TiMTi AMArHOCTUKAAbIK, MapKepAep (acipece nmaumeHTTepAIH
BGUOAOTMSIABIK, CYMbIKTLIKTAPbIHAQ, MbICAAbI, KaH, AMMA, MAA3Ma, CapbICy, KYAbIH CYMbIKTbIFbl CUSKTbI
3K30coManbik MUPHK) Kbi3ameT eTe aaaTbiHbIH KepceTTi, T.6.). TeopusiabIK, TyprbiaaH, MUPHK-Fa >xaHe
OAQPAbIH, MaKCaTTbl FeHAEpiHe HerisAeAreH AMarHOCTUKAABIK, SAIC MCUXOAOTMSAbBIK, XKoHe NcuxoTepa-
MUAHBIH, ASCTYPAI DAICTEPIH KOAAAHY apKbIAbl aAblHFAH AMArHO3Abl HAKTblAQy YLUiH MaLMEHTTEPAIH,
MUbl MEH >KYAbIHbIHbIH TIHAEPIHE KYPAEAI XMPYPrUSIAbIK aparaCyAaH SAAEKAMAA Kayincis 6oAap eai,
MbICaAbI, TikeAei GakbiAdy, MaLUMEHTTIH MiHE3-KYAKbI, CMXOAHAAM3, MALUMEHTTEPAIH Xeke XaHe oT6a-
CbIAbIK, MEAMLIMHAABIK, TapUXbIH 3epTTey >kaHe T.6. bipak ic »xy3inae MUPHK-HbI ncuxmkanbik, aypyaap-
AbIH 61OMapKepAepi peTiHAE narmaaAaHy dAi A€ OAAPAbIH CAAbICTbIPMaAbI TYPAE Ker caHbl (91), HakTbl
NCUXMKAABIK, OY3bIAYAQpPFa TOH TOMEH CrieUMUKAAbIK, (OTKeHI OAapAblH, KenbipeyAepi wmsodpeHus-
AQ, HETi3ri AenpeccusAbiK, Oy3bIAbICTapAQ, CYMUMATIK MiHE3-KYAbIKTa >aHe T. 6.), MuPHK okuwayaay,
Ta3apTy XKOHe CaKTayAblH XKOFapbl KYHbl KoHe eHbeKTi ken KaxeT eteTiH npouectepi. CoHAbIKTaH 6i3
KaszakcraHaa ocbiFaH ykcac 3epTTeyAepai 60AalakTa XKYprisy YiliH OCbl TakbIpbin GOMbIHILA SAEMAIK
ToXipMbeHi KMHaKTar, TaAAQyAbl KOHE TYAFAHbIH GUMOASIPAbIK GY3bIAybIHA TOH XKOFapbl crieumudmka-
AbIK, MUPHK-HbIH CaAbICTbIPMaAbI TYPAE LaFbiH TOObIH aHbIKTayFa YAEC KOCYAbl XOH KOPAIK.

Ty#in ce3aep: GUNOAIPAbIK BY3bIAbIC, MaHUS, Aenpeccus, ayTumms, redaep, MuPHK, MPHK.

JlmarHocTka  OHITOJIIPHOTO

paccTpoiicTBa

bunonsipuoe paccrpotictBo (bP, mannakansHo-
JETIPECCUBHBIN MCUX03) — 3TO MEHTAIBHOE COCTO-
SHUE, XapakTepu3yemMoe HKCTPEeMaJbHBIMHU TIepe-
najiaMi HaCTPOCHHUsI, KOTOPbIE YEPEaYIOTCS MEKIY
SMHU30/IaMU MaHUW WM TUTIOMAaHWUU U JIETPECCHH.
TouHas pUYMHA OWUTIONSIPHOTO PACCTPOUCTBA HE-
W3BECTHA, HO OHA SIBJISIETCS KOMOMHanmen ouoino-
TUYECKHX (B TOM YHCIIE TEHETHUECKUX) (haKTOPOB U
(hakTOpoB OKpy’KaroIiei cpeast [1].

MaHusi — 3TO COCTOSIHUE TOBBIIICHHOTO HWJIH
pa3apakUTeILHOr0 HACTPOCHUS, TOBBIIIICHHOTO TO-
HycCa, YMEHBIIIEHNS MOTPEOHOCTH BO CHE, UMITYJIb-
CHUBHOTO TIOBEJCHUS U YMCHBIICHHOI'O CTECHCHUSI.
l'umomanust mo00HA MaHUM, HO MPOTEKAET Jerde
[1]. Hempeccusi, ¢ apyrol CTOPOHBI, XapaKTepH3y-
€TCsl IOHM)KEHHBIM HACTPOCHUEM, ITOTEPEH UHTEpE-
ca K JIeITeTbHOCTH, CHI)KEHHUEM TOHYCa U M3MEHHSI-
MU CHa ¥ ammetnTa [1].

BKJIOYACT BCEOOBEMITIONIYIO OIICHKY CHMIITOMOB,
HCTOpHUIO OOJIE3HW U CceMelHyr uctopuro. Jleue-
HHE OOBIYHO BKIIFOUAET KOMOWHAITHIO JIEKAPCTBEH-
HOW Teparnuu, ICUXOTepanri U U3MEHEHUH o0pasa
xu3Hu. JlekapcTBa, OOBIYHO HCIIOJIB3YEMbIC TIPO-
THB OHIOJSIPHOTO PACCTPOMCTBA, BKIIOYAIOT CTa-
OWJIN3aTOPbI HACTPOCHHUS, AHTUIICUXOTUKU M aHTH-
nenpeccanthl. [lcuxorepanusi, BKIOYaroIas B ceos
MM03HABATENFHO-TTOBEIEHYECKYIO TEPAITHIO U CeMeii-
HO-C()OKYCHPOBAaHHYIO TEparui, MOXET IOMOYb
WHMBHUIYYMaM yIPaBJIsITh CBOUMU CUMIITOMAMH H
YIIyYIIUTh Ka4€CTBO UX KU3HMU [1].

Pe3yabTaThl HCC/1e10BAHUS H UX 00CYKIeHHE
Cmamucmuxa é mupe u Kazaxcmane
[To manueiM Beemupnoit Opranuzanuu 3apaBo-

oxparenus (BO3), B 2019 romy Kakmplii BOCBMOM
YeJOBEK Ha TUIAHETE CTPajall TICUXHMYCCKHMH pac-
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CTpOICTBaMH, TO €CTh, B 00IIIeH clioxkHOCTH, 970 M-
JIMOHOB YEJI0BEK, U3 KOTOPbIX 40 MULIMOHOB YEJIOBEK
CTpajaiy OUITOJSIpHBIM paccTpoiictBoM [2]. [To odu-
[UAJIPHOW cTaTUCTUKE MHUHUCTEPCTBA 3/JpaBOOXPaHe-
Hust PecnyOnmkn KazaxcraH, KOHTHHTEHT OOJBHBIX
NICUXUYECKUMH PacCTPOMCTBAMU U PACCTPONMCTBAMU
TIOBE/ICHHSI, COCTOSIIINX Ha JIUCIIAHCEPHOM HaOIrO Ie-
HUM 10 TaHHBIM KoHua 2022 roxa cocrasuin 193 277
YeJIoBeK, 4To cocTaBisiio 984,4 ciyyast Ha 100 Thica 4
YeJIOBeK HaceleHHs. 3a00JeBacMOCTh ICHXHYECKHU-
MU PacCTpOMCTBAMH U PACCTPOMCTBAMHU ITOBEJICHUS
C JIMarHo30M, YCTaHOBJICHHBIM BIICPBBIC B KU3HH, B
Pecny6mnnke Kazaxcran B 2022 roxy cocrasuna 11468
YeJIoBeK, 4To coctaBwio 58,4 ciyyast Ha 100 ThICSY
4eNioBeK HaceneHus1. M3 HuX TOJBKO B TOpoaax AcTa-
Ha ¥ Anmatsl OblIO 3apeructpuposano 1127 u 934
CITy4ast, COOTBETCTBEHHO [3].

Cy1iecTByeT Tpy OCHOBHBIX THIIA OUITOISIPHOTO
paccrtpoiicTsa [4]:

bunomnsproe paccrpoiictso 1. V mrozeit ¢ Takum
TUIIOM OHUIOJISIPHOTO PAaCCTPOMCTBa MaHUAKaIbHAS
(haza muTCA HE MEHEe HeJleNu. Y MHOTHX €CTh OT-
nenbHBIC (Da3hl JETIPECCHH.

Bunonsipnoe paccrpoiicto 1I. ¥V mroneit ¢ 6u-
MOJIIPHBIM PacCTPOMCTBOM BTOPOTO THIIA OBIBAFOT
MIPUCTYTIBI JUTUTEIHHOHN IEMPEeCCHH, HO BMECTO TI0JI-
HbIX MaHUAKAJIbHBIX STM30/I0B Y HUX HAOJHOAA0TCS
CITa0OBBIpAKEHHBIE THUIIOMAaHHUAKAIbHBIE KoJeOa-
HUS1, KOTOpbIE MEHee HMHTEHCUBHBI X MOT'YT JITTUTHCA
MeHee HeJIelu.

Huknorumust. JIroau ¢ NUKIOTUMUCH HUCIIBITHI-
BafOT HEKOTOPHIE CUMIITOMBI THIIOMaHHUH U JETIPEC-
CHH, HO WX HEJOCTATOYHO, YTOOBI OXapaKTepU30-
BaTh UX KaK 3MHU30]1 TUIIOMAHUU WU Jenpeccuu [4].

boumn  mipoBenieHBI MHOTOYHCIICHHBIE FHCCIIe-
JIOBaHUS U HAMMCAHbI MHOTOYHUCIICHHBIC CTAThU O
MPUYMHAX, CUMITOMAX W JICYCHWU OWIIOJISIPHOTO
paccrporictBa. HekoTopbie U3 KIIFOUEBBIX BBIBOJIOB
BKJIIOYAIOT T€HETHKY, CTPYKTYPY U (DYHKIIMOHUPO-
BaHWE TOJOBHOTO MO3ra BO BpeMs OOJIe3HH, Jieue-
HHE W OCIIOKHEHHS [5-8].

I'eneruka: OuMoNspHOE pPACcCTPONCTBO HACTO
HMEET CepbE3HYI0 MeHETHUECKYI0 OCHOBY C OoJee
BBICOKHM PHUCKOM TaKOTO COCTOSIHUS Y MHIUBUIYY-
MOB C CEMEHHOM HCTOpHEH ATOTO cHHApoMa [5].

Crpykrypa ¥ (yHKIIMOHUPOBAHHE TOJOBHOTO
MO3ra: MCCIEIOBAHMS MTOKA3aIl OTIMYHS B CTPYK-
Type W (YHKIIMOHHPOBAHUHU TOJIOBHOTO MO3ra y
VHIWBHUIYYMOB C HAJIMYUEM U OTCYTCTBHEM OWIIO-
JIIPHOTO PACCTPONCTBA, BKIIOUAIOIINE B ceOsl Omo-
XUMHUYCCKUE U3MCHEHHS U N3MEHEHUSI HEPBHOM aK-
TUBHOCTH [6].

Jledenue: cymecTByIOT pa3nnyHbIe CIIOCOOHI Jie-
YeHHsI OUMOJISIPHOTO PacCTPONCTBA, BKIIIOYAIOIIHE
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(apmakoTepanuio (JeKapcTBa), MCUXOTEPANUI0 U
peadbmmranuto. Hanboiee a3 ek THBHBIC TOIX OB
K JICYEHUIO MOTYT BapbHpOBATh B 3aBUCHMOCTH OT
WH/IMBH]Ty aJIbHBIX OCOOCHHOCTEH IMalUeHTa U TSKE-
CTH CUMTOMOB [7].

OcnokHeHus:: OUTOJSIPHOE PacCTPOMCTBO Ya-
CTO OCJIOKHSIETCSl JIPYTUMH COCTOSIHUSIMH, BKIIIO-
YarOIMMHU 3JI0YTIOTpeOieHNe HapKOTHKaMH, Oec-
MTOKOWCTBO M HAPYIICHHUS MMUIIEBOTO TTOBEAeHUS [§].

OTO TOJILKO HECKOJIBKO KIIIOUEBBIX BBIBOAOB U3
MHOKECTBA MCCIICIOBAaHUI U cTaTel O OUITOISIPHOM
pacctpoiictBe. BakHO MOMHHUTH, YTO HMHIUBHUY-
aJBHBIN OIBIT KaXJOTO YEJIOBEKa C OUIOISIPHBIM
paccTpoiicCTBOM MOXKET OBITh YHUKaJIbHBIM H TO,
9TO paboTaeT /uId OJHOTO, MOKET HE PadoTaTh JIs
npyroro. Eciii KTO-TO HCIBITBIBAET CUMIITOMBI OH-
MOJIIPHOTO PACCTPOWCTBA, OH JOJDKEH MCKATh TPO-
(heccnoHaNBbHYIO TOMOIIH C IIeTTHI0 TOYHOH TUarHo-
CTUKH W Mojxojsiero jgedyeHus [5-8]. B xauectBe
OromMapKepoB ISl MOCTAHOBKM TOYHOTO JIMArHo3a
MOT'YT MCIOJIBb30BaThCsl 3K30COMHbIE MUKpOPHK,
IUPKYJTUPYIOIIAE B KPOBH, IJIa3Me U CITMHOMO3TO-
BOH JKHIKOCTH YeJOBeKa. JTOT METO/ ObLT OBl He-
WHBA3UBHBIM U OoJiee O€30ITacHBIM JUIS IAllHeHTa
B OTJIMYME OT OMOIICHM HEPBHOW TKaHU TOJIOBHOTO
Y CITUHHOTO MO3ra, W 0ojiee TOYHBIM, YEM TOJIBKO
MICUXOJIOTHYECKHE METObI (HaOII0JCHUE 3a TOBe-
JICHUEM TalUeHTa, TCUXOJIOTHYECKUE TECTHI, H3-
Y4€HHE HCTOPUHU ero OO0JIe3HU, HACIEICTBEHHOCTH
U T.J.).

buozenes u goynkyuu muPHK

MuPHK (MuxpoPHK) mnpencrasnsiror coGoit
HebonpIme Hekoaupytomme Monekynsl PHK, xo-
TOpBIE UTPAIOT BAKHYIO PETYISTOPHYIO POJIb B IIH-
POKOM CHEKTpe OMoJIoTHYecKux mpoieccoB. OHU
Y4acTBYIOT B KOHTPOJE DKCIIPECCHU TE€HOB ITyTEM
CBSI3BIBAHUSI C KOMILIEMEHTAPHBIMH IIOCIIEIOBA-
TEJIBHOCTSIMH B MoJieKyax uHpopmarmonnoit PHK
(MPHK), TeM caMbIM TIpemoTBpaiias TPaHCIISIIHIO
MPHK B 6emoxk [9].

MuPHK cuntesupyrorcss u3 0Oonee IJIMHHBIX
MepBUYHBIX TpaHckpunToB npu-MmuPHK mnocpen-
CTBOM psiia ctaauii mporeccunra (Pucynox 1).

OTH DJTambl BKJIKOYAIOT PACHICIUICHUE IIPH-
MuPHK ¢depmentom PHKazer III Drosha ¢ mo-
caenyromuM skcnoprom  npe-MuPHK w3 sppa
B IMTOIIa3My, TNl OHa Jjajiee oOpadaThIBaeTcs
¢depmentom PHKazoit 11l Dicer B 3pemyro MmuPHK
[9]. 3penmas MuPHK 3arem cesizeiBactcst ¢ PHK-
WHAYIUPOBAHHBIM KOMILIEKCOM «BBIKIIFOUCHUS
reroB (RISC), koTopsrif oOecriednBaeT pacio3HaBa-
Hue u pacuieruiearne MPHK-mummenn [9].
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npu-mHPHK npe-muPHK 3penan muPHK
> il s e JAVAVA
Drosha Dicer
Noanasn YacTtuuHan
KOMMNEMEHTAPHOCTE HOMMAEMEHTAPHOCTE
»

Aerpagauma mPHK

HMHribuposaHue TpaHCAALMMK

Pucynok 1 — buorenes n ¢pynxuus muPHK [10]

brumo mokazano, yro MmuPHK wurpator kiroue-
BYIO POJIIb B Pa3iMUYHBIX OHOJIOTHYECKUX IpOIlec-
cax, BKJIo4asi pa3BuTue, AU(PPEpeHIIUPOBKY, IPO-
nudepannio KIETOK, arnonto3 U oHkorenes. OHM
MOTYT (PYHKIIMOHMPOBATh KakK PEMpEeccopbl, TaK U
AKTHUBATOPBI IKCIPECCUH I'€HOB, B 3aBUCUMOCTH OT
creneHu kommieMenTapHoctu Mexy MUPHK u ee
MPHK-mumiensto [9].

Wzyuenne MuPHK crano OwicTpo pa3BuBa-
IoLIeHcsl 00JacThlo, U B HACTOALIEE BpeMs HC-
clefioBaTeN PaboOTar0T HaJ| MMOHWMAaHUEM CIell-
ndpnueckux ¢yHkuuit otaensHeix MEPHK u ponn,
KOTOPYIO OHHM MIparoT B 3a0oneBaHusx. Hampuwmep,
Heckoibko MUPHK BoBieUeHBI B pa3sBUTHE paka, U
CUYMTAETCS, YTO OHU MOTYT UTPaTh POJIb B Pa3BUTUU
JIEKapCTBEHHOH ycToitunBoctu [9].

MuPHK, yuacmeyowue 6 pazeumuu oOuno-
AAPHO20 paccmpoiicmea

B nepBHoll cucreme MuPHK yuacTByroT B mim-
POKOM CIEKTpe HpOLECCOB, BKIOYas auddepeH-
[IUPOBKY W BBDKMBAHWE HEWPOHOB, MPOBOIUMOCTH
aKCOHOB, ITACTUYHOCTh CHHAINCOB W PETYISALHIO
BBICBOOOKACHUST HelipomennatopoB. OHHU Takke
UTPAIOT POJIb B Pa3IMYHBIX HEBPOJOTHYECKUX pac-
CTpPOMCTBAX, TaKWX, Kak Oo0e3Hb AJBITeiiMepa,
0one3nb [lapkuHcoHa u 601e3Hb XaHTUHITOHA [11-
12].

Perymsinust sxcnpeccun MuPHK B HepBHOI
CHCTEME CJIO)KHA M BKIIOYaeT B ce0sl HECKOJIBKO
YPOBHEH KOHTPOJIS, BKJIIOUYAs PETYJSIUIO TpaHC-
KPHUIIIMH, TIPOIIECCUHT, JIOKATU3aIlMI0 U pacro3Ha-
Banue mumenu. Kpome toro, MuPHK Moryt pery-

JUPOBATHCS PA3IUYHBIMU CUTHATIbHBIMUA MYTSAMH, B
TOM 4YHCJIe aKTUBHPYEMBIMU HeMpoMeauaTopaMu u
¢axTopamu pocra [11-12].

VYyensle Takke 00cy)aaroT nmorennuan MuPHK
B KauyecTBEe TEPaNeBTHUYECKUX MHUIIEHEH MpH Jie-
YEHUHM HEBPOJIOTMUYECKUX paccTpoiicTB. OHU TOA-
YepKUBAIOT HEOOXOJWMOCTh JaJbHEHINX HCCIe-
JIOBaHUW JUIsS TIOJIHOTO TIOHUMAaHUS (YHKIMHA |
perymsiuun MUPHK B HepBHOI cucteme, a Takke
VX TIOTEHIMaIbHOTO MPUMEHEHUS TIpU pa3padoTKe
HOBBIX METOJIOB JIEYCHHS HEBPOJOTHYECKUX pac-
ctporicts [11-12].

Heckonpko uccieroBaHui BBISIBUIIH a0eppaHT-
Hyto skcnpeccuro MUPHK y manuenros ¢ bP. Ha-
npumep, Machado-Vieira et al. [13] obnapyxuim,
410 dKcrpeccrus miR-34a Oblia 3HAYUTENHHO yBe-
JUYeHa B MpepOHTAILHONW KOpe HarueHToB ¢ bP
[0 CPAaBHCHHIO CO 3JI0pPOBbIMH JroabMu. MiR-34a
Y4acTBYET B PEryJLMM aloNTO3a U KIETOYHOI'O
[IUKJIa ¥ y4acTBYET B MMaTOTEHe3€ psijia APYTUX MCH-
XUYECKUX paccTpoicts [13].

B cunancax nokanusoBana rpynna MuPHK,
BkItoyass miR-219-5p, miR-124, miR-134, miR
-138 u miR-125b. Ot MuPHK nanpsmyro Bnusior
Ha OOy4YeHHe W TaMsTh, Nepefady HEPBHBIX HM-
MyJbCOB M HEHpOTeHe3, a TakkKe Ha Jpyrue QyHK-
UM, HAPYILIECHUE KOTOPBIX CIIOCOOCTBYET ICUXHUYE-
CKUM OTKJIOHEHUSM [14].

CymectByer noarpymnmna MuPHK, omocpemyto-
mas CHenualn3aluio, Co3peBaHne U (QYHKIHOHH-
poBanue HelpoHoB [14]. Tlepexo oT HelpaabHBIX
ctBoyioBbIX KieTok (HCK) k HefipambHBIM Tipen-
LIECTBEHHUKAM U, B KOHEYHOM CUETE, K ITOJIHOCTBIO
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muddepeHIUPOBaHHBIM HEHpOHAM B BBICIICH CTe-
[IEHU PETryINpPYETCsl CIO0XKHBIM B3aUMOJICHCTBHEM
MuPHK u npyrux ¢akropos. B menom cumraercs,
gro let-7, miR-124 u miR-9 ymenpmator npomu-
thepanmto HCK u ciocoOcTByroT muddepeHnupos-
ke HelpoHoB. OObIUHO cuuTaeTcs, uTo miR-134 u
miR-25 uHAYIHMpYIOT Nponndepanuio u/uian HHIH-
oupyror auddepenupoky HCK n HelpambHbIX
npemecTBeHHUKOB. [lapamtensno miR-137 kax
YMEHBIIIAET, TaK U YBEIMYHMBACT Npojudepannto
HCK, nubo ycunmBasi, Tn60 MPOTUBOACHUCTBYSI CO-
3pEBaHUI0 HEUPOHOB. MeXy STUMM KIIIOUEBBIMHU
MuUPHK npoucxonst cioxHble nepecedeHus U 00-
paTHBIE CBA3M, YaCTUYHO OIOCPENOBAHHBIE MX Te-
Hamu-MumeHsaMu. [Ipumeuarensno, uro MuPHK
MOTYT CIOCOOCTBOBaTh HEHpPOTeHE3y Ha MPOTSIKE-
HUM BCEro pa3BUTHs OpraHu3Ma OT 3MOpHOHA 10
B3pocioro yenaoBeka. CoobmiaeTcs, 4To HeliporeHes
y B3pOCIBIX CHMKAETCsl MPU HEHpOAereHepaTHB-
HBIX 3a00JIeBaHMUAX M JIEIPECCHU U MOAYJIHPYETCS
Tepanuvel aHTUAenpeccaHTaMu. TakuM o0pa3zoM,
MOCIEAYIOUINE TUCKYCCHUH O PETYJISATOPHBIX MyTSIX
MUPHK npu ncuxuyeckux paccTpoHCTBaX MOIYT
BKJIIOYAaTh B ce0s1 HEHpPOHBI, MTOJlyYeHHbIE Ha BCEX
CTaAusIX 3pesoctu Mosra [14].

TouHBIE MEXaHM3MBI, C IIOMOIUBIO KOTOPBIX
MuPHK crioco6etByror natorenesy bP, no cux mop
MOJIHOCTBIO HE M3y4deHbl. OJHAKO CYUTAETCS, UTO
abeppanTtHas skcnpeccuss MuPHK y manmenToB ¢
BP MoeT npuBOIUTH K HAPYIICHUIO PEryJsiluu
9KCIPECCHU TEHOB U CIIOCOOCTBOBATH HEHPOOHOIIO-
IMYECKMM M3MEHEHUSIM, HaOJII0JaeMbIM IPU 3TOM
3a0oseBanuu [14].

Okcnpeccus MuPHK pearupyer Ha coBpemeH-
HBIE METO/bI JICUEHHs OUIIOISIPHOIO PACCTPONCTBA,
KOTOpO€, KaK H3BECTHO, MMEET IMepeceKarolue-
Csl TEHETUYECKUE CBSI3U C MU30(peHner. Y Kphic,
MTOJTy4aBUINX JIUTHH WM BajbIIpOaT, B THIIOKaM-
ne Oplma m3MeHeHa skcmpeccust rpynnsl MUPHK,
BKrouaromias let-7b, let-7c, miR-128a, miR-24a,
miR-30c, miR-34a, miR-221 u miR-144. Kpome
TOro, KOHIeHTpamus miR-134 uaMeHsieTcst B 1ias-
Me MalMEHTOB ¢ OUIOJISIPHBIM PacCTPOMCTBOM, IO-
Jy4dalonyx JiedeHue. BampnpoaTr u nuTHH 3HA4YU-
TEJILHO MOJYJIHPYIOT YPOBHH HEHPOTPOPHUECKOTO
¢axTopa romosroro mosra (BDNF), Baxkueiimero
peryJsiTopa HEMPOHAJIIBHOIO FOMEOCTa3a, KOTOPBIH
caM peryJupyercs Kak KOPOTKUMH, TaK U JUTMHHBI-
Mmu Hekonupyromumu PHK, Takumu, kak miR-124a.
[IpumegarensHo, uTo MiR-124a cBsi3ana ¢ aemnpec-
cuBHbIM noseneHueM. Kpome toro, MuPHK moryr
PEeryJIupoBaTh SKCIPECCHIO TEHOB, YUAaCTBYIOIIUX B
BOCHAJICHUN HEPBHOM TKAaHH, YTO TaKXKe CBA3AHO C
[aToreHe30M 3TOro 3aboieBanus [14].
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Kpome Ttoro, MuPHK moryTt cmocoOcTBOBaTH
HapyIICHUIO PETyJSIIUA IUPKATHOTO pUTMA y Ta-
nueHtoB ¢ bP [15]. Hanpumep, Roy et al. [16] 06-
Hapy>KWIM, 4To 3Kcrpeccust miR-124-3p camkena B
IopcoarepaabHON IpePpOHTATBHON KOpE IMaieH-
TOB ¢ BP 1 uto 3Ta MUPHK perynupyer skcnpeccuto
TCHOB, YYaCTBYIOIINUX B IMPKATHBIX puTMax. OHH
crpeMmnch uaeHTnunupoBats MEPHK, koTopbie
MOTJIH OBl CJIY>KUTh SITUTCHETHUECKUMHU OHOMapKe-
paMu TIaBHOTO JIEMIPECCUBHOTO paccTpoiicTra. Mc-
CJIeIOBATEN HUCIOIB30BAIM TOCMEPTHBIE 00pa3IlbI
TKaHeW TOJIOBHOI'O MO3ra JIIOJel ¢ TJIaBHBIM Jie-
MIPECCUBHBIM PAacCTPONCTBOM U CPABHWIIM UX C aHa-
JIOTUYHBIMH 00pa3IaMy 30POBBIX WHINBUIYYMOB.
OHU IPUMEHWIN aHAIU3 C TIOMOIIBI0 MHUKPOUYHUIIOB
JUTS BBISIBIEHUS TU(QepeHraIbHO dKCIpeccupye-
Mbix MUPHK, a 3aTeM noarBepaunin cBou pe3yJibra-
ThI C TIOMOIIIBIO KosmdecTBeHHoM [11[P ¢ oOpartHoit
TpaHckpumnuuei [16].

MiR-124-3p oka3zanace omnoii m3 MuPHK, ak-
TUBHOCTH KOTOPOH B IpepOHTAIBHOI KOpEe TOJIOB-
HOTO MO3Ta y JIOCH C TJIaBHBIM JICIPECCUBHBIM
paccTpoicTBOM OBLTa 3HAYMTEIHHO CHHKEHA. DTa
MUPHK ydacTByeT B HECKOJBKMX IPOLIECCAX, CBSI-
3aHHBIX C JIETIpeccueil, BKIoYas Heilporenes, mia-
CTUYHOCTH CHHAIICOB ¥ BOCIIAJIEHHUE HEBHOM TKaHM.

HccnenoBarenu Takke HalLIM MOTEHIIHATBHBIE
muieHn miR-124-3p u oOHapyXuiu, 4To OHA, TI0
MPOTHO3aM, OyAET BO3/eHCTBOBATH Ha HECKOJBKO
TeHOB, YYaCTBYIOIIUX B HEUPOIUIACTUIHOCTH U BOC-
NajeHUu HepBHOU Tkauu, BkiItouass BDNF, CREBI
u [L-6. HapyumieHue peryssiiui 3TUX F'€HOB paHee
OBLIO BOBJICUCHO B MMaToreHes jaenpeccuu [16].

B menom, uccrnenoBaHue MOpearnoyiaracT, 4TO
HapymieHue peryisinuud miR-124-3p moxxer OBITH
BOBJIEYEHO B MATOT€HE3 TJIABHOT'O JEMPECCHUBHOIO
paccTponcTBa, CIIOCOOCTBYSI M3MEHEHUSIM TLIACTHY-
HOCTH HEWPOHOB M BOCIAJIEHUIO HEPBHOM TKaHHU.
CHmxkenne skcnpeccud miR-124-3p moxer npu-
BECTH K YCUJICHUIO SKCIIPECCUN €€ T€HOB-MUILIECHEH,
CrocoOCTBYSl  HEHPOOHMOIIOTUYECKUM W3MEHEHH-
M, HaOJroaeMbIM Tipu Jenpeccud. HeoOxoanmel
JABHEHIIINE WCCIICIOBAHUS, YTOOBI ONPEICITUTh
crierduueckyro pois miR-124-3p mpu rmaBHOM
JIETIPECCUBHOM PACCTPOIMCTBE U BBISIBUTH €TO IIO-
TEHLIUAJIbHBIC TePaNleBTUYCCKUE MUIICHH [16].

Cunraercs, 9To mociepoaoBoii mcuxo3 (I111)
MPUHAICKUT K OUMOISIPHOMY CHEKTpy. B Bamu-
JAITIOHHOM HCCJIeIOBaHMH dKcrpeccus miR-146a
ObLTa 3HAYUTENFHO CHMW)KEHAa B MOHOIIUTAX MAallH-
€HTOK co Brepsble BO3HUKIINM I1IT nmo cpaBHeHMIO
CO 370POBBIMH >KEHIIMHAMH B MOCIEPOIOBOM IIe-
pHUOJIe U HEPOXKABITUMH JKEHIIMHAMHU. DKCIPECCHS
miR-212 Taxxke ObUla 3HAYMTEIBHO CHIDKCHA Y
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nanueHToB ¢ III1 ¢ mpenmecTByommM OHIONSp-
HBIM paccTporcTBOM. In silico miR-146a momaBms-
7a 4 TeHa paHee ONMMCAaHHOTO MPU3HAKa aKTUBAIUH
MOHOILIUTOB TpH OHUMONAPHOM PAacCTPOHCTBE, a
miR-212 Bo3melicTBOBaja Ha DKCIPECCHIO 2 TAKHX
TeHOB. B KOppensiiMoHHOM HCCIIEZIOBAaHUU CHH-
JKeHHe IKcnpeccud miR-146a B MoHOIIUTaxX OBLIO
CBS3aHO C YMEHBIIEHHEM KOIMYECTBA €CTECTBEH-
HbIX T-perynsTopHsIX KieTok y naunueHTos c IIIT.
CHmxenue 3kcnpeccnn miR-212 xoppenuposaio ¢
YBEIMYEHUEM KOHIEHTPAIMH aJpeHOMEeIylInHa |
CHIKEHUEM dKcrpeccuu [L-6 B MoHOTIMTAX 1 OoJiee
BBICOKMMH ypOBHSIMH KiieTok Th2 [17].

Bavamian et al. [18] mokazanu, 9To ypOBHH dKC-
npecun miR-34a, koropas, NPennoI0KUTEIHHO,
BO3/IEMCTBYET Ha 3KCIPECCHIO HECKOJIBKMX T'E€HOB,
SBIISIONIUXCS TEHETHYECKUMH (aKTOpaMU pHCKa
bP, moBbllIEHBI B MOCMEPTHOM TKaHU MO3XKEUKa
nanueHToB ¢ bP, a Takke B KynbTypax HEHPOHOB,
MIOJIYYCHHBIX OT HanueHToB ¢ bP myreM nepenpo-
rpaMMUpoBaHus. (puOpPOOIACTOB YeIOBEKa B HH-
IyIUPOBAaHHBIC HEUPOHBI WM HWHAYLHUPOBAHHBIC
IUTIOPUIIOTEHTHBIE  cTBOJIOBBIe KieTkH (uIICK),
KOTOpble BIOcHenCTBUU Au(depeHIupyoTcs B
HelpoHbl. OHU MOATBEPIUIH, UYTO TeHbI pucka bP
ANK3 (anxupun-3) u CACNB3 (moTeHIa€-3aBu-
cumas cyObenuHuna OeTa-3 KallbI[MeBbIX KaHAIOB
L-tumna) sBisiroTCSI MpSMBIME MHIISHIME miR-34a
U3 4YMClia MNpecKa3aHHbIX MulleHed. Mcnonb3ys
YeJ0OBeUeCKre KIIETKU-TIPEIIECTBEHHUKH HeHpo-
HOB, TIOJYYEHHbIC U3 MHAYLHUPOBAHHBIX IUIIOPUIIO-
TEHTHBIX CTBOJIOBBIX KJIETOK, MBI TaK)K€ ITOKa3bIBa-
eM, 4TO ycuiieHue dKcrpeccuu miR-34a yxyamaer
T PepeHINPOBKY HEHPOHOB, IKCIIPECCHIO CHHAT-
THYECKUX OCTKOB M MOP(OJIOTHI0O HEHPOHOB, TOT-
Jla KaK CHW)KEHHE SHJOICHHOW 3Kcrpeccuu miR-
34a ycunuBaer pa3BUTHE JACHAPHUTOB. B obmeM u
[IEJIOM, OHH TIPEATIOIOKIIH, 9YTO MiR-34a ciyxwur
KPUTHUYECKUM CBSI3YIOIIMM 3BEHOM MEXKIYy MHOXKe-
CTBOM 3THOJNIOTHYecKuX paxTopoB BP u ero natore-
HE30M C ITOMOIIBIO PETYJIISIIUN MOJIEKYISIPHOHN CETH,
HEOOXOMMMOHN NIl pa3BUTHS HEHPOHOB M CHHAI-
torene3a [18]. Kpome Toro, miR-34a perynupyer
skcnpeccuto reHa SIRTI, KOTOpbIN SABIISIETCS KIIIO-
YEeBBIM PErYJISITOPOM BBDKUBAHMS U (DYHKIIMU HEH-
POHOB, ¥ HAPYIICHUE PETYIISALUN 3TOT0 IIyTH MOXKET
CITOCOOCTBOBATh MATO(U3MOJIOTHH  OUITOJIIPHOTO
pacctpoiictsa [19].

B wuccnemoBannu, KOTOpoe OMyOJUKOBAIH B
ypHaite Schizophrenia Research Kim et al. [20],
ObUIM M3y4eHbI Tpoduin dKkcnpeccuu 667 muPHK
B IpepOHTANBHON KOpE TOJOBHOI'O MO3ra Malu-
€HTOB C OWIIOJISPHBIM PACCTPONCTBOM W BBISIBIIE-
Hbl Heckobko MUPHK, peryisiiust koTopbix Obuia

Hapymena. Cpeanm HHX ObIJIO OOHapyXeHO, UTO
ypoBeHb dkcrpecnn miR-504, miR-145, miR-22,
miR-133b, miR-154 u miR-889 3nauuTenbHO MO-
BBIIIACTCS] Y MALMEHTOB ¢ OUIOJISIPHBIM PacCTpOii-
CTBOM II0 CPAaBHEHHIO CO 3JOPOBBIMHU JIIOABMU M3
KOHTPOJIHOW TPYMIbI, a YypPOBEHb OSKCIPECCUU
miR-140-3p, miR-29a, miR-32, miR-874, miR-454,
miR-520c-3p, miR-573 u miR-767-5p ObuT TIOHU-
JKEHHBIM. ABTOPBI TaKXXe IPOJEMOHCTPHUPOBAIIH,
YTO HapymeHue peryisinuu 3tux MuPHK Biusier na
JKCIPECCHIO TE€HOB, YYaCTBYIOIIMX B (DYHKIHMOHH-
pPOBaHMM HMMYHHHUTETA M BOCIIAIUTEIHHOM OTBETE,
YTO yKa3bIBAaeT Ha POJIb BOCMAJICHUS B MaTO(U3NO-
JIOTUW OMTIOJISIPHOTO paccTpoiicTsa [20].

Coradduzza et al. [21] mpeamojararoT, YTO
uupkynupytomue miR-144, miR-134 u miR-34
SIBJITFOTCSL  TTOTCHITHAIBHBIMIA  OnomMapkepamu  bP.
VYpoeenp nupkyimpyrommx miR-144 u miR-134
y manuentoB ¢ bP, He mpuHHMMarommx JeKkapcTs,
HWDKE, 4YeM Yy 370poBbIX jJul. Hanpotus, ypoBeHb
nupKynupymoomeir miR-34 y nanueHToB ¢ Ouno-
JSIPHBIM PACCTPOMCTBOM BBIIIE, YEM Yy 30POBBIX
mone. YpoBan miR-144 u miR-134 moBsImaroT-
csl, a ypoBeHb MiR-34a cHibkaeTcs rmocie JIeUeHus
mutreM. Kunasa rimkorencunTassl 3 (GSK-3) sB-
JSIETCS] TEPaIeBTUUECKON MUILEHBIO JIMTHSA IIPU JIe-
yennu bP. Kunaza GSK3p yuactByer B perynsun
9KCIPECCHU TeHOB IyTeM (ochopuimpoBanus H,
CJICZIOBATEIbHO, JI€CTAa0MIM3aLUN TPAaHCKPHUIILU-
onHoro ¢akropa MEF2. Axtusaocts GSK3f npu
bP mopaBnser cBolictBa TpancaktuBauuu MEF2.
dapmakosiorrnueckoe nHruOHpoBanue GSK3B mm-
THEM BBI3BIBACT IOBLIIICHHE AKTUBHOCTH MEF2.
benkn MEF2 npusnekaroTcst K MpoOMOTOpPY-MHIIIE-
a1 GATA. Tparckpunmuonnbie ¢paktopsl GATA u
MEF2 unaynupytor cunte3 miR-144/451. Kpome
Toro, ¢akrop Tpanckpunuuun MEF2 mpuogur x
MTOBBIIIIEHUIO YPOBHA miR-134 y manmeHTOB, mMoiry-
Yaromux JUTHHA. P53 mHAynupyer TpaHCKPHIILINIO
miR-34, 6e3 p53 xonuuecTBo miR-34 y nmanuenTos,
TOJTy4YalOINX JINTUH, CHIKaercs [21].

Banach et al. [22] npoananu3upoBaiy ypoBeHb
skcrpeccud miR-499, miR-708 u miR-1908 B neii-
KOIINTax OOJBHBIX OWITOIIPHBIM PACCTPOHCTBOM
BO BpeMs JENPECCUBHOTO 3MH30/1a 10 CPABHEHHUIO
C COCTOSIHHEM PEMHUCCUH. 3HAUUTEIBHOE CHUKEHNE
ypoBHs 31X MEPHK Ob1110 00HapY)KeHO y marueH-
TOB BO BpeMsI JIEIPECCHUBHOTO COCTOSIHHUS, YTO 00e-
CrieYMBaeT AajbHEHIIee TOHUMaHUe MaTo(hu3noI0-
MU JIEIPECCHU IPU OUIIOJIPHBIX PacCTpocTBaxX
[22].

Tielke et al. [23] yka3pIBatoT Ha yyacTHe MSITH
MuPHK B paszButum BP: miR-137, miR-499a,
miR-708, miR-1908 u miR-2113 (Pucynok 2). B
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MPEJICKa3aHHbIX «CTE0ENbHO-TIETIEBBIX)» TOCIEI0-
BaTeIbHOCTIAX reHoB MIR4994 w MIR2113 Obl10
UACHTU(OUIUPOBAHO CEMb PEIKHX BapUAHTOB.
K nuMm ortHocaTcs momumop¢usm 15142927919
rena MIR2113 wu momamopdusm 15140486571
reHa MIR499A. Ananus in silico npeackasai, 4To
rs140486571 mMokeT U3BMEHUTH BTOPUYHYIO CTPYK-
Typy miR-499a. OyHKIIMOHANBHBIN aHaIU3 TIO-

A B

kazan, yto rs140486571 cyliecTBEHHO BIUSIET Ha
MPOIIECCHHT U dKcTpeccuto miR-499a. Otu pesynb-
TaThl TIO3BOJISIOT MPEANOJI0KHUTH, YTO HAPYIICHUE
perynsiuu rena MIR499A4 moxeT cioco0CTBOBATH
passutuio bP. HeoOxoammel ganpHEHIIINE HCCITE-
JIOBAaHUS JJIS BBISICHEHUS BKJIAJa CETH, PETYIUPY-
eMoil renHom MIR499A, B BocnpuuM4YUBOCTb K bP
[23].
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[Iporno3upoBaHre BTOPUUHON CTPYKTYpPbl HA OCHOBE MUHUMAaIBbHOM cBoO0gHOIT sHeprun (MCD):
A) miR-499a nuxoro tumna u rs140486571 (myrauus G/A); B) nocinenoBarensaoct miR-2113
nukoro Tuna u 1s142927919 (myraums G/A) u C) nocaenoBarensroctt miR-1908 nukoro tuma un
rs174561 (myrtauust A/G). [TonoxeHus H3MEHEHBIX HYKJICOTUI0B 0003HAUEHbBI YEPHBIMU KPYKKAMH.
Ob6nactu 3pensix MUPHK Bbienens! nBeTom (3eneHslit — 3p, KpacHblid — Sp). MecTa pacuienienns
(depmentom Jlpora Ha 0Oenx 1ensx 0003HaYeHbl HOXKHUIIAMU [23].

Pucynok 2 — [Ipenckazanue Bropuunoit crpykrypsl MuPHK [23]

Hupkynupyrouwjue muPHK kax nomenuyuans-
Hble mapKepvl OUNOAAPHO20 PACCMPOLICIEA

B »sTOM pasnene mpexacraBieHa cepus Hccie-
JIOBaHUH, IOKAa3bIBAIOIIMX, KaK LUPKYJIUPYHOLLINE
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MUPHK MoryT ObITH cBsi3aHBI ¢ OUIONAPHBIM pac-
crpoiictBoM. B mnazme 66 nauuentoB ¢ bP, mo-
JMy4aBIIUX JIUTHH, U 66 CyOBEKTOB KOHTPOJILHOU
rpynmsl Tekdemir et al. [24] uccnenoBanu MuPHK



W.B. IIunackwuii, B.M. Anac

TUTa3Mbl 1 OOHAPYKWJIN 3HAUYNUTENFHOE YBEIHMYCHUE
miR-132, miR-134, miR-152, miR-607, miR-633 u
miR-652, a Takke 3HAUYUTEIILHOE CHUKCHHUE YPOB-
Hert miR-15b u miR-155 y 6onbubix BP. Onu npen-
TTOJIOKIUTH, 9TO yBemueHue miR-134-5p, miR-652-
3p u cHwkenne miR-15b u miR-155-5p cBsa3ans ¢
puckoM paszsutust BP. Onn oGHapyxumu, yTo miR-
155-5p sBHO CBs3aHA ¢ TSHKECTHIO 3aboneBaHusI. B
kayecTtBe muinerneil st d>tux MuPHK Oblim orMme-
YeHBI POLECCH OMOCHHTE3a M METa0OIM3Ma JKUP-
HBIX KHCJIOT, BUPYCHBIH KaHLEporeHe3, MHpeKuus
EBV, a Takxe BHEKJIETOUHbIH MaTPUKC U aJre3usi
[24].

B nensHO# epudepudeckoi KpoBH 56 marmeH-
TOB (25 >xeHuH u 31 myxuunsl) ¢ bBP I tuma un 52
NanyueHToB (26 KeHIIUH U 26 MYy>KYHMH) KOHTPOJIb-
Hoii rpymel Tekin et al. [25] mpogemMoHCcTpupoOBaH
3HAYUTEIbHOE YBEIMYEHUE YPOBHEH 3SKcIpeccuu
miR-376a-3p, miR-3680-5p, miR-4253-5p u miR-
4482-3p u 3HAUMTEIbHOE CHIDKEHHE ypoBHS miR-
145-5p y mammentoB ¢ BP I tuna. Oum Tarxxke 00-
Hapy>KuiM, uTo miR-145-5p BnuseT Ha 3KcIpeccuio
rena podammamekapookcuiassl (DDC), KOTOPHIH
MOYXET CIYXXHTh OMOMapKepoM OHWIOJSPHOTO pac-
ctpoiictBa I Tuma [25].

HuTtepecno, uro Lee et al. [26] mccnemona-
JM BO3MOXHOCTBH HCIIOJIb30BAHUS CBIBOPOTOYHBIX
MuPHK B kadectBe crenuduyeckux 0nomMapkepoB
oumonsipHoro pacctpoiictea Il tuma. Mcmonb3ys
CEeKBEHHUPOBAHUE CJIEAYIOMIETO TMOKOJEHHs, OHHU
onpeaemwin mects MUPHK, koTopble mosmkHBI
nmudhepeHInanbHO PeryInpoBaThCs U TOMOTYT OT-
nuyath naureHToB ¢ BP Il Tuma oT KOHTpOJbHOM
rpynnel. Ot kangunataele MuPHK Obun mog-
TBepkJeHbl ¢ nomoinbio [TIP B peasibHOM Bpeme-
HU B Koropte u3 79 mauuentos ¢ bP II tuna u 95
KOHTPOJIBHBIX HHAMBUAYYMOB. Ha ocHoBe 3THX
MuPHK-xaHmuaaToB Obl1a TOCTPOCHA THATHOCTH-
yeckas MOJIeNIb, a 3aTe€M NpPOTeCTHpOBaHA Ha HH-
qusuayanbHbeIX rpynmnax (bP II tuma: n = 20, kon-
TpodbHasg rpynma: n = 20). OHu 00HAPYKUIIH, YTO
ypoBaH miR-7-5p, miR-23b-3p, miR-142-3p, miR-
221-5p m miR-370-3p B CBHIBOPOTKE KPOBU OBUIN
3HAUYHMTEIHLHO ITOBBINICHBI, Torma kKak miR-145-5p
HE MMeJa CYIIECTBEHHOTO OTJIMYMS y MAIlMeHTOB C
BP II TMna no cpaBHEHUIO C KOHTPOJIBHOU TPYMIION.
W3MepeHnss ¢ MOMOIIBIO MAaIlMHBI OMOPHBIX BEK-
TOPOB TOKAa3aJId, YTO KOMOWHAIMS 3THX Ba)KHBIX
MuPHK nocturna xopomeit AMarHocTUYECKOH TOU-
HoctH (AUC: 0,907) [26].

B nmocnemyromiem ncciae10BaHUM 3Ta ke rpymmna
uccienoBaia Koppesinuio Mexxay miR-7-5p, miR-
142-3p, miR-221-5p u miR-370-3p ¢ ypoBHAMHU
6enka BDNF, ncronb3ys ceIBOpoTKy 98 marmeHToB

(65 xxenmmH u 33 MyxuuH), 0ompHBIX bP II THma
[27]. Oum oOHapyxwHu, 9To miR-7-5p, miR-221-5p
1 miR-370-3p 3HaUMMO KOPPENUPYIOT C YPOBHIMHU
BDNF B muasme kpoBu, a miR-142-3p 3naunmo
KOppeNHupyeT ¢ MPOJODKATEIBHOCThIO 3a00JeBa-
HUs. OHM TakXke MPOoaHATU3UPOBAIH KOPPEISAIUIO
stux MUPHK ¢ nomumopdusmom Val66Met OGenka
BDNF u o6napyxwmu, yro miR-221-5p n miR-370-
3p 3HaunmMo koppenupyoT ¢ BDNF Tonpko B reHO-
tune Val/Met, a miR-7-5p — Bo Bcex Tpex reHOTH-
max [27].

Hpyras rpynma wuccienoBaTenedl  u3ydaia
MuPHK y nanmenTos ¢ BP ¢ ucnons3oBanuem mias-
MBI KpoBH [28]. OHH COOOMMIN O 3HAYUTCIHEHOM
yBEJMUEHUH KOHIeHTpanuii miR-185-5p, miR-
25-3p, miR-92a-3p, miR-376b-3p u let-7i-5p y 69
nanueHToB ¢ bP u 41 mamnueHTa U3 KOHTPOJILHON
TPYMIIBI, @ TAK)KE O 3HAYUTEIHHOM CHIKEHHH ypPOB-
Helt miR-484, miR-652-3p, miR-142-3p, miR-30b-
5p, miR-126-3p, miR-15a-5p, miR-126-5p u miR-
301a-3p y mammentoB ¢ bP. C momMoIpio momnpaBKu
benmxamunan-Xox0epra OHHM OOHAPYXKWIH, YTO
ypoBeHb MiR-185-5p 3HAYUTENHHO YBETUYMICS, a
ypoBeHb miR-484, miR-652-3p u miR-142-3p 3Ha-
YUTEJNBHO CHU3WICS, U MPEANOJIOKUIN, YTO STU
yetbipe MUPHK MOXHO HMCIoJIb30BaTh B KauecTBE
OroMapKepoB co crenupuIHoCcTh0 75,0% U uyB-
cTBuTeNnbHOCTHIO 87,1% [28]. Ilogo0HBIM 00pa3oM
Fries et al. [29] uccnenosamun MuPHK B mazme xpo-
Bu 20 mamuenTtoB ¢ bP I tunma u 21 mamuenra KoH-
TpOJIBHOU rpymibl. OHE 0OHAPYKUIIH, YTO HAOOP U3
33 muPHK 3HauuTensHo oTinyancs B rpynne bP o
CPaBHEHHIO C KOHTPOJIBHOW IPYIION U OBLI CBSI3aH
C mepejayvell CUTHAJIOB HETPUHA M 3HJIOTEINHA, pe-
nerrropa SHT2, Bl u B2 ampeHeprudecKux pererr-
TOPOB M aHAPOTEHHBIX PEIEeNnTOpoB. boabmMHCTBO
stux MUPHK oTnuuanuce ot Toro, o ueM paHee co-
obmranu Ceylan et al. [28-29].

CoBceM HENaBHO, HCMONb3Yd KOMIJIEKCHBIN
MOWCK JIMTEPATyPhl U WHTEIUICKTYaJIbHBIN aHAIIN3
JMAHHBIX, OBLIO TIpemIokeHo, 9To miR-106b, miR-
125a, miR-142, miR-221 u miR-652 mMoryT ucnosb-
30BaThCs B KauecTBe MUpKymupyromux MuPHK mis
muaraoctuku bP [30].

B HeckombKHX HCCIEIOBaHUSAX HE3aBUCHUMO
M3yYaJioch BJIMSHAE MaHWUU W JYTHMHHA Ha 3KC-
npeccuto MEPHK. UToOBI onipeienuTh, CBSI3aHbI JIH
cnernuduueckue MUPHK ¢ ncuxoTuueckuMu MaHU-
aKaJbHBIMU dMH30]aMH y manueHToB ¢ bP, Tabano
et al. [31] cooOmIIM 0 3HAYUTEITHLHOM YBEITHICHUH
KoHIleHTparmii miR-150-5p, miR-25-3p, miR-451a
u miR-144-3p 1 3HAYUTENBHOM CHIKEHHH YpOB-
Hert miR-363-3p, miR-4454, miR-7975, miR-873-
3p, miR-548, miR-598-3p, miR-4443, miR-551a u
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miR-6721-5p B o0Opa3uax Iia3Mbl KPOBH TPYIIIBI
n3 15 narmentoB ¢ BP 1 9 cyOBhekTOB KOHTPOIBHOM
IPyHNbl. DTO MO3BOJSAET MPEANON0KUTh, YTO U3Me-
HeHus koHleHTpanuii MuUPHK moryt paznuuatecs y
[IaLMEHTOB C MaHUEH BHYTpH rpymibl ¢ bP. OyHk-
nuoHanbHO MUPHK ¢ moBbIIEHHON KOHIICHTpAIIN-
eil ObUIN CBSI3aHBI ¢ METaOOJIMUECKON perysiueH,
a CO CHMIKEHHHOM — C HEMpPOreHe30M U pa3BUTUEM
HEPBHOM CUCTEMBI.

B aHanmormyHOM HampaBleHMHM HW3Yy4aJHCh
MuPHK B miasme 58 maumentoB ¢ BP I tuna c
MaHHAKaJIbHBIMH M 3YTUMHUYECKUMHU DIH30/1aMHU
(19 ¢ manmeit u 39 c syrumueil) u 51 nmanuenra
KOHTpONBHOU Tpymmbl [32]. Beuto oOHapyxeHO,
YTO IO CPaBHEHHIO C KOHTpOJEM Ha0Ir0aaIoch
JIOCTOBEpHOE YBEJIMYCHHE KOHLEHTpauud miR-
9-5p, miR-29a-3p, miR-106a-5p, miR-106b-5p,
miR-107, miR-125a-3p u 125b-5p y nanueHToB ¢
BP ¢ MaHnakanbHBIMH 31IM30JaMHU M 3HAUUTEIBHOE
yBenu4eHne KoHIeHTpamuii miR-29a-3p, miR-
106b-5p, miR-107 1 miR-125a-3p y manueHTOB C
9yTUMHYECKUMHU 31n3o1aMu bP. Onn Takxke noka-
3anu, 9to ypoBHH miR-106a-5p 1 miR-107 mpu bP
C MaHHMAKaJIbHBIMHU ITH30]]aMH OBbLITH 3HAYNUTEIBHO
0ojiee MOBBIMICHBI, YeM MPH dYTUMHYECKHX SIIU-
30[1aX. JTO HCCIeOBaHNe SCHO JIEMOHCTPHPYET
MuPHK, cnernuduueckue x onpeneiaéHHbIM CO-
CTOSIHUSIM y TIAIIMEHTOB C OMIIOJIAPHBIM paccTpoid-
ctBoM [32].

B nienom, Bce 3T MCCieI0BaHUS TTOKA3bIBAOT,
yro MuPHK wurpator BaxkHyro ponp B matodusu-
OJIOTHH OWMOJSIPHOTO PacCTPOCTBA, PEryIHpys
AKCIPECCHUIO TeHOB, YUYACTBYIONIUX B BBDKUBAHUH H
(YHKITMOHUPOBAHUHM HEWPOHOB, (PYHKIIMOHHPOBA-
HUM MMMYHHUTETA U BOCHAJUTCIIbHBIX PCAKLUAX, a
TaK)Ke aHTUOTEHE3E U IIACTUYHOCTH HEHPOHOB.

I'envt-mumenu muPHK, yuacmeyrowjue 6 ou-
RONAPHOM paccmpoiicmee TUYHOCHU

HacrnenoBanue OWITIOISIPHOTO paccTpoWCTBa Ha-
CTO 3aBHICUT OT B3aWMOJCHCTBUSI MHOT'OYHCIICHHBIX
TCHOB (SIMCTAa3) WM BKIFOYACT OOJIee CIIOKHBIC Te-
HETHYECKHE MEXaHW3Mbl (TaKue, KaK JUHAMUYCCKHE
MYTAIU¥ W KIMOPUHTHHT). [[prHOIU3UTETbHBIN PHICK
TIOSIBJICHHST OWIIONAPHOTO PACCTPOWCTBA B TEUEHHE
YKM3HU JIJISI MOHO3UTOTHBIX OJIM3HEIOB cocTaBiisiet 40-
70%, pOACTBEHHHMKOB B IepBOM MokoseHHu 5-10%,
HepozcTBeHHbIX Jmty 0,5-1,5% [33]. Stahl et al. [34]
unentadunmpoBanu 30 y4acTKOB TEHETHYECKOTO
PHCKa, CBSI3aHHBIX C OUITOJISIPHBIM PAacCTPOMCTBOM, B
CBOEM TIOTHOTEHOMHOM HCCIIETOBAHUU aCCOIHAITIIA
(genome-wide association study, GWAS) (Ta6iu-
ua 1). OTu 3HaUUTENbHBIC YYACTKU COJCPIKAT T'€HBI,
KOZIUPYIOIIHE MOHHBIE KaHAIBI U HEHPOMEIHaTOPBI
(CACNAIC, GRIN24, SCN2A4, SLC4AI), KOMIIOHEH-
ThI cuHaricoB (RIMSI1, ANK3), a Takke KOMIIOHEHTHI
MMMYHHTETA U SHEPIUTHYECKOTo MeTadomm3Ma [34].

Tadmuua 1 — KanaunatHeie reHbl OUITOISIPHOTO PACCTPOUCTBA JIMYHOCTH, BBISBIICHHBIC 32 MOCTICIHNE IIATH JIeT [34-62]

Jlokyc Xpomocoma Jlokyc Xpomocoma Jlokyc Xpomocoma

PLEKHO! 1 RIMSI 6 PC 11
LMAN2L 2 POU3F2 6 SHANK?2 11
SCN24 2 RPS6KA2 6 CACNAIC 12
Mediceennwiii 2 THSD7A4 7 STARD9 15
TRANK1I 3 SRPK?2 7 ALPK3 15
ITIHI 3 MRPS33 7 GRIN24 16
CD47 3 ANK3 10 HDACS 17
FSTLS 4 ADD3 10 ZCCHC2 18
ADCY2 5 FADS?2 11 NCAN 19
SSBP2 5 PACSI 11 STK4 20

HenmaBHue DOJHOTICHOMHEBIE  HCCJIEIOBAHUS CRHRI1, GRIDI, IGF1, ODZ4, PER3, SHANKS3,

MPEUIOKUIN Apyroid Habop U3 14 KaHIUIATHBIX
I'CHOB, ACCOLUMHMPOBAHHBIX C OHMIOJISIPHBIM U ApY-
ruMd  aEKTHBHBIMU PaCCTPOHCTBAMHU  JIMYHO-
ctu: ANK3, BACEI, BDNF, CACNAIC, COMT,
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SIRTI, TLR4 u TPHI [35].

I'eabt ANK3 u CACNA I C urparot HaboJee Baxk-
HYIO POJIb JIJIsI Pa3BUTHSI OUTIOJSIPHOTO PacCTpOii-
ctBa MMYHOCTH [36], 0 uéM coobmmn Fereira et al.
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B CBOEM TOJHOT€HOMHOM HCCIIEJIOBAHUH, IIEIBIO
KOTOPOTO OBIIIO0 MIACHTHU(DHUITNPOBATh TEHETUICCKUE
BapUaHTHI, aCCOIMMPOBAaHHbBIE C TAaHHBIM 3a00JIeBa-
HUEM. DTO uccaeaoBanue Bkiouyano ananus JHK
oomee gem 7,500 601pHBIX 1 9,000 3M0pOBBIX (KOH-
TPOJIbHBIX) WHAMBHIYYMOB H3 MHOTOYHCICHHBIX
KOTopT 1o BceMy Mupy [36].

OCHOBHBIM  BBIBOJIOM HCCJICIOBaHHS OBLIO
oTpesieNieHNe HECKOJIbKUX T'€HETHYEeCKHX BapHaH-
TOB, aCCOLIMUPOBaHHBIX ¢ bP, Brirodas amienu re-
HOB ANK3 n CACNAIC. ANK3 xoampyer O€moK,
Ha3pIBaeMblil aHKUpUH (G, KOTOpBIH BOBJIEYEH B
OpraHu3alnio U odecrneyeHne cTabuIbHOCTH MEM-
OpaH HelipoHOB, B TO BpeMs kak CACNAIC xomu-
pyeT cyObeAMHUIly TMOTEHIHAN-3aBUCUMOTO Kajlb-
LUEBOT0 KaHana, KOTOPBIM Ba)XeH sl HEHPOHHOM
curHaJITM3anuu [36].

bouto  oOHapyXeHO, 4YTO BapuaHT TeHa
ANK3, nneHTH(UIMPOBAHHBIA B 3TOM HCCIIEOBA-
HUH, OBUT 3HAYMTEIHLHO accormupoBad ¢ bP, u aTa
accolualys mo3jaHee Obljla MOJATBEPKACHA JIPYTH-
MH HCccleoBaHUsAMH. Taxke ObUIO YCTaHOBIICHO,
YTO 9TOT BapUaHT acCOIUHUPOBAH C APYTUMH IICH-
XHATPUICCKUMU 3a00JIeBaHUSIMH, BKITIOYAs TTaBHOE
JETIPECCUBHOE paccTpoicTBO U mn30(ppeHuto [36].

HccnenoBanne Takxke OOHAPYKWIO BapHUaHT
reHa CACNAIC, KOTOpbI ObUI accOIMHUPOBAH C
BP u uneHTHQUIMPOBAH B IPYTHX UCCIICIOBAHUSX.
DTH acconuanyy BKIIOYAIA HECKOJIBKO KIMHUYE-
CKHUX OCOOEHHOCTeH 3a00JIeBaHMs, BKJIIOYas BO3-
pact ero Ha4asa (IIepBOro MOSBICHHS ), KOIUIESCTBO
MaHHUaKaIbHBIX 31TN30/I0B M PEaKIINI0 OpTaHn3Ma Ha
JieueHue Jutuem [36].

Janee OblIM M3y4eHBI OMOJIOTHYECKUE PYHKIMH
UACHTU(UIIUPOBAHHBIX TEHETUYECKUX BapHaHTOB,
BKITIO4asi NpoQuiIb SKCIPECCHH TeHOB B TKaHH TI'O-
JIOBHOTO MO3Ta IOCJe CMEPTH MAalMEHTOB U (DyHK-
[IMOHAJIbHBIE DKCIIEPUMEHTHI B KYJIBTYPE KIETOK.
OTH aHaNM3bl 00ECIEUnIIN J10Ka3aTeIbCTBO BOBJIC-
yénHoctu reHoB ANK3 u CACNAIC B HelpoHHYIO
CUTHAJIM3AIHNIO U IUIACTUYHOCTH CHHAIICOB, a TAK)Ke
BBICBETHIIU TOTCHIMATbHBIC TEPANICBTUICCKAE MH-
meHu [36].

B o0meM u 1eioM, 3T0 HCCleIoBaHue obecrie-
YUBaeT CTPOTroe JOKa3aTeNbCTBO Yy4YacTHS T€HOB
ANK3 nu CACNAIC B matoreHese OUITOISIPHOTO pac-
CTpOMCTBA U TOJUEPKUBACT BAXHOCTH OYIYIINX HC-
CJICIOBAHMM, YTOOBI JIyYllle TMOHSATh OMOJIOTMYECKHE
MEXaHU3MBI, JIEXKAIUe B OCHOBE 3TOH accOlMalvu.
Taxoke 9TO HcciienoBaHUe TOMYEPKUBACT TeHETHYE-
CKYIO CJIOKHOCTH OWIIOJIIPHOTO pacCTpOiCTBa M3-3a
MHOTOUYHCIICHHBIX TTOJIMMOP(U3MOB B Pa3INYHBIX T'e-
Hax 1 OMOXWMHYECKUX TyTAX, BHOCSIINX BKJIA/ B PH-
CKHU M KJIMHUYECKHe 0COOEHHOCTH 3a00ieBanus [36].

OCHOBHBIM  BBIBOJIOM HCCJIEIOBaHUA, MPO-
BEeIEHHOTO pabodeil TPYIION 1O OWIOIIPHOMY
paccrporictBy  KoHcopuuyma  MOJHOT€HOMHBIX
TICUXUATPUUYECKUX HUCCIeoBanui [37], Oblia ujeH-
TU(UKAIUS HOBOTO TEHETHYECKOTO JIOKyca BO3JIE
reda ODZ4, xOTOpbIH ObUT 3HAYUTEIILHO aCCOIH-
npoBaH ¢ BP. ABTOpHI Takke OOHApPYKWUJIM JTOKa-
3aTeJIbCTBO CYIIECTBOBAHUS HECKOJBKHUX APYTUX
paHee TpeaCcKa3aHHBIX YYacCTKOB IIPEIpacrofio-
kxeaHoctu K bP, Bkmouas rensl CACNAIC, ANK3
u DGKH. Oagnako, ren ODZ4 noxa3ajl HauOosee
CWJILHBIM aCCOLIMAaTUBHBIN CUTHAJI B DTOM HCCIIEI0-
BaHuu [37].

I'en ODZ4 pacnonoxen Ha 11-ii xpomoco-
M€ W KOAMPYET OCJIOK, YJACTBYIOIIMM B Pa3BUTHH
HEpBHOW cuctembl. XOTs crnenuduyeckue OHUoIo-
THYECKHEe MEXaHM3MEI, CBA3bIBaromue red ODZ4 ¢
OUIOJISIPHBIM PACCTPOMCTBOM, TOKAa HEU3BECTHBI,
ABTOPBI MPE/IIONATAI0T, YTO ATOT TeH MOXET OBITh
BOBJICUEH B TUTACTUYHOCTH CHHAIICOB W HEHPOHHYIO
CUTHAJTU3AIINI0, KOTOPhIEe, KaK U3BECTHO, HApyIIIa-
FOTCS TIPH ATOM 3a0oseBanuu [37].

UToOBl TONTBEPIUTH CBOW BBIBOJBI, aBTOPHI
MPOBENIN JIOMOJHUTEIBHBIC aHATU3bI C HCIOIb30-
BaHHEM KOTOpT ciaydyaeB bP ¥ KOHTPOJIBHBIX UHIU-
BHyyMOB. OHH TaKXke MpoBeiH (yHKIIMOHAIBHbIE
JECMEePUMEHTHI, YTOOBI M3YYUTH OMOJOTHYCCKUE
MEXaHU3MbI, TOTUEPKUBAIOLINE ACCOLUALIUI0 MEK-
ny ODZ4 v BP. OTu 3KcriepuMeHThI BKJIIOYATIN U3-
MEpEHHUE YPOBHS IKCIIPECCUH T€HOB B TKAHHU T'OJIOB-
HOro Mo3ra y manuentoB ¢ bP mocne cmeptu u y
3I0POBBIX KOHTPOJIHBIX HHIUBUAYYMOB, a TaKXkKe
npoBepKy dPPeKToB «HOKAayHa» ODZ4 Ha pa3Bu-
THE HEWPOHOB B KYJIBTYype KJIeToK [37].

Tarxoke OBUIM BBIMOJHEHBI JOMOJHUTEIHHBIC
aHAIU3bI, YTOOBI U3YUUTh TCHETHUECKHE TIepeceye-
Husg Mexay bP u npyrumMu ncuxuatpuuecKuMu Ha-
PYIIEHUSAMH, TAKAUMH, KaK MU30(PPEHUS U TIaBHOE
JIETIPECCUBHOE PacCTPOUCTBO. ABTOPBI OOHAPYKH-
7, 4TO JIoOKyc ODZ4 Takyke XOpoulo Mokasaj He-
KOTOpOE€ CBUETEIHCTBO CBOCH aCCONMAITUH C ITH-
MU PacCTpONCTBAMU, MPEAroaras, 4To OH MOXET
MIPEACTaBIATh cO00M 00U (PaKTOp reHeTHIECKO-
r0 pHUCKa JUIT MHOTOYHCIIEHHBIX TICHXHATPHYECKUX
cocrostaui [37].

B o0miem, 3T0 uccnenoBaHNe PUBOJNUT CUITh-
HOE JI0Ka3aTeJIbCTBO BOBJICUEHHOCTU reHa ODZ4 B
naroreHe3 bP u momuépkuBaeT BaKHOCTh Oy IyIITHX
WCCIICIOBAHNMN, YTOOBI Jy4Yllle MOHATh OMOJIOTHYE-
CKH€ MEXaHU3MBI, JIeXKAIe B OCHOBE ATON acCOIH-
anuw [37].

Lim et al. [38] moka3ayiu MoioXUTEIBHYIO acCO-
[OUAIII0 MeXTy nmoauMmopduzMom rs6746896 rena
LMANZ2L u puckoM BP u mu3odpenuun B ooOmiede-
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noseueckoi monymnsuuu. [ en LMANZL xomupyet
0enok, TpPHHAIeKAIUN K JEKTHHOBOW TpYyIITe
L-tuna memOpanubpix OenkoB 1-ro Tuma, GyHKIH-
€l KOTOPBIX SIBJIAETCS PAHHUM CEKPETOPHBIN IIyTh
MIekonuTaromux [38]. OTm Oenku comepxkaT H0-
MEHBI y3HaBaHMA JIIOMUHAJIBHBIX YTJIEBOOB, KOTO-
pBI€ TIOKa3bIBAlOT TOMOJIOTHIO C JIETYMHUHO3HBIMHU
JIeKTHHaMH. B oTiume oT Apyrux OeNKOB IpyTIIHI,
LMKJI KOTOPBIX MTPOUCXOANT B pAHHEM CEKPETOPHOM
IIyTH ¥ KOTOpBbIE NPEUMYIIIECTBEHHO acCOLMUPOBa-
HBI ¢ MeMOpaHaMH TIOCT-IHAOILIa3MaTHYECKOTO pe-
Tukynayma (OP), 0eloK, KOMUPYyEeMBIid dTUM TCHOM,
SIBIISICTCS. HELHMKJIMYECKUM DPE3UICHTHBIM OEJIKOM
OP, rie oH GyHKITMOHUPYET B Ka4eCTBE perenTopa-
MepeBo3YrKa JUIsl TIUKONpoTenHoB. [Ipeanomnaraer-
Csl, YTO OH peryaupyeT 0OMEH NpaBUIBLHO CBEPHYB-
X cst OEIKOB /ISl TPAHCIIOPTA B anmapat [ obmkn
Y HENpaBWIbHO CBEPHYBIINXCS TJIMKOIPOTEHHOB
JUIL TpaHCHIopTa MO yOWKBUTHH-IIPOTEACOMHOMY
nyTH [38].

W3BectHO, uTO TeH ZNF804A BOoBICUEH B pas-
JIMYHBbIE HEHPOHHBIE MPOLECCHI, KOTOPbIE HapyIle-
HBl y TIAIIMEHTOB C IMHU30(QpEeHUEH U OUMOIAPHBIM
paccTpoiicTBOM, Takue, Kak 3MOpHOHAIbHOE pas3-
BUTHE HEPBHOM CHUCTEMBI, 3allluTa HEPBHON TKaHH,
HelporeHes, MUTpaIs HEHPOHOB, (HOpPMHpPOBAHNE
n (yskumonnposanue cuHarcoB [39]. B pesyis-
TaTe MCCICNOBAaHUM ObUIO OOHapyKeHO, 4YTO Oe-
0K ZNF804A4 MOXeT y4acTBOBaTh B MPOLECCUHIE
npe-MPHK, xontposte tpancisinuun PHK u apyrux
croco0ax peryysiuH SKCIPECCHU TEHOB, BKIIOYas
HEKOTOpbIE T'E€HbI, BOBJICUYEHHBIC B PAa3BUTHUE IIU-
30(hpeHnn, (HOpPMHpPOBAHUE CHUHAICOB, pa3BUTHE
HEPBHOI cucTeMbl U BocnaneHue [39].

Amnanuzsl sxcripeccur MPHK B rosioBHOM M0O3-
re JIIJIeH U IEPBUYHBIX HEHPOHAX KOPbI TOJIOBHOTO
MoO3ra KpbIc MokasbiBaloT [40], yTO T'eHbl, CHILHO
koppemupyromue ¢ reHoM TRANKI (LBA), ume-
0T 3HAYUTENIbHYI0 aKTUBHOCTb B OHMOJIOTMYECKUX
rpoleccax, OTHOCAIIMXCS K TJIACTUYHOCTH [ICH-
JIPUTHBIX OTPOCTKOB M CHHAIICOB, HPOBOJAMMOCTHU
aKCOHOB M IUPKAJHBIM PUTMaM, a TaKKe, BeCbMa
BEpOATHO, IOKAa3bIBalOT CHUJIbHBIE acCOLMAllUHd B
[ICUXUATPUUYECKUX IMOJHOT€HOMHBIX HCCJIEI0BaHU-
sx (Hanpumep, reH CACNAIC). Takum oOpazom,
9TH pe3yJbTaThl MOAJAEPKUBAIOT TUIIOTE3Y, UTO
TRANK] siBnsieTcsi TeHOM TMOTEHIMAIBHOTO PUCKa
BP. Tpebytorcst nanbHeme ucciaeaoBaHus, 00b-
SICHSIFOILIE €T0 POJIb B 3TOM 3a0osneBanuu [40].

I'en ADCY?2, pacniosioxeHHbIH B XPOMOCOMHOM
yaactke S5pl5.31, skcmpeccupyeTcsi B TOJOBHOM
MO3re U KOIUpYyeT (epMEHT CHHTE3a MOJIEKYJIbI
BTOPUYHOTO MecceHkepa HAMOD, cBsi3aHHBIM C
KierouHold MemOpannoil. benok ADCY2 B mep-
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BYIO OYEpEelb pEryJIHpyeTcsl TeTepOTPUMEPHBI-
mu G-6enmkamu U Tpou3BoauT TAM® B oTBeT Ha
BHEKJIETOYHBIE TOPMOHBI M HEMpPOTPaHCMUTTEPHI,
KOTOpBIE CBSI3BIBAIOTCSI B KAYECTBE JIMTAH/OB C pe-
nenropamu, conpsukEHabIME ¢ G-0enmkamu (GPCR).
GPCR nipencraisitor co00ii OOJIBIIMHCTBO peLier-
TOPOB JUIsl HEHPOMEINATOPOB JONaMHHA, HOPIIH-
He(prHA W CEPOTOHWHA, W IPHHAUICKAT K HaW-
Oosiee paHHUM (PYHKIUOHAIBLHBIM KaHIIUJATHBIM
TeHaM sl HEWPOIICUXHATPUUECKUX PACCTPOMCTB.
@yHKUMOHANBHbIE Bapuanuu reHa ADCY2 moryt
OKa3bIBaTh 0oOJiee BBIPAKCHHOE BIIMSHHE Ha BOC-
MPUUMYHUBOCT K BP, yeMm (hyHKIIMOHANBHEIE BapH-
aIluyl PererTopoB HEHPOMeInaTOPOB, T/e BBICOKAS
CTeNeHb HW30BITOYHOCTH MOXKET CIOCOOCTBOBATH
(YHKUMOHAIBHON KOMIIGHCAIIMU OJIHOTO JTUC(YHK-
IHOHAIBHOTO perenTopa apyrum [41].

I'east MIR2113 u POU3F2 Ttakxe acCOIUH-
poBanbl ¢ bP uenoseka. ['en MIR2113 xonupyer
MuPHK miR-2113, xoropas Oyzxer oOCykaaTbcs B
cienyromeM pasaene. ['en POU3F2 (OTF7) xonu-
pPYET OAHOTO M3 YJIEHOB KJ1acca HEHPOHHBIX TPaHC-
KpunIuoHHBIX (hakropoB POU-III. Komnpyemsrii
0eJoK y4acTByeT B AU PEepEeHIIUPOBKE HEHPOHOB U
YCHIIMBAET aKTUBAILIMIO T€HOB, PETYIUPYEMBIX KOP-
TUKOTPOTIHH-PHIU3NHT-TOPMOHOM. CBEpXIKCTpec-
cust 9TOro OeJika CBsi3aHa ¢ yBEJIMYeHHEM Tporde-
paluu KJIETOK MEIaHOMBI [42].

I'en SYNEI komupyer HecnpuH-l Kak 4acTb
KOMIUIEKCA, CBSI3BIBAIOIIETO HYKJICOCKEIET C IIUTO-
ckeneroM. Hekotopsie mytanuu B SYNE! BbI3bIBa-
10T HeWpojereHepaTUBHbIE W HEPBHO-MBIIICYHBIC
JUCTPO(UH U TOBBIAIOT PUCK PEIMIUBHPYIOLICH
nernpeccuu [43].

I'en MADILI xonmupyeT OelOK KOHTPOIBHOW
TOYKH COOPKH MHUTOTHYECKOTO BepereHa MADI,
KOTOPBI CMOCOOCTBYET COOTBETCTBYIOLIEMY Ha-
gaimy aHadaspl TOCJIe TPaBWIBHOTO BBIPABHHBA-
HUSL BCEX XpPOMOCOM B MeTada3HOH IUIACTHHKE.
MADILI Tax»e BOBJICYEH B T'€HETUYECKYIO MpE-
PacTOI0KEHHOCTh K IMU30(pPEHUH, TPYroMy IICH-
XHAaTPUUECKOMY 3a00JIeBaHHIO, UMEIOLIEMY CyIIe-
cTBeHHbIEe (pakTophl pHcka, kak u bP [44]. Taxxke
ObuT0 0OHaApyxkeHo, uto MADILI cBsa3aH ¢ QyHK-
[IMOHUPOBAHNEM CHCTEM BO3HATPAKACHHUS Y 3/10pPO-
BBIX B3pOCIBIX (TIPOMEXYTOUHBIH (eHoTHN it bP
1 MU30(PEHUH), 9TO T00ABIIIET MOTOTHUTCIIHHBIC
JIOKa3aTeNIbCTBA €ro y4acThs B TMCUXUYECKUX OT-
KJIOHEHUSIX [44].

[Ipenmonaraercs, uro reH DDN cnocobcTByeT
cnenu(UIecKoll B OTHOIICHHWU ITOCIIEI0BATENb-
Hocreit JIHK-cBs3bIBaromeii akTuBHOCTH — (hak-
TOPOB TPAHCKPUIIINH, CHENU(PUIECKOTO W IHUC-
perynaropuoro qomenoB PHK-nonmmmepassi 11 [45].



W.B. IIunackwuii, B.M. Anac

Konupyemblii 0enok IeHIpHUH PACHONOXKEH B IPO-
eKIIMM KJIEeTKH W IuToruiasme. llpenmymiecTBen-
HO DKCIIPECCHUPYETCs] B TOJIOBHOM MO3T€ U MOYKaX.
Cuutaercs, 4TO TOCTCHHANTHYECKUHA KOMITOHEHT
JICH/IPUH, KOTOPBIH KOJUPYETCS JIOKAIN30BaHHON B
nenapurax MPHK, MonynupyeT cTpykTypy CHHAI-
THYecKoro nurtockeneta. OJHAKO MOJEKYISIPHBIE
MEXaHW3MBbI, KOTOpbIe KOHTPOJHUPYIOT BHECOMATH-
yeckuil Tpancnopt MPHK nennpuna u pexpytupo-
BaHWE TMOCTCHHANTHYECKUX OEIKOB, HEW3BECTHBI.
[45].

I'er ERBB2 koampyer ogHOTO M3 YJIEHOB ce-
MeHCTBa THPO3MHKHHA3HBIX PELENTOPOB AMHIEP-
ManpHOTO (hakTopa pocra (EGF) [46]. DToT Oemox
HE HMeEET COOCTBEHHOIO JIMT'AHJCBSI3BIBAIOIIETO
JIOMEHA W T03TOMY HE MOXXET CBSA3BIBAaThH (haKTo-
pBI pocTa. Tem He MeHee, OH MPOYHO CBSA3BIBACTCS
C IpYyTUMH 4YJI€HaMHU ceMmeilcTBa peuentopos EGF,
00pazys reTepoIuMep, CTaOMIM3UPYS CBSA3bIBAHNE
JUTaHZa ¥ YCHJIWBAas OMOCPENIOBAaHHYIO KHWHA30M
AKTUBAILMIO HWKECTOSIINX CUTHAJIBHBIX MyTeH, Ha-
MIpUMeEp, C y9acTHEM MHUTOTE€H-aKTUBUPYEMOW TPO-
TEMHKHHA3bl U (ochHaTHIUTUHOZUTON-3 KHHA3BL.
Coo0mranoch Takke 00 ayuIeldbHBIX BapHalUsAX B
MO3ULHUSAX aMUHOKUCIOT 654 u 655 m3odopmbl a
(a Tarke mosumusax 624 u 625 uzodopmsl b), pu
3TOM 3/IeCch MOKa3aH HanOoJee pacpoCTpaHEHHBIN
amensd 11e654/11e655. CooOmranocs 06 aMriudu-
Kallil W/WIM CBEPXAKCIPECCHHM 3TOT0 TeHa MpHU
MHOTHX BUJAX paka, BKIOYas OIyXOJIH MOJOYHOU
JKeJe3bl U SMYHUKOB. AJIBTEpPHATUBHBIN CIIJTaliCHHT
TIPUBONT K MOSIBICHUIO HECKOJIBKUX JTOTIOTHUTETb-
HBIX BapMAHTOB TPAHCKPHIITOB, HEKOTOPBIE U3 KO-
TOPBIX KOJMPYIOT pa3Hble N30(OpPMEL, a IpyTrre He
MOJTHOCTBIO OXapakTepu3oBaHbl. Baxxnocts ERBB2
npu bP momomHUTENBHO TTOATBEPXKAACTCSI OOHAPY-
JKEHHEM 3HA4YMMOM acCOIMallid M0 BCEMY T€HOMY
¥ HaONIOJIEHUEeM HapyIICHUS PETYNALNNN JKCIIpec-
cun ERBB2 B nopcosatepalibHOH TpedpOHTAb-
HOM Kope kKak rpu bP, Tak u npu mmzodpernn. 3to
WU3MEHEHHNE JKCIIPECCHH B 3HAYUTENBHOW CTENEHU
CBSI3aHO C TOXM3HEHHBIM BO3JICHCTBHEM AHTHUIICH-
XOTHKOB, 4TO JejiaecT ERBB2 MuieHsro i1 KImHu-
YECKHUX UCCIIeTOBAaHUH [46].

I'en BACE1 xonupyer Oeta-cexperasy 1, dieHa
cemeiictBa menTtuaa3 Al acmaparmHOBBIX TPOTe-
a3 [47]. AnpTepHaTUBHBIN CIUTAWCHUHT NMPUBOJIUT K
00pa30BaHWI0O MHOXXECTBA BAapPHAHTOB TPAHCKPHII-
TOB, OJMH U3 KOTOPBIX KOAMPYET MPENPONPOTENH,
KOTOPBIH TOABEPraeTcsl MPOTEOTUTHIECKOMY TIPO-
LECCUHTY C 00pa30BaHUEM 3peJiof MmpoTeasbl. JTa
TpaHCMeMOpaHHas MpoTeasa KaTaIn3uPyeT TepPBhIi
sTan o0pazoBaHMsl OETa-aMUIIOMTHOTO TENTHAA U3

OenKa-mpeIIeCTBeHHIKa amuionaa. bera-amu-
JIOWJHBIE TIETITUIBI SBISIOTCS OCHOBHBIM KOMIIO-
HEHTOM OeTa-aMMJIOMAHBIX OJISIIIEK, KOTOpbIE Ha-
KaIUIMBAIOTCS B MO3T€ JIFOJEH, OOJBHBIX 00JIE3HBIO
Anbureitmepa [47].

I'en BDNF xomupyeT wieH cemeilicTBa Oel-
KOB (hakTopa pocTa HEPBOB — HEHPOTpOPHUUECKUI
(bakTtop romoBHOTO MO3ra [48]. AnbTEpHATUBHBIN
CIUTAiCHHT TIPUBOJHUT K OOpa30BaHUIO MHOXKECTBA
BAPUAHTOB TPAHCKPUIITOB, IO KpalHEW Mepe OJuH
13 KOTOPBIX KOJUPYET MPENpONpPOTENH, KOTOPBIH
IO/IBEPTaeTCs MPOTEOTUTUIECKOMY TIPOIIECCHHTY C
oOpazoBanueM 3penoro Oenka. CBS3bIBAaHHE TOTO
Oeyka ¢ POJCTBEHHBIM €MY PEIENTOPOM CITI0C00-
CTBYET BBDKHMBAHUIO HEPOHOB BO B3pOCIIOM MO3TE.
DKcrmpeccHst 3TOT0 TeHa CHIDKAeTCsl Y TMalueHTOB
c Oonesnsimu Aunbureiimepa, [lapkuacona n Xan-
TUHTTOHA. DTOT T€H MOYKET UTPaTh POJb B PEryJs-
LUH PEAaKIMU Ha CTPecC U B OMOJIOTHHU PacCcTPOMCTB
HactpoeHus [48].

I'en COMT xonmupyer ¢epment xarexon-O-
MeTuiTpanchepasa, KOTOPBIH KaTalu3UpyeT Tepe-
HOC METHJIBHOW TPYIIIEI OT S-aIeHO3UIMETHOHUHA
K KaTexoJlaMHHaM, BKIIO4Yas HEWPOMEIHaTo-
pel modamMuH, agpeHaTuH W HOpagpeHaluH. JTO
O-MeTUIMpOBaHUE MPUBOJUT K OJJHOMY M3 OCHOB-
HBIX ITyTel Jerpajalui MeInaToOpoB KaTeXoJaMu-
HoB. IlomMumo cBoelt ponmm B mMeTaboiIM3Me 3IHJIO-
rennsix BemectB, COMT BaxkeH B MeTa0OIHM3ME
KaTeXOJIOBBIX MPEenapaToB, UCTIOIb3YEMbIX MPH Jie-
YeHUU TUNIEPTOHUH, acTMbl M Oone3Hu [lapkunco-
Ha. COMT BcTpewaercs B TKaHIX B IBYX (hopMmax:
pactBopumoit  hopme (S-COMT) u memOpaHOC-
Bs3anHOU opme (MB-COMT). Paznumaus Mexmy
S-COMT n MB-COMT 3axmrouaroTcst B N-KOHIIE.
Heckonbko BapmaHTOB TpaHCKpHUNTa 00pa3yroTCs
3a CYET MCIOJIb30BAHUS AIbTEPHATUBHBIX CAHTOB
WHUIAAIAA TPAHCIISAIAA U TIPOMOTOPOB [49].

I'en CRHRI xomupyet peuentop 1 KOpTHKO-
TPOMUH-pIIIM3UHT-TOpMOHA [50]. DTO penenTop,
CBsI3aHHBIN ¢ G-0€JIKOM, KOTOPBIN CBS3BIBACT HEM-
pOTIENITHABI CeMEHCTBA KOPTUKOTPOIHH-PIIN3NHT
TOPMOHOB, KOTOPBIE SIBJISIIOTCSI OCHOBHBIMHU pETY-
JSTOPaMH TUTIOTAJIaMO-TUTTOPH3aPHO-HAAITOYECYHH-
koBoro nyTtu. Koaupyemslii 6e10k HeoOXoauM [uist
aKTHBAIUH MTyTEH Mepelady CUTHAJIOB, KOTOPBIE pe-
TYJIMPYIOT pas3inyHble (U3HOJIOTHUYECKUE TMPOLEC-
CBI, BKJIOYAsl CTPECC, PEMpPOIYKIIUIO, MMMYHHBIN
OTBET M OXHMpEHHE. AJBTEPHATUBHBIN CIUIACUHT
MIPUBOJUT K 0Opa30BaHWIO MHOXKECTBA BapHUaHTOB
TpaHckpunTa [50].

I'en GRIDI xomupyeT CyOBEIWHUIy KaHAJOB
[JIyTaMaTHBIX PELENTOpPOB. DTH KaHAJIbI ONocpe-
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IOyIOT OOJNBIIYyI0 4YacTb OBICTPOH BO30YKaaroien
CHUHANTUYECKON Mepejaun B LICHTPaIbHOW HEPBHOM
CHCTEME U UTpAIOT KIOYEBYIO POJIb B CHHANTHYE-
cKoif mmactuyHocTH [51].

benok, kogupyemslii renoM /GFI, aHalorndex
WHCYJIMHY 1O (DYHKIUSIM M CTPYKTYPE H SIBISICTCS
YJICHOM ceMelcTBa OEJIKOB, Y4acTBYIOUIMX B 00e-
cnedeHUM pocta u pasButHs [52]. Kommpyemsiid
0eJIoK ToMydaeTcss M3 IMPEeIIeCTBEHHHUKA, CBSI3bI-
BaeTCsl CHEeNU(PUIECKUM PEeENTOPOM M CEKpeTH-
pyercst. JledeKTsl 3TOro rena sIBISIOTCS TPUYUHON
nedunuTa WHCYIUHOTOMOOHOTO (hakTopa pocta I.
ANBTEpHATHBHBIA CIUTAHCHHI NPUBOIUT K 0Opa-
30BaHUI0 MHOXECTBA BapHAHTOB TPAHCKPHUIITOB,
KOAMPYIOIIUX pa3Hble N30()OpMBbI, KOTOPbIE MOTYT
TO/IBEPTaTHCS aHAJTOTHYHOMY MTPOIECCHHTY IS 00-
pasoBanusi 3pesioro oemnka [52].

I'en PER3 (neproanvecKuil IMUPKaTHBIA pery-
asiTop 3) ABIsieTcs uieHoM ceMeiicTBa reHoB Period
W DKCIPECCHPYETCS B LHPKATHOM PEXKHUME B Cy-
MIPaxua3MaTHYECKOM SiApE, MEPBUYHOM BOJIHTEINE
LMPKAJHOTO PUTMa B MO3Te MJleKomuTaromux [53].
I'ensr aTOro cemeiicTBa KOAUPYIOT KOMITOHEHTBI
MUPKAJHBIX PUTMOB JIBUTATEIHLHONH aKTUBHOCTH,
MeTaboaM3Ma U MOBEICHHs. DTOT T€H aKTHUBUPYET-
sl TeTepOoIMMEPaMH TPAHCKPHUTIITHOHHBIX (PaKTOPOB
CLOCK/ARNTL, Ho 3aTeM NOAABISIET 3Ty aKTHUBa-
LMIO0 C TIOMOIIBI0 OOpaTHOW CBSI3M C MCIOJIB30Ba-
HUEM TeTepOJUMEPOB penpeccopHbIX OenkoB PER/
CRY nnga Bosueiicteusg Ha CLOCK/ARNTL. Tlonu-
MOpPGHU3MBI ATOTO T€HA CBSI3aHbI C HapYLICHUSIMU
cHa. [[is aTOTO TEeHa 0OHApYXEHO MHOYKECTBO Ba-
PHAHTOB TPAHCKPHUITOB, KOJUPYIOIIUX pa3HbIe U30-
(hopmer [54].

I'en SHANK3 (SH3 u MHOXKECTBEHHBIE JIOME-
HBI aHKHPUHOBBIX MTOBTOPOB 3) SIBISETCS WICHOM
ceMeiictBa reHOB SHANK [55-59]. Dtu Oenku
MPEJICTABIAIOT CO00W MHOTOJOMEHHBIE KapKac-
Hble OCNKH TMOCTCHMHANTHYECKOTO CryIICHUs,
KOTOpBIE COENMHSIOT PEeLeNnTOpsl HeillpoMenna-
TOPOB, MOHHBIC KaHAJIbl M Apyrue MeMOpaHHBIC
OeNKM ¢ aKTMHOBBIM ITUTOCKENIETOM W CHUTHAJIb-
HBIMH IYTSIMH, CBsi3aHHBIMH ¢ G-Oenkom. benkn
SHANK Taxxe wurpaioT poiib B (hopMuUpOBaHHH
CHHAIICOB U CO3PEBaHUU JECHAPUTHBIX OTPOCTKOB
[55-59]. MyTanuu B 3TOM TE€HE SIBIISIIOTCS TIPH-
YUHOM paccTpoicTBAa ayTUCTUUYECKOTO CIEKTpa
(PAC), xoTOpOE XapaKTepU3yeTCs HAPYIICHUSIMHI
COLMAJILHOTO B3aMOACHCTBUS U OOLICHHUSI, a TaK-
K€ OTpaHWYEHHWEM MOJeNeil MOBeJeHUS M WHTE-
pecoB. MyTanuu B 3TOM T'€HE TAKXE BBI3BIBAIOT
mu30(ppeHuio 15 Tuma W SBISIIOTCS OCHOBHBIM
MPUYUHHBIM (AKTOPOM HEBPOJIOTHUYECKUX CHM-
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NTOMOB cHHApoMa Jeneuun 22ql13.3, KoTopsii
Tak)X€ M3BECTEH Kak cuHapom Penana-Makaep-
Muja. {1 3TOro reHa onMucaHbl JOMOJHHUTEIbHbIE
130(OpMBI, HO OHU €Ie He MOATBEPKIEHBI IKC-
MepuUMEeHTaNbHO [55-59].

I'en SIRTI xonmupyeT wieH ceMelcTBa OENIKOB
CHUPTYWHOB, T'OMOJIOTOB JpPOXKEBOro Oenka Sir2
[60]. UneHsl cemeicTBa CUPTYHHOB XapaKTepH3y-
FOTCSl OCHOBHBIM JJOMEHOM CHPTYHHA U CTPYIIIHPO-
BaHBI B 4eThIpe Kiacca. DyHKIIUN CUPTYHHOB Yelo-
BEKa €Ille HE ONpEAEIIeHbl; OJHAKO M3BECTHO, YTO
OENKM CUPTYWHOB APOKIKEH PEryIupyroT HUTeHe-
TUYECKYIO PENPECCHIO T€HOB U MOAABISIOT PEKOM-
ounaruro p/IHK. MccnenoBanus moka3pIBaOT, 9TO
CHUPTYUHBI YeJIOBEKa MOTYT ()yHKIIMOHUPOBATh KaK
BHYTPHUKJICTOUYHbBIE PETYJSATOPHBIE OCTKH C MOHO-
AJ1®-pubosmintpaHcdepasHod akTHBHOCTBIO. be-
JIOK, KOAUPYEMBI 3TUM T€HOM, BKJIIOYEH B KIIAcC
I cemelicTBa cUpTYHHOB. AIBTEpHATUBHBIN CIaii-
CHHT TIPUBOJIUT K 00pa30BaHMIO MHOXKECTBA BapH-
AHTOB TpaHCKpUNTOB [60].

benok, xomupyembiii reHom TLR4, saBnsercs
yiieHoM cemelictBa Toll-mogo0HBIX  perenTopos
(TLR), xoTOpsIe urpatoT (HhyHIaMEHTAIBHYIO POJIb
B paclo3HaBaHUM MATOT€HOB M aKTHBALIMU BPOXK-
neHHoro uMMmyHurtera [61]. TLR-perienTopbl BBICO-
KO KOHCEPBAaTHBHBI OT APO30(UIBI O YeIOBEKa U
UMEIOT CTPYKTYPHOE U QYHKIIMOHAIFHOE CXOJICTBO.
OHHM pacno3HarOT NMaTOreH-aCCOLMUPOBAHHBIE MO-
JIEKYISPHBIE CTPYKTYPBI, KOTOPBIE AKCIIPECCUPYIOT-
cs1 Ha UH(EKIMOHHBIX areHTax, U OMOCPEAYIOT BbI-
paboOTKy IMTOKWHOB, HEOOXOTUMBIX /IS Pa3BUTH
s pexTnBHOr0 UMMyHHTEeTa. Pasnmuuneie TLR ne-
MOHCTPHPYIOT pa3Hble MOIEeNH dKcnpeccuu. Mece-
JoBaHus in silico 0OHapYXUIM 0COOCHHO CHUIIBHOE
CBSI3BIBAHUE TIOBEPXHOCTHOTO TLR4 ¢ OEIKOM-IIHN-
MIOM KOpPOHABHpYCa 2-Ir0 THUIA TSHKEIOro OCTPOro
pecriupatopHoro cunapoma (SARS-Col-2), BO3-
OyauTensi KopoHaBupycHoil Oone3nn 2019 rona
(COVID-19). Dror perenTop TakXke yd4acTBYET
B COOBITHSIX TepeJaud CUTHAJIA, HUHIYLUPYEMbIX
munononucaxapunom (JIIIC), oOHapyXeHHBIM Yy
OOJIBIIMHCTBA TPAaMOTPHULATENbHBIX OakTepuit. My-
TalMy B 3TOM T'€HE CBS3aHBI C PA3IHYUSIMHU B UyB-
ctButensHocTH K JITIC 1 mpeapacnonokeHHOCThIO
K BO3PACTHOM JIeTeHepaIny JKeITOTO MSTHA CeTyaT-
K4 rn1a3a. s 5Toro rena oOHapyeHO MHOKECTBO
BAapMAHTOB TPAHCKPUITOB, KOIUPYIOMINX pa3HbIe
nzodopmsl [61].

I'en TPHI xonupyeT (QepMeHT ceMeicTBa T'H-
JIPOKCHUIIa3 apOMaTUYECKUX aMUHOKHUCIOT [62]. Ko-
JUPYEMBIN OeJIOK KaTan3UPYeT NMEePBBINA U TUMUATH-
pyrolmmid 3Tann OMOCHHTE3a CEPOTOHMHA, BaKHOTO
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rOpMOHa U HeillpoMeauaTopa. MyTaluu B 3TOM reHe
CBSI3aHBI C TTOBBIIICHHBIM PUCKOM Pa3BUTHS PA3JTHU-
HBIX 3a00JICBaHUH W PACCTPOMCTB, BKIIOYAS IIIH-
30()pEHUIO0, COMATHYECKYIO TPEBOTY, CKIIOHHOCTD K
THEBY, OWITIOJIIPHOE PACCTPOMCTBO, CYHIIMJIAIBHOES
MOBEACHUE, 3aBUCUMOCTH U Jipyrue [62].

3ak/ouyenne

B pesynbrare uccneqoBaHUM MO BCEMY MHPY
obutn BeLsiBiIeHB 91 MUPHK, skcmipeccust koTopbix
H3MEHSETCSl TIPH OMITONSIPHOM PACCTPOMCTBE JINY-
HocTH (Tabmwmma 2) [63].

Ta6uuna 2 — MuPHK, ypoBeHb sKcipeccuit KOTOPHIX MEHSETCS TPHU OUIIOISIPHOM PacCTPOUCTBE TMYHOCTH [63].

Oopa3zubl

HN3menenus s3xcnpeccun MuPHK

DK30COMBI U3 I1JIa3MbI

miR-185-5p, miR-25-3p, miR-92a-3p, miR-376b-3p, let-7i-5p, miR-484, miR-652—-3p, miR-142-3p, miR-
30b-5p, miR-126-3p, miR-15a-5p, miR-126-5p, miR-301a-3p

miR-21-5p, miR-22-3p, miR-29-c3p, miR-92a-3p, miR-142-3p, miR-1185-2-3p, miR-3135b, miR-3194-
5p, miR-4516, miR-6090, miR-6791-5p, miR-6808-5p, miR-7975, miR-7977, miR-133a-3p, miR-188-5p,

Ilnasma miR-451a, miR-671-5p, miR-1227-5p, miR-1238-3p, miR-1268b, miR-1281, miR-3620-5p, miR-4433a-
5p, miR-5739, miR-6068, miR-6125, miR-6727-5p, miR-6775-5p, miR-6800-3p, miR-6821-5p, miR-
7108-5p, miR-8060

ITnasma miR-132, miR-134, miR-152, miR-607, miR-633, miR-652, miR-15b, miR-155

m miR-150-5p, miR-25-3p, miR-451a, miR-144-3p, miR-363-3p, miR-4454+miR-7975, miR-873-3p, miR-

fasva 548al, miR-598-3p, miR-4443, miR-551a, miR-6721-5p
ChIBOpOTKa miR-7-5p, miR-23b-3p, miR-142-3p, miR-221-5p, miR-370-3p
[epudepuueckas

1cjibHast KpOBb

miR-376a-3p, miR-3680-5p, miR-4253-5p, miR-4482-3p, miR-145-5p

MoHoHyKII€apHbIe
KIIETKH KPOBH

miR-499-5p

LlesnbHas KpOBb

Manwnakanpable dnm3016l: MiR-9-5p, miR-29a-3p, miR-106a-5p, miR-106b-5p, miR-107, miR-125a-3p,
miR-125b-5p (B cpaBHEHUH ¢ KOHTPOIBHOM Ipyoii), miR-106a-5p, miR-107 (B cpaBHEHNH C 9y THMHBIMU
3MM30aMHu). DyTUMHBIE SnH3046I: MiR-29a-3p, miR-106b-5p, miR-107, miR-125a-3p (B cpaBHeHHH C
KOHTPOJBHOM TPYIIIOi)

miR-15a-5p, miR-17-3p, miR-17-5p, miR-18a-5p, miR-19b-3p, miR-20a-5p, miR-27a-3p, miR-30b-5p,

Kposb miR-106a-5p, miR-106b-5p, miR-145-5p, miR-148b-3p, miR-210-3p, miR-339-5p, Azenanua: miR-92b-
5p, miR-1343-5p. Pucniepunon: miR-146b-5p, miR-664b-5p, miR-6778-5p
[Tmazma let-7e-5p, miR-125a-5p (B cpaBHEHHHU C KOHTPOIBHOM TPYIIIOiT)
Mrasva miR-134 (B cpaBHEHHH ¢ OOJBIINM ACTPECCUBHBIM paccTpoiicTBoM), miR-134 (B cpaBHEeHUH C
KOHTPOJIBHOM TPYMIIOif)
[na3ma miR19b-3p
MoHoHyIIeapHbie miR-21-3p, miR-29¢-5p, miR-30d-5p, miR-140-3p, miR-330-3p, miR-330-5p, miR-345-5p, miR-378a-

KJIETKH KPOBU

5p, miR-720-5p, miR-1973-5p, miR-3158-3p, miR-4521-5p, miR-1915-5p, miR-1972-5p, miR-4440-5p,
miR-4793-3p

ChIBOpOTKa

(Koppemsinmst ¢ BDNF: miR7-5p, miR221-5p, miR370-3p)

IlenbHas kpoBb

miR-15b, miR-132, miR-652

Ot MuPHK Obuti BRIIEIEHBI U3 pa3HBIX 00-
pa3noB (ICJIBHOW KPOBH, IJIa3Mbl, ChIBOPOTKH,
KJIIETOK KPOBHU M T.NI.) Y Pa3HBIX TPYII HallUCH-
TOB U MPH PA3HBIX YCJIOBHUAX (B TOM YHCIEC IPH
BO3JICHCTBUM PAa3TUYHBIX JICKAPCTBEHHBIX IIpe-
napatoB). MHOTHE U3 HUX CBA3aHBI HE TOJIBKO C

OUTONSPHBIM PACCTPOUCTBOM, HO M C JIPYTUMHU
IICUXUYCCKUMU 3360H6B3HI/IHMI/I, TaKMMH, KaK IIIH-
30(peHusi, 60IbIIOE AETIPECCUBHOE PACTPONCTBO,
TPEBOKHOE PACCTPOMCTBO, CYHIIMIAIBLHOE MOBE-
JACHHUC U T.A., TaK KaK OHU YYaCTBYIOT B PaJIMYHBIX
MeTabO0JINYECKUX ¥ OMOXMMHYECKUX MpOoIeccax,
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PEeryJIMpYyIOT 3KCNPECCHIO OTPOMHOTO KOJINYECTBA
reHoB-mumienei [63]. Iloatomy ux ucmonb3oBa-
HHE B KaueCTBE IMarHOCTUYECKUX MapKEPOB MTOKa
KpaifHe 3aTpyJHUTEIbHO, YUUTHIBAsK TAKXKE BBICO-
Kyl0 CTOMMOCTbH BblAeneHUs U aHanu3za MUPHK.
IToka takue uccnenosanus B Kazaxcrane emé He
npoBoaIHCh. Ho B OyayieM 3Ta ClIOXHas Mpo-

OieMa MOKET OBITh pelIeHa, MMOCKOJIbKY JAaHHBIN
0030p TOXE MOXKET IOCIYXHUTb TEOPETHYECKON
OCHOBOM /Il MPOBEJICHNUS B HaIIEH CTpaHe uccie-
JIOBAaHUH MO TMOWUCKY OTHOCHUTEIBHO HEOOJBIION
rpymmsel MUPHK, oGnagaromux BBICOKOH criel-
H()UYHOCTHIO B OTHONICHUM OWIIOJSIPHOTO pac-
CTpPOWCTBA TNYHOCTH.

Jluteparypa

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, (DSM-5) / Arlington, VA:
American Psychiatric Publishing. — 2013. — S5th ed. — 992 p.

2. BcemmupHas opraHu3anus 3IpaBOOXpaHEHHs. [ICHXHYECKHE pPacCTpoWcTBa: HWH(OPMAILMOHHBIN OHJUICTCHb. 8 HIOHS
2022 r. [Daexrponnsiii pecypc]URL: https://www.who.int/ru/news-room/fact-sheets/detail/mental-disorders (mata oOparueHus:
18.01.2024).

3. Kanrapamesa I'.K., Xakcansixosa I'.b., Kynkaesa I'.V., Illaiixue C.C., Kapamryrosa JK.H., Munaesa JL.E., UnbsicoBa
XK.P., lllaban6aeBa A.M., Kamnmaramb6erosa A.T., Kemxkexynosa P.H., Illankaposa /.M., A6yosa A.K. 2022 xpuina Kazakcran
PecryOiiKachl XaJIKbIHBIH JICHCAYJIBIFBI )KOHE JICHCAYJIBIK CaKTay YHbIMIApbIHBIH KbI3MeTi = 310poBbe HaceneHus PecryOnnku
Kazaxcran u nesTeIpbHOCTh OpraHu3aiuii 3apaBooxpanenus B 2022 roay / Crat. skuHak. — Actana. — 2023.- 340 6. — ka3akmia,
opbIcIIa.

4. Harrison P.J., Geddes J.R., Tunbridge E.M. The Emerging Neurobiology of Bipolar Disorder // Focus (Am Psychiatr Publ).
—2019.—Vol. 17, Ne 3. — P. 284-293.

5. Badner J.A., Gershon E.S. Meta-analysis of whole-genome linkage scans of bipolar disorder and schizophrenia // Mol Psy-
chiatry. — 2002. — Vol. 7, No. 4. — P. 405-411.

6. Soares J.C., Mann J.J. The anatomy of mood disorders — review of structural neuroimaging studies // Biological Psychiatry.
—1997.—Vol. 41, No. 1. - P. 86-106.

7. Gonzalez-Pinto A., Alberich S., Barbeito S., Alonso M., Vieta E., Martinez-Aran A., Saenz M., Lopez P. Different profile
of substance abuse in relation to predominant polarity in bipolar disorder: The Vitoria long-term follow-up study // J Affect Disord.
—2010. - Vol. 124, No. 3. — P. 250-255.

8. Crowe M., Eggleston K., Douglas K., Porter R.J. Effects of psychotherapy on comorbid bipolar disorder and substance use
disorder: A systematic review // Bipolar Disord. — 2021. — Vol. 23, No. 2. — P. 141-151.

9. Bushati N., Cohen S.M. MicroRNA functions // Annu Rev Cell Dev Biol. —2007. — vol. 23. — P. 175-205.

10. Crapokomomckuii I[1. O60 Bcex PHK Ha cBete, 6onbimx u Manbix. 9 urons 2010. [Dnextpornsiit pecypc]. URL: https:/
biomolecula.ru/articles/obo-vsekh-rnk-na-svete-bolshikh-i-malykh (naTta obparenus: 16.01.2024).

11. Zhao X.,He X.,,Han X., YuY., Ye F., Chen Y., Hoang T., Xu X., Mi Q.S., Xin M., Wang F., Appel B., Lu Q.R. MicroRNA-
mediated control of oligodendrocyte differentiation // Neuron. — 2010. — Vol. 65, No 5. — P. 612-626.

12. Yapijakis C. Regulatory Role of MicroRNAs in Brain Development and Function // Adv Exp Med Biol. — 2020. — Vol.
1195. —P. 237-247.

13. Machado-Vieira R., Salvadore G., Luckenbaugh D.A., Manji H.K., Zarate C.A. Jr. Rapid onset of antidepressant action: A
new paradigm in the research and treatment of major depressive disorder // J Clin Psychiatry. — 2008. — Vol. 69, No 6. — P. 946-958.

14. Kocerha J., Dwivedi Y., Brennand K.J. Noncoding RNAs and neurobehavioral mechanisms in psychiatric disease / Mol
Psychiatry. —2015. — Vol. 20, No 6. — P. 677-684.

15. Zurawek D., Turecki G. miR-124-3p mediates polygenic risk shared between schizophrenia and bipolar disorder / Neuron.
—2023.—Vol. 111, No 2. — P. 144-146.

16. Roy B., Dunbar M., Shelton R.C., Dwivedi Y. Identification of microRNA-124-3p as a putative epigenetic signature of
major depressive disorder // Neuropsychopharmacology. — 2017. — Vol. 42, No 4. — P. 864-875.

17. Weigelt K., Bergink V., Burgerhout K.M., Pescatori M., Wijkhuijs A., Drexhage H.A. Down-regulation of inflammation-
protective microRNAs 146a and 212 in monocytes of patients with postpartum psychosis // Brain Behav Immun. — 2013. — Vol.
29.—-P.147-155.

18. Bavamian S., Mellios N., Lalonde J., Fass D.M., Wang J., Sheridan S.D., Madison J.M., Zhou F., Rueckert E.H., Barker D.,
Perlis R.H., Sur M., Haggarty S.J.Dysregulation of miR-34a links neuronal development to genetic risk factors for bipolar disorder
// Mol Psychiatry. — 2015. — Vol. 20, No 5. — P. 573-584.

19. Tufekei K.U., Alural B., Tarakcioglu E., San T., Genc S. Lithium inhibits oxidative stress-induced neuronal senescence
through miR-34a // Mol Biol Rep. —2021. — Vol. 48, No 5. — P. 4171-4180.

20. Kim A.H., Reimers M., Maher B., Williamson V., McMichael O., McClay J.L., van den Oord E.J., Riley B.P., Kendler
K.S., Vladimirov V.I. MicroRNA expression profiling in the prefrontal cortex of individuals affected with schizophrenia and bipolar
disorders // Schizophr Res. —2010. — Vol. 124, No 1-3. — P. 183-191.

190



W.B. IIunackwuii, B.M. Anac

21. Coradduzza D., Garroni G., Congiargiu A., Balzano F., Cruciani S., Sedda S., Nivoli A., Maioli M. MicroRNAs, Stem
Cells in Bipolar Disorder, and Lithium Therapeutic Approach // Int J Mol Sci. — 2022. — Vol. 23, No 18. — P. 10489. doi: 10.3390/
ijms231810489. PMID: 36142403; PMCID: PM(C9502703.

22. Banach E., Dmitrzak-Weglarz M., Pawlak J., Kapelski P., Szczepankiewicz A., Rajewska-Rager A., Slopien A., Skibinska
M., Czerski P., Hauser J. Dysregulation of miR-499, miR-708 and miR-1908 during a depression episode in bipolar disorders //
Neurosci Lett. —2017. — Vol. 654. — P. 117-119.

23. Tielke A., Martins H., Pelzl M.A., Maaser-Hecker A., David F.S., Reinbold C.S., Streit F., Sirignano L., Schwarz M.,
Vedder H., Kammerer-Ciernioch J., Albus M., Borrmann-Hassenbach M., Hautzinger M., Hiinten K., Degenhardt F., Fischer S.B.,
Beins E.C., Herms S., Hoffmann P., Schulze T.G., Witt S.H., Rietschel M., Cichon S., N6then M.M., Schratt G., Forstner A.J.
Genetic and functional analyses implicate microRNA 499A in bipolar disorder development // Transl Psychiatry. — 2022. — Vol. 12,
No 1. —P. 437.

24. Tekdemir R., Selvi Y., Altinbas K., Kogak N. Decreased miR-15b-5p/miR-155-5p levels and increased miR-134-5p/miR-
652-3p levels among BD patients under lithium treatment // J. Affect. Disord. —2022. — Vol. 317. — P. 6-14.

25. Tekin S.S., Erdal M.E., Asoglu M., Ay O.i., Ay M.E., Yilmaz S.G. Biomarker potential of hsa-miR-145-5p in peripheral
whole blood of manic bipolar I patients // Braz. J. Psychiatry. — 2022. — Vol. 40. — P. 378-387.

26. Lee S.Y., Lu R.B., Wang L.J., Chang C.H., Lu T., Wang T.Y., Tsai K.W. Serum miRNA as a possible biomarker in the
diagnosis of bipolar II disorder // Sci Rep. —2020. — Vol. 10, Ne 1. — P. 1131. doi: 10.1038/541598-020-58195-0. PMID: 31980721;
PMCID: PMC6981268.

27. Lee S.Y., Wang T.Y., Lu R.B., Wang L.J., Chang C.H., Chiang Y.C., Tsai K.W. Peripheral BDNF correlated with miRNA
in BD-II patients // J. Psychiatr. Res. — 2020. — Vol. 136. — P. 184—189.

28. Ceylan D., Tufekci K.U., Keskinoglu P., Genc S., Ozerdem A. Circulating exosomal microRNAs in bipolar disorder // J
Affect Disord. —2020. — Vol. 262. — P. 99-107.

29. Fries G.R., Lima C.N., Valvassori S.S., Zunta-Soares G., Soares J.C., Quevedo J. Preliminary investigation of peripheral
extracellular vesicles” microRNAs in bipolar disorder // J. Affect. Disord. — 2019. — Vol. 255. — P. 10-14.

30. Clausen A.R., Durand S., Petersen R.L., Staunstrup N.H., Qvist P. Circulating miRNAs as Potential Biomarkers for Patient
Stratification in Bipolar Disorder: A Combined Review and Data Mining Approach // Genes (Basel). — 2022. — Vol. 13, Ne 6. — P.
1038. doi: 10.3390/genes13061038. PMID: 35741801; PMCID: PM(C9222282.

31. Tabano S., Caldiroli A., Terrasi A., Colapietro P., Grassi S., Carnevali G.S., Fontana L., Serati M., Vaira. V., Altamura
A.C., Miozzo M., Buoli M. A miRNome analysis of drug-free manic psychotic bipolar patients versus healthy controls // Eur. Arch.
Psychiatry Clin. Neurosci. — 2020. — Vol. 270. — P. 893-900.

32. Camkurt M.A., Karababa L.F., Erdal M.E., Kandemir S.B., Fries G.R., Bayazit H., Ay M.E., Kandemir H., Ay I., Coskun S.,
Cigek E, Selek S. MicroRNA dysregulation in manic and euthymic patients with bipolar disorder // J. Affect. Disord. — 2020. — Vol.
261.—P. 84-90.

33. Craddock N., Jones 1. Genetics of bipolar disorder // J Med Genet. — 1999. — Vol. 36, No. 8. — P. 585-594.

34. Stahl E.A., Breen G., Forstner A.J., McQuillin A., Ripke S., Trubetskoy V., Mattheisen M., Wang Y., Coleman J.R.I.,
Gaspar H.A., de Leeuw C.A., Steinberg S., Pavlides J.M.W., Trzaskowski M., Byrne E.M., Pers T.H., Holmans P.A., Richards
A.L., Abbott L., Agerbo E., Akil H., Albani D., Alliey-Rodriguez N., Als T.D., Anjorin A., Antilla V., Awasthi S., Badner J.A.,
Backvad-Hansen M., Barchas J.D., Bass N., Bauer M., Belliveau R., Bergen S.E., Pedersen C.B., Boen E., Boks M.P., Boocock J.,
Budde M., Bunney W., Burmeister M., Bybjerg-Grauholm J., Byerley W., Casas M., Cerrato F., Cervantes P., Chambert K., Charney
A.W., Chen D., Churchhouse C., Clarke T.K., Coryell W., Craig D.W., Cruceanu C., Curtis D., Czerski P.M., Dale A.M., de Jong
S., Degenhardt F., Del-Favero J., DePaulo J.R., Djurovic S., Dobbyn A.L., Dumont A., Elvsashagen T., Escott-Price V., Fan C.C.,
Fischer S.B., Flickinger M., Foroud T.M., Forty L., Frank J., Fraser C., Freimer N.B., Frisén L., Gade K., Gage D., Garnham J.,
Giambartolomei C., Pedersen M.G., Goldstein J., Gordon S.D., Gordon-Smith K., Green E.K., Green M.J., Greenwood T.A., Grove
J., Guan W., Guzman-Parra J., Hamshere M.L., Hautzinger M., Heilbronner U., Herms S., Hipolito M., Hoffmann P., Holland D.,
Huckins L., Jamain S., Johnson J.S., Juréus A., Kandaswamy R., Karlsson R., Kennedy J.L., Kittel-Schneider S., Knowles J.A.,
Kogevinas M., Koller A.C., Kupka R., Lavebratt C., Lawrence J., Lawson W.B., Leber M., Lee P.H., Levy S.E., Li J.Z., Liu C.,
Lucae S., Maaser A., Maclntyre D.J., Mahon P.B., Maier W., Martinsson L., McCarroll S., McGuffin P., Mclnnis M.G., McKay
J.D., Medeiros H., Medland S.E., Meng F., Milani L., Montgomery G.W., Morris D.W., Miihleisen T.W., Mullins N., Nguyen H.,
Nievergelt C.M., Adolfsson A.N., Nwulia E.A., O’Donovan C., Loohuis L.M.O., Ori A.P.S., Oruc L., Osby U., Perlis R.H., Perry
A., Pfennig A., Potash J.B., Purcell S.M., Regeer E.J., Reif A., Reinbold C.S., Rice J.P., Rivas F., Rivera M., Roussos P., Ruderfer
D.M., Ryu E., Sanchez-Mora C., Schatzberg A.F., Scheftner W.A., Schork N.J., Shannon Weickert C., Shehktman T., Shilling P.D.,
Sigurdsson E., Slaney C., Smeland O.B., Sobell J.L., Seholm Hansen C., Spijker A.T., St Clair D., Steffens M., Strauss JS., Streit F.,
Strohmaier J., Szelinger S., Thompson R.C., Thorgeirsson T.E., Treutlein J., Vedder H., Wang W., Watson S.J., Weickert T.W., Witt
S.H., XiS., Xu W., Young A.H., Zandi P., Zhang P., Zollner S.; eQTLGen Consortium; BIOS Consortium; Adolfsson R., Agartz I,
Alda M., Backlund L., Baune B.T., Bellivier F., Berrettini W.H., Biernacka J.M., Blackwood D.H.R., Boehnke M., Borglum A.D.,
Corvin A., Craddock N., Daly M.J., Dannlowski U., Esko T., Etain B., Frye M., Fullerton J.M., Gershon E.S., Gill M., Goes F.,
Grigoroiu-Serbanescu M., Hauser J., Hougaard D.M., Hultman C.M., Jones 1., Jones L.A., Kahn R.S., Kirov G., Landén M., Leboyer
M., Lewis C.M., Li Q.S., Lissowska J., Martin N.G., Mayoral F., McElroy S.L., McIntosh A.M., McMahon F.J., Melle 1., Metspalu
A., Mitchell P.B., Morken G., Mors O., Mortensen P.B., Miiller-Myhsok B., Myers R.M., Neale B.M., Nimgaonkar V., Nordentoft
M., Nothen M.M., O’Donovan M.C., Oedegaard K.J., Owen M.J., Paciga S.A., Pato C., Pato M.T., Posthuma D., Ramos-Quiroga
J.A., Ribasés M., Rietschel M., Rouleau G.A., Schalling M., Schofield P.R., Schulze T.G., Serretti A., Smoller J.W., Stefansson H.,
Stefansson K., Stordal E., Sullivan P.F., Turecki G., Vaaler A.E., Vieta E., Vincent J.B., Werge T., Nurnberger J.I., Wray N.R., Di

191



Ponp MuPHK B pazBuTin OUNIOISPHOTO pacCTPOCTBA YeIOBEKa

Florio A., Edenberg H.J., Cichon S., Ophoff R.A., Scott L.J., Andreassen O.A., Kelsoe J., Sklar P.; Bipolar Disorder Working Group
of the Psychiatric Genomics Consortium. Genome-wide association study identifies 30 loci associated with bipolar disorder // Nat
Genet. —2019. — Vol. 5, No. 5. — P. 793-803.

35. MaKJ.,LinY.J,, LiuC.S., Tseng P.Y., Wang S.H., Yao C.Y., Wang J.Y. Association between 14 candidate genes, PM2.5,
and affective disorders: a study of the Taiwan Biobank / BMC Public Health. — 2023. — Vol. 23, Ne 1. — P. 2346. doi: 10.1186/
$12889-023-16764-8. PMID: 38012695; PMCID: PMC10683147.

36. Ferreira M.A., O’Donovan M.C., Meng Y.A., Jones [.R., Ruderfer D.M., Jones L., Fan J., Kirov G., Perlis R.H., Green E.K.,
Smoller J.W., Grozeva D., Stone J., Nikolov I., Chambert K., Hamshere M.L., Nimgaonkar V.L., Moskvina V., Thase M.E., Caesar
S., Sachs G.S., Franklin J., Gordon-Smith K., Ardlie K.G., Gabriel S.B., Fraser C., Blumenstiel B., Defelice M., Breen G., Gill M.,
Morris D.W., Elkin A., Muir W.J., McGhee K.A., Williamson R., Maclntyre D.J., MacLean A.W., St C.D., Robinson M., Van Beck
M., Pereira A.C., Kandaswamy R., McQuillin A., Collier D.A., Bass N.J., Young A.H., Lawrence J., Ferrier I.N., Anjorin A., Farmer
A., Curtis D., Scolnick E.M., McGuffin P., Daly M.J., Corvin A.P., Holmans P.A., Blackwood D.H., Gurling H.M., Owen M.J.,
Purcell S.M., Sklar P., Craddock N.; Wellcome Trust Case Control Consortium. Collaborative genome-wide association analysis
supports a role for ANK3 and CACNAI1C in bipolar disorder / Nat Genet. — 2008. — Vol. 40, No. 9. — P. 1056-1058.

37. Psychiatric GWAS Consortium Bipolar Disorder Working Group. Large-scale genome-wide association analysis of bipolar
disorder identifies a new susceptibility locus near ODZ4 // Nature genetics. —2011. — Vol. 43, No. 10. — P. 977-983.

38. Lim C.H., Zain S.M., Reynolds G.P., Zain M.A., Roffeei S.N., Zainal N.Z., Kanagasundram S., Mohamed Z. Genetic
association of LMAN2L gene in schizophrenia and bipolar disorder and its interaction with ANK3 gene polymorphism // Prog
Neuropsychopharmacol Biol Psychiatry. — 2014. — Vol. 54. — P. 157-162.

39. Miinch-Anguiano L., Camarena B., Nieto-Quinto J., de la Torre P., Pedro Laclette J., Hirata-Hernandez H., Hernandez-
Muioz S., Aguilar-Garcia A., Becerra-Palars C., Gutiérrez-Mora D., Ortega-Ortiz H., Escamilla-Orozco R., Saracco-Alvarez R.,
Bustos-Jaimes I. Genetic analysis of the ZNF804A gene in Mexican patients with schizophrenia, schizoaffective disorder and bipolar
disorder // Gene. —2022. — Vol. 829, No. 146508. doi: 10.1016/j.gene..146508. Epub 2022 Apr 18. PMID: 35447233.

40. LiW,, Cai X,, Li H.J., Song M., Zhang C.Y., Yang Y., Zhang L., Zhao L., Liu W., Wang L., Shao M., Zhang Y., Zhang C.,
CaiJ., Zhou D.S., Li X., Hui L., Jia Q.F., Qu N., Zhong B.L., Zhang S.F., Chen J., Xia B., Li Y., Song X., Fan W., Tang W., Tang
W., Tang J., Chen X., Yue W., Zhang D., Fang Y, Xiao X., Li M., Lv L., Chang H. Independent replications and integrative analyses
confirm TRANK as a susceptibility gene for bipolar disorder / Neuropsychopharmacology. —2021. — Vol. 46, No 6. —P. 1103-1112.

41. Miihleisen T.W., Leber M., Schulze T.G., Strohmaier J., Degenhardt F., Treutlein J., Mattheisen M., Forstner A.J.,
Schumacher J., Breuer R., Meier S., Herms S., Hoffmann P., Lacour A., Witt S.H., Reif A., Miiller-Myhsok B., Lucae S., Maier
W., Schwarz M., Vedder H., Kammerer-Ciernioch J., Pfennig A., Bauer M., Hautzinger M., Moebus S., Priebe L., Czerski P.M.,
Hauser J., Lissowska J., Szeszenia-Dabrowska N., Brennan P., McKay J.D., Wright A., Mitchell P.B., Fullerton J.M., Schofield
P.R., Montgomery G.W., Medland S.E., Gordon S.D., Martin N.G., Krasnow V., Chuchalin A., Babadjanova G., Pantelejeva G.,
Abramova L.1., Tiganov A.S., Polonikov A., Khusnutdinova E., Alda M., Grof P., Rouleau G.A., Turecki G., Laprise C., Rivas F.,
Mayoral F., Kogevinas M., Grigoroiu-Serbanescu M., Propping P., Becker T., Rietschel M., N6then M.M., Cichon S. Genome-wide
association study reveals two new risk loci for bipolar disorder / Nat Commun. —2014. — Vol.5, no 3339. doi: 10.1038/ncomms4339.
PMID: 24618891.

42. Chen C., Meng Q., Xia Y., Ding C., Wang L., Dai R., Cheng L., Gunaratne P., Gibbs R.A., Min S., Coarfa C., Reid J.G.,
Zhang C., Jiao C., Jiang Y., Giase G., Thomas A., Fitzgerald D., Brunetti T., Shich A., Xia C., Wang Y., Wang Y., Badner J.A.,
Gershon E.S., White K.P., Liu C. The transcription factor POU3F2 regulates a gene coexpression network in brain tissue from
patients with psychiatric disorders // Sci Transl Med. —2018. — Vol. 10, No 472:eaat8178. doi: 10.1126/scitranslmed.aat8178. Epub
2018 Dec 13. PMID: 30545964; PMCID: PMC6494100.

43. Green E.K., Grozeva D., Forty L., Gordon-Smith K., Russell E., Farmer A., Hamshere M., Jones I.R., Jones L., McGuffin
P., Moran J.L., Purcell S., Sklar P., Owen M.J., O’Donovan M.C., Craddock N. Association at SYNE1 in both bipolar disorder and
recurrent major depression // Mol Psychiatry. —2013. — Vol. 18, No 5. — P. 614-617.

44. Zhao L., Chang H., Zhou D.S., Cai J., Fan W., Tang W., Tang W., Li X, Liu W, Liu F., He Y., Bai Y., Sun Y., Dai J.,
Li L., Xiao X., Zhang C., Li M. Replicated associations of FADSI, MADILI, and a rare variant at 10q26.13 with bipolar disorder
in Chinese population // Transl Psychiatry. — 2018. — Vol. 8, No 1. — P. 270. doi: 10.1038/s41398-018-0337-x. PMID: 30531795;
PMCID: PMC6286364.

45. Kremerskothen J., Kindler S., Finger L., Veltel S., Barnekow A. Postsynaptic recruitment of Dendrin depends on both
dendritic mRNA transport and synaptic anchoring // J Neurochem. — 2006. — Vol. 96, No 6. — P. 1659-1666.

46. Miihleisen T.W., Reinbold C.S., Forstner A.J., Abramova L.I., Alda M., Babadjanova G., Bauer M., Brennan P., Chuchalin
A., Cruceanu C., Czerski P.M., Degenhardt F., Fischer S.B., Fullerton J.M., Gordon S.D., Grigoroiu-Serbanescu M., Grof P., Hauser
J., Hautzinger M., Herms S., Hoffmann P., Kammerer-Ciernioch J., Khusnutdinova E., Kogevinas M., Krasnov V., Lacour A.,
Laprise C., Leber M., Lissowska J., Lucae S., Maaser A., Maier W., Martin N.G., Mattheisen M., Mayoral F., McKay J.D., Medland
S.E., Mitchell P.B., Moebus S., Montgomery G.W., Miiller-Myhsok B., Oruc L., Pantelejeva G., Pfennig A., Pojskic L., Polonikov
A., Reif A., Rivas F., Rouleau G.A., Schenk L.M., Schofield P.R., Schwarz M., Streit F., Strohmaier J., Szeszenia-Dabrowska
N., Tiganov A.S., Treutlein J., Turecki G., Vedder H., Witt S.H., Schulze T.G., Rietschel M., N6then M.M., Cichon S. Gene
set enrichment analysis and expression pattern exploration implicate an involvement of neurodevelopmental processes in bipolar
disorder // Journal of Affective Disorders. —2018. — Vol. 228. — P. 20-25.

47. Yin W., Wan K., Zhu W., Zhou X., Tang Y., Zheng W., Cao J., Song Y., Zhao H., Zhu X., Sun Z. Bilateral Hippocampal
Volume Mediated the Relationship Between Plasma BACE1 Concentration and Memory Function in the Early Stage of Alzheimer’s
Disease: A Cross-Sectional Study // J Alzheimers Dis. —2023. — Vol. 92, Ne 3. — P. 1001-1013.

192



W.B. IIunackwuii, B.M. Anac

48. Guillot C.R., Kelly M.E., Phillips N.B., Su M.Y., Douglas M.E., Poe D.J., Berman M.E., Liang T. BDNF and stress/mood-
related interactions on emotional disorder symptoms, executive functioning, and deliberate self-harm // J Psychiatr Res. — 2023. —
Vol. 163. — P. 195-201.

49. Gong J., Zhang T., Zhou L., Mo Y., Yu F., Liu M., Yang L., Liu J. Gender divergent effect of COMT gene rs4680
polymorphism on the association between executive dysfunction and psychotic-like experiences // Behav Brain Res. — 2023 — Vol.
439. —P. 114215. doi: 10.1016/j.bbr.2022.114215. Epub 2022 Nov 11. PMID: 36372244.

50. Hernandez-Diaz Y., Gonzalez-Castro T.B., Juarez-Rojop L.E., Tovilla-Zarate C.A., Lopez-Narvaez M.L., Genis-Mendoza
A.D., Fresan A., Nicolini H. The role of rs242941, rs1876828, rs242939 and rs110402 polymorphisms of CRHR1 gene and the
depression: systematic review and meta-analysis // Genes Genomics. — 2021. — Vol. 43, Ne 11. — P. 1339-1349.

51. Nenadic 1., Maitra R., Scherpiet S., Gaser C., Schultz C.C., Schachtzabel C., Smesny S., Reichenbach J.R., Treutlein J.,
Miihleisen T.W., Deufel T., Cichon S., Rietschel M., N6then M.M., Sauer H., Schldsser R.G. Glutamate receptor 6 1 (GRID1)
genetic variation and brain structure in schizophrenia // J Psychiatr Res. —2012. — Vol. 46, Ne 12. — P. 1531-1539.

52. Adamis D., Eikelenboom P. The Role of Insulin-Like Growth Factor 1 in Delirium: A Systematic Review and Meta-
Analysis // Dement Geriatr Cogn Disord. — 2022. — Vol. 51, Ne 6. — P. 449-459.

53. Aytac H.M., Pehlivan M., Oyaci Y., Pehlivan S. PERIOD3 (PER3) VNTR Variant Associated with Seasonal Pattern and
Family History in Bipolar Disorder // Psychiatr Danub. — 2022. — Vol. 34, Ne 4. — P. 695-699.

54. LiT., XieY., Tao S., Zou L., Yang Y., Mou X., Wang M., Zhou P., Tao F., Wu X. Moderating effects of PER3 gene DNA
methylation on the association of sleep quality with mental health in Chinese young adults // J Affect Disord. —2023.—Vol. 323. - P.
716-722.

55. Koza S.A., Tabet A.C., Bonaglia M.C., Andres S., Anderlid B.M., Aten E., Stiefsohn D.; European Phelan-McDermid
syndrome consortium; Evans D.G., van Ravenswaaij-Arts C.M.A., Kant S.G. Consensus recommendations on counselling in Phelan-
McDermid syndrome, with special attention to recurrence risk and to ring chromosome 22 // Eur J Med Genet. —2023. — Vol. 66, Ne
7.—P.104773. doi: 10.1016/j.ejmg.2023.104773. Epub 2023 Apr 28. PMID: 37120077.

56. Schon M., Lapunzina P., Nevado J., Mattina T., Gunnarsson C., Hadzsiev K., Verpelli C., Bourgeron T., Jesse S., van
Ravenswaaij-Arts CMA; European Phelan-McDermid syndrome consortium; Hennekam R.C. Definition and clinical variability
of SHANK3-related Phelan-McDermid syndrome // Eur J Med Genet. — 2023. — Vol. 66, Ne 7. — P. 104754. doi: 10.1016/.
ejmg.2023.104754. Epub 2023 Mar 31. PMID: 37003575.

57. Zhang L., Bang S., He Q., Matsuda M., Luo X., Jiang Y.H., Ji R.R. SHANK3 in vagal sensory neurons regulates body
temperature, systemic inflammation, and sepsis // Front Immunol. —2023. — Vol. 14.—P. 1124356. doi: 10.3389/fimmu.2023.1124356.
PMID: 36845137; PMCID: PM(C9944123.

58. Wang Y., Chiola S., Yang G., Russell C., Armstrong C.J., Wu Y., Spampanato J., Tarboton P., Ullah H.M.A., Edgar N.U.,
Chang A.N., Harmin D.A., Bocchi V.D., Vezzoli E., Besusso D., Cui J., Cattaneo E., Kubanek J., Shcheglovitov A. Modeling human
telencephalic development and autism-associated SHANK3 deficiency using organoids generated from single neural rosettes. Nat
Commun. —2022. — Vol. 13, Ne 1. — P. 5688. doi: 10.1038/s41467-022-33364-z. PMID: 36202854; PMCID: PM(C9537523.

59. Siddiqua H., Akter Y., Uddin M.N., Kumkum M., Hossain M.A., Aziz M.A., Ahmed M.S., Chowdhury M.A., Islam M.S.,
Marzan L.W. SHANK3 genetic polymorphism and susceptibility to ASD: evidence from molecular, in silico, and meta-analysis
approaches // Mol Biol Rep. —2022. — Vol. 49, Ne 9. — P. 8449-8460.

60. Kubiliute A., Gedvilaite G., Vilkeviciute A., Kriauciuniene L., Bruzaite A., Zaliuniene D., Liutkeviciene R. The role of
SIRT1 level and SIRT1 gene polymorphisms in optic neuritis patients with multiple sclerosis // Orphanet J Rare Dis. — 2023. — Vol.
18, Ne 1. — P. 64. doi: 10.1186/s13023-023-02665-x. PMID: 36949521; PMCID: PMC10031967.

61. Conte C., Ingrassia A., Breve J., Bol J.J., Timmermans-Huisman E., van Dam A.M., Beccari T., van de Berg W.D.J. Toll-
like Receptor 4 Is Upregulated in Parkinson’s Disease Patients and Co-Localizes with pSer129aSyn: A Possible Link with the
Pathology // Cells. —2023. — Vol. 12, Ne 10. — P. 1368. doi: 10.3390/cells12101368. PMID: 37408202; PMCID: PMC10263232.

62. Gao K., Ayati M., Koyuturk M., Calabrese J.R., Ganocy S.J., Kaye N.M., Lazarus H.M., Christian E., Kaplan D. Protein
Biomarkers in Monocytes and CD4+ Lymphocytes for Predicting Lithium Treatment Response of Bipolar Disorder: a Feasibility
Study with Tyramine-Based Signal-Amplified Flow Cytometry // Psychopharmacol Bull. —2022. — Vol. 52, Ne 1. — P. 8-35.

63. Roy B., Ochi S., Dwivedi Y. Potential of Circulating miRNAs as Molecular Markers in Mood Disorders and Associated
Suicidal Behavior // Int J Mol Sci. — 2023. — Vol. 24, Ne 5. — P. 4664. doi: 10.3390/ijms24054664. PMID: 36902096, PMCID:
PMC10003208.

References

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (2013) / Arlington, VA:
American Psychiatric Publishing, 5th ed., 992 p.

2. Adamis D., Eikelenboom P. (2022) The Role of Insulin-Like Growth Factor 1 in Delirium: A Systematic Review and Meta-
Analysis. Dement Geriatr Cogn Disord., vol. 51, no. 6, pp. 449-459.

3. Aytac H.M., Pehlivan M., Oyaci Y., Pehlivan S. (2022) PERIOD3 (PER3) VNTR Variant Associated with Seasonal Pattern
and Family History in Bipolar Disorder. Psychiatr Danub., vol. 34, no. 4, pp. 695-699.

193



Ponp MuPHK B pazBuTin OUNIOISPHOTO pacCTPOCTBA YeIOBEKa

4. Badner J.A., Gershon E.S. (2002) Meta-analysis of whole-genome linkage scans of bipolar disorder and schizophrenia. Mol
Psychiatry, vol. 7, no. 4, pp. 405-411.

5. Banach E., Dmitrzak-Weglarz M., Pawlak J., Kapelski P., Szczepankiewicz A., Rajewska-Rager A., Slopien A., Skibinska
M., Czerski P., Hauser J. (2017) Dysregulation of miR-499, miR-708 and miR-1908 during a depression episode in bipolar disorders.
Neurosci Lett., vol. 654, pp. 117-119.

6. Bavamian S., Mellios N., Lalonde J., Fass D.M., Wang J., Sheridan S.D., Madison J.M., Zhou F., Rueckert E.H., Barker D.,
Perlis R.H., Sur M., Haggarty S.J. (2015) Dysregulation of miR-34a links neuronal development to genetic risk factors for bipolar
disorder. Mol Psychiatry, vol. 20, no. 5, pp. 573-584.

7. Bushati N., Cohen S.M. (2007) MicroRNA functions. Annu Rev Cell Dev Biol., vol. 23, pp. 175-205.

8. Camkurt M.A., Karababa LF., Erdal M.E., Kandemir S.B., Fries G.R., Bayazit H., Ay M.E., Kandemir H., Ay I., Cogskun
S., Cigek E, Selek S. (2020) MicroRNA dysregulation in manic and euthymic patients with bipolar disorder. J. Affect. Disord., vol.
261, pp. 84-90.

9. CeylanD., Tufekci K.U., Keskinoglu P., Genc S., Ozerdem A. (2020) Circulating exosomal microRNAs in bipolar disorder.
J Affect Disord., vol. 262, pp. 99-107.

10. Chen C., Meng Q., Xia Y., Ding C., Wang L., Dai R., Cheng L., Gunaratne P., Gibbs R.A., Min S., Coarfa C., Reid J.G.,
Zhang C., Jiao C., Jiang Y., Giase G., Thomas A., Fitzgerald D., Brunetti T., Shieh A., Xia C., Wang Y., Wang Y., Badner J.A.,
Gershon E.S., White K.P., Liu C. (2018) The transcription factor POU3F2 regulates a gene coexpression network in brain tissue
from patients with psychiatric disorders. Sci Transl Med., vol. 10, no. 472:eaat8178. doi: 10.1126/scitranslmed.aat8178. PMID:
30545964; PMCID: PMC6494100.

11. Clausen A.R., Durand S., Petersen R.L., Staunstrup N.H., Qvist P. (2022) Circulating miRNAs as Potential Biomarkers for
Patient Stratification in Bipolar Disorder: A Combined Review and Data Mining Approach. Genes (Basel), vol. 13, no. 6, p. 1038.
doi: 10.3390/genes13061038. PMID: 35741801; PMCID: PM(C9222282.

12. Conte C., Ingrassia A., Breve J., Bol J.J., Timmermans-Huisman E., van Dam A.M., Beccari T., van de Berg W.D.J. (2023)
Toll-like Receptor 4 Is Upregulated in Parkinson’s Disease Patients and Co-Localizes with pSer129aSyn: A Possible Link with the
Pathology. Cells, vol. 12, no. 10, p. 1368. doi: 10.3390/cells12101368. PMID: 37408202; PMCID: PMC10263232.

13. Coradduzza D., Garroni G., Congiargiu A., Balzano F., Cruciani S., Sedda S., Nivoli A., Maioli M. (2022) MicroR-
NAs, Stem Cells in Bipolar Disorder, and Lithium Therapeutic Approach. Int J Mol Sci., vol. 23, no. 18, p. 10489. doi: 10.3390/
ijms231810489. PMID: 36142403; PMCID: PMC9502703.

14. Craddock N., Jones 1. (1999) Genetics of bipolar disorder. J Med Genet., vol. 36, no. 8, pp. 585-594.

15. Crowe M., Eggleston K., Douglas K., Porter R.J. (2021) Effects of psychotherapy on comorbid bipolar disorder and sub-
stance use disorder: A systematic review. Bipolar Disord., vol. 23, no. 2, pp. 141-151.

16. Ferreira M.A., O’Donovan M.C., Meng Y.A., Jones L.R., Ruderfer D.M., Jones L., Fan J., Kirov G., Perlis R.H., Green
E.K., Smoller J.W., Grozeva D., Stone J., Nikolov I., Chambert K., Hamshere M.L., Nimgaonkar V.L., Moskvina V., Thase M.E.,
Caesar S., Sachs G.S., Franklin J., Gordon-Smith K., Ardlie K.G., Gabriel S.B., Fraser C., Blumenstiel B., Defelice M., Breen G.,
Gill M., Morris D.W., Elkin A., Muir W.J., McGhee K.A., Williamson R., MacIntyre D.J., MacLean A.W., St C.D., Robinson M.,
Van Beck M., Pereira A.C., Kandaswamy R., McQuillin A., Collier D.A., Bass N.J., Young A.H., Lawrence J., Ferrier I.N., Anjorin
A., Farmer A., Curtis D., Scolnick E.M., McGuffin P., Daly M.J., Corvin A.P., Holmans P.A., Blackwood D.H., Gurling H.M., Owen
M.J., Purcell S.M., Sklar P., Craddock N.; Wellcome Trust Case Control Consortium. (2008) Collaborative genome-wide association
analysis supports a role for ANK3 and CACNAI1C in bipolar disorder. Nat Genet., vol. 40, no. 9, pp. 1056-1058.

17. Fries G.R., Lima C.N., Valvassori S.S., Zunta-Soares G., Soares J.C., Quevedo J. (2019) Preliminary investigation of pe-
ripheral extracellular vesicles’ microRNAs in bipolar disorder. J. Affect. Disord., vol. 255, pp. 10-14.

18. Gao K., Ayati M., Koyuturk M., Calabrese J.R., Ganocy S.J., Kaye N.M., Lazarus H.M., Christian E., Kaplan D. (2022)
Protein Biomarkers in Monocytes and CD4+ Lymphocytes for Predicting Lithium Treatment Response of Bipolar Disorder: a Feasi-
bility Study with Tyramine-Based Signal-Amplified Flow Cytometry. Psychopharmacol Bull., vol. 52, no. 1, pp. 8-35.

19. Gong J., Zhang T., Zhou L., Mo Y., Yu F., Liu M., Yang L., Liu J. (2023) Gender divergent effect of COMT gene rs4680
polymorphism on the association between executive dysfunction and psychotic-like experiences. Behav Brain Res., vol. 439, p.
114215. doi: 10.1016/j.bbr.2022.114215. PMID: 36372244.

20. Gonzélez-Pinto A., Alberich S., Barbeito S., Alonso M., Vieta E., Martinez-Aran A., Saenz M., Lopez P. (2010) Different
profile of substance abuse in relation to predominant polarity in bipolar disorder: The Vitoria long-term follow-up study. J Affect
Disord., vol. 124, no. 3, pp. 250-255.

21. Green E.K., Grozeva D., Forty L., Gordon-Smith K., Russell E., Farmer A., Hamshere M., Jones I.R., Jones L., McGuffin
P., Moran J.L., Purcell S., Sklar P., Owen M.J., O’Donovan M.C., Craddock N. (2013) Association at SYNELI in both bipolar disor-
der and recurrent major depression. Mol Psychiatry, vol. 18, no 5, pp. 614-617.

22. Guillot C.R., Kelly M.E., Phillips N.B., Su M.Y ., Douglas M.E., Poe D.J., Berman M.E., Liang T. (2023) BDNF and stress/
mood-related interactions on emotional disorder symptoms, executive functioning, and deliberate self-harm. J Psychiatr Res., vol.
163, pp. 195-201.

23. Harrison P.J., Geddes J.R., Tunbridge E.M. (2019) The Emerging Neurobiology of Bipolar Disorder. Focus (Am Psychiatr
Publ.), vol. 17, no. 3, pp. 284-293.

24. Hernandez-Diaz Y., Gonzalez-Castro T.B., Juarez-Rojop L.E., Tovilla-Zarate C.A., Lopez-Narvaez M.L., Genis-Mendoza
A.D., Fresan A., Nicolini H. (2021) The role of 15242941, rs1876828, 15242939 and rs110402 polymorphisms of CRHR1 gene and
the depression: systematic review and meta-analysis. Genes Genomics, vol. 43, no. 11, pp. 1339-1349.

194



W.B. IIunackwuii, B.M. Anac

25. Kim A.H., Reimers M., Maher B., Williamson V., McMichael O., McClay J.L., van den Oord E.J., Riley B.P., Kendler
K.S., Vladimirov V.I. (2010) MicroRNA expression profiling in the prefrontal cortex of individuals affected with schizophrenia and
bipolar disorders. Schizophr Res., vol. 124, no 1-3, pp. 183-191.

26. Kocerha J., Dwivedi Y., Brennand K.J. (2015) Noncoding RNAs and neurobehavioral mechanisms in psychiatric disease.
Mol Psychiatry, vol. 20, no 6, pp. 677-684.

27. Koza S.A., Tabet A.C., Bonaglia M.C., Andres S., Anderlid B.M., Aten E., Stiefsohn D.; European Phelan-McDermid
syndrome consortium; Evans D.G., van Ravenswaaij-Arts C.M.A., Kant S.G. (2023) Consensus recommendations on counselling in
Phelan-McDermid syndrome, with special attention to recurrence risk and to ring chromosome 22. Eur J Med Genet., vol. 66, no. 7,
p. 104773. doi: 10.1016/j.jmg.2023.104773. PMID: 37120077.

28. Kremerskothen J., Kindler S., Finger 1., Veltel S., Barnekow A. (2006) Postsynaptic recruitment of Dendrin depends on
both dendritic mRNA transport and synaptic anchoring. J Neurochem., vol. 96, no. 6, pp. 1659-1666.

29. Kubiliute A., Gedvilaite G., Vilkeviciute A., Kriauciuniene L., Bruzaite A., Zaliuniene D., Liutkeviciene R. (2023) The role
of SIRT1 level and SIRT1 gene polymorphisms in optic neuritis patients with multiple sclerosis. Orphanet J Rare Dis., vol. 18, no.
1, p. 64. doi: 10.1186/s13023-023-02665-x. PMID: 36949521; PMCID: PMC10031967.

30. Lee S.Y., LuR.B., Wang L.J., Chang C.H., Lu T., Wang T.Y ., Tsai K.W. (2020) Serum miRNA as a possible biomarker in
the diagnosis of bipolar II disorder. Sci Rep., vol. 10, no. 1, p. 1131. doi: 10.1038/s41598-020-58195-0. PMID: 31980721; PMCID:
PMC6981268.

31. Lee S.Y., Wang T.Y., Lu R.B., Wang L.J., Chang C.H., Chiang Y.C., Tsai K.W. (2020) Peripheral BDNF correlated with
miRNA in BD-II patients. J. Psychiatr. Res., vol. 136, pp. 184—189.

32. LiT, Xie Y., Tao S., Zou L., Yang Y., Mou X., Wang M., Zhou P., Tao F., Wu X. (2023) Moderating effects of PER3
gene DNA methylation on the association of sleep quality with mental health in Chinese young adults. J Affect Disord., vol. 323,
pp. 716-722.

33. LiW,, Cai X., Li H.J., Song M., Zhang C.Y., Yang Y., Zhang L., Zhao L., Liu W., Wang L., Shao M., Zhang Y., Zhang C.,
Cail., Zhou D.S., Li X., Hui L., Jia Q.F., Qu N., Zhong B.L., Zhang S.F., Chen J., Xia B., Li Y., Song X., Fan W., Tang W., Tang
W., Tang J., Chen X., Yue W., Zhang D., Fang Y., Xiao X., Li M., Lv L., Chang H. (2021) Independent replications and integrative
analyses confirm TRANK as a susceptibility gene for bipolar disorder. Neuropsychopharmacology, vol. 46, no. 6, pp. 1103-1112.

34. Lim C.H., Zain S.M., Reynolds G.P., Zain M.A., Roffeei S.N., Zainal N.Z., Kanagasundram S., Mohamed Z. (2014)
Genetic association of LMAN2L gene in schizophrenia and bipolar disorder and its interaction with ANK3 gene polymorphism.
Prog Neuropsychopharmacol Biol Psychiatry, vol. 54, pp. 157-162.

35. MaK.J, LinY.J, LiuC.S., Tseng P.Y., Wang S.H., Yao C.Y., Wang J.Y. (2023) Association between 14 candidate genes,
PM2.5, and affective disorders: a study of the Taiwan Biobank. BMC Public Health, vol. 23, no. 1, p. 2346. doi: 10.1186/s12889-
023-16764-8. PMID: 38012695; PMCID: PMC10683147.

36. Machado-Vieira R., Salvadore G., Luckenbaugh D.A., Manji H.K., Zarate C.A. Jr. (2008) Rapid onset of antidepressant
action: A new paradigm in the research and treatment of major depressive disorder. J Clin Psychiatry, vol. 69, no. 6, pp. 946-958.

37. Miihleisen T.W., Leber M., Schulze T.G., Strohmaier J., Degenhardt F., Treutlein J., Mattheisen M., Forstner A.J.,
Schumacher J., Breuer R., Meier S., Herms S., Hoffmann P., Lacour A., Witt S.H., Reif A., Miiller-Myhsok B., Lucae S., Maier
W., Schwarz M., Vedder H., Kammerer-Ciernioch J., Pfennig A., Bauer M., Hautzinger M., Moebus S., Priebe L., Czerski P.M.,
Hauser J., Lissowska J., Szeszenia-Dabrowska N., Brennan P., McKay J.D., Wright A., Mitchell P.B., Fullerton J.M., Schofield P.R.,
Montgomery G.W., Medland S.E., Gordon S.D., Martin N.G., Krasnow V., Chuchalin A., Babadjanova G., Pantelejeva G., Abramova
L.I, Tiganov A.S., Polonikov A., Khusnutdinova E., Alda M., Grof P., Rouleau G.A., Turecki G., Laprise C., Rivas F., Mayoral
F., Kogevinas M., Grigoroiu-Serbanescu M., Propping P., Becker T., Rietschel M., Nothen M.M., Cichon S. (2014) Genome-wide
association study reveals two new risk loci for bipolar disorder. Nat Commun., vol.5, no. 3339. doi: 10.1038/ncomms4339. PMID:
24618891.

38. Miihleisen T.W., Reinbold C.S., Forstner A.J., Abramova L.I., Alda M., Babadjanova G., Bauer M., Brennan P., Chuchalin
A., Cruceanu C., Czerski P.M., Degenhardt F., Fischer S.B., Fullerton J.M., Gordon S.D., Grigoroiu-Serbanescu M., Grof P., Hauser
J., Hautzinger M., Herms S., Hoffmann P., Kammerer-Ciernioch J., Khusnutdinova E., Kogevinas M., Krasnov V., Lacour A.,
Laprise C., Leber M., Lissowska J., Lucae S., Maaser A., Maier W., Martin N.G., Mattheisen M., Mayoral F., McKay J.D., Medland
S.E., Mitchell P.B., Moebus S., Montgomery G.W., Miiller-Myhsok B., Oruc L., Pantelejeva G., Pfennig A., Pojskic L., Polonikov
A., Reif A., Rivas F., Rouleau G.A., Schenk L.M., Schofield P.R., Schwarz M., Streit F., Strohmaier J., Szeszenia-Dabrowska N.,
Tiganov A.S., Treutlein J., Turecki G., Vedder H., Witt S.H., Schulze T.G., Rietschel M., Néthen M.M., Cichon S. (2018) Gene
set enrichment analysis and expression pattern exploration implicate an involvement of neurodevelopmental processes in bipolar
disorder. Journal of Affective Disorders, vol. 228, pp. 20-25.

39. Miinch-Anguiano L., Camarena B., Nieto-Quinto J., de la Torre P., Pedro Laclette J., Hirata-Hernandez H., Hernandez-
Muioz S., Aguilar-Garcia A., Becerra-Palars C., Gutiérrez-Mora D., Ortega-Ortiz H., Escamilla-Orozco R., Saracco-Alvarez R.,
Bustos-Jaimes I. (2022) Genetic analysis of the ZNF804A gene in Mexican patients with schizophrenia, schizoaffective disorder and
bipolar disorder. Gene, vol. 829, no. 146508. doi: 10.1016/j.gene..146508. PMID: 35447233.

40. Nenadic I., Maitra R., Scherpiet S., Gaser C., Schultz C.C., Schachtzabel C., Smesny S., Reichenbach J.R., Treutlein J.,
Miihleisen T.W., Deufel T., Cichon S., Rietschel M., Nothen M.M., Sauer H., Schlosser R.G. (2012) Glutamate receptor 6 1 (GRID1)
genetic variation and brain structure in schizophrenia. J Psychiatr Res., vol. 46, no. 12, pp. 1531-1539.

41. Psychiatric GWAS Consortium Bipolar Disorder Working Group. (2011) Large-scale genome-wide association analysis of
bipolar disorder identifies a new susceptibility locus near ODZ4. Nature genetics, vol. 43, no. 10, pp. 977-983.

195



Ponp MuPHK B pazBuTin OUNIOISPHOTO pacCTPOCTBA YeIOBEKa

42. Roy B., Dunbar M., Shelton R.C., Dwivedi Y. (2017) Identification of microRNA-124-3p as a putative epigenetic signature
of major depressive disorder. Neuropsychopharmacology, vol. 42, no. 4, pp. 864-875.

43. Roy B., Ochi S., Dwivedi Y. (2023) Potential of Circulating miRNAs as Molecular Markers in Mood Disorders and
Associated Suicidal Behavior. Int J Mol Sci., vol. 24, no. 5, p. 4664. doi: 10.3390/ijms24054664. PMID: 36902096; PMCID:
PMC10003208.

44. Schon M., Lapunzina P., Nevado J., Mattina T., Gunnarsson C., Hadzsiev K., Verpelli C., Bourgeron T., Jesse S., van
Ravenswaaij-Arts CMA; European Phelan-McDermid syndrome consortium; Hennekam R.C. (2023) Definition and clinical
variability of SHANK3-related Phelan-McDermid syndrome. Eur J Med Genet., vol. 66, no. 7, p. 104754. doi: 10.1016/].
ejmg.2023.104754. PMID: 37003575.

45. Siddiqua H., Akter Y., Uddin M.N., Kumkum M., Hossain M.A., Aziz M.A., Ahmed M.S., Chowdhury M.A., Islam M.S.,
Marzan L.W. (2022) SHANK3 genetic polymorphism and susceptibility to ASD: evidence from molecular, in silico, and meta-
analysis approaches. Mol Biol Rep., vol. 49, no. 9, pp. 8449-8460.

46. Soares J.C., Mann J.J. (1997) The anatomy of mood disorders — review of structural neuroimaging studies. Biological
Psychiatry, vol. 41, no. 1, pp. 86-106.

47. Stahl E.A., Breen G., Forstner A.J., McQuillin A., Ripke S., Trubetskoy V., Mattheisen M., Wang Y., Coleman J.R.IL.,
Gaspar H.A., de Leeuw C.A., Steinberg S., Pavlides J.M.W., Trzaskowski M., Byrne E.M., Pers T.H., Holmans P.A., Richards
A.L., Abbott L., Agerbo E., Akil H., Albani D., Alliey-Rodriguez N., Als T.D., Anjorin A., Antilla V., Awasthi S., Badner J.A.,
Bakvad-Hansen M., Barchas J.D., Bass N., Bauer M., Belliveau R., Bergen S.E., Pedersen C.B., Boen E., Boks M.P., Boocock J.,
Budde M., Bunney W., Burmeister M., Bybjerg-Grauholm J., Byerley W., Casas M., Cerrato F., Cervantes P., Chambert K., Charney
A.W., Chen D., Churchhouse C., Clarke T.K., Coryell W., Craig D.W., Cruceanu C., Curtis D., Czerski P.M., Dale A.M., de Jong
S., Degenhardt F., Del-Favero J., DePaulo J.R., Djurovic S., Dobbyn A.L., Dumont A., Elvsadshagen T., Escott-Price V., Fan C.C.,
Fischer S.B., Flickinger M., Foroud T.M., Forty L., Frank J., Fraser C., Freimer N.B., Frisén L., Gade K., Gage D., Garnham J.,
Giambartolomei C., Pedersen M.G., Goldstein J., Gordon S.D., Gordon-Smith K., Green E.K., Green M.J., Greenwood T.A., Grove
J., Guan W., Guzman-Parra J., Hamshere M.L., Hautzinger M., Heilbronner U., Herms S., Hipolito M., Hoffmann P., Holland D.,
Huckins L., Jamain S., Johnson J.S., Juréus A., Kandaswamy R., Karlsson R., Kennedy J.L., Kittel-Schneider S., Knowles J.A.,
Kogevinas M., Koller A.C., Kupka R., Lavebratt C., Lawrence J., Lawson W.B., Leber M., Lee P.H., Levy S.E., Li J.Z., Liu C.,
Lucae S., Maaser A., Maclntyre D.J., Mahon P.B., Maier W., Martinsson L., McCarroll S., McGuffin P., Mclnnis M.G., McKay
J.D., Medeiros H., Medland S.E., Meng F., Milani L., Montgomery G.W., Morris D.W., Miihleisen T.W., Mullins N., Nguyen H.,
Nievergelt C.M., Adolfsson A.N., Nwulia E.A., O’Donovan C., Loohuis L.M.O., Ori A.P.S., Oruc L., Osby U., Perlis R.H., Perry
A., Pfennig A., Potash J.B., Purcell S.M., Regeer E.J., Reif A., Reinbold C.S., Rice J.P., Rivas F., Rivera M., Roussos P., Ruderfer
D.M.,, Ryu E., Sanchez-Mora C., Schatzberg A.F., Scheftner W.A., Schork N.J., Shannon Weickert C., Shehktman T., Shilling P.D.,
Sigurdsson E., Slaney C., Smeland O.B., Sobell J.L., Sesholm Hansen C., Spijker A.T., St Clair D., Steffens M., Strauss JS., Streit F.,
Strohmaier J., Szelinger S., Thompson R.C., Thorgeirsson T.E., Treutlein J., Vedder H., Wang W., Watson S.J., Weickert T.W., Witt
S.H., XiS., XuW., Young A.H., Zandi P., Zhang P., Zollner S.; eQTLGen Consortium; BIOS Consortium; Adolfsson R., Agartz I.,
Alda M., Backlund L., Baune B.T., Bellivier F., Berrettini W.H., Biernacka J.M., Blackwood D.H.R., Boehnke M., Borglum A.D.,
Corvin A., Craddock N., Daly M.J., Dannlowski U., Esko T., Etain B., Frye M., Fullerton J.M., Gershon E.S., Gill M., Goes F.,
Grigoroiu-Serbanescu M., Hauser J., Hougaard D.M., Hultman C.M., Jones 1., Jones L.A., Kahn R.S., Kirov G., Landén M., Leboyer
M., Lewis C.M., Li Q.S., Lissowska J., Martin N.G., Mayoral F., McElroy S.L., McIntosh A.M., McMahon F.J., Melle 1., Metspalu
A., Mitchell P.B., Morken G., Mors O., Mortensen P.B., Miiller-Myhsok B., Myers R.M., Neale B.M., Nimgaonkar V., Nordentoft
M., N6then M.M., O’Donovan M.C., Oedegaard K.J., Owen M.J., Paciga S.A., Pato C., Pato M.T., Posthuma D., Ramos-Quiroga
J.A., Ribasés M., Rietschel M., Rouleau G.A., Schalling M., Schofield P.R., Schulze T.G., Serretti A., Smoller J.W., Stefansson H.,
Stefansson K., Stordal E., Sullivan P.F., Turecki G., Vaaler A.E., Vieta E., Vincent J.B., Werge T., Nurnberger J.I., Wray N.R., Di
Florio A., Edenberg H.J., Cichon S., Ophoff R.A., Scott L.J., Andreassen O.A., Kelsoe J., Sklar P.; Bipolar Disorder Working Group
of the Psychiatric Genomics Consortium. (2019) Genome-wide association study identifies 30 loci associated with bipolar disorder.
Nat Genet., vol. 5, no. 5, pp. 793-803.

48. Starokodomskij P. (2010) Obo vseh RNK na svete, bol’shih i malyh. [About all the RNAs in the world, big and small]
[Electronic resource]. URL: https://biomolecula.ru/articles/obo-vsekh-rnk-na-svete-bolshikh-i-malykh (date of access: 16.01.2024).
(In Russian)

49. Tabano S., Caldiroli A., Terrasi A., Colapietro P., Grassi S., Carnevali G.S., Fontana L., Serati M., Vaira. V., Altamura
A.C., Miozzo M., Buoli M. (2020) A miRNome analysis of drug-free manic psychotic bipolar patients versus healthy controls. Fur.
Arch. Psychiatry Clin. Neurosci., vol. 270, pp. 893-900.

50. Tekdemir R., Selvi Y., Altinbas K., Kogak N. (2022) Decreased miR-15b-5p/miR-155-5p levels and increased miR-134-5p/
miR-652-3p levels among BD patients under lithium treatment. J. Affect. Disord., vol. 317, pp. 6-14.

51. Tekin S.S., Erdal M.E., Asoglu M., Ay O.i.,, Ay M.E., Yilmaz S.G. (2022) Biomarker potential of hsa-miR-145-5p in
peripheral whole blood of manic bipolar I patients. Braz. J. Psychiatry, vol. 40, pp. 378-387.

52. Tielke A., Martins H., Pelzl M.A., Maaser-Hecker A., David F.S., Reinbold C.S., Streit F., Sirignano L., Schwarz M.,
Vedder H., Kammerer-Ciernioch J., Albus M., Borrmann-Hassenbach M., Hautzinger M., Hiinten K., Degenhardt F., Fischer S.B.,
Beins E.C., Herms S., Hoffmann P., Schulze T.G., Witt S.H., Rietschel M., Cichon S., N6then M.M., Schratt G., Forstner A.J. (2022)
Genetic and functional analyses implicate microRNA 499A in bipolar disorder development. Trans! Psychiatry, vol. 12, no. 1, p.
437. doi: 10.1038/s41398-022-02176-6. PMID: 36207305; PMCID: PMC9547016.

53. Tufekci K.U., Alural B., Tarakcioglu E., San T., Genc S. (2021) Lithium inhibits oxidative stress-induced neuronal
senescence through miR-34a. Mol Biol Rep., vol. 48, no 5, pp. 4171-4180.

196



W.B. IIunackwuii, B.M. Anac

54. Wang Y., Chiola S., Yang G., Russell C., Armstrong C.J., Wu Y., Spampanato J., Tarboton P., Ullah H.M.A., Edgar N.U.,
Chang A.N., Harmin D.A., Bocchi V.D., Vezzoli E., Besusso D., Cui J., Cattaneo E., Kubanek J., Shcheglovitov A. (2022) Modeling
human telencephalic development and autism-associated SHANK3 deficiency using organoids generated from single neural rosettes.
Nat Commun., vol. 13, no. 1, p. 5688. doi: 10.1038/s41467-022-33364-z. PMID: 36202854; PMCID: PMC9537523.

55. Weigelt K., Bergink V., Burgerhout K.M., Pescatori M., Wijkhuijs A., Drexhage H.A. (2013) Down-regulation of
inflammation-protective microRNAs 146a and 212 in monocytes of patients with postpartum psychosis. Brain Behav Immun., vol.
29, pp. 147-155.

56. World Health Organization. Mental disorders: information bulletin. (June 8, 2022) [Electronic resource] URL: https://www.
who.int/ru/news-room/fact-sheets/detail/mental-disorders (date of access: 18.01.2024).

57. Yapijakis C. (2020) Regulatory Role of MicroRNAs in Brain Development and Function. Adv Exp Med Biol., vol. 1195,
pp. 237-247.

58. Yin W., Wan K., Zhu W., Zhou X., Tang Y., Zheng W., Cao J., Song Y., Zhao H., Zhu X., Sun Z. (2023) Bilateral Hip-
pocampal Volume Mediated the Relationship Between Plasma BACE1 Concentration and Memory Function in the Early Stage of
Alzheimer’s Disease: A Cross-Sectional Study. J Alzheimers Dis., vol. 92, no. 3, pp. 1001-1013.

59. Zhang L., Bang S., He Q., Matsuda M., Luo X., Jiang Y.H., Ji R.R. (2023) SHANK3 in vagal sensory neurons regulates
body temperature, systemic inflammation, and sepsis. Front Immunol., vol. 14, p. 1124356. doi: 10.3389/fimmu.2023.1124356.
PMID: 36845137; PMCID: PM(C9944123.

60. Zhangarasheva G.K., Zhaksalykova G.B., Kulkaeva G.U., Shajhiev S.S., Karashutova Zh.N., Minaeva L.E., [I’jasova Zh.R.,
Shabanbaeva A.M., Kalimagambetova A.T., Kenzhekulova R.N., Shalkarova D.M., Abuova A.K. (2023) Kazakstan Respublikasy
halkynyHn densaulyry zhane densaulyk saktau yjymdarynyH kyzmeti = Zdorov’e naselenija Respubliki Kazahstan i dejatel’nost’
organizacij zdravoohranenija v 2022 godu [Health of the population in the Republic of Kazakhstan and the activities of healthcare
organizations in 2022] Statistikalyx zhinax, Ministry of Healthcare of the Republic of Kazakhstan, 361 p. (In Kazakh and Russian)

61. Zhao L., Chang H., Zhou D.S., Cai J., Fan W., Tang W., Tang W, Li X., Liu W., LiuF.,, He Y., Bai Y., Sun Y., Dai J., Li
L., Xiao X., Zhang C., Li M. (2018) Replicated associations of FADSI, MADILI, and a rare variant at 10g26.13 with bipolar dis-
order in Chinese population. Trans! Psychiatry, vol. 8, no. 1, p. 270. doi: 10.1038/s41398-018-0337-x. PMID: 30531795; PMCID:
PMC6286364.

62. Zhao X., He X., Han X., Yu Y., Ye F., Chen Y., Hoang T., Xu X., Mi Q.S., Xin M., Wang F., Appel B., Lu Q.R. (2010)
MicroRNA-mediated control of oligodendrocyte differentiation. Neuron, vol. 65, no 5, pp. 612-626.

63. Zurawek D., Turecki G. (2023) miR-124-3p mediates polygenic risk shared between schizophrenia and bipolar disorder.
Neuron, vol. 111, no. 2, pp. 144-146.

Information about authors:

Pinskiy Ilya Viadimirovich (corresponding author) — PhD, senior teacher of the Department of Fundamental Medicine of the
Higher School of Medicine, Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: ilya.pinskyi@mail.ru)

Anas Wagar Muhammad — bachelor student of the 3rd course by the speciality “Medicine” of the Higher School of Medicine,
Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: anas.janjva73926(@gmail.com).

Hugpopmayusn 06 asmopax:

Tunckuii Unvs Braoumuposuu — PhD, cmapwuii npenooasamens kagheopvl (hyHoamenmanvHou meduyunsvl Boicuietl wko-
bl meduyunvl Kasaxcrkoeo nayuonanvrozo ynugepcumema umenu ano-Papabu (Anmamul, Pecnybnuxa Kazaxcman, e-mail: ilya.
pinskyi@mail.ru)

Anac Baxap Myxammao — cmyodenm 3-20 kypca cneyuanvhocmu « Meouyunay Bovicuieti wikonvl meouyunvl Kazaxckozo Hayuo-
HanbHO20 YHUGepcumema umeHu ano-Dapabu (Anmamul, Pecnybnurxa Kazaxcman, e-mail: anas.janjva73926@gmail.com).

THocmynuna 12 oxmsaopsa 2023 200a
Ipunsma 20 ageycma 2024 200a

197



ABTOPAAPTA APHAATAH MOAIMET

ABTOPAAPTA APHAATAH AKITAPAT
MHOOPMALINA AASI ABTOPOB
INFORMATION FOR AUTHORS

TpeGoBanus K Hay4HOIi cTaTbe A5 OMy0auKoBaHusA B :kypHaJie «Bectnuk KazHY. Cepusi 6uosornuyeckas»:

v' PeJakiMOHHAs KOJUIETHsl IPHHUMAET PAHEE HEOIYOIMKOBAHHBIE SKCIIEPUMEHTAJIBHBIE CTATHH 10 HAay4YHbIM HAMPABICHHAM
KypHana. CTaThsl IPeCTaBIAETCS B MEKTpoHHOM (opmare (B ¢opmarax .doc, .docx, .rtf) TOJIBKO mocpenctBoM ee 3arpy3ku
yepe3 QyHKIMOHAN caifta )xypHana (Open Journal System wim Editorial Manager).

v Kers mpudra — 12 (aHHOTaIMs, KIIOYEBBIE CIOBA, JuTeparypa — 10, Tekct Tabmum — 9-11), mpudt — Times New Roman,
BBIPABHUBAHHUE — 110 [IUPHHE TEKCTa, MHTEPBAI — OJIMHAPHBIH, ab3a1Hbli oTcTyn — 0,8 cM, TONIs: BepXHee U HIDKHEE — 2 CM, JICBOES
1 TIpaBoe — 2 CM.

v' O6beM cTaThu (6€3 ydeTa Ha3BaHHMS, CBEICHHH 00 aBTOpax, aHHOTAIMH, KIIOYEBBIX CJIOB, OMOIHOTPadUIECKOrO CIIMCKA)
JIOJDKEH cocTaBiaTh He MeHee 1 500-7 000 cioB [uisi eCTeCTBEHHOHAYYHBIX M TEXHUYECKUX HaIPaBJICHUH.

v' Tlpu mofade CTaThbd aBTOPBI JOJDKHBI OTIIPABUTH 3AlOJHEHHYIO 3asBKY, CONPOBOAUTEIBHOE IUCHMO M PYKOIHCH CTAThH,
0(hOPMIICHHYO 110 HIKEYKa3aHHBIM ITPABHIIAM.

v Asropsl B OBSI3ATEJIbBHOM nopsiake MOMKHBI yKa3aTh B COMPOBOAMTENRHOM nuchbMe B cucteme Open Journal System
i Editorial Manager o ToM, 4TO HampapJseMasl CTaThsi/PyKOIIMCh HUIJIEC paHee He ITyOINKOBaIach, U YTO B CTAThE OTCYTCTBYIOT
3aMMCTBOBaHHBIE ()PArMEHTBI TEKCTA U3 IPYTUX paboT 6e3 CChUIOK Ha HUX.

v" TIOpsIOK OILIATHL M CTOMMOCTD 3a MyOJIMKALMIO CTaThH YCTAHABIMBACTCS M3ATEIBCKUM TOMOM «Ka3ak yHUBEpCHTETI» H
MIPOU3BOAUTCS ABTOPOM TI0CIIE O0OPEHHS BHEIIHUMH PELICH3eHTAMH M HAyYHBIM PEAKTOPOM.

CTpyKTypa cTarbu:
Pabote1, ohopmiieHHBIE €3 COONMIOIECHNS STHX MTPaBUII, BO3BPALIAIOTCS 03 paCCMOTPEHHS.

Ilepsas cmpanuya:

IlepBasi crpoka — Homep MPHTHU
Ha3Banmue crarbu (3arojioBok)
ABTOpP(bI) CTATBH

Opcun ID Homepa aBTropoB
Coxpamenusi 1 0003HA4YEHHS
AHHOTALUSA

KroueBsbie c10Ba/c10BOCOYETAHMS

[epBas crpoka — nomep MPHTHU (B uckirountensHbix cimydasx Y/IK), BeIpaBHHBaHHE — MO JIGBOMY Kparo, MIPUPT —
nonyxupabiii. Homep MPHTU HeoOxoanmo HalTH Ha caiite http:/grnti.ru/.

HasBanne ctarbu (3aros10BoK) TOJDKHO OTpakaTh CyTh U COAEPKaHUE CTATbU M NMPHUBJIEKaTh BHUMaHKe gnraresns. Ha3panue
JOJDKHO OBITh KPaTKHM, HH(OPMATHBHBIM U HE COAEPIKATh KAPTOHU3MOB Min ab0peBuaryp. OnTHMaNbHas JIMHA 3aroJI0BKa — 5-7
cnoB (B HEKOTOPHIX ciaydasx 10-12 cmoB). HasBanne cTaThu JOMKHO OBITH MPEACTABICHO HA PYCCKOM, Ka3aXCKOM M aHTIHHCKOM
s;3bIKax. Ha3zBaHme cTaThy mpeacTaBIseTCs MOy KUPHBIM IIPUPTOM CTPOYHBIMU OyKBaMH, BRIPaBHUBAHHE — 110 IIEHTPY.

v ABTOpP(bI) CTATBU — KOJIMYECTBO ABTOPOB HE OIPAHMYCHO. B CIMCOK JOKHBI BXOAHUT JAHHBIE aBTOPOB, KOTOPHIE HMEIOT
MIPSIMOE OTHOIICHHE K HATMCAHUIO CTAaThH, T€ KTO BBINOTHSI SKCHEPHMEHTHI U MONYYHI JaHHBIE W PE3yIbTaThl, OTPAKECHHBIE B
CTaThe, Te KTO SBISACTCS] aBTOPOM OCHOBHOM MU ITyOIHKAIINL.

CeegeHnst 00 aBTOpax NPEICTAaBISIIOTCS OOBIYHBIM IIPU(PTOM CTPOYHBIMH OyKBaMH, BBIPABHHUBAHHE — IO IICHTPY.
ITpyHaIe)KHOCTh aBTOPOB K OIPEICIICHHOMY MECTY pabOoThl YKa3bIBaeTCs B BH/E HAJCTPOUHBIX HHIEKCOB 10 (hamuiuu '+ ABTOpBI
W3 OJHOM W TOH K€ OpraHW3alud YKa3bIBAIOTCS MOJA OJMHAKOBOW HancTpouHod mmdpoit. dns aBropoB KasHY obGs3arampHOE

ykazauue ID momepoB ORCID ¢ ncmonb3oBaHMEM THIIEPCCBUIKHA B 3HAUKE @ , JUIL aBTOPOB CTOPOHHUX OpTaHH3aIHUil 110
xenaHuio. KoppecroHIeHTHBII aBTOp 0TMEYAETCs HaJICTPOUHBIM 3HAKOM™.

Muwntwanet u Gamumst, *MHUIHATB 1 pamMiTas®
'mMecto pabotsl (addumuariest), crpaHa, TOpox
*mecto pabots! (addrmmars), crpana, ropoj
*KoppecnoHieHTHBIN aBTOp — e-mail
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KOppeCHOHZ[eHTHBIM AaBTOPOM SABJISIETCS TOT aBTOP, KOTOpI;Iﬁ BCJCT IEPEIIUCKY C pel[aKL[PIefI J10 U IIOCJIC I€YaTu U OTBEYACT Ha
BCC 3aMCUaHus U UCIIPABJICHUS 110 CTAThHE. Baxno YKazatb Z[eﬁCTByIOH_[PIﬁ QHCKTPOHHHﬁ aZ[p€C U KOHTAKTHBIC JAaHHBIC IIPU ITOAa4U
CTaTbu.

1. Coxpamenus 1 0003Ha4eHHUs — €CIIU UMEIOTCSL.

v\ Aunotauusi oobeMoM He MeHee 150 cJioB, He GoJiee 300 CJI0OB Ha PyCCKOM, Ka3aXCKOM U aHITIMHCKOM A3BIKAX.
o Crpykrypa anHoTanuu Bkitodaet B ceds crnenyromnyie OBSI3ATEJIbBHBIE nyHkTbi:

1. BcerynuTenbHOE CI0BO O TEME UCCIIEI0BaHMS.

2. llenb, OCHOBHBIE HANPABIICHUS U UJIEH HAYYHOTO UCCIICIOBAHUS.

3. Kparkoe omnricanue Hay4HO# U PAKTUICCKON 3HAYUMOCTH PabOTHI.

4. Kparkoe onrcanue MeTOI0JIOTUH UCCIIEJOBAHUSI.

5. OcHOBHBIE pe3yJIbTAThI U AHAJIN3, BBIBOJIBI HCCIICIOBATEIBCKON paOOTHI.

6. 1leHHOCTH IPOBEICHHOTO HCCIeIOBaHNs (BHECEHHBIH BKJIA]l IAHHOHW PabOThI B COOTBETCTBYIOIIYIO OONIACTh 3HAHUN ).
7. IlpaxkTuueckoe 3HaUYCHUE UTOTOB PAOOTHI.

v KiioueBble CJI0Ba/CJI0BOCOYETAHMUS — KOJMUECTBOM 3-5 HA PYCCKOM, Ka3aXCKOM M aHTIIMIACKOM SI3bIKaX.

Iocnedyrowan cmpanuya (nosasn):
BBenenue

Marepuasl 1 MeToabl
Pesyabrarsl u O6cy:kaenue
3akir0uenne, BHIBOIbI
BaarogapuocTu

Hcrounuk puHaHCHpPOBAHUSA
Kondumukr nnrepecon
Jluteparypa

BBeenue coctout U3 ClIEAYIOUIMX OCHOBHBIX 2JIEMEHTOB:

v/ O60CHOBaHHWE BBHIOOPA TEMBI; aKTyallbHOCTh TEMbI WM NpobiieMbl. B 060cHOBaHMM BHIOOpA TEMBI HAa OCHOBE ONMUCAHUS
OTIBITa TIPEIIICCTBCHHUKOB COOOIIACTCSl O HATMYUU TPOOJIEMHOW CUTYaIMU (OTCYTCTBHE KaKUX-THOO MCCICTOBAHUMN, MOSBICHUE
HOBOTO O0BEKTA U T.J1.). AKTYaJIbHOCTh TEMBI OTPENEIIACTCS OOIUM HHTEPECOM K U3YUEHHOCTH JaHHOTO 00BEKTa, HO OTCYTCTBUEM
HCYUEPIIBIBAIOIIMX OTBETOB Ha UMEIOIIMECS BOIPOCHI, OHA JIOKA3bIBAETCS TEOPETUUECKON MITH NMPAKTHUECKOW 3HAUUMOCTBIO TEMBI.

v B ceKuyu J0/KHBI ObITh OXBa4eHbl (DYHIaAMEHTANBHBIE ¥ HOBBIE TPY/IBI 110 MCCIIEYEMON TEMATHKE 3apyOeKHBIX aBTOPOB
Ha aHTIIUICKOM si3bIKe (He MeHee 15 TpyloB), aHAIU3 JIaHHBIX TPYJIOB C TOUKU 3PEHHS UX HAYYHOrO BKIIAJIA, & TaKXKe MpoOeIbl B
HCCIIeIOBaHUM, KOTOpBIEe BBl JToM0HsIeTe B CBOCH CTaThe.

v Omnpenenenne 00bEKTa, NpeaMeETa, LEJeH, 3a1a4, METONOB, MOAXOJAO0B, TMIIOTE3bl M 3HaueHHs Bamiedl padorel. Llensb
WCCIICIOBAHMS CBsI3aHA C JIOKA3aTeJIbCTBOM TE3MCA, TO €CTh MPEJICTABICHUEM IPEIMETa HCCIICIOBaHUS B W30PAaHHOM aBTOPOM
aCIIeKTe.

Marepuajbl 1 MeToabl — JIOJDKHBI COCTOSTH M3 ONHCAHWsS MarepuaioB M Xoia pabOThl, a TAKXKe IMOJHOTO OMHCAHHS
HCIOJIb30BaHHBIX METOJIOB.
v’ XapakTepucTHKa HITH OTIHCAHKE MaTePHalia HCCIIEOBAHHS BKIIFOYAET €T0 [PEJICTABIICHHE B KAY€CTBEHHOM M KOJIMIECTBEHHOM
OTHOIICHUH. XapaKTepUCTHKa MaTepuala — OJuH u3 (hakTopoB, ONPEICIISIOUINiT JOCTOBEPHOCTh BHIBOJIOB U METOOB UCCIICIOBAHHSL.
v/ B 3TOM pasjielie ONUCHIBAaETCS, Kak Ipobiema Oblla W3ydeHa: NoapoOHas uH(opMmaiys 0e3 MOBTOPEHHs paHee
OITyOJIMKOBaHHBIX YCTAQHOBJICHHBIX IMPOLEAYP; HMCIONb3YyeTCs HICHTU(UKALMS 000pynoBaHHs (IIPOrpaMMHOr0 O0ECIICUeHHs) U
OITMCAaHNE MAaTePUaJIOB, ¢ 00S3aTEIIbHBIM BHECEHHEM HOBU3HBI ITPH HCIIOJIB30BAaHUH MATEPHUAIIOB U METOJIOB.
Hay4Hast METO0JIOTHSI IOJIKHA BKITFOUATh B ceOsi:
v’ - HCCIEeI0BATENBCKHI BOTIPOC(-bI);
v’ - BBIJIBUT'aEMYIO THIIOTE3Y (TE3HC);
v’ - OTallbl HCCIIEIOBAHUSE;
v
v

<

- METOJIbl UCCIICJIOBaHNUS;
- pe3yIbTaThl UCCIICIOBAHMSL.
v' HEJJOITYCTUMO Hamm4ie MHOKECTBa CCBUIOK, HE MMEIOIMX OTHOIIEHHUS K paboTe, NIl HEYMECTHBIE CYXKIEHHS O BAIIINX
COOCTBEHHBIX JOCTI)KEHUSIX, CCBIIKH Ha Bamm npeabiayye paboTsl.

PESyJ]LTaTl)I u Oﬁcymzle}me — IIPUBOJAUTCA aHAJIN3 U O6Cy)KZ[eHI/Ie TOJIYYCHHBIX BAMU PE3YJILTATOB UCCIICNOBAHUA. HpPIBOI[S{TCH
BbIBOJY IO IIOJIYYCHHBIM B XOJ€ HUCCIICAOBaHUA pE3yJibTaTaM, PAaCKpbIBA€TCSA OCHOBHas CYTb. " sto OIHWH K3 CaMbIX BaXXHBIX
pa3aciioB CTaTbu. B Hem HCO6XO}Z[I/IMO MPOBECTU aHAJIN3 PE3YJIILTATOB cBoei pa6OTLI u 06cy>1<z1eHne COOTBETCTBYIOIIUX PE3YJILTATOB
B CpaBHCHUH C NPEABIAYIIUMU pa60TaMI/I WHOCTPAaHHBLIX U OTCYETCBEHHBIX aBTOPOB, aHAJIM3aMH1 U BbIBOJaMU.
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3akiT0ueHne, BHIBOIBI

O000IICHHEe U TIOBEJCHUE UTOTOB pabOThl HA JTAHHOM 3Talle; MOJATBEPKICHUEC MCTUHHOCTU BBIJIBUTAEMOTO YTBEPXKICHHUS,
BBICKa3aHHOT'O aBTOPOM, U 3aKIIFOUCHHE aBTOpa 00 M3MEHCHHWU HAYYHOTO 3HAHUS C YYETOM IONYUYCHHBIX PE3yJbTaTtoB. BBIBOIBI He
JIOJDKHBI OBITh a0CTPAKTHBIMHU, OHH JIOJDKHBI OBITh HCIIONB30BaHBI JIJIsl 0000IICHNUS PE3YJIbTaTOB MCCIICAOBAHUS B TOH WM WHOU
HAyYHOU 00aCTH, C ONMMCAHUEM MPETIOKEHHII HITH BO3MOXKHOCTEH JabHEHINEH padoThI.

CrpyKTypa 3aKJII04eHUs I0JIKHA COIePKaTh Cle/ytole Bonpochl: KakoBbl e U MeToibl uccienoBanus? Kakue pesynsrars
nony4eHbl? KakoBbl BEIBOJIBI? KaKkoBBI IEPCHIEKTUBBI M BO3MOKHOCTH BHEJIPECHUSI, IPUMECHEHHS pa3padoTKu?

KoH(IUKT MHTEpecoB — KelaTelbHO yKa3aTh HMMEHOIIUECS KOHQIUKTBI WHTEPECOB CO CTOPOHBI aBTOPOB U COABTOPOB
KacaTeJIbHO MaTepHaliOB CTaThH. ECiM HEeT HUKAKUX KOH(IIUKTOB K OMyOIMKOBAaHHUIO MaTEePUAIIOB B CTaThe, YKa3aTh, 4TO aBTOPHI HE
HUMEIOT KOH(JIMKTa HHTEPECOB.

Baaromapuoctu — Ilepeuncnure mronei, KOTOpble OKa3ajld IOMOIIL BO BpeMsl UCCIIEAOBAHUS (HAapUMEp, MPeloCTaBHIN
MTOMOIIIb B TIEPEBOJIE, MTUCEMEHHYFO ITOMOIIb WM MPE0CTABILIN MaTepua/o00pyI0BaHue Ui padoThl U T.11.)

HUcrounnk ¢punancupoBanusi — CleayeT yka3aTh B paMKaX KaKOro MPOEKTa WM MPOrpamMMbl ObLIa BBITIONHEHA padoTa,
yKa3arh roJl 1 HOMep JIOTOBOpa IO MPOCKTY/IIporpamme.

Jlureparypa

CIIICOK HCIIOIb3yeMOit TuTeparypsl, Wi bubnmorpaduaecknii CliMcok COCTOUT U3 He MeHee 25 HanMEHOBAaHUH JTHTepaTyphl
JUISL €CTECTBEHHOHAYYHBIX U TEXHHYECKHUX HANpPaBJICHUI U U3 0OIIEero Ynciia HAMMEHOBAHHI Ha aHIIMHCKOM SI3BIKE JIOJDKHO OBITh
He MeHee 50%.

Jl7st ecTecTBEHHOHAYYHBIX CTaTeH CCHUTKH O(OPMILSIIOTCS B KBAIPATHBIX CKOOKAX C yKa3aHHEM HyMepaIiH 10 Mepe MOSIBIISICHUS
LUTUPYEeMBIX padot B Tekcre. CTrib odopmienus crnucka gureparypsl cortacHo 'OCT 7.1-2003 «bubnuorpaduieckas 3amuch.
Bubmorpagpuueckoe onmcanue. O0mue TpeGOBaHUS U NpaBHiIa COCTaBICHHD» (TpeOOBaHHE K M3JaHUSIM, BXO/IINX B IIEPEUCHb
KKCOH).

Janee cnenyer Bropoit crimcok juteparyps! (References, koTopsliil 1ommKkeH ObITH peOCTaBIIeH B APyroi (popme, TO ecTh —
pomaHM3MpoBaHHEIM anpaBuToM (TpaHciaurtepanys). References TOJIBKO Te paGoTel, koTopble IUTHPYIOTCS B TekcTe. Reference
odopmIrsieTcs B andaBUTHOM TopsiiKe!

PoMaHM3MPOBaHHBIN CIUCOK JINTEPATYPhI JIOJDKEH BBIIISIETH B CIEAYIONIEM BUJIE JUII HCTOYHHKOB Ha KMPHILIHIIE: aBTOP(-bl)
(TpaHcimTeparys) — (To B KPYINIBIX CKOOKaX)—Ha3BaHHE CTaThH B TPAHCINTEPUPOBAHHOM BapHaHTE [IIEPEBOJ Ha3BaHMs CTAThU
Ha aHDIMHCKUH S3bIK B KBaJPaTHBIX CKOOKaX |, Ha3BaHHE PYCCKOS3BITHOTO HCTOYHMKA (TPAHCIUTEPAINs, JIN00 aHIIMICKOE Ha3BaHHE
— €CJIN €CTh), BBIXO/IHBIE JaHHBIE ¢ 0003HAYSHUSIMU Ha aHIVINIICKOM SI3BIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30.

Cruip odopmienys POMaHH3HPOBaHHOTO CITHCKA JINTEPATYPhI U3 HCTOYHUKOB Ha aHIIIMHCKOM (JPyroM MHOCTPAaHHOM) SI3bIKE
JUISL €CTECTBCHHOHAYYHBIX U TeXHHUYeCKUX Hamnpasienuid — Chicago Style (www.chicagomanualofstyle.org).

Cramer W., Bondeau A., Woodward F.I., Prentice I.C., Betts R.A., Brovkin V., Cox P.M., Fisher V., Foley J.A., Friend A.D.,
Kucharik C., Lomas M.R., Ramankutty N., Sitch S., Smith B., White A., Young-Molling C. (2001) Global response of terrestrial
ecosystem structure and function to CO, and climate change: Results from six dynamic global vegetation models. Glob. Change
Biol., vol. 7, pp. 357-373.

B nannoM pasjesie He00X0IUMO Y4eCTh:

- lluTHpyroTcsi OCHOBHBIE Hay4HBIE ITyOJIHMKAIMHU, MEPEIOBBIE METO/BI MCCIIEOBAHMUS, KOTOpbIE MPUMEHSIOTCS B JAHHON
o0JlacTH HayKy 1 Ha KOTOPBIX OCHOBaHa padoTa aBTopa.

- U36eraiite ype3MepHBIX CAMOIIUTHPOBAHHA.

- U30eraiite upe3amepHBIX cchulok Ha myonukammu aBropoB CHI/CCCP, ucnons3yiire mupoBoit omsitT (Pubmed, Web of
Science). He cnenyer ccpuiathest Ha SHIMKIIONEINH, MOHOTPa(UH, TUCCEPTAIIMU U MaTepHaJIbl, Ha KOTOPBIE HET OOIIEro A0CTyma.

- bubnmorpadgudecknii CrMCOK JOIDKEH colepikarh (yHIaMeHTaJIbHble U HanOojee aKkTyaJbHbIC TPYAbL, OMyOINKOBAaHHBIE
N3BECTHBIMH 3apyOe)KHBIMH aBTOPAMH M UCCIIEIOBATEIISIMU 110 TEME CTaThU.

Cronmocts my6ankanuu — 2000 Tenre/cTpanuna
PexBu3uTHI:

Hexommepueckoe aknnoHepHoe o0mecTBo «Kazaxcknit HaMOHAIBHBIN yHUBEpCUTET MMeHH Aib-Dapabim
Hupexc 050040

aznpec: . AnMarsl, rp. ainb-®apabu 71

BI1H 990140001154

KBE 16

AO «First Heartland Jysan Bank»

NHK KZ19998CTB0000567141 — Tenre

NHK KZ40998CTB0000567151 — USD

BUK TSESKZKA
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