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PHYTOSANITARY MONITORING OF COTTON PESTS

The article describes the route calculation of pests found in cotton fields sown in different periods of
practice by farms of the Turkestan region. In connection with the current market economic competition
for cotton crops, the most important direction in today’s field of science is to increase productivity
with minimal costs. Phytosanitary monitoring work is the main part of protecting cotton from pests.
A determining factor for making the right decision in the approach to pest control in the field of plant
protection and determining the number of treatments and timing of spraying. Therefore, a route survey
was carried out in the conditions of the Turkestan region.

In a directional study, it was found that cotton moths settle on cotton fields on average on 1m2-0.5-
2 pieces. In the conditions of the Turkestan region, 18-20 pieces per 100 plants were found in the cotton
crop, exceeding the threshold of economic harm with pest drugs Dimilin 48% H. K., (0.1 L/ha), Tagrel
E. K., (1.5 I/ha); Lyatrin E. K., (0.5 I/ha); Petra 5% H. K., (0.5 I/ha); Karate, 050 H. K., (0.5 I/ha) spraying
was carried out. The spread of cotton root rot was 1.5% -11%, the development was 1.0 — 12%, and the
spread and development of cotton gommosis was 1-3%.

Key words: cotton, pests, cotton trowel, caradrina, winter trowel, common spider mite, cotton root
rot, gommosis, monitoring.
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Makra 3usiHnkecTepiHiH, pMTOCAaHUTAPAbIK, MOHUTOPMHT|

Makanapa TypkictaH OGAbICbI WApya KOXKaAbIKTapblHbIH ToXipube MeATeriHae ap Mep3imae
€riAreH MakTa ericiHAe Ke3AEeCeTiH 3MIHKEeCTepre MapLUpYTTblK, eCernTey >KYMbICTapbl >KarAbl
GasHAaAFaH. MakTa AakblAbIH Kasipri 3aMaH TaAabblHa Cai HapbIKTbIK, S3KOHOMMUKAAbIK, Oacekere
6aAQHbICTbI, LLIbIFbIHAbI @3 XKYMCarl, 6HIMAI >KOFapbIAaTy GYTiHri FbIAbIM CaAACbIHbIH €H 6aCTbl GarbIThl.
DuTocaHUTapAbIK, MOHUTOPUHT XKYMbICbl MaKTaHbl 3USIHKECTEPAEH KOpFayAblH Heri3ri 6eAiri. ©cimaik
KOpFay CaAacCblHAAFbl 3USHKECTEPMEH KYpPecy TOCIAIHAE AypbIC wewim KabblApayFa XoHe eHAey
caHbl MeH OYpKy Mep3imMAaepiH aHbikTaylbl ¢rakTop. CoHAbIKTaHAA TypKicTaH OBAbICHI XaraanbiHAA
MapLUPYTTbIK, 3epTTeYy XXYMbICTapbl XXYPri3iAAl.

BarbiTTarbl 3epTTeyAe MakTa aAKanTapbiHa MakTa kebeAeri opTa ecenneH Tm? skepae -0,5-2 aaHa
KOHbICTaHFaHbl aHbIKTaAAbl. TypKicTaH 0OAbIChI >KafaaliblHAQ MaKTa AakblAbIHAQ 100 ecimaikke 18-20
AAHAAQH KE3AECTI, SKOHOMMKAADIK, 3USIHABIAbIK, LLIEFiHEH aCKAHAQ 3USIHKeCTepre Kapcbl npenapaTTapmeH
AVMUAMH 48% c.k., (0,1A/ra), Tarpea 3.k., (1,5A/ra); AaTpuH 3.K., (0,5 A/ra); Metpa 5% 3.k., (0,5 A/ra);
Kapata, 050 3.k.,(0,5A/ra) 6YpKy >KYMbICTapbl XYPrisiaai. MakTa Tamblp wipiridib, Tapaaybl — 1,5%-
11%, Aamybl 1,0-12%, an, MakTa roMMO3bIHbIH TapaAybl MeH Aamybl 1-3 %-Abl Kypaabl. XKanbIpakTbiH,
3aKbIMAAHFaH >XepAepi GipHele KYHHEH KeriH acTblHaH KOHbIPAAHbIM, YCTIHEH Kbi3apblIr LbIFA KEAEA|.

Tynin ce3aep: MakTa, 3MHKEC, MaKTa KeOeAeri, KapaApuH >kep YCTi kebeAeri, Ky3aik kebeaek,
KBAIMIi @pMeKLUi KeHe, TaMbIp LWipiri, FOMMO3, MOHUTOPUHT .
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(DMTocaHMTaprll:i MOHHUTOPUHT BpeAuTe/\eﬁ XAOMYaTHUKa

B crartbe pacckasbiBaeTcs O MapLUIPYTHOM MOHUTOPMHIE BPEAUTEAEN BCTPEYAIOLLMXCS MOCEIHHOM
B OMbITaX KPECTbSIHCKMX XO3SMCTB B Pa3Hble CPOKM HA XAOMKOBOM MoAe TypkecTaHckoi obaactu. B
CBS13U C COBPEMEHHOM PbIHOYHOM 3KOHOMMYECKOM KOHKYPEHLIMEN XAOMYaTHMKA MOBbILLEHWE ypo>Kai-
HOCTU MPU MMHUMAABHbIX 3aTpaTax SIBASETCS BaXKHEMLIMM HarpaBA€HUMEM COBpemMeHHoM Hayku. Pu-
TOCAHUTAPHbIA MOHUTOPUHT SIBASIETCS OAMH M3 OCHOBHbIX MEPOMPUSITHIA MO 3alUMTe XAOMYATHUKA OT
BpeauTeaen. OnpeaeAstolinm (hakTopom B 60pbOe C BPEAMTEASIMU B 3alUMTbl PACTEHUIA SBASIETCS
CBOEBpEMEHHOe npumeHeHne 06paboTKM 1 CPOKU OMNpbiCkMBaHUs. [103TOMy B ycAoBMsIX TypkecTaH-
cKoit 06AaCcT BbIAM MPOBEAEHBI MAPLIPYTHbIE 0OCAEAOBAHMSI. M3yUeHbl BDEAUTEAM XAOMYATHMKA NPU
MapLLPYTHOM 06CAEAOBAHUM B XO3SMCTBAX TypKeCTaHCKOW obAacTen. YCTaHOBAEHO, YTO XAOMKOBas
COBKa BCTpevaloTcs B cpeaHem Ha Tm? no — 0,5- 2 3k3/wt. B ycaoBusix TypkecTtaHCKon 06AacTu Ha
XAOMKOBOW KyAbType BcTpevaeTcs 18-20 wryk Ha 100 pacTtenumid. [1pu npeBbilleH 3KOHOMWMYECKOro
rnopora BpeAOHOCHOCTU UCMOAb30BaHbl npenapaTtbl AUMUAMH 48% c.k., (0,1 a/ra), Tarpea a.k., (1,5 A/
ra); AaTpuH 3.K., (0,5 A/ra); Metpa 5% 3.k., (0,5 A/ra); Kapata, 050 3.k., (0,5 A/ra). NopaxkeHHble pac-

TEHUS C KOPHEBbIMM FTHUASIMU M TOMMO3a COCTaBAdIAM — 1,0-12%, 1 1-3%.
KAtoueBble cAOBa: XAOMYaTHMK, BPEAMTEAM, XAOTNKOBAsi COBKA, KapaApMHa, 031Mast COBKa, 0ObIKHO-
BEHHbII MayTUHHbIA KAELL, THUAb KOPHER XAOMYaTHMKA, FOMMO3, MOHUTOPWHI .

Introduction

The cotton industry is one of the most valuable
raw materials for the production of food products.
In its importance, it is on the same line as wheat in
the country’s economy. The value of cotton for the
national economy is determined by a huge range of
its use. For example, from 1 T of cotton raw materi-
als, you can get 320 — 340 kg of fiber, 560 — 580 kg
of cotton. In turn, from 34 kg of fiber, you can get
3500 m2 of fabric, and from 580 kg of cotton — 112
kg of vegetable oil, 10 kg of soap, 270 kg of sesame
seeds, 170 kg of husks and 8 kg of lint. It is the basis
for the production of various types of refined oils,
soaps, washing powders, linoleum, sealing tapes,
artificial leather [1].

“I don’t know,” he said, ““ but I don’t know, and I
don’t know, but I don’t know, and I don’t know, and
I don’t know, and I don’t know, and I don’t know,
and I don’t know.” Currently, there is a reduction
in acreage and a decrease in crop yields. Cotton is
grown in the country in the southern regions of Ka-
zakhstan, including Zhetysai, Maktaaral, Shardara,
Keles, Saryagash and Turkestan, Ordabasinsky dis-
tricts [2].

Phytosanitary monitoring is considered the main
part of protecting cotton from pests. The determin-
ing factor for making the right decision in the ap-

proach to pest control in the field of plant protection
and the number of treatments and timing of spray-
ing.

Currently, the introduction and development
of crop rotation in cotton production, the use of a
correct and effective tillage system, improving the
reclamation status of irrigated land, moisture and
precipitation in the soil composition on the ground
— in addition to the effective use of water, irrigation
in winter, improving the culture of the agricultural
system, the organization of seed production, the
use of organic, inorganic and mineral fertilizers in
accordance with the peculiarities of biological de-
velopment of crops, the formation of mechanization
of all advanced agrotechnical measures, the timely
application of rational directions of Agriculture in
general.

The high yield of cotton per hectare directly
depends on the introduction of agrotechnical mea-
sures into production. It is necessary to carry out a
set of other measures: tillage, sowing methods, the
amount of sowing, the use of local and mineral fer-
tilizers in the required amount, weeding and the use
of agrotechnical and chemical methods, protection
from pests and diseases, mechanization of weeding
and harvesting operations and irrigation.

In recent years, the issue of rational use of ir-
rigated cotton crops by peasant farms, protection
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against diseases, pests and weeds, timely use of in-
secticides in accordance with the requirements of
the time, improving the quality of cotton products,
and the ability to carry out phytosanitary monitoring
in a timely manner is also relevant.

Within the framework of timely phytosanitary
monitoring, it is possible to get a high-quality, rich
harvest only by applying various agrotechnical
methods to cotton, spraying pests without bringing
them to the limit of economic harmfulness. In the
data of phytosanitary monitoring, depending on the
density of harmful organisms in cotton crops, the
threshold of economic harmfulness, there is a need
to correctly apply effective methods of plant protec-
tion systems.

In the conditions of the Turkestan region, cotton
crops are affected by numerous pests and special-
ized ones: common spider mites, moths: autumn,
caradrin and cotton moths; aphids (cotton or gar-
den, alfalfa or Acacia, large cotton) [3,4,5]. Larvae
of multi-feeding pest rodent butterflies (autumn and
wild butterflies), starworms and caterpillars of crest-
ed and planed beetles, etc [6,7].

In order to protect cotton crops from pests, phy-
tosanitary monitoring was carried out in Turkestan
region.

Objects and methods of research

The distribution of phytophages in cotton fields
was determined on the basis of periodic route studies
in the Turkestan region. Before sowing cotton in the
unprocessed area in early spring 2020, as in autumn,
an inspection was carried out. To calculate the win-
tering pupa, a sample was taken in 20 microdistricts
with a size of 0.25 m? (50x50cm) in an uncultivated
area with a depth of up to 10cm; in an uncultivated
area with a depth of up to 20cm was taken.

100 plants (5 plants in each sample) were ex-
amined in each field to take into account the eggs of
cotton butterflies and starworms. The samples were
numbered and placed at the same distance on two
diagonals, and the eggs of the cotton brown butter-
fly and caradrin land moth and its entomophages,
the number of starworms according to their age, the
type of entomophages and the stage of development
(Imago, larva, egg) were examined and calculated.
During each examination, the upper buds of the Cot-
ton, the lower and upper sides of the leaves, the fruit
organs — flowers, nodes, tops-were examined.

In spring and summer, the flight of cotton but-
terflies in cotton and corn fields continued from
May until the end of the growing season, placing

pheromone traps on the microdistricts and hang-
ing them in 2-3 pieces on a field with an area of 3
hectares.

Work on the calculation of the butterfly was
carried out every 5 days and the data was entered
in the log [8,9,10]. Indicators of the number of but-
terflies caught in the trap with the period of mass
flight of the cotton butterfly, the peak of flight was
established and the period of egg laying during the
mass flight of butterflies was determined. In autumn,
after harvesting cotton crops, in the same microdis-
trict and in the fields of corn and alfalfa, along the
road, the number of pupae for wintering on 1 m? was
calculated, which was taken to predict the growth
and spread of pests next year. The method of verifi-
cation works is the same as the calculation works in
the spring.

The effectiveness of protective measures to
combat the cotton moth depended on setting dead-
lines for their implementation. Starworms stay on
the surface of damaged plants for a short time,
then enter cotton husks or corn cobs, and therefore
bioagents (trichogram, gabrobrakon, chrysopidae)
were sent to a stationary microdistrict [11,12,13,
14]. For the reproduction of trichograms, gabro-
bracon, goldenrod, it was not allowed to infect
them with ticks, and grain and nutrient mixtures
with warehouse pests. Products imported from the
warehouse and granary were sterilized in auto-
claves before use [15,16,17].

Testing or spraying of insecticides against cotton
pests was carried out according to the methodologi-
cal instructions of preparations registered in agricul-
ture. When carrying out plant protection measures,
an assessment of their biological, economic and
economic efficiency was made. The biological ef-
fectiveness of the use of insecticides against pests
was determined by the Abbot equation below:

Be = x 100

here:

B, -biological efficiency, % number of pests or
reduced damage to various plant organs;

a — the number of live individuals of the pest
under control (per plant or per square meter) as of
the reporting day;

b — the number of live individuals of the pest
(per plant or per square meter) or affected plants in
the experiment as of the reporting day [18]. Accord-
ing to the product indicators of each variant, the eco-
nomic efficiency of the tested chemical preparations
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was determined. Mathematical processing of the ob-
tained data on product indicators was carried out by
the method of dispersion analysis [19].

In experimental microdistricts, where exper-
imental work is carried out, control works are
carried out in full in the spring and throughout
the growing season, when pests appear, in the
resulting microdistricts. After processing the de-
gree of damage to the plant, the total number of
plants and their damage were calculated at the
same calculated distances in the microdistrict
for 3,7,14 days. The economic effectiveness of
using biological agents against harmful moths
in cotton was determined by collecting all raw
cotton products in the microdistrict by hand
(1st, 2nd collection) or by combine harvesters.
If necessary, the volume of stored products was
determined by collecting products in Model mi-
crodistricts [20].

The limit of economic harmfulness of the cot-
ton moth (ESR) is 6-8 eggs per 100 plants in cot-
ton, or 8-10 starworms or pheromone traps — 8-10
butterflies per day in 1 holder, where spraying was
carried out and entomophages (trichograms, golden
eyes and poisons) were released [3,21, 22]. The ef-
fectiveness of protective measures to combat the
cotton moth also depended on the timing of their
implementation. The starworm was only a short
time in the affected cotton leaf, then penetrated into
the cotton husk and corn cob, and was not destroyed
after sowing insecticides, so trichograms were sent
to the cotton field against the cotton moth 3 times in
each generation, and gabrobracon to the starworm
[23,24,25,26].

Research results and their discussion

Research in experimental microdistricts of peas-
ant farms located in the Turkestan region, the num-
ber of pests encountered in the work on calculating
the route route for pests found in cotton fields sown
in different periods (Table 1).

A type of pest found in the cotton field: the
Cotton brown butterfly — Heliothis armigera Hub.,
caradrin, or small terrestrial butterfly-Spodoptera
exigua Hbn., the common spider mite — Tetrany-
chus urtica Koch., the great cotton Beetle — Acyr-
thosiphon gossypii Mordv., garden aphids or cotton
aphids — Aphis gossypii Glov., alfalfa aphids-A.
craccivora Koch., autumn butterfly (Agrotis sege-
tum Schiff), wild butterfly (Euxoa conspicua Hb).

There were many polyphages in cotton, and only
about 10 species of multi-feed pests and specialized
pest species caused significant crop losses.

The economic and biological effectiveness
of phytosanitary monitoring and protection mea-
sures against pests that planted cotton crops in
different seasons and cultivated them in different
technological ways was demonstrated. The spe-
cies composition of pests found in cotton crops is
determined.

Cotton moth-Helicoverpa armigera Hubn. The
pest is distributed in the south and south-east of
Kazakhstan. Foci of spread and damage of the
cotton moth are distributed in the cotton fields of
Turkestan region, in the corn fields of Almaty re-
gion, in the fields of corn and melons of Zhambyl
region.

Wintering pupae of the cotton moth spring
research work was carried out on a total area of
9,610 thousand hectares. The population was
1,3,5,7 thousand hectares. The population den-
sity of cotton butterfly dolls ranged from 0.3 to 3
pieces per square meter. In the conditions of the
Turkestan region, 75% of pupae (13% sick and
12% dead) overwintered comfortably. Summer
studies of the cotton moth starworm were carried
out on an area of 206,190 thousand hectares. The
settled area was 47,947 thousand hectares. The
area of land to be cultivated was 34,870 thousand
hectares.

The flight of the first generation of the cot-
ton butterfly was recorded in the first decade of
May. The first generation of starworms appeared
in the third decade of May, its number per square
meter was 0.5-2 pieces. The flight of the second
generation of the cotton butterfly was recorded in
the first decade of July, the appearance of starlings
occurred in July, in the conditions of the Turkes-
tan region, the cotton crop reached 15-18 pieces
per 100 plants. The flight of the third generation of
cotton butterflies was recorded in the first decade
of August, and pupation was recorded in the third
decade of August.

The density of pupae for wintering in Turkes-
tan region is up to 3 pieces per square meter, and
in Ordabasy district-0.2-1.0 pieces per square
meter.

Forecast: in 2021, the planned volume of
chemical treatment against cotton moth starworms
amounted to 36,666 thousand hectares, including
26,366 thousand hectares in cotton fields and 10.3
thousand hectares in corn fields.
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Table 1 — Phytosanitary monitoring of pests and diseases in cotton fields, data, 2020-2021.

Peasant farms District, Cotton Caradrin Common | Autumn | Cotton root Cotton
ga butterfly, per | or ground | spider mite | butterfly, | with rot £ommosis
100 plants/ | butterfly, per | per 100 PCs/m?> | damage, % | infection, %
piece 100 plants / plants /
piece piece
Maktaaralsky district,
Karakaysky district»’ 10 10,8 7.1 87.8 0.3 6,5 3,0
Maktaaralsky district, 10 116 8.3 99,5 0.2 52 2.7
«Tansholpany»
Makt?aralsky district, Atameken 3 112 83 99,6 03 1.0 1.9
«Arai»
Maktaaralsky district,
Nurlybayev 5 126 8,6 90,5 0.2 12,0 2.8
«Berek»
Saryagash district, «Unity» 5 10,9 7,8 103,3 0,4 1,5 2,6
Shardarinsky district,
Zhaushykum «Korasan Atay > 11,3 71 101, 0.2 8,9 Lo

Spring research on the common spider mite —
land used for agriculture-was carried out on an area
of 12,230 thousand hectares, and the settlement
amounted to 1,738 thousand hectares. Spider mites
were detected in cotton fields of Turkestan region.

During the spring period, overwintering of spi-
der mites, the appearance of weeds was recorded
in the first decade of May, up to 4% in the case of
Zhambyl region (0.5 pieces per square meter), and
more than 18-20% in the case of Turkestan region.

Summer research work on the settlement of
the common spider mite was carried out on an area
of 256,210 thousand hectares, and its settlement —
46,720 thousand hectares. The land to be cultivated
is 31,100 thousand hectares.

In the conditions of the Turkestan region, the
density of pest settlement on cotton was 18-20% (in
cotton fields, the pest reproduces by giving 13-15
generations). Autumn surveys of agricultural land
were carried out on an area of 13.78 thousand hect-
ares, and 2.182 thousand hectares were settled. Dur-
ing the autumn monitoring, in the conditions of the
Turkestan region, the population in the studied area
did not exceed 8-10%.

Forecast: in 2021, the volume of planned pro-
tective measures to control the dynamic number of
common spider mites amounted to 32.25 thousand
hectares, including 15.15 thousand hectares in cot-
ton fields.

Caradrin, or ground butterfly-Spodoptera exigua
Hb. In the conditions of the Turkestan region, the
pest is covered with a plan of 41.0 thousand hect-
ares, of which summer research on starworms is car-

ried out on an area of 37.2 thousand hectares, and its
settlement is recorded on 9,178 thousand hectares.
The area with a high number of starworms with a
high threshold of economic harm (EIS) was 5.46
thousand hectares, which is 4.99 thousand hectares
less than last year (10.45 thousand hectares).

Pupation of caradrin, or ground butterfly star-
worms, was recorded in the second decade of April.
The first flight of butterflies of the first generation
was observed on May 8, and the mass flight was ob-
served on May 15. Egg laying is scheduled for June
15. The first birth of starworms of the first genera-
tion was recorded on June 18, and the mass birth was
recorded on June 24. The pupation was determined
on June 26. The flight of the second-generation but-
terfly began on July 5, and the laying of butterflies
began on July 12. The birth of the second generation
of starworms began on July 18, pupation-on July
28.The flight of butterflies of the third generation
was recorded on August 17, laying eggs on August
21. The release of the third generation of starworms
began on August 22, pupation began on September
20, and mass pupation began on September 27.

Forecast: in 2021, the number of cotton pests
will not increase, but the development of the pest
may be affected by the weather. It is expected that in
2021, chemical treatment will be carried out on an
area of 5.46 thousand hectares.

Autumn butterfly-Agrotis segetum Schiff. In the
southern region, the first pupation of autumn star-
worm butterflies was recorded on April 22. The first
flight of butterflies was recorded on May 2-14, the
second — on May 14-19. The birth of starworms was
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observed in the third decade of May, with an aver-
age density of 0.1-0.4 pieces per 1 square meter. The
mass release of starworms was recorded in the first
decade of June. Their average density per 1 square
meter was 0.2 pieces in cotton field and 0.2 pieces
in corn field. The flight of butterflies of the new gen-
eration is marked from July 5-10, laying eggs — on
July 13. From July 15-18, the birth of starworms
was determined. The number of starworms per 1
square meter was 0.2-0.3 pieces.

Forecast: in 2021, the number and harmfulness
of rodent butterflies will depend on the wintering of
the pest, weather conditions in the spring and sum-
mer period, as well as on the results of timely agro-
technical measures.

Cotton root rot-Thielaviopsis basicola Ferraris.
Monitoring works to detect the disease in the condi-
tions of the Turkestan region were carried out from
May 7 to August 29. The first signs of the disease
in cotton fields were recorded on May 14 in Zham-
byl rural district of Maktaaralsky district on an area
of 0.002 thousand hectares to a lesser extent. Then
the disease was registered in Zhetysai district. Com-
pared to last year, the infected area has increased
due to the climatic conditions of the weather and
last year’s preservation of the infectious fund. In
general, in the conditions of the Turkestan region,
3.18 thousand hectares of land were examined, the
infected area amounted to 0.356 thousand hectares,
distribution — 1.5% -11%, Development-1.0-12%.

Cotton gommose-Xanthomonas campestris pv.
In the conditions of the Turkestan region, a total of
2,860 thousand hectares of land were examined for
the study of the disease. Symptoms of the disease
were observed on May 29 in the farm “Karakai” of

Maktaaralsky district in the initial degree of devel-
opment. The total damage amounted to 0.002 thou-
sand hectares. Distribution and development was
1.0-3.0%. Compared to last year, the infected area
decreased by 0.003 thousand hectares. This was fa-
cilitated by the timely implementation of agrotech-
nical measures and seed treatment.

Forecast: in 2021, in the absence of compliance
with crop rotation, agrotechnical and chemical mea-
sures, the spread of cotton gommosis is quite pos-
sible.

Conclusion

In the experimental microdistrict of peasant
farms, work was carried out to calculate the route
route for pests found in cotton fields sown in differ-
ent periods. In the study of the route on the route, it
was found that the cotton moth settled in cotton fields
on an average of Im? — 0.5-2 pieces. Starworms of
the first generation of the cotton moth appeared in
the third decade of May, its number per square me-
ter was 0.5-2 pieces. Starworms of the second gen-
eration of cotton butterflies in the conditions of the
Turkestan region were found in the cotton crop in
the amount of 18-20 pieces per 100 plants, in mi-
crodistricts that exceeded the threshold of economic
harmfulness, in the pest control experiment Dimilin
48% s.k., (0.1 L/ha), and in other farms Tagrel e.k.,
(1.5 I/ha); Lyatrin e.k., (0.5 1/ha); Petra 5% e.k., (0.5
1/ha); karate, 050 e.k.,, (0.5 1/ha) was sprayed with
preparations. The prevalence of cotton root rot was
1.5% -11%, the development was 1.0 — 12%, and
the prevalence and development of cotton gommo-
sis was 1-3%.
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MONITORING OF RARE FLORISTIC ELEMENTS
OF THE NORTHERN TIEN-SHAN MOUNTAIN FOREST

Mountain forests of the Northern Tien Shan are distinguished by high floristic diversity and a large
number of plant communities. Among the latter there are several unique relict plant communities domi-
nated by Picea, Malus, Prunus, and Celtis spp, as well as tugai forests. The most species-rich are forests
dominated by Picea schrenkiana Fisch. & C.A. Mey. (450-500 species), Malus sieversi (Ledeb.) M. Roem.
(400 species), and Armeniaca vulgaris Lam. (about 250 species). The least species-rich are tugai forests
with Hippophae rhamnoides L. (140 species) and hackberry forests dominated by Celtis caucasica Willd.
(119 species). In these forests, there are 24 Red Book species, including Hepatica falconeri (Thoms.)
Steward, Epipactis palustris (L.) Crantz, Tulipa tarda Stapf, and Gymnospermium altaicum (Pall.) Spach.,
which are the objects of special research. The article presents the results of the study of natural popula-
tions of the last three species, in particular, the numbers and density, age spectra and morphological
variability of generative individuals. For one of the rarest species, Hepatica falconeri, the results of two
years of observations of an introduced population established in the village of Saty near the central estate
of Kolsay Koldery National Park. It was created by transferring generative individuals from the largest
natural population (Taldy Gorge, 1693 m). Comparative data on the species phenology, including the re-
lationship between the rate of flower opening, illumination and temperature, were obtained. The article
emphasizes the lack of study of the distribution of certain rare species within the Northern Tien Shan, as
evidenced by new findings of the authors: Epipactis palustris and Paeonia intermedia C.A. Mey. in the
Kolsay Koldery National Park. Based on this, the authors propose to conduct special studies or include
the study of rare species in the work plans of specially protected territories.

Key words: mountain forests, population, Hepatica falconeri, Epipactis palustris, Tulipa tarda, Gym-
nospermium altaicum.
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CoatycTik Tanb-LLIaHb TayAbl OpMaHAQAPbIHbIH,
cupek hAOpaAbIK, SIAeMeHTTePiHiH, MOHUTOPUHTI

CoatycTik  TaHb-LLlaHb TayAbl opmaHA@pbl (OAOPaAbIK, BPTYPAIAITIMEH >XK8He eciMAiKTep
KAybIMAACTbIFbIHbIH GalAbIFbIMEH €PEKLIEAEHEA], OAApPAbIH illiHAE Giperen peAnkTiAep: wWbipLiaAap,
aAMa aFaluTapbl, epiK araliTapbl, TayaaraH XaHe Tofanaap. LLbipwasap iwiHae dAopablk, Kypambl
6ombiHLa eH Garbl Picea schrenkiana Fisch. & C.A. Mey. (450-500 Typ), aama arawitapbl Malus sieversi
(Ledeb.) M. Roem. (400 Typ) k8He epik arawiTapbl Armeniaca vulgaris Lam. (250 Typ LwamacbiHAQ),
eH, kepeni — Toran Hippophae rhamnoides L. (140 Typ) »xoHe TayaaraH Celtis caucasica Willd. (119
Typ) 60AbIN TabbiraAbl. ByA opMaHAapAbiH KypambiHAa Kbi3biA KiTanka eHreH 24 Typ, COHbIH illiHAE
Hepatica falconeri (Thoms.) Steward, Epipactis palustris (L.) Crantz, Tulipa tarda Stapf >xene Gymno-
spermium altaicum (Pall.) Spach. apHaiibl 3epTTey o6bekTiAepi 60AbIN Tabblirasbl. MakaAaaa COHFbI YL
TYPAIH TabMFKU MOMYASLUMACHIH, aTan anTKaHAQ, FreHepaTMBTIK AQPaKTapAblH CaHbl MEH TbIFbI3AbIFbIH,
>Kac CrnekTpAepiH >KaHe MOPQOAOIrMSAbIK, ©3repriliTiriH 3epTTey HaTMXKeAepi KepceTiareH. Hepat-
ica falconeri cmpek kesaeceTiH TypaepiHiH 6ipi 6oMbiHIIA €H, ipi TabuFn MONYASUMSIAAH KOLlipiAreH
reHepaTuBTIK AapakTapablH «Keacart keapepi» YATTbIK MapKiHiH OPTaAblK, KEHCECi >XaHbIHAAFbI
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Monitoring of rare floristic elements of the Northern Tien-Shan mountain forest

CaTtbl ayblAbIHAQ KYPbIAFaH MHTPOAYKUMSIABIK, MOMYASUMS 6a3acbiHAQ 2 >KbIAAbIK, GakblAQyAApPAbIH
HaTuxKeAepi BasiHAaraAbl (Taaabl carbl, 1693 M). TypAiH (DEHOAOIUSICbI, OHbIH, ilLiHAE >KapblK, MeH
Temrieparypara 6afAaHbICTbl T'YAAEPAIH ALLbIAY MeP3iMi TypaAbl CAAbICTbIPMAAbI MBAIMETTED aAbIHAbI.
Makanaaa «Keacan keaaepi» YATTbIK napkiHae Epipactis palustris skeHe Paeonia intermedia C. A. Mey
ABTOPAAPbIHbIH, XKaHa Ty>XbIpbIMAapbl kepceTkeHAer, CoATYCTiK TaHb-LLlaHbAaFbl cMpeK Ke3aeceTiH
TYPAEPAIH TapaAyblH 3epTTeyAiH >XeTKiAiKci3airi atan eTiareH. OcblFaH CylieHe OTbIpbir, aBTOpAap
apHaibl 3epTTEeyAep XKYPri3yAi Hemece cMpeK Ke3AeCeTiH TYPAepAi 3epTTey TakKblpbINTapblH epekiue
KOpPFaAaTblH TabWFU ayMaKTapAbIH >KYMbIC KOCMApPAApbIHA EHri3yAl YCbIHAAbI.

TyiiiH ce3aep: TayAbl opMmaHAap, nonyaaums, Hepatica falconeri, Epipactis palustris, Tulipa tarda,
Gymnospermium altaicum.

P.E. Kanap6ain'?", A.A. ToreHoBa', A.M. Aamabex’, A.A. MBalleHko?,
K.T. Abuakyaosa', b.5. ApbiHoB?

«Kenacarn keapepi» MYTIT KP 3IKTPM OLLIXOKAK, K.¥ATapak k., Catbl a., KasakcraH
2KazaxCKui HaUuMOHAAbHbIN yHUBEPCUTET UM. aab-Dapabu, KasaxcraH, r. AAMarthl
3UHcTUTYT 300A0rMM KH MOH PK, KasaxctaH, r. AAmartbl
*e-mail: raushan.kaparbay@mail.ru
MoHUTOPHUHI peAKnX (PAOPUCTUHECKMX DAEMEHTOB
ropHbix AecoB CeBepHoro TaHb-LLlans

lopHble Aeca CeBepHoro TaHb-LLlaHs oTAMualoTCs hAOPUCTUHECKMM pasHoobpasuem m borat-
CTBOM PACTUTEAbHbIX COOOLLECTB, CPEAU KOTOPbIX YHUKAAbHbIE PEAMKTOBbIE: EAbHUKM, SOAOHHMKM,
aBbPUKOCHUKM, KapkacHMKK 1 Tyran. Camble Goratble no hAOPUCTUYECKOMY COCTaBY eAbHMKM U3 Picea
schrenkiana Fisch. & C.A. Mey. (450-500 BunaOB), 96A0HHUKM 13 Malus sieversi (Ledeb.) M. Roem.
(400 BnAOB) 1 abpukocHMKM 13 Armeniaca vulgaris Lam. (okoao 250 BMAOB), camble GeAHble — Tyram C
Hippophae rhamnoides L. (140 Bn1aoB) 1 kapkacHmku 13 Celtis caucasica Willd. (119 Buaos). B cocrase
3TUX AECOB BCTPeYatoTCst 24 KPaCHOKHMXKHbIX BUAQ, B TOM uncae Hepatica falconeri (Thoms.) Steward,
Epipactis palustris (L.) Crantz, Tulipa tarda Stapf u1 Gymnospermium altaicum (Pall.) Spach., asastowmx-
cs 06beKTaMM1 CreLmMaAbHbIX UCCAEAOBAHMI. B cTaTbe M3AaraloTcs pesyAbTaTbl M3yueHUsl NPUPOAHbIX
MONYASILMIA TPEX MOCAEAHUX BUAOB, B YaCTHOCTU, YUCAEHHOCTU M MAOTHOCTM, BO3PACTHbIX CMIEKTPOB U
MOPOAOrMUYECKON M3MEHUMBOCTH reHepaT1BHbIX ocoben. 1o oAHOMY 13 peavaiiumx BUAOB Hepatica
falconeri nsaaratoTcs pesyAbtartbl 2-X A€THMX HaBAIOAEHMIA Ha 6ase MHTPOAYKLMOHHOM MOMyASLK,
co3AaHHoM B noc. Catbl NP LEHTPaAbHOM yCaAbbe HaLMOHaAbHOIO napka «<Keacan Keaaepi» 13 KMBbIX
reHepaTMBHbIX 0CO6EN, NepeHeCceHHbIX M3 CamMOl KPYIMHOM NMPUPOAHON nonyAsumm (yuw,. Taaabl, 1693
M). TToAyYeHbI CpaBHUTEAbHbIE AaHHbIE MO (DEHOAOTMU BMAQ, B TOM UMCAE, CKOPOCTM packpblBaHMs
LIBETKOB B 3aBUCUMOCTM OT OCBELLEHHOCTM U TeMNepaTypbl.

B cTaTbe noauepKMBaeTCs HEAOCTAaTOUYHOCTb M3YUYEHHOCTM PACpPOCTPaHEeHUsI OTAEAbHbBIX PEAKMX
B1AOB B npeaenax CesepHoro TsHb-LLlaHg, 0 yeM CBMAETEABCTBYIOT HOBble HaX0AKM aBTopoB Epipactis
palustris u Paeonia intermedia C.A. Mey. B HaumoHaAbHOM napke «KeAcarn keaaepi». Ha ocHoBe 3Toro,
aBTOPbI MpeAAaraioT NMPOBOAUTL CreLMaAbHble MCCAEAOBAHUS UAM BKAIOYATb TEMATUKM MO M3YUYEHMIO
PeAKMX BUAOB B MAaHbI PaboTbl 0COB0 OXPaHSIEMbIX MPUPOAHbBIX TEPPUTOPUIL.

KarloueBble caoBa: ropHble Aeca, nonyasums, Hepatica falconeri, Epipactis palustris, Tulipa tarda,
Gymnospermium altaicum.

Mountainous regions (together with the moun-
tain-foothills and desert-steppe plain) occupy a
relatively small area, about 15% of the entire ter-
ritory of the Republic of Kazakhstan. They are fa-
mous for their high floristic diversity and a large
number of plant communities. These regions host
three quarters of all plant species and more than
30 plant communities [1,2]. The mountain vegeta-
tion is very important to the biosphere. However,
the conditions of its existence are extreme, and it
is especially vulnerable to various adverse factors,
both natural and man-made (agricultural, techno-
genic and recreational). In this mountains, unique
coniferous forests (over 0.5 million hectares) and
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deciduous forests (0.3 million hectares) are con-
centrated, contributing to climate stabilization,
especially in the vicinity of large settlements [2].
The problems of preserving, studying and monitor-
ing not only all forest ecosystems of the mountain
regions, but also the rarest and most vulnerable of
them, as well as all components of their biologi-
cal diversity are extremely relevant. Of paramount
importance are the mountains of the Northern Tien
Shan. They experience the largest anthropogenic
load due to relatively easy access and dense popu-
lation (the presence of settlements at the foot of the
mountains making a strong impact on the environ-
ment).
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Materials and Methods

The research was carried out mainly in the
two state national parks, Ile-Alatau and Kolsay
Koldery, as well as in the adjacent territories of the
Northern Tien Shan. The identification of natural
populations was carried out by the method of re-
connaissance routes designed on the basis of lit-
erary and herbarium data available for individual
species. Ecological and phytocenotic characteris-
tics of species were compiled on the basis of de-
scriptions of geobotanical sample plots established
according to the generally accepted methodology
[3,4]. To clarify the taxonomic affiliation of indi-
vidual species, a herbarium was collected; species
were identified according to large regional sum-
maries [5,6,7]. Population and cenopopulation
density and age distribution of herbaceous species
were recorded along transects with a size of 20x1
m or 10x1 m, divided into subplots with a size of
1x1 m (to determine the occurrence in %), and of
tree and shrub species, on plots with a size of 25 to
100-400 m?.

The surveys were carried out mainly in four age
groups: juvenile — j, immature — im, virgin — v, and
generative — g, in accordance with the methodologi-
cal instructions of T.A. Rabotnov [8], A.A. Uranov
[9], A.A. Uranov and O.V. Smirnova [10], Yu.A.
Zlobin and others. [11]. In some cases (if any),
sprouts (p), senile and sub-senile (s, ss) individuals

Table 1 — Distribution of rare plant species by mountain forests

were recorded, whereas generative individuals were
divided into several groups — g, g,, etc., according
to their size. In introduced naturalized populations
(Botanical Garden and Boulevard of Almaty, a col-
lection site in the village of Saty, near the central
manor of Kolsay Koldery National Park), more de-
tailed observations were carried out over the past
2-3 years, taking into account phenology and mor-
phological variability. Generally accepted methods
of phenological observations were used [12], and
the morphometric data were processed in Microsoft
Office Excel 2007. Seed productivity was deter-
mined according to a method of 1.V. Vainagy [13],
by using 30-50 fruits at each point, and in introduc-
tion, sometimes by surveying all individuals. The
taxonomic treatment was according to S.A. Abdu-
lina [14].

Results and Discussion

Since the early 1990s, research has been car-
ried out by all authors in forest communities of five
types: spruce forests, near a stream tugai forests
with sea-buckthorn, apricot forests, apple tree for-
ests, and hackberry forests. With the exception of
tugai forests, all forest types belong to the category
of rare and in need of special protection and moni-
toring [15]. In the forest ecosystems listed, there are
24 species of rare plants (Table 1) listed in the Red
Book of Kazakhstan [16].

Ne Species Spruce for-| Tugai Apricot forest Apple tree | Hackberry
est forest forest
1 2 3 4 5 6 7
Armeniaca vulgaris Lam. + + + +
Atraphaxis muschketowii Krasn. - - + + +
Berberis iliensis Popov - - - -
Celtis caucasica Willd. - + + +
Corydalis semenovii Regel + + - - -
Crocus alatavicus Regel et Semen. + - - + -
Epipactis palustris (L.) Crantz - + - -
Erysimum croceum Popov + - + - -
Gymnospermium altaicum (Pall.) Spach - - + + -
Hepatica falconeri (Thoms.) Steward + - - - -
Hieracium kumbelicum B. Fedtsch. et Nevski + - - - -
Iridodictyum kolpakowskianum (Regel) Rodion. - - + + -
Iris alberti Regel - - + + +
Kaufmannia semenovii (Herder) Regel + - - - -
Lonicera iliensis Pojark. - + - - -
Malus niedzwetzkyana Dieck - - - + -
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1 2 3 4 5 6 7
Malus sieversii (Ledeb.) M. Roem. + + + + +
Paeonia intermedia C.A. Mey. + - + + -
Rheum wittrockii Lundstr. + - + + +
Ribes janczewskii Pojark. + - - -

Sibiraea tianschanica Pojark. + - - -
Tulipa ostrowskiana Regel - - + + +
Tulipa tarda Stapf - - + + -
Veronica alatavica Popov + - -

Total 13 6 12 13 7

We provide a brief description of these forest
types based on the results of our survey, taking into
account literary sources [17,20].

The relict forests dominated by Picea schren-
kiana Fisch. & C.A. Mey. occupy a fairly large area
in the Northern Tien Shan, although the area has
significantly decreased over the last century, simi-
larly to the area of all forests, as a result of the ever-
increasing anthropogenic pressure. In spruce forests
of the area surveyed, at least 450-500 species were
found; 630 species have been recorded for the entire
Northern Tien Shan [17], including 13 Red Book
listed species (Table 1).

The most valuable of all forest types are: Chin-
turgen moss spruce forests on the preserved perma-
frost (Ile-Alatau National Park); spruce forests with
Hepatica falconeri, Kaufmannia semenovii, and Co-
rydalis semenovii (Kolsay Koldery National Park);
and deciduous spruce forests with apple tree and
apricot, preserved in separate gorges in the Zaili-
ysky Alatau, the protection of which in the natural
monument category was recommended by L.I. Rol-
dugin [17]. Spruce forests are very important as an
environment-stabilizing and sanitary-improving
ecosystem with a large recreational potential, there-
fore they are in need of special protection and con-
stant monitoring of their condition. Populations of
rare species, especially small ones and located on
the border of the distribution range should be the
objects of special monitoring.

Tugai forests with sea-buckthorn (Hippophae
rhamnoides L.) were surveyed in the valleys of the
Chilik (Kungei Alatau), Issyk and Malaya Almaty
rivers (Zailiysky Alatau). According to our data, in
these forests there are more than 140 species from
38 families, including six Red Book listed species:
Lonicera iliensis, Berberis iliensis, Armeniaca vul-
garis, Malus sieversii, Epipactis palustris, and Co-
rydalis semenovii.

Forests dominated by Armeniaca vulgaris oc-
cupy smaller areas than the apple tree forests and
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are found on drier stony slopes of the southern and
southeastern exposures. Stand density and species
richness are lower than in the apple tree forests.
There are about 250 species including such accom-
panying tree species as Crataegus songorica K.
Koch and C. almaatensis Pojark., and shrubs Spi-
raea hypericifolia L. and S. lasiocarpa Kar. & Kir.
The best apricot stands are concentrated in the val-
ley of the Kotyrbulak River, while sparser stands are
quite common in other gorges (Turgen, Malaya and
Bolshaya Almatinka, and Kazachka). The floristic
core of the apricot forests is made up of other spe-
cies, with Artemisia santolinifolia Turcz. ex Besser
and A. dracunculus L. playing an important role;
Galium verum L., Melica transsilvanica Schur,
Glycyrrhiza uralensis Fisch. ex DC., as well as vari-
ous ephemeroids are common. Of the 12 Red Book
listed species, Iris alberti and Tulipa ostrowskiana
are common, while Atraphaxis muschketowii, Paeo-
nia intermedia, Gymnospermium altaicumare occur
less often.

Relict forests dominated by Malus sieversii
are a valuable source of plant germplasm, which
is the progenitor of many cultivated varieties [18].
Wild fruit forests form a special sub-belt in the cen-
tral part of the Zailiysky Alatau, complementing
the high-altitude belt zonation in this region. That
is why geobotanists refer to this territory as part of
a special Zailiysko-Dzhungar belt type [19]. Apple
forests play an important role in preserving plant
species diversity. There are 400 species of higher
plants from 251 genera and 74 families. The floristic
core (occurrence of more than 50%) of these com-
munities consists of 34 species, including 7 tree and
shrub species [20]. Of the rare species listed in the
Red Book of Kazakhstan [16], in addition to apple
tree, there are 12 more species (Table 1).

In the Northern Tien Shan, forests dominated
by Celtis caucasica have been found in two loca-
tions only, with the largest stand located in the val-
ley of the Malaya Almaty River. This is a unique



R.E. Kaparbay et al.

refugium of a relict species located on the northeast-
ern border of the distribution range. There are 119
species of higher plants from 86 genera and 36 fami-
lies, among which there are 6 more Red Book plants
in addition to Celtis caucasica (Table 1).

Of the 24 Red Book listed species recorded by
us in the above five forest types, four species were
studied in detail: Hepatica falconeri, Epipactis
palustris, Tulipa tarda and Gymnospermium altai-
cum.

One of the rare, poorly studied elements of the
spruce forests is Hepatica falconeri (Thoms.) Stew-
ard (Ranunculaceae). It is a rhizomatous perennial
with a Dzungaro-Primalayan distribution range type
[21], the only representative of the genus Hepatica
in Kazakhstan listed in the Red Book as a “rarest”
species [16]. A detailed study of the morphological
variability, phenology, population state and num-
bers are being carried out by the authors on the ter-
ritory of the Kolsay Koldery National Park, includ-
ing a study of the largest population in the valley
of the river Taldy (1693 m), where in 2016 special-
ists of the Institute of Botany I. G. Otradnykh and 1.
A. S’edina established a monitoring plot in a dense
spruce forest of the lower part of a rocky slope of the
north-western exposition. There, Hepatica falconeri
was found in abundance [22]. In the fall of 2020,
we moved four clumps of generative individuals
from this largest population (in the vicinity of the
monitoring site) to a site on the central estate of the
National Park in the village of Saty (1444 m). Thus,
an introduced population was created for regular
studies on phenology and adaptation of the species

to different environmental conditions (250 m lower,
the site is open, without shading, the soil is soft,
practically without stony inclusions). The survival
rate of individuals was 100%; in the first year they all
bloomed and bore fruit [23]. In 2022, the vegetation
period started 12 days earlier than in the previous
year, but the difference in the subsequent phases of
development gradually decreased: the start of bud-
ding, down to 6 days (15.03 as opposed to 21.03),
and the start of flowering, down to 4 days (25.03 as
opposed to 29.03). Due to a warmer and drier spring
of 2022, the first individuals that stopped flowering
appeared earlier (06.04 as opposed to 20.04), and
the overall life expectancy of the first flowers also
decreased (down to 13 days as opposed to 17 days).
However, post-generative vegetation continued as
in the previous year, until the snow cover settled.

Thanks to the introduction population estab-
lished in 2022, it was possible to obtain not only
new data on the phenology of Hepatica falconeri in
cultivation, but also to find out the influence of other
environmental factors on this process. The first ex-
perience of cultivation was gained in the conditions
of Almaty [24], where the introduced individuals
stopped flowering after two years. We conducted
our observations in the introduced population (Saty)
on April 18, 2022. The proportion of buds was
39.1%, and that of the opened flowers was 60.9%,
respectively. In the Taldy Gorge, on the same slope
we observed a very large difference between the ra-
tio of the open flower to bud numbers. Under the
spruce canopy, there were 66.7% of buds, and on a
sunlit rock, only 19.5%. The remaining flowers had
already opened (Fig. 1).

Figure 1 — Ratio of buds (1) to open flowers (2) of H. falconeri recorded on 18.04.2022 in different conditions:
A — introduced population in the village of Saty; B — natural population in the Taldy Gorge, under the spruce canopy;
C —same as B, on a sunlit rock.

In the last two cases, not only the light intensity,
but also the temperature (lower on wet soil under

the spruce canopy and higher on the exposed rock)
had the effect on the flowering rate. On the same
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day, in the village of Saty the proportion of open
flowers was almost by a quarter smaller than on the
rock in the Taldy Gorge, despite the differences in
the altitude.

The data on the morphology of generative indi-
viduals in the three habitats listed above are also of
interest. In particular, the average flower numbers in
one generative clump were: 5.7 (from 1 to 18) in the
first case (Saty); 4.5 (from 3 to 6) in the second case
(under the canopy in the Taldy Gorge); and 16.4
(from 7 to 30) in the third case (in the Taldy Gorge,
on the exposed rock).

Thus, cultivation of Hepatica falconeri, a rare,
highly decorative species will be most successful
in rockeries (providing the level of atmospheric hu-
midity is sufficiently high).

In the tugai forests of the Northern Tien Shan
with Hippophae rhamnoides L., the rarest repre-
sentative of higher plants is Epipactis palustris
(L.) Crantz (Orchidaceae). This is a species with a
wide Palearctic distribution range, growing in wet

swampy meadows and forests, in river valleys of the
northern plain and almost the entire mountainous
Kazakhstan, from Altai to the Western Tien Shan
[6,16]. However, until recently the only reliable re-
cord in the Northern Tien Shan was the information
obtained more than 60 years ago: the findings of
M. G. Popov [25] in the valley of the Chilik River
(without precise location). In June 2012, one of the
authors managed to describe a single micropopula-
tion consisting of seven generative individuals in a
willow-birch tugai forest with sea buckthorn located
in the Issyk River delta [26]. The second unique find
from this region was made by the authors of this ar-
ticle, R.E. Kaparbay and B.B. Arynov. A small pop-
ulation of Epipactis palustris (not larger than 100
individuals) is located in a sea buckthorn forest of
the left bank of the Tau-Chilik River (1557 m above
sea level). On August 11, 2022, most individuals
were in the fruiting phase (immature fruits), with
only one individual found in the shade of shrubs still
in bloom (Figure 2).

Figure 2 — Epipactis palustris

The species composition of the community
described is represented by 46 species of higher
plants, of which 7 species belong to the trees and
shrubs, with the general projective cover (GPC)
of 95%. The grassland is dominated by grami-
noids, as well as by Rubus saxatilis L. According
to our data, the occurrence of Epipactis palustris
is 80%, the average density is 6.2 (up to 13) in-
dividuals /m?. In another isolated area (an open
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area along a small stream), the population density
was twice as high, 25 individuals/m?. According
to morphological indicators, we managed to dis-
tinguish three age groups: immature (im), virgin
(v), and generative g, (flowering, but not bearing
fruit this year) and g, (with normally developed
fruits from 1 to 14 per individual). The measure-
ments of individuals of the groups listed above
are presented in Table 2.
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Table 2 — Morphometric indicators of different age groups of Epipactis palustris

Age group Height, cm Number of leaves Number of fruits
im 10.6+0.8 6.3+0.4 -
v 21.9+0.9 7.2+0.3 -
g, 37.2+1.5 8.0+0.3 -
g, 44.44+4.8 6.6+0.7 6.6+2.2

The age spectrum of the surveyed population is
as follows: im — 18.1%; v — 36.4%; gl — 36.4%,; g2
—9.1%. A low regeneration potential of this species
should be noted. Since there were no juvenile indi-
viduals, and the ratio of young and adult individu-
als (1.8/8.2) had a clear bias towards the latter, it is
possible to classify this population as aging. Con-
sequently, it needs special protection and regular
monitoring. We consider it necessary to take special
measures to preserve the only known population of
Epipactis palustris, such as fencing for protection
against grazing and blocking a road in this area.

One of the rarest elements of the apricot for-
ests, as it was recently discovered by the authors,
is the Northern Tian Shan endemic Tulipa tarda
Stapf (Liliaceae), hitherto known only as a mem-
ber of the steppe and shrub communities of Ka-
zakhstan and Kyrgyzstan [16,27]. In 2021-2022,
we examined a population of this species on the
eastern slope of the left bank of the Kargaly Riv-
er (1130 m above sea level). There were various
types of overexposed apricot forests on a steep
(up to 50° scree slope of the eastern exposition
(Figure 3).

Figure 3 — Apricot forest with Tulipa tarda ( the Kargaly Gorge)

The basal area of the tree-shrub layer varied
from 0.2 to 0.8; and the total projective cover was
from 40% to 90%. There were 44 species from 23
families, including 13 tree and shrub species. In-

terestingly, in addition to apricot, another 10 spe-
cies complement the previously published list of
communities with 7. tarda [27]: Malus sieversii,
Lonicera tatarica L., Clematis orientalis L., Erem-
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urus altaicus (Pall.) Steven, Poterium polygamum
Waldst. & Kit., Rubus caesius L., Centaurea squar-
rosa Willd., Lactuca serriola L., Hieracium viro-
sum Pall., and Scorzonera racemosa Franch.

On that slope, we examined two cenopopopula-
tions of 7. farda: the first one was in an overexposed
apricot forest on an unstable scree, with a significant
area of “bald” spots (projective cover of 40%); the
second one had a thicker vegetation cover (projec-
tive cover from 70% to 90%), and was dominated by
Rubus caesius L. and Poa relaxa Ovcz. stabilizing
the scree on the slope.

In both cenopopulations 7. tarda is very abun-
dant (cop, ,), forming the dominant grass layer. Its
density sometimes exceeds 200 individuals/m?. In
both cases, cenopopopulations were complete (i.e.
individuals of all age groups were present, from ju-

Share of
individuals, %
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venile to senile and sub-senile). Their age spectrum
is as follows: j — 31.6%; im — 30.7%; v — 13.8%; g
—16.9%; ss — 7% (CP No.1); j — 15%; im — 25.6%;
v —21.5%, g — 23.6%; ss — 13.7% (CP No.2). In
Figure 4, they are represented by two-peak curves,
with peaks of generative (in both cases), juvenile (in
the first case) and immature (in the second case).
The ratio of young to adult individuals in CP No.1
is 6.2:3.8, and in CP No.2, 4.1:5.9, which makes it
possible to describe the first CP as a younger, and
the second CP as a more mature. In general, the state
of this 7. tarda population in one plant community
turned out to be better than in the steppe-type com-
munities, where the density of the studied species
is much lower and its composition is more homo-
geneous and can be graphically represented as a
single-peak curve [28].

Age group

Figure 4 — Age spectrum of different Tulipa tarda populations: CP1-1, CP2-2.

One can discuss the best growing conditions of
T. tarda in forest communities using the develop-
ment of generative individuals as an example. Table
3 presents data on their morphological variability
in the two above-mentioned cenopopopulations, as

well as in population No.2 surveyed as a member of
a shrub community (Spiraea hypericifolia L., Rosa
platyacantha Schrenk) with a steppe grass layer in
the valley of the Karakunuz River (1041 m above
sea level) in 2022 .

Table 3 — Distribution of generative individuals of Tulipa tarda by the number of leaves and flowers in different cenopopulations

Popula- | CP | Number of flow- Share of individuals with different number of leaves Total
tion ers 2 3 4 5 6
1 1 1 2.6 25.8 45.2 15.5 0.6 89.7
2 - - 1.9 5.8 2.6 10.3
total 2.6 25.8 47.1 21.3 3.2
2 1 3.4 3.0 42.2 8.0 0.6 90.2
2 - - 2.9 4.6 1.7 9.2
3 - - - - 0.6 0.6
total 34 36.0 43.1 12.6 2.9
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2 1 1 2.9 33.6 47.2 11.4 1.4 96.5
2 - - 0.7 - 1.4
3 - 0.7 0.7 0.7 2.1
total 29 34.3 47.9 12.8 2.1

In apricot forests, the more favorable growing
conditions for Tulipa tarda are evidenced by the

density of its population compared to that in other
habitats (Table 4).

Table 4 — Density and occurrence of Tulipa tarda in various habitats

Location, elevation a.s.1. Density, individuals/m? Occurrence, %
Mean Confidence interval
Kargaly, 1135 m, CP Nel 64.1 2-219 100
Karakunuz, 1041 m 17.3 0-51 90
Kastek, 1484 m, rocky slope 18.3 0-73 90
Kastek, 1480 m, grassy slope 6.2 0-63 67
Zhamanty, 1656 m 18.3 3-55 100

Consequently, the 7. tarda population described
by us in the apricot forest in the Kargaly Gorge
needs special protection and regular monitoring
of its condition. In our opinion, it is necessary to
establish a specialized botanical reserve, as in the
Karakunuz Gorge, which has a similar status since
1970. Clarification is also required of the species
independent status based on genetic studies, since
some international taxonomists [29] identify it with
the Iranian Tulipa urumiensis Stapf.

Another rare species of Northern Tien Shan is
Gymnospermium altaicum (Pall.) Spach (Berberi-
daceae). In the Trans-Ili Alatau it occurs fragmen-
tarily; for example, it is absent in the central part
of the ridge, abundant in the gorges of Tauturgen,
Turgen, Soldatsay, and Kotyrbulak, but not found to
the west of Almaty, from Aksai and Kaskelen [30].
In the Kotyrbulak gorge of the Zailiysky Alatau, it is
found in a hawthorn forest, karagach plantatiion and
in an apple tree stand (Figure 5).

Figure 5 — Locations of the three Gymnospermium altaicum cenopopulations in the Kotyrbulak Gorge:
1- howthorn forest; 2- karagach plantation; 3- apple tree stand.
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The first coenopopulation (952 m) is located in
a hawthorn (Crataegus songorica C. Koch) forest in
the lower part of a grassy slope of the south-eastern
exposure; the basal area of the tree-shrub layer is
0.7-0.8; GPC — 95%. There are 39 species from 24
families, of which 11 are tree and shrub species. The
floristic composition is described in more detail in
one of the previous publications [30].

The second cenopopulation (1337 m) is located
in an Ulmus scabra Mill. plantation in the lower part
of a slope of the north-eastern exposure; the basal

area of the tree-shrub layer is 0.5, GPC —90%. There
are 19 species from 14 families, including four tree
and shrub species.

The third cenopopulation (1424 m) is located in
the dry right slit in a sparse apple tree forest, in the
lower part of a slope of the west-north-west expo-
sure; the basal area of the tree layer is 0.1; GPC —
95%. There are 36 species from 18 families, and the
tree layer is formed by apple tree.

In the sample plots, the density and occurrence
of the studied species was uneven (Table 5).

Table 5 — Density and occurrence of Gymnospermium altaicum in cenopopopulations (the Kotyrbulak Gorge)

Cenopopulation, elevation a.s.l. Density, individuals/m? Occurrence, %
Mean Confidence interval
CP Nel,952 m 22.1 3-57 100
CP Ne2, 1337 m 8.6 0-62 50
CP Ne3, 1424 m 12.3 0-30 95

In all cases, the cenopopulations were complete
(i.e. individuals from juvenile to generative were
present). It was not possible to identify sub-senile
and senile individuals without complete excavation
of plants. The age spectrum of all coenopopula-
tions was identical, with a maximum in the virgin
age group: 52.3%, 41.3% and 49.1%, respectively
(Figure 6). At the same time, in the age composition

Share of individuals,
%
60

50

of CP1 located at the lower boundary of the spe-
cies habitat, the proportion of immature individuals
was high (26.7%), and that of generative individu-
als, very low (5.9%), whereas in CP2 (1337 m), the
second largest age group consisted of generative
individuals (34.2%), while juvenile and immature
individuals were poorly represented, 11.32% and
13.2%, respectively.

40 /
30

j im

Age group

Figure 6 — Age spectrum of Gymnospermium altaicum in three coenopopopulations
gorge (the Kotyrbulak Gorge): 1-CP No.1; 2- CP No.2; 3-CP No.3.
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Morphometric parameters were also measured in generative individuals of G. altaicum in all cenopo-

populations (Figs. 7-10).
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Figure 7 — Height of generative individuals of G. altaicum in
different cenopopopulations
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Figure 8 — Length of inflorescence of G. altaicum in
different cenopopulations
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Figure 9 — The number of flowers of G. altaicum in different
cenopopopulations

The maximum average height of generative in-
dividuals (23.1 cm) was recorded in CP No.1, in a
hawthorn forest, and the minimum (16.1 cm), in CP
No.3, in the sparse apple tree forest; the difference
in plant height was also the largest there (Figure 7).
The average inflorescences length varied from 4.7 to
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Figure 10 — Density of inflorescence of G. altaicum
in different cenopopulations

4.3 cm, but the maximum difference in the inflores-
cences length was observed in CP No.3, in the apple
tree forest (Figure 8). The average number of flow-
ers varied from 7 in CP No.1 to 7.9 in CP No.2, and
the maximum number (12-13 flowers) was almost
the same in all cenopopulations, while the minimum
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was 2 flowers in CP No.1 and CP No.3, and 5 flow-
ers in CP No.2 (Figure 9). The maximum difference
(11) was observed in CP No.3, in the sparse apple
tree forest.

The average inflorescence density ranged from
1.5to 1.8-1.9 pcs./cm (Figure 9). The maximum dif-
ference in density was observed in CP No.2 in the
karagach plantation and was 2.8 pcs./cm.

In terms of the density of cenopopopulations,
occurrence, average height of generative individu-
als and the inflorescences length, the best condition
of G. altaicum was recorded in CP No.1 in the haw-
thorn forest (952 m), while the density of the inflo-
rescence varied slightly in all three cenopopopula-
tions.

As a result of our observations, a preliminary
analysis of the condition and abundance of 24 rare
species recorded by us in five types of forest com-
munities was provided. There are seven most threat-
ened species to date. Five of them (Malus niedz-
wetzkyana, Epipactis palustris, Veronica alatavica,
Ribes janczewskii, Corydalis semenovii) are repre-
sented by single individuals or a few isolated popu-
lations with a total population from ten to a hundred
individuals. Two more species (Hepatica falconeri,
Kaufmannia semenovii) are represented by a dozen
populations with a total population numbers of hard-
ly more than 1000 individuals. The total population
numbers of the remaining 17 species significantly
exceed the above figures, although they also need
protection and regular monitoring.

On the territory of Kolsay Koldery National
Park and in the immediate environs, verification
is required of the presence of such rare forest ele-
ments as Fraxinus sogdiana Bunge recorded in the
Kungei Alatau ridge by S. K. Mukhtubayeva [31];
Lonicera iliensis Pojark. collected in the flood-
plain of the Taldybulak River by V. P. Goloskokov
(24.07.1953) and the Kensu Gorge; and Gymnosper-
mium altaicum as well as the first species recorded
by S.K. Mukhtubayeva [31] in the Kungei Alatau
without any specific data.

For one of these dubious species mentioned in
the above monograph without a specific collection
point, Paeonia intermedia C.A. Mey. (Paeonia hyb-
rida var. intermedia (C.A.Mey.) Krylov) confirma-
tion has already been found. This is the finding of
inspector A.T. Nurpeis of a micropopulation of a
dozen generative individuals on a slope of the Kara-
sai Gorge in the spruce forest belt (2630 m above
sea level), which once again confirms the need for
additional research on the distribution of rare plant
species in the Northern Tien Shan.
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Conclusion

Summing up the initial stages of monitoring
populations of some rare floristic elements of the
forests of the Northern Tien Shan, it should be em-
phasized that spruce forests and apple tree forests
are the richest in rare species (13 species in each),
and tugai forests and hackberry forests are the poor-
est (6-7 species). This corresponds to the area oc-
cupied by these forest types in the surveyed region:
the first forest type has the largest, and the last forest
type, the smallest area. A detailed study of popula-
tions of four species (Hepatica falconeri, Epipactus
palustris, Tulipa tarda, Gymnospermium altaicum)
suggests their relatively good condition, since they
are, with the exception of Tulipa tarda, in protected
areas. A certain drawback in the scientific research
of these protected areas is insufficient attention to
the monitoring of rare species. Thus, only 11 Red
Book listed species (Armeniaca vulgaris, Atraphax-
is muschketowii, Malus sieversi, Celtis caucasica,
Ribes janczewskii, Crocus alatavicus, Iris alberti,
Tulipa ostrowskiana, Paeonia media, Rheum wit-
trockii, Gymnospermium altaicum) are found on 17
monitoring sites in Ile-Alatau National Park, and
only four (Crocus alatavicus, Hepatica falconeri,
Rheum wittrockii, Kaufmania semenovii) are found
on seven monitoring sites in Kolsay Kolderi Nation-
al Park. Several more species of this category can be
found on phenological sites, where the only pheno-
logical observations are conducted by an inspector,
which does not allow for an assessment of the state
and dynamics of the populations.

Thus, we consider it expedient to increase the
number of monitoring sites, taking into account the
distribution of the Red Book listed species, as well
as the advancement of research on their distribution.
The lack of study is evidenced by the findings of
recent years (Paeonia intermedia, Epipactus palus-
tris) in Kolsay Koldery. There is also the need for a
special study of the status and dynamics of popula-
tions of highly threatened species.
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KYAbTYPA IN VITRO AABEHTUBHbIX KOPHEM TYPKECTAHCKOIO
MbIAbHOI'O KOPHA ALLOCHRUSA GYPSOPHIOLOIDES
(REGEL) SCHISCHK

CokpalueHust 1 0603Ha4eHus

AK — apBeHTUBHble KOpHW; MMK — MHAOAMA-3-MacAsHas KMCAOTA; Kp — KO3 dUUMEHT NpupocTa;
MC - nutateabHast cpeaa Mypacure n Ckyra; HYK — a-HadhTaykcycHas knucaota, TMK — TypkecTaHcKmii
MbIAbHBIA KOPEHb

B cTaTbe nprBeAeHbl 3KCNepMMeHTaAbHbIE AAHHbIE MO KYAbTYP€E aABEHTMBHbIX KOPHEN in Vitro AAS
3HAemunuHoro Buaa Allochrusa gypsophiloides, TypkecTaHCKOro MbIABHOIO KOpPHS — Cynep-npoAyLeHTa
TPUTEPIEHOBbIX CarnoHMHOB. [epBUYHas KyAbTypa M30AMPOBAHHBIX KOPHEN MOAyYeHa OT MCXOAHbIX
ceMsiH, cobpaHHbIX M3 NMPUPOAHBIX NonyAaumi A. gypsophiloides Ha tore KasaxcraHa. M3yyeHo BAusiHWe
3K30reHHbIx aykcnHoB, MMK 1 HYK B »xmnakoi nutateabHoi cpeae MC Ha poCcT KOPHEBbIX 3KCMAQHTOB,
A ePEHUMPOBKY aABEHTUBHBIX KOPHER, KO3 MULIMEHT NprpocTa 6MOMacchbl M BUOCUHTETUYECKII
MOTEHLMAA KYAbTYPbl MO YPOBHIO HAKOMAEHWS TPUTEPMEHOBbIX CAMOHWHOB in Vitro. YcTaHOBAeHa
obL1as AvHamKMKa pocTa KYAbTypbl aABEHTMBHbIX KOPHENM: HaKOMAEHWe MaKCMMaAbHOW Bromacchl U
yBeAnueHue npupocta Ha 40-50 CyTKM MHKY6aLMmM C AAAbHENLLIMM CHUXKEHUEM B XOAE ABYXMECAUHOIO
LMKAQ KYAbTUBMPOBAHUS. BbISIBAEHO, UTO CTUMYyAMpPYIOLLEEe AENCTBME ayKCMHOB MUTATEAbHOM CpeAbl
CBS13aHO C MHMUMAUMEN KOPHEBbIX anekcoB B WMHAYLMPOBAHHOM KAAAYCHOWM TKaHW, MPUBOASLLAS
K PasBMTMIO AABEHTMBHbIX KOPHEN W WHTEHCMBHOMY pOCTYy AMdEdepeHUMpPOBaHHOM KOPHEBOM
61OMacChbl B M30AMPOBAHHOW KyAbType. [peBblilleHre npMpocTa G1MOMACChl HAa OMbITHLIX BapuaHTax
cpeabl COCTaBUAO 215 % K KOHTPOAbHOM cpeae ¢ 6oAaee paHHKUM CTUMYAMpPYIOLLMM 3chdpekTom MMK.
BbiBAEHO, UTO CcoAepyKaHWe CarnOHWMHOB B 3KCTPAKTax, MOAYUEHHbIX M3 KYAbTYPbl aABEHTMBHBIX
KOPHEeN MpeBblllaA UX CPEAHUIA YPOBEHb B aHAAOTMUHbIX 3KCTPAKTax M3 HAaTMBHbIX KOPHen: B 2 pasa
Ha KOHTPOAbHOM cpeae, B 3 pa3a Ha cpeae ¢ BHeceHnem HYK n MMK. loBbiweHHoe coaep>kaHue
CarnoHMHOB in Vitro KOPPeAMpOBaAO C yBEAMYEHWMEM MPUPOCTa BMOMACChl HAa ayKCMHCOAEPIKALLMX
cpeaax. BbiCOKMIM ypoBeHb CamoHMHOB B OYTaHOAbHbIX 3KCTPAKTaX M3 OCTAaTOUHON KYAbTYpPaAbHOM
CpeAbl CBUAETEABCTBYET 06 aKTMBHOM 3KCCYAALMM METABOAMTOB M3 KOPHEBOM GMOMACCHI B KMAKYIO
cpeay MC. PaspaboTaHbl GBUOTEXHOAOIMUYECKME OCHOBbI MOAYYEHMSI KYAbTYPbI in Vitro aABEHTUBHbIX
KOPHeN C BbICOKMM POCTOBbIM MHAEKCOM W MOBbILEHHbIM YPOBHEM CarNOHWMHOB HAa WMHAYLMPYIOLLMX
CcpeAax AASl AAbTEPHATMBHOIO NPOU3BOACTBA BTOPUYHbIX METAOOAUTOB U3 KYAbTUBUPYEMOI BMOMACChI
TYPKECTaHCKOro MbiAbHOTo KoHst A. gypsophiloides.

KatoueBble croBa: KyAbTypa TkaHe# in vitro, Allochrusa gypsophiloides, TypkectaHCcKWit MbIAbHBIN
KOpeHb, AABEHTUBHbIE KOPHU, KO3(ULMEHT NpMpocTa BUOMACCHI, CanoOHMHbI.

V.K. Mursaliyeva*, A.T. Algazy, D.N. Satybaldiyeva, T.M. Mukhanov
Institute of Plant Biology and Biotechnology, Kazakhstan, Almaty
*e-mail:gen_mursal@mail.ru
Adventitious root in vitro cultures of turkestan soaproot allochrusa
gypsophiloides (regel) schischk

Abbreviations
AR — adventitious roots; IBA— indole-3-butyric acid; GI — growth index; MS — Murashige and Skoog
medium; NAA — o-naphthalene acetic acid, TSR — turkestan soaproot

The experimental data on establishment of adventitious roots cultures of endemic species Allochrusa
gypsophiloides (turkestan soaproot), a super-producer of triterpene saponins, are presented. The
primary isolated roots culture was obtained from initial seeds collected from natural populations of
A. gypsophiloides in the south of Kazakhstan. The influence of different types of exogenous auxins,
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NAA and IBA of MS nutrient liquid medium on the root explants growth, the growth index of induced
adventitious roots, and their biosynthetic potential by the saponins accumulation in vitro was studied.
The general dynamics of growth was established: an increase in root biomass on 40-50’s culture days
with a further decrease during a two-month cycle. It was revealed that the auxin stimulating effect is
associated with the initiation of root apexes in the induced callus tissue, leading to the development of
adventitious roots and intensive growth of differentiated root biomass in an isolated culture. The excess
of biomass accumulation in the experimental variants of the medium averaged 215% compared to the
control medium with an earlier inducing effect of IBA. It was found that the level of saponins in the
extracts obtained from the adventitious roots culture, exceeded their content in similar extracts from
native roots: 2 times in the control medium, 3 times in the medium with NAA and IBA. Saponins level
increasing in culture correlated with biomass growth index on medium supplemented with auxins. The
high saponins content in the extracts from the residual growth medium indicates the active exudation
of saponins from the root biomass into the nutrient medium. Biotechnological bases for obtaining in
vitro culture of adventitious roots with a high growth index and an increased saponins level on inducing
medium for alternative production of secondary metabolites from the cultivated biomass of turkestan
soaproot A. gypsophiloides have been developed.

Key words: tissue culture, Allochrusa gypsophiloides, turkestan soap root, adventitious roots,
biomass growth rate, saponins.
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TypkicTaHApIK, cabbiHTambipAbIH, allochrusa gypsophioloides (regel) schischk
in vitro >xaFAanAarbl aABEHTUBTI TaMbIPAAP AAKbIAAAPbI

KbickapTyAap
AT — apBeHTUBTI TamblpAap; MMK — MHAOAMA -3-Mait Kbk bIAbL; Kp — ecyiHiH koadduumeHTi; MC
— Mypacure >xaHe Ckyr kopekTik; HCK — a-HadTmACipke KbitKbiAbl, TMK — TypKicTaHAbIK, caObIHTaMbIp

Makarapa ywTeprieHAl CarnoHUMHAEPAIH Y3AIK ©HAIpyuici GOAbIN TabblAATbIH 3HAEMMK TYp
TypkicTaHAbIK, cabbiHTambipAbiH,  Allochrusa  gypsophiloides in  vitro >karpaiiparbl  aABEHTUBTI
TaMbIPAApbIHbIH,  AAKbIAAAPbI  GOMbIHIIA — Taxipnbeaik  MaAimetrTep  GepiareH. OkluayAaHFaH
TamblpAapAbliH GipiHILIAIK Aakbiasapbl A. gypsophiloides-TiH KasakcTaHHbIH OHTYCTIiriHAEr Tabuem
NONyASUMACbIHAH XXKMHAAFaH 6acTankbl TYKbIMAAPAAH aAblHAbL. Mypacure sxaHe CKyr CymbiK, KOPeKTiK
OpTaCbIHbIH, KypPaMbIHAAFbl 3K30reHAI ayKCUHAEPAIH — MHAOAMA Mail KbIWKbIAbI MEH HadTUACipke
KbILWKbIAbIHBIH, TaMblp 3KCMAQHTTAPbIHbIH, ©6CYiHE, aABEHTUBTI TaMbIpAAPAbIH, AU depeHLMaUmIcbiHa,
6romacca ecyiHiH Koa(hdurUMEHTIHE KoHe AAKbIAAbIH in Vitro >KaraanAa YLWTEPNEeHAI CanoHMHAEPAI
JKMHaKTay AeHreri O6oiblHILA OUMOCMHTETUMKAAbIK, MOTEHUMaAblHA 8cepi 3epTTeAAl. AABEHTUBTI
TaMbIPAAP AAKbIAAAPbIHbIH ©CYiHIH, >KaAMbl AMHAMMKACh! aHbIKTAAAbI: 6CIPYAIH, €Ki ail Mep3iM Ke3eHiHAe
nHKy6aumsaHbiH, 40-50 ToyAiriHae 6MOMacCaHblH MaKCUMAAAbBI >KMHAKTAAYbl >KOHE OCYAIH YAFalobl
MEH 0AAH KeiliH GMoMaccaHblH TOMEHAEYI aHblKTaAAbl. KOPeKTik opTa KypamblHAAFbl ayKCUHAEPAIH
bIHTAAQHAbBIPATbIH 8Cepi MHAYKUMSIAQHFAH KAAAYC YAMNACbIHAQ QABEHTUBTI TaMblpAAPAbIH AaMybl MeH
A depeHUMsIAaHFaH TaMblp OMOMACCaCbiHbIH, KapKblHAbI ©CYiHE ©KeAeTiH Tamblp arneKkCcTepiHiH
KaAbINTacybIMeH 6aiAaHbICTbl GOAATbIHbI aHbIKTaAAbl. OpTaHbiH TEXKipMOEAiK HycKaAapbiHAA 61omacca
ecCyiHiH apTybl 6aKbiAdy HyCKacbiHa caHaraHAa 215% >eHe MyHAa MMK biHTaAaHAbIpYLUbI 8Cepi epTe
6GOAAbI. AABEHTMBTI TaMbIPAAP AAKbIAAAPbIHAH aAbIHFaH SKCTPAKTTAPAA CaNOHUHAEPAIH MOALLEPI TAOUFM
TamblpAapAaH aAblHFaH KCTPaKTTapAarbl OpTalla AEHreniHeH Xofapbl GOAAbI: 6aKbiAdy OpTacbiHAA
2 ece, HCK >xaHe MMK kocbiAFaH opTarapaa 3 ece >kofapbl. In vitro >karFaanAarbl CarlOHUMHAEPAIH,
>KOFapbl MOALLIEP] KypaMbIHAQ ayKCUHAEP 6ap opTaAapAarbl GriomMacca ecyiHiH apTybiMeH 6aiAaHbICTbI.
KaAfaH AaKbIAAbIK, OpTasaH aAbiHFaH OyTaHOAAbI SKCTPaKTTapAaFbl CaNmOHMHAEPAIH XKOFapbl AeHreni
Tamblp 6uomaccacbiHaH MC CyibIK, KOPEKTIK OpTacblHa CaroHUHAEPAIH OEeACeHAl GOAIHIMN WbIFybIH
kepceTeai. TypKicTaHAbIK cabbiHTamMblpAbiH A. gypsophiloides ecipiaeTiH GromMaccacbiHaH eKiHLi peTTik
MeTaboAUTTEPAIH 6aAaMaAbl BHAIPICE YLIIH bIHTAAQHABIPYLIbI KOPEKTIK OpTarapAd ©Cy MHAEKCI MeH
CarnoHUHAEP AEHreli >KorFapbl in Vitro aABEHTMBTI TambIpAap AAKbIAAAPbIH aAYAbIH OMOTEXHOAOTUSIABIK,
Herisaepi »KacaaAbl.

Ty#in ce3aep: in vitro yana aakbiasapbl, Allochrusa gypsophiloides, TypkicTtaHabIk, cabbiHTambIp,
AABEHTUBTI TaMblpAap, BruomMacca ecyiHiH KoahrLUMeHTi, cCanoHUHAEP.
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BBenenune

AmoxpysakaunmoBuHas Allochrusagypsophi-
loides (cem. Caryophyllaceae Juss.) — TpaBsSTHUCTBI,
MOJTUKAPIIMYECKUI € MOHOIMKINYECKHUM THIIOM
pPa3BUTHUSL MHOIOJIETHUK, BbICOTOH 10 90 cMm ¢
MOIIIHBIM CTEpKHEBBIM KOpPHEM W CHJIBHO pa3-
BETBJICHHBIM, IIAPOBUIHBIM KYCTOM «IEpPEKaTH-
nosie». BuJl MMeeT OTHOCHUTEIBHO OrPaHUYEHHBIN
apeaJ, Tpou3pacTaeT TOJbKO B 3amagHoM TsHb-
[Hane u [Tamupo — Anae B IpeAropHbIX MyCTHIHHBIX
JIECCOBBIX CTEIMSX, MO CYXMM CKJIOHaM pEYeK, Ha
eOHUCTBIX CKIIOHAX Top Ha BbicoTe 400-1300 M H.
yp. M. [1].

Penxuii Bun A. gypsophiloides, 3aHeceHHbIN
B Kpacnyro kuury Kaszaxcrana ¢ 1981 r, sBasercs
OJIHUM HX IIeHHEHIIMX JIeKapCTBEHHBIX M TeX-
HUYECKHUX pacTeHwil mpupomHoit (moper Cpeaneit
Asun u Kazaxcrana [2]. Bun, mmpoko u3BeCTHBIN
KaK TypKecTaHCKWH MbUTbHBIN KopeHb (TMK), mm-
TeJIbHOE BPeMsI B COBETCKHE I'0JIbl 3KCTIOPTHPOBAJICS
U UCIIOJIB30BAJICS JJIS1 TOJTYYEHHUS] TEXHHUYECKOTIO
CaIllOHUHA C BBICOKOM IIOBEPXHOCTHON aKTUBHOCTBIO
U sMmyJabsrupytomeii cnocodnocteio [3]. TMK co-
JIEP’KUT KOMIUIEKC TPUTEPIIEHOBBIX CAMOHWHOB
0JICAHOJIOBOTO Psi/ia, U3 KOTOPBIX BBIJEIICHBI CAIlo-
HUHBI — TIPOU3BOJIHBIE TUIICOTEHNHA U KBUJIJIA€BOU
KHUCJIOTHI [4].

A. gypsophiloides sBnsercs ¢dapMakoneiHHbIM
BUJOM, Ha OCHOBE KOPHEH KOTOPOIo IOJIydasld
OTXapKUBAIOIIME, MOYCTOHHBIC, CIIA0UTEILHBIC
cpenctBa u ap. ¢utonpenaparsl [5]. HemaBame
MCCIIEJIOBAHMS NTOKA3aJIl MMMYHOCTUMYJITUPYIOIIYIO
U TPOTUBOBUPYCHYIO 3(P(PEKTHUBHOCTh 3KCTPAKTOB
TMK [6].

B Hacrosiiiee Bpemst HCTOIIEHHE €CTECTBEHHbIX
3aracoB M JIETpaJupyrollee COCTOSTHIE PUPOIHBIX
HOIYJISIIMKA SHIEMUYHOIO BHAA B PE3YNbTaTe aK-
THUBHON XO34MCTBEHHON [I€ATEIIBHOCTH B apease
ero mpowuspactaHus [7] oOyciaBIMBarOT HEOOXO-
JUMOCTh COXpPaHEHHUS TEHETHUYeCKHX 3arlacoB A.
gypsophiloides. B cBsi3n ¢ 3TUM, aKTyaIbHOH Tp00-
JIEeMON CTaHOBHUTCS pa3paboTKa albTepHATHUBHBIX
MOJIX0/10B, MIO3BOJISIOIINX 3aMEHUTH AUKOPACTYIIEE
ceipp€ TMK Ha rapanTHpOBaHHO MOJy4aeMyIo pac-
TUTEBHYI0 OMOMAaCCy, COAEPIKALIYIO B JOCTATOUHOM
KOJINYECTBE OMOJIOTHUECKH aKTHBHBIC META0OIUTHI
Ul JAJIBHEHIIEero Hay4yHO-NPaKTHYECKOIo HC-
MOJIb30BAaHUS YHMKAJIBHOTO TOTEHIMaja LEHHOU
JIEKapCTBEHHON M TEXHUUYECKON KYJIbTYPHI.

O exkTUBHBIM HHCTPYMEHTOM [UIsl PEIICHHS
9TOH 3a7auM SBISETCS WHHOBAIMOHHAs TEXHO-
JIOTUSL KYJBTYpPBl KJIETOK, TKaHeW W OpraHos

(mamee xynbTypa in Vvitro), SKOHOMHYECKas Lee-
CO00pa3HOCTh TPHUMEHEHUS KOTOpPOH 00yCIIOB-
JIEHa MPEUMYIIECTBAMU H30JIMPOBAHHOM CHCTEMBI:
HE3aBHCHMOCTD TIpoIlecca OT BHEIMIHUX (PaKTOPOB
(ce30HHBIE YCIIOBHSA, JOCTAaTOYHOCTH CBHIPHEBON
0as3blI 1 JIp.), BOSMOXKHOCTh TIPUMEHEHHS PAa3TUIHBIX
CTpaTeruii Uil TOBBIIICHUS OHMOCHUHTETHYECKON
aKTUBHOCTH KYJIBTYpBI; CTaHIAPTHU3ALMsS WU aBTO-
MaTH3alusl Iporecca Ui KpyNHOMAacIiTaOHOTrO
MIPOM3BOJICTBA BTOPUYHBIX META0OIUTOB B OWO-
peakTopax u zp. [8].

Bropuunsiii MeTa®omm3M — 3TO TEHETHYECKH
JeTePMUHUPOBAaHHAsT  OCOOCHHOCTH U QepeH-
LIUPOBAHHBIX KJIETOK M TKAHEH pacTeHUi, KoTopas
CBOMCTBEHHA CNIEUAIN3UPOBAHHBIM OpraHaM U Ha
oTIpe/ieNIeHHBIX (DeHONOTHYEeCKNX (hazax pacTeHHUU
[9]. Mcnonb3yss MCXOIHBIE BBICOKONPOYKTHBHBIE
TeHOTHNBl U aAuddepeHmpoBaHHble TKaHU C XO-
poumM OHMOCHHTETHYECKUM ITOTCHIMAIOM B Ka-
YeCcTBE HKCIUIAHTOB I HWHUIUAIMHN KYJIbTYPHI,
MO>KHO TOJIYYHTh IEHHBIC BTOPUYHBIE META0OINUTHI
Ha ypOBHE OJIM3KOM K XapaKTEepHOMY [UIsl WH-
TAaKTHBIX PAcTEHUN WIM TIOBBICUTH €0 BBIXOJ 3a
CYET COKpAICHI BpeMEeHHBIX 3aTpart [10].

Kynerypa kopheil obnamaer psimoM ocoOeH-
HOCTEW 10 CPaBHEHUIO C APYTUMU i1 Vitro CUCTEMaMHU.
Kopuu pacrenuil pazBuBarOTCs Kak 3KCTEHCHUBHO
pa3BeTBIEHHAA CHCTEMa, CIocoOHas OBICTPO Ha-
KalulMBaTh OHOMaccy W JeTePMHHUPOBAaHHAs Ha
CHUHTE3 W 3aracaHne BTOPUYHBIX METaOOJMTOB.
[Ipu sToM anBentuBHbIC KOpHU (AK) pasBuBarorcs
€CTECTBEHHBIM CIIOCOOOM B OTBET Ha pa3jMyHbIC
cTpecc-(paKTopbl, HE TOJBKO M3 IJIABHOTO KOPHS,
HO W M3 JIPYTHX YacTel pacTeHuil (JUCThs, mooer,
YepemoK U Jp.), Kak MpaBuio, U3 KIETOK KaMOus
i 13 HemndGepeHIMPOBAHHON KaJUTyCHOM TKAaHU,
o0pa3syroleiicss Mpu MEXaHUYECKOM MOBPEKICHUU
[11].

Cy1ecTBeHHBIM IPEUMYIIECTBOM KyIbTypbl AK
[0 CPaBHEHUIO C CYCIIEH3MEH KIIETOK SIBIAETCS WX
reHeTHYeCKass U OMOCHHTETHYECKas CTaOMIBHOCTD
[12]. B ornmume ot 6opomaBuaTeix Kopuer (hairy
root), MOJMYYECHHBIX B pe3yjbTaTe TpaHchopMmanun
Oakrepueit Agrobacterium tumefaciens, KynabTypa
AK He cozpepkatr uyKepoaHbIe JUIsl pACTEHUS OIH-
HOBBIE T€HBI, aKTUBAITUS KOTOPHIX MOKET MMPUBECTH
K BbIpabOTKe HeOE3BpEIHBIX Ui YeJOBEKa Mpo-
IykToB 6mocuHTe3a [10, 13].

B ycnoBusx in vitro AK pasBuBarorca u3
Pa3TMYHBIX SKCIUIAHTOB WJI CYCIIEH3UOHHBIX KYJITb-
TYyp TOA HHAYLUHUPYIOUIMM JeicTBUEM (uTorop-
MOHOB B IHUTareiabHOU cpene. Ilpu »ToM umHAY-
LMpOBaHHAs KyJlbTypa, Kak IMpPaBHIO, COXpAHSET
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CIOCOOHOCTh K MHTCHCHUBHOMY POCTY, OBICTpOMY
HaKOIICHUIO OMOMAacChl W CHHTE3y METa0O0JINTa,
XapakTepHOro AJIsl JAaHHOTO TakcoHa. OnTuMHu3anus
OCHOBHBIX TPO(PHYECKUX W TOPMOHAIBHBIX (hak-
TOPOB THUTATEIBHOW Cpelbl TMO3BOJSET TOOUTHCS
WHTEHCHUBHOTO  pocTta  auddepeHIInpOBaHHON
Oromaccel U CTaOMJIBHOTO YPOBHSI OMOJIOTHYECKH
AKTUBHOTO MeTaboiuTa B HM30JUPOBAHHOM
KYJBTYpe.

KynpTypbl H30JUMPOBAHHBIX KOpPHEH IHPOKO
UCTIONB3YIOTCS KaK ynoOHBIE MOAEIBbHBIE CHC-
TeMBl B (U3NOIOTO-OMOXUMHYECKUX, MOJIEKY-
JSIPHO-TEHETUYECKUX HMCCIeOBaHUH M OMOTEXHO-
JIOTUYECKHUX pa3padoTKax /IS BBIICHEHHUS BIUSHUS
9K30TEHHBIX (DaKTOPOB (PEryisITOpPOB pocTa, SJH-
CUTOPOB, IMMOOMIIN3aTOPOB U JIp.) Ha UX POCT U
BTOPUYHBIN MeTabom3M [14].

B Hacrosimee Bpemst KyaeTypbl AK moiy-
YeHBI Ul CBBINIE 35 BHUIIOB JICKAPCTBEHHBIX pac-
TEHHW, HEKOTOpble W3 HHUX HPUMEHSIOTCS JUIs
KOMMEPUYECKOT0 MPOMU3BOJICTBA TPUTEPIEHOBBIX
rmaHakco3uaoB (Panax ginseng), TPOU3BOTHBIX
KO(EeHHOBOH KHUCHOTHl (Echinaceae purpurea),
(heHOMBPHBIX coenuHeHUU (Astragalus membrana-
ceus, Hypericum perforatum), aHTpaxUHOHOB
(Morinda citrifolia), anxanounoB (Hyoscyamus
niger, Scopolia parviflora) 1 Apyrux BTOPHYHBIX
MeTabONNTOB, ONMWCAHHS TEXHOJOTHH TOIy4YeHHS
KOTOPBIX MpHUBeleHbI B 0030pax [10, 12, 15, 16].

B mupe akTHBHO pa3zpabaThIBarOTCS KyJIbTYpHI
AK 118 canmOHMHONPOIYUMPYIOIUX PAaCTEHUM:
MBUTHHSIHKA JICKapCTBEHHOU Saponaria officinalis
[17, 18], xaunma Mmetenbuatoro Gypsophila pani-
culata [19], xeHblneHs OOBIKHOBEHHOTO Panax
ginseng [20, 21] n npyrux Bunos [22, 23].

Takum o00pa3oM, YYHTHIBAS KOMMEPYECKYIO
nenHocte TMK  kak cymnep-npofayueHTa MeIau-
LIMHCKOTO W TEXHWYECKOTO CallOHWHA, a TaKxKe
SHJIEMHUYHBII CTaTyC PEIKOro BUAa, pa3padoTKa
aNbTEPHATHBHOTO OMOTEXHOJOTHYECKOTO Crocoda
MOJyYCHUSI BTOPUYHBIX METa0OJIMTOB METOJ0M
KYJBTYPBI in Vitro SBIIE€TCS aKTyaJbHOU 3a1aueil.

Lenpio wccneqoBaHUH  SIBISJIOCH  MTOMYYHUTh
KYJIbTYPY aJBCHTUBHBIX KOPHEH TYpPKECTaHCKOT'O
MBIIBHOTO KOpHSI Allochrusa gypsophiloides n
V3YYHTh BIHMSHHAE TOPMOHAJIHHOTO COCTaBa IWTa-
TEJILHON Cpe/ibl Ha POCT M Pa3BUTHE H30JIMPOBAHHBIX
KOpHEW, Ha HaKOIUIGHWE KOPHEBOW OMOMAacChl H
eé MeTaboJIMYecKy0 aKTHBHOCTh MO YPOBHIO Ha-
KOIUIEHUS CAallOHUHOB in Vitro.
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MaTepuanbl U METObI

Ionyuenue ceMeHHbIX NPOPOCMKOE in Vitro

HcXomHbIM pacTUTEIbHBIM MaTepuaioM  Uist
MOJTy4eHUs KyJIbTYpPbl H30JMPOBAaHHBIX KOPHEH CITy-
UM ceMeHa, coOpannbie B 2017 romy ot aukopac-
TYIIUX pacTeHuit A. gypsophiloides u3 pUPOTHBIX
MOy Ha Tepputopuu TypkecTaHCKOH 00-
JIacTH, B KOPHAX KOTOPBIX paHee ObLJIO BBISBICHO
3HAUNUTENIFHOE COJIEPKAHUE TPUTECPIICHOBBIX CaIlo-
HUHOB C BBICOKOH NEHOOOpa3yomei U reMOJIuTH-
YECKOM aKTUBHOCTBIO [24].

Jns coxpaHeHHs BCXOXKECTH CEMEHHOH Ma-
Tepual B TEUEHUE TPEX JIET ACTIOHUPOBAIIN B KPHO-
Oanke B ycioBusx kuakoro azora (-196°C). s
PasMOpaXUBAHUS CEMEHA MPeIBAPUTEIIFHO BBLAEP-
KaJll B XOJIOAMIBHON kamepe mpu 2°C B TedeHHe
Henenu. [Ipegobpadorky cemsia nposoaunu 0,01 %
P-poM THOOEpesIIOBOI KUCIOTHI B TEUEHHE 2 YacOB
U 3aT€M MX IEPEHOCHIIM B YCJIOBHUSX JIAMHHApa Ha
nuTaTenbHyto cpeny KHoma 1y OIleHKH BCXOXKECTH
in Vitro W TIONY4YEeHHs] aceNTHYECKHX NPOPOCTKOB.
[Tocanky ceMsiH MPOBOAMIHN €KEMECSYHO C JBY-
KpaTHOM MOBTOPHOCTBIO MO 30 ceMsiH B Ka)IOW.
DHEpPruro MpOpacTaHus OMpenesuii Ha 9 IeHb,
BCX0XKECTh M YaCTOTY KOpHEOOpa3oBaHus Ha 15 1eHb
BbIpalMBaHusg Ha cpene KHoma B cranmoHapHBIX
YCJIOBHSIX CBETOBOM KOMHATBI: Temmeparypa 25-
26°C, 16-tu uacoBoii (OTONEPUOJ, OCBEUICHHE
3000 srokc/m?.

Kynemusuposanue KopHegvix 3KCniaHmos

B skcnepumeHTax in vitro MCIONIB30Balu 00-
HICTIPUHATYI0O METOJUKY KyJbTUBHUPOBAHUS 3KC-
maHToB [25]. B kauecTBe MEPBUUHBIX SKCILIAHTOB
JUIsL TIosTydeHust KynbTypel AK oT acenTuuecknx
MIPOPOCTKOB JIByXHEJICJILHOIO BO3pacTa H30JIHPO-
BaJIM KOHYHMKH TJIABHBIX U OOKOBBIX KOPHEH JJTHHOU
10-12 cM. Ky abTUBUPOBaHHE KOPHEBBIX SKCINIAHTOB
MIPOBOJIHIIH B KoJi0ax oobeMom 100 mi1, coneprkarnine
50 Mn mWTaTeNBHOW Cpelbl, Ha OpOWTAIBHBIX
kauankax (IKA, Germany) co ckopocteio 100
000pOTOB/MHUH TNPH KOMHATHOH TeMIepaType B
YCIJIOBUSIX HCKYCCTBEHHOTO 3aTCHEHUSI.

B kauecTBe KOHTPOJS in Vitro WCHONB30BAIN
OCHOBHYIO XHJIKYIO TUTAaTENbHYIO cpey Mypacure
n Ckyra ¢ HOJOBUHOM KOHIIEHTpaUUEHd MAaKpo- U
mukpocoiiei (Y2 MC) 6e3 peryJisTopoB pocTa, OIbIT-
Hble BapuaHTel — 2 MC ¢ BHECEHHEM ayKCHHOB
B KOHIIEHTpAluu | MI/J: WHIOJWI-3-MacJsiHas
kucnora (MMK) nnn a-HapTHI-yKCyCHas! KUCIOTa
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(HYK). Bpabote ucronb30Banu cyxue muTaTelIbHbIC
CMECH M PETYJSTOPBI POCTa MPOU3BOACTBA (PUPMBI
Sigma-Aldrich (CIIA).

B kynpTypanmpHy0 KoOJOy HHOKYJIHMPOBAJIH
mo 10 KOpHEBBIX SKCIUIAHTOB C OOIIMM CpPEIHUM
ceIppIM BecoM 7,6 mr. [loBTOpHOCTH OMBITOB 3-5
KpaTHAas B K&XKJI0M BapuaHTe. JJTUTeNTbHOCTD IUKIIA
KyJTbTHBHpOBaHUS cocTaBmia 70 CyTOK, B Xoje
KOTOPOH TPOBOAMINCH (PEHOJOTHYECKHE HaOIII0-
JIeHust 1 0TOOp MaTepuasa ¢ uHTepBasioM 10 mHE
JUTSL ONIPEJICJIEHNUS CBIPOTO M CYyXOT0 Beca KOPHEBOM
ouomaccel. [lomydeHHbIe cpeHue TaHHBIE TI0 OHMO-
Macce BBIpaXkajd B I/KoJ0y, CoaepsKallyto HCXOJHO
50 MJT TUTaTENBHOM Cpeibl.

Koadduuument mnpupocrta KopHEBOH OHo-
Macchl (Kr) ompenensutn Ha 30, 40, 50 u 70 cyr-
KU KyJbTHBHPOBAHHUS M PACCUUTHIBAIM, Kak: (KO-
HEYHas Macca — HavalIbHBIA Bec)/ HAaYaIBHBIN Bec.
[lomyuenHble naHHBIE O0padaThHIBANM CTaHAAPT-
HBIMH OMOMETPHICCKUMU METOJaMu [26] ¢ BBIUHC-
JICHHEM CpeqHel apuMEeTHUECKOH, OMINOKH Cpe-
HEll W JOCTOBEPHOCTH MO KpuTepuio CThIOJEHTA
npu ypoBHe 3Haunmoctu p 0,05 ¢ mpumeHeHueM
nporpammsl Microsoft Excel (2016).

Tlonyuenue cymmapHuix >KCMpakmos cano-
HUHO8.

DTaHOJBHBIC SKCTPAKTHl M3 HATUBHBIX KOPHEU
MOJTy4dald M3 PacTUTENBHOTO Marepuaia, coOpaH-
HOTO B (pa3e IIBETCHUS — HaYaJIe TUIOJOHOIICHHS Ha
tepputopun Typkectanckoi oomnactu. s ananmuza
HCIIOJIB30BAIM KOPHU CO CPEIHUMHM MapaMeTpaMu:
Bec 0,2 — 0,4 xr, mymaa 30 -50 cM u guameTp 4-6 cM.

i mony4YeHuss CyMMapHBIX CIUPTOBBIX DKC-
TPaKTOB, HWCIOJB30BAIN CTaHAAPTHBIE METOJUKH
¢ HekoTopbIMH Mojudukanusmu [27]. Cyxoe pac-
THTEIHLHOE CHIpbEe KOpHEH (5 T) TIpemBapuUTEIHHO
OUMILATM OT HEXKENATENbHBIX MpPUMEcEH XJIOPO-
dbopMoM ¢ mocaemyromel dkcTpakmuet 90° sra-
HoisioMm (1:100) B Teuenue 2 u B anmapare Cockiera
W Jajee 3TaHOJbHBbIE HM3BJICUEHHUS OTTOHSUIM TOJ
BaKyyMOM JI0 CyXOI'O OCTaTKa C ONpeIeJIEHNEM Beca
MOJTy4E€HHOT'0 IKCTPAKTA.

s mosydeHuss CyMMapHBIX  OKCTPaKTOB
U3 KyJIbTypel in vitro, Omomaccel AK oOmmm
CyXHUM BeCOM 2 T, Moiy4deHHble 3a nepuoa ot 30-
no 70-cyTOUHBIM TepHoJ] KyJIbTUBUPOBAHUS Ha
KOHTPOJILHOW M Ha OMNBITHBIX BapHaHTaX CPEHbI /2
MC, skctparupoBanu 90° TaHOJIOM TIO0 OITHCAHHOM
BBIIIIE METOAMKE.

[Tomydenne 3KCTPAaKTOB M3 OCTATOYHOW MHTa-
TeIbHOU cpenbl nocie u3sneueHuss AK nposoaunu
no cuenyrouei cxeme. IlpenBapuTenbHO Kyiib-
TypaibHyI0 cpeay nocie 1,5 MecsuHOH KyJIbTypsl

(WIBTpOBaTM OT OCTATKOB KOPHEH M yHapuBalu
1o 30 v Ha BoasHOM Oane mpu 80°C. Konmenrpar
¢uIpTpaTa MEPEeHOCHWIIN B JACIHUTEIBHYIO BOPOHKY
U JBaXKIbl M00AaBISTM paBHBI 00beM OyTaHoIa
JUISL 9KCTPAarupoBaHUsl CAllOHMHOB, KOTOpbIE (Kak
TIOJIIPHBIE COCIMHEHMSI) TPH DPa3/ICICHUH Tepe-
XOAMJIN B BepXHUH ciol. ByranonpHble (pakiun
00BEIMHSAIN U OTTOHSIIA Ha POTOPHOM HCTIapHUTEIIE.
OctaTku M3 OTrOHOYHOM KOJOBI MEPEHOCHIIH
HebopmuM  KoimuecTBOM 90% »TaHOma B BEI-
MapUTEIbHYIO YalKy ¢ U3BECTHBIM BECOM ISl BbI-
CYIITUBAHUS JIO CyXOTO OCaJKa.

Konuuecmesennoe onpedenenue canonunog 6
9KCMPAKMAXx.

OnpeneneHue CarmoHWHOB MPOBOAMIN: 1) B
STaHOJBHBIX OJKCTPAKTaX W3 HATUBHBIX KOpHEH
(KOHTPOJB in Vivo); 2) B 3TaHOJBHBIX YKCTPAKTaX
13 O0BEIMHEHHON KOpPHEBOW OMOMACCHI, WHIYIH-
POBaHHOI in vitro 3a BpeMeHHOHN nHTepBai oT 30 10
70 cyTok mHKyOa1um; 3) B Oy TaHOIBHBIX IKCTPAKTAX,
MOJIyYE€HHBIX W3 OCTATOYHOM MUTATENbHON cpese
%2 MC mocne n3BjeueHus aJIBEHTUBHBIX KOpHEH Ha
45 cyTKM KyJIbTUBUPOBAHUSI.

OObmiee copep)kaHne CarlOHUHOB OTIPEAEISIIN
CHEKTPO(YOTOMETPUUECKAM METOJIOM, B OCHOBE
KOTOPOTO JIEXKHT crienn(pudecKas peakiys BaHUITNHA
u cepHoii kucnotel ¢ OH rpynmoi nipu C, atome Kak
B CBOOOMHOH, TaK W B TJIMKO3WPHPOBAHHON (Gopme
camoHnHOB [28, 29]. H3MmepeHuss ONTUYECKOM
IJIOTHOCTH PAacTBOPOB TPOBOAVIN TIPH JIJTMHE
BOJIHBI 544 HM Ha criekTpodoTomerpe Jenway 6305
(Anrrmms). PesynpraTel B mepecueTe Ha CTaHIAPT
0JICaHOJIOBOM KHCIIOTBI MO KOHIEHTPaIllMOHHON
kpuBoit (y=4,9976x + 0,0019, R*= 0,9876) BbI-
pakany B MTI' 9KBHUBAJICHT Ha I' 3KCTPAKTa (MIIKB/T).
Cratucruueckas 00pabOTKa MOTYYEHHBIX JaHHBIX
10 KOJINYECTBEHHOMY AaHAJIM3Y BBIMOJHSIN C UC-
MOJIb30BAaHUEM  TAPaMETPUYECKOTO0  KPUTEPHS
Criopenra cornacuo I'® XI [30].

Pe3yabTaThl u 00cy:KI1eHUE

Beeoenue in vitro cemennozo mamepuana.

Jnst nmomydyeHuss KyJiabTypbl H30JUPOBAHHBIX
KOpHEHl OT HCXOIHBIX CEMsH, COOpaHHBIX U3
MIPUPOIHBIX MOMYJIALNHN, Ha TIEPBOM 3Tare padoThI,
BAXHO MHAYyLUUPOBATh IPOpPACTAHUE CEMSH U
MOJIYYUTh ACENTHUYECKUE IPOPOCTKH B KayecTBE
HUCTOYHMKA KOPHEBBIX alleKCOB.

ITo snureparypHeiM paHHbIM cemeHa TMK
XapaKTePU3YIOTCSl CKaYKOOOPa3HBIM JJTUTEIbHBIM
MIPOPAaCTaHUEM M HEPABHOMEPHOCTHIO IOSIBJICHUS
BCXO/AOB, 4YTO SIBIIsIETCI OCOOEHHOCTBIO JaHHOU
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KyJIbTYpPEl U OJIHUM U3 CIIOCOOOB COXpaHCHHS
CEMEHHOTO TIOTOMCTBAa OT HEOJIArOMPHSTHBIX
ycnoBuii  mpouspactanus [31]. Cemena TMK
0 KJIacCHU(PUKANN THUIIOB TOKOS CeMsH 1Mo M.
Huxonaeso#t [32] orHocar k rpymnne C, mpome-
JKyTOYHOTO THUIIA ITOKOSI ¢ YMEPEHHBIM XapaKTEpoOM
(bM3UOJIOTUYECKOTO  TOPMOXKEHHUS, Yy KOTOPBIX
MIPEPHIBAHUE TIOKOSI MOYKET OBITh HHIYITUPOBAHO
pa3IUYHBIMU IPUEMAMU: JO3PEBAHUEM CEMSH B yC-

JIOBHSIX CYXOTO XpaHEeHHs, 00pabOTKOW perysiTo-
pamu pocta u crpatudukarmeit [33].

BBenenue cemsu TMK in vitro mocie niu-
TEeTFHOTO JCTIOHWPOBAHUS BBHISIBUJIA 3aBHCHMOCTH
TEMIIOB UX MPOpPACTaHUS OT CPOKOB IOCAIKH Ha
cpeny Kuona.

B Ttabmume 1 mpuBeneHpl TMOKa3aTenyd SHEPTUH
npopacTanust Ha 9 NIeHb, BCXOXKECTH M KOpHEOoOpa-
30BaHusI — Ha 15 IeHb mocie Mocaiku CeMSH in Vitro.

Ta6auua 1 — Cemennast Becxoxxectb TMK Ha cpene Knomna B 3aBucumMoct oT cpokoB rocaiku (%)

Mecsiiy nocaku DHeprust IpopacTaHus Bcexoxkecth KopHueoOpa3zoBanue
I-11 69,91 + 20,29 77,32+ 11,14 60,65 + 0,65*
1I-1V 46,78 + 7,55%® 54,23 +£15,03® 45,99 +5,95°
Y 46,67 + 12,07 58,57 +13,01® 46,95 + 12,42
VI 29,67 +1,16¢ 34,63 + 6,69° 23,10 +3,75¢
VII 12,25 +1,14¢ 14,40 £ 2,43¢ 6,62 + 1,144
VIII 1,96 £ 0,72¢ 2,78 £0,15¢ 0,5 +0,09°
IX-X 35,42 +£2,95% 55,63 + 12,60 64,24 + 3,320
XI-XII 51,95+0,61° 69,16 = 13,63* 58,66 + 15,61
[pumedanne % ° — qocTOBEpHBIE OTINYHS MEKIY BapHaHTaMu B ctonoue mpu p < 0,05

BroisiBieHo, 4Tro cemeHa, BBICA)KCHHBIE Ha
cpeny Kuona B 3uMHHI mepuol, UMENN BBICOKUE
[oKa3arenu BcxoxecTd 10 77 % U OCHOBHBIE
BCXO/1bI IOSBIISUIMCH PABHOMEPHO, B TEUEHHUE IIEPBOH
Hezaenu nocie nmocaaku. [Ipu mocanke ceMsH BeCHOM
[OKa3aTeld BCXOXKECTH IOCTEIEHHO CHUKAJIHMCh
0e3 T0CTOBEpHOH pa3HUIIBI 0 CPETHUX 3HAYCHUN;
BCXOXKeCTb A0 56 %, oSHeprus mnpopacTaHusi H
KopHeoOpazoBanue — 10 47 %. Hauunas ¢ wrons
Mecsila OTMEYaJIOCh PE3Koe MOHWKEHUE CEMEHHON
BCXOXKECTH JI0 MHUHHMAJbHBIX IapaMeTpoB B
asrycre, 2 %, 2,78% u 0,5 % COOTBETCTBEHHO.
B ocenne-3uMHHIT TIEpHOA, C CEHTSAOpS TO Je-
KaOpb, BCXOKECTb CEMSH C BBICOKOI CTENEHBIO J10-
CTOBEPHOCTH TIOBBIIANACH 0 69 %, sHEpTUs mpo-
pactanus 10 52 %, kopaeoOpazoBanue 10 59 %.

B panHee mpoBemeHHBIX HCCICAOBAHMSX [34]
1o OIleHKe JiaboparopHoi Bcxoxkectd ceMsiH TMK,
YCTaHOBJICHO, YTO CBEKECOOPAHHbIE CeMEHa (B aBTyCTe)
HE MpOpacTaioT, YTO CBS3aHO, C HEOOXOIMMOCTBHIO
VX JI03pEBaHUA B XONE IBYXMECSAYHOTO XPaHEHWUS.
[NocTeneHHoe noBbILIEHHE CEMEHHOM BCXOKECTH OBLIO
BBISIBJICHO C OKTSIOPB 10 ()eBpaib, 3aTeM OTMEYAIIOCh
CHIKEHHE TIOKA3aTesl 10 MUHUMAJIBHOTO 3HAYCHUS B
JIETHUH TIEPHOJT C TIOCIIEMYIOMIUM TTOJbEMOM OCEHBIO
110 CPEIHMX TTOKa3aTeNeH.

ComnocraBieHne 3KCIEePUMEHTATBHBIX JaHHBIX
BBISIBUJIO, YTO OCHOBHAs JUHAMHUKA IPOPACTaHMS,
xapakrepHas st cemaH TMK, coxpanserca B
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KyJIbTypE in Vitro: MWUHHAMAJbHAs BCXOXKECTh B
JETHUH Tepuoj W TMOBBIIIEHUE [I0Ka3aTeled B
OCEHHE-3UMHUH MePHO/], KOTOPhIE COXPAHIIOTCS Ha
CpeJIHEM yPOBHE B BECEHHUH ce30H. ClleI0BaTENbHO,
ONTUMAJIBHBIM CpPOKOM BBeneHus cemsiH TMK B
YCIJIOBUS in Vitro BISETCS 3MMHE-BECEHHUI IEPUO/.

Kyrnemypa aosenmusnuix xopneii TMK.

AJIBEHTUBHOE KOpHEOOpa3oBaHHE —  3TO
KOMILJICKCHBIH MOP(OPU3N0IOTHIecKruil mporecc,
KOTOPBIN BKIIIOYaeT peanepeHIupOBKY Crenua-
JU3UPOBAHHBIX KIETOK, M HX IEpPeKIIOueHre Ha
TU(QPEPeHINPOBKY KOPHEBBIX HPUMOPIUH U
pa3BUTHE KOPHEW. Y CIIOBHO BBIIEISIOT TPU TOCIIE -
yiomue ¢aspl mpouecca: 1) HHAYKIUS — MOJICKY-
JSIpHBIE U OMOXMMHYECKUE M3MEHEHHS B KJIETKaX,
npuBosmye K aeauddepeHuupoBke, 2) MHULHUA-
Ul — KJIETOYHBIE JIEICHUS W 3aKJIaJKa KOPHEBBIX
npuMopaui; 3) SKCOpeccHs — pOCT KOPHEBBIX
OpUMOpPJAUI M TOSIBICHHE KOpHEH. MexaHusm
aJIBEHTUBHOTO KOPHEOOPa30BaHUS pealn3yeTcs npu
YCTaHOBJIEHWW B PACTEHUH HEOOXOAWMOTO TOPMO-
HaJILHOTO OanaHca, KOTOPBIH MEHSETCS B XOJe
WHUIMAIMNA KJIETOYHOTO JIeJICHUsI, Iposudepaun
KJIETOK U MHUIMAIIUN KOPHEBBIX anekcos [§, 13].

B kysbType in vitro nenenue, pactsbkerue u audde-
pEeHIMaLusl aJBEHTUBHBIX KOPHEH OCYILECTBIACTCS
AQHAIOTUYHO FOBEHIJIGHBIM KOPHSM IIEJIBIX PACTEHUH B
HavasbHble (ha3bl UX pocTa. MIHIyKTOpaMu pasIMIHbIX
TUNOB  T(h(HepEeHITMPOBKU  SIBIISFOTCS  (PUTOTOPMOHBI
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WM MMHTATOPbl HMX JEHCTBHUS, PETYJSTOPHI pOCTa.
Pannue ¢uznonormyeckue mpouecchl, 00eceUnBaio-
IMe HHIYKIUIO ¥ HHATMAIMIO KOPHEBBIX IPUMOPIHIA,
MOTYT OBITh 3aITyIICHBI TT0J] BO3/ICHCTBHEM ayKCHHOB
B IMUTATENIbHOM cpene. KimroueBasi posib aykcuHa B 3a-
Ki1aike ¥ (hOpPMHUPOBAHKHN aJJBEHTUBHOTO KOPHS YCTa-
HOBJICHA, OJIHAKO MOJIEKYJISIPHBIE OCHOBBI TPOLIECCOB,
B TOM YHCJIE T€HBI, OTBEYAIOIIME 32 ()OPMHUPOBAHUE a]I-
BEHTHBHBIX KOPHEH, eII¢ OCTAI0TCs Henm3y4deHHbIMH [ 10].

CormacHo rtumote3e, Skoog um Miller (1957),
pemiaroiiee 3Ha4eHHE Ha WHAYKIMIO PH30TEHe3a
in Vitro WMeeT BBICOKOE OTHOIICHHE ayKCHHOB
K UUTOKHMHUHY — (UTOTOPMOHOB HEOOXOIMUMBIX
JUISl KJICTOYHOTO JieNieHus] W mpoiudepanuy TKa-
Hu. [lpennonararor, 4To K30I€HHBIH ayKCHH He-
00XOJMM JIMIIb HA PAaHHEM J3Tare WHIYKIHHA KIe-
TOYHOTO JICTICHWs, NPUBOJAIIETO K (OpMHUPO-
BaHMIO MEpHCTEMAaTHYecKuX odvaroB. Ha moce-
OYIOIIEM JTane 3akiIafKd KOPHEBBIX —AaleKCOB
BBICOKHE KOHIEHTPALMH AayKCHHA  BBIMOIHSIOT
MHTHOMPYIONIYIO poiib. Ha atame pocra u pa3BuTHs
KOPHEBBIX MPUMOPAUN TpeOyeTcs: mpeodiiaTarontmii
YpOBEHb IIMTOKMHWHA, HeoOXoaumoro it andde-
PEHIIMPOBKY TKaHel KopHs. KoHKpeTHas poib K30-
TeHHBIX (DUTOrOPMOHOB B MHULMALMU pOcTa U TUQ-
(hepeHIIMPOBKY TKAHEH i1 Vitro 10 KOHIIA HE N3yucHa.
[Mpu >TOM 3PPEKTUBHOCTL JCUCTBUS Pa3THMUHBIX
ayKCHHOB Ha WHAyKmHio W mpomudepanmo AK
pasnnvaeTcs B 3aBUCHMOCTH OT WCXOJHOTO BHJA H
ycIoBUH KyJIbTUBUpOBaHus [35, 36].

B cBsBu ¢ »TUM A KaKAOW KyJIBTYyphl HEOO-
XOIIMMO  ONTHMHM3UPOBATh TOPMOHAIIBHBIA COCTaB

MUTATEIBHON Cpellbl HA CTaAWM WHAYKUMHA M WHU-
[MAIUY aBEHTUBHOTO KOpHEoOpazoBaHwmsl. [t moiry-
yenust ddexruBHON KynbTypel AK in vitro HeoO-
XOIMMO TIPEXKJIE BCETO CO37aTh ONTHUMAIBHBIEC YCIIO-
BUsL st (UG PEpeHIIMPOBKH, UHTEHCHBHOIO POCTa U
HaKOIIEHHUS! KOPHEBOM OMOMAcCCHI, JeTepMHUHHUPOBAH-
HOH Ha CHHTE3 OMOJIOTNYECKH aKTUBHOTO METa00IHTA.

BbIsIBIIEHO, 9TO BBIpalMBaHUE ANMKAIbHBIX
9KCIUIAaHTOB acentuueckux kopHeir TMK croco6c-
TBYeT WX pOCTy W auddepeHnnpoBKe AOMOTHU-
TEJILHBIX aJBEHTHBHBIX KOpHEH in vitro. Ilpu sTom
TEMITBI U XapaKTep POCTa H30JIMPOBAHHBIX KOPEIIKOB
BapbUPOBAIN B 3aBUCHMOCTH OT TOPMOHAJIBHOI'O
COCTaBa MUTATENLHOM cpersl 2 MC.

Ha pucynke 1 npuBeneHs! OTOCHUMKH KyJIb-
TYpaJIbHBIX KOJIO C OKCIUIAHTAMH W WHIIYyIIUPOBaH-
HBIMH KOPHEBBIMH OHOMaccaMl Ha KOHTPOJIbHON
cpelie M ONBITHBIX BapuaHTax 2 MC cpenbl ¢
BHeceHue aykcuHoB UMK n HYK.

B koHTpOJIE HA TIEpBOM TaIle KYyJIbTUBUPOBAHHUS
OoTMeHanach 3aKjiagka U POCT KOPEIIKOB BTOPOTO
MOpSAZIKA, 3aT€M HMX POCT pPacTsHKEHHWEM M He3Ha-
YUTENbHBIM BETBJICHHUEM Ha BTOPOH Henene Kyib-
TUBUPOBaHUS (PUCYHOK 1 a, T).

B onbITHBIX BapuaHTax, Ha MEPBOM JTare
npoucxoamwia AeauddepeHIpPoBKa TKaHEH C
00pa3zoBaHKHEM KaJlTyca Ha EPBUYHBIX SKCIUTAHTAaX
(pucynox 1 6, B), Ha BTOPOM 3Tare — MOCIeIyromas
MaccoBasi auddepeHIpoBKa KOPHEBBIX aleKCOB
W OTpacTaHue aJBEHTUBHBIX KopemkoB. Ha

BTOpOH HeJeNie MHKyOaluu OTMEYaaoCh pa3BUTHE
MIPUIATOYHBIX (JIaTepajbHBIX) KOpPHEH TO BCe
MTOBEPXHOCTH MEPBUYHBIX IKCIIAHTOB.
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4 CyTKH KyIbTYphL: @ — KOHTpoib, 0 — UMK, B — HYK; BTOpast Henemnst KyabTypsl; T — 12 1eHb, KOHTPOJIb,
1 — 13 nens, UMK, e — 12 nens, HYK; 1,5 MecsiaHas KynbTypa aJBeHTUBHBIX KOPHEH; 5K — KOHTPOIb, 3 — UMK,
Kk — HYK; BbIxon ceipoii Gmomacchl aIBEHTUBHBIX KOPHEH: J1 — KOHTpOJIb, 1,58 r/konba, m — UMK,
3,24 r/xonba; H — HYK, 1,42 r/konba

Pucynok 1 — Kynerypa ansentuBHbIX kKopHeit TMK B xoHTpone (I) 1 Ha ONBITHBIX BapuaHTax
%2 MC cpensr ¢ Baecennem UMK (1) u HYK (III) B koruenTpanuu 1 mMr/n

Ha mpuBeneHHBIX (OTOCHHMKAax B OIIBITHBIX
BapuaHTaxX OTYCTJIMBO BUAHBI IIJIOTHBIC YYaCTKH
KaJUTyCHOW TKaHW — LEHTPbl TuddepeHInpOBKH
AIBECHTUBHBIX KOPCIIKOB, KOTOPLIC COXpaHAINn
pereHepalMoOHHbIA TOTEHIUANl JJIMTEIIbHBIM I1e-
puon, B TCUCHUEC JABYX MCCALCB KYJbTUBUPOBAHUSA
(pucynox 1 3, ). B oTnmume oT KOHTpOIIS, pocTa
pacTsHKEHHUEM KOPEIIKOB HEe HaOJII01aI0Ch.

B xope nanpHeiiiero KyJbTHBUPOBAaHUS B
TeueHne 1,5 mecsmeB Onomacca KynbTypbl AK
HapacTajia KaKk Ha ayKCHHCOJEpXKalllhX Ccpenax,
TaK M Ha KOHTposbHOW cpene. [IponudepatuBnas
AKTUBHOCTh WHAYIIMPOBAHHOW KYJIBTYyphl Ha HTOM
JTane MNPUBOJIWIO K OBICTPOMY pa3pacTaHUIO
KOpHEBO# 6nomaccsl. [1o Temmam pocTa 1 pa3BUTHS
AIBECHTUBHBIX KOPCIIKOB Ha OIBITHBIX BapUaHTax
OTMEUaJIUCh paznuus: KyJapTypa Ha cpeae ¢ UMK
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pasBuBasiach 0ojee MHTEHCHBHO, YEM Ha Cpele ¢
HVK (pucynok 1 g, e).

BeisiBIeHO cTUMynMpyloniee JEHCTBUE 3K30-
TCHHBIX ayKCHHOB Ha mpouecc IuddepeHurpoBKI
aJIBEHTHBHBIX KOPHEH, HAKOIJICHHE UX OMOMAacchl U
WHJIEKC pocta in vitro. Ilpu aToM 3¢ ek TUBHOCTD U
CPOKHM MHIYLUPYIOLIETo JIEHCTBUS Ha HAKOIUICHHE
Ovomacchl BapbUpOBAJIM B  3aBUCHUMOCTH  OT
Tuma aykcuHa. OOHapy»XeHO, YTO BBIXOJ CyXOil
Macchl KOpHEH JOCTOBEPHO HE OTIIMYAIICH MEXTY
BAapUAHTAMHU U COCTABUIJI B CPEIHEM: B KOHTpOJIE —
11,66 %, na UMK — 9,42 %, na HYK — 11,27 %.

Ha pucynke 2 npuBeicHbl CpeJHUE JJaHHBIC
Mo ChIpOM OmoMacce aJABEHTHBHBIX KOpHEH C
uHTepBasioM 10 JHEH HA KOHTPOJIBHOM M OMBITHBIX
BapuaHTax CpCbl B XOAC ABYXMCECAYHOI'O IHKJIA
KYJIbTUBUPOBAHMUSL.
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Pucynok 2 — Hakoruienne 6Gnomaccsl aiBEHTUBHBIX KOpHeit in vitro Ha 2 MC 6e3 TopMOHOB (KOHTPOJIB),

¢ saeceaneM HYK u UMK B xornenTpamun 1 mr/a

BeisiBiena o0masi JTUHAMHKA HAKOTUICHHS
Ouomaccel B XOJ€ KyJIbTUBHPOBAaHUS, KOTOpas
MPOSBISUIACh KaK B KOHTPOJIE, TaK M B OMBITHBIX
BapHaHTaX: MaKCUMaJbHOE yBEIHMUCHHE ONOMACCHI
— Ha 40-50 mHU BBIpAIIUBAHMUS, U CHIDKCHUE B XOJIC
JaJbHEHIIEero KyJIbTUBUPOBAHMS.

KynsTHBHpOBaHNE SKCIIIIAHTOB HAa KOHTPOJIBHOM
Cpezie B TeUeHHE MeCsIa IPUBOJIMIO K HAKOIICHUIO
B cpeaHeM 1 T ceipoii 6momaccel 1 0,11 r cyxoro
Beca (c. B.) Ha komOy. Ilpm yamuHeHMH CpOKOB
MHKyOanuu SKCIiaHToB A0 40 mHEl oTMedanoch
MaKCHUMaJbHOE HAKOIUIEHHE CBIPOHl Ouomaccel B
cpennem 1,48 r (c. B. 0,16 1). B mocneayromem,
Ha 50-e m 70-e mHM KyIHTUBUpPOBaHHUS Omomacca
KOpHEH  HE3HauuTeNbHO  yMEHbIIajach  0e3
JOCTOBEPHOM pa3HUIBL. B 1merom, B KOHTpose
HaKOIJIEHHE CBIPOTO Beca KOPHEW CyIIEeCTBEHHO He
MEHSIIOCh M COXPaHsUIOCh Ha ypoBHE 1,2 T.

Ha cpene c Buecenmem HVYK cripoit Bec
kopueit 1,42 1 (c. B.0,16 1) 30-1HEBHON KyIBTYpHI
MPAKTUYECKH COOTBETCTBOBAI MaKCHMaJIbHOMY
BeCy KOHTPOJbHBIX Ha 40-gHu. MakcumanbHas
6uomacca xopHeit Ha cpeae ¢ HYK cocrasuna 3,13
r (c. B. 0,45 1) Ha BTOpOH MecsI] BBIpAIUBAHMUS,
KoTOopas 3aTeM cHikaiach 10 1 r (c. B. 0,09 r) Ha
70-CyTKU KyJIbTYPBL.

Haubonee BblpakeHHBIH YCKOpPEHHBIH 3(deKT
Ha YBEIMYEHHE KOPHEBOW OHMOMAcChl OKa3bIBal
sk3oreHublii aykema MMK. Jlo6aBnenne UMK B
[IUTATEJIBHYIO CPEAy CTUMYJIMPOBAIO HAKOIUICHHE
1,41 t ceipoit 6uomaccser (0,12 T c. B.) Ha 20-1HNK
KyJbTYpPbI, aHAJOIMYHOE KOHTpomo Ha 40-CyTku
u Bapuanty ¢ HYK — na 30-cytku kyasTypsl. [pu
YJUIMHEHUHU CpoKa BbIpamuBaHus Ha cpege ¢ UMK
1o 30 u 40 gHEl, HaKOTUIEHHE CHIPOTO Beca KOpHEH
yBemmunnoch 10 2,1 v (c. B. 0,26 1) n 3,2 r (c. B. 0,33
I'), COOTBETCTBEHHO.

Takum o0Opazom, B Bapmante cpensl ¢ HYK
O0TMEUaJIOoCh YCKOPEHHE pOcTa KylabTypel Ha 10
JHEH M JIBYKpaTHOE IPEBBIIIEHUE MaKCUMaJbHON
Ouomaccsl KOpHEH IO CPaBHEHUIO C KOHTPOJIEM.
MaxkcuManbHBIM  CpeHHH TMPHUPOCT OHOMACCHI
nocturancs Ha cpene ¢ HYK na BTOpoil mecsn
KyJbTYpbl, Toraa kak Ha cpeqe ¢ UMK nHa 40-cyTku
BBIpAIINBAHNS.

Ha pucynke 3 mpuBeneHbl cpeaHHe AaHHBIC
mo kodddumuenty mpupocra Omomaccel Kr mo
OTHOUICHUIO K HICXOAHOMY CIPOMY BECY EPBUYHBIX
9KCIUIaHToB (7,6 Mr) B Xoze KyJbTHBHPOBAaHHS Ha
MHAYLUUPYIOLIMX cpeaax U B KoHTpose Ha 30-e, 40-
e, 50-e u 70-¢ 1HU MHKYOAIUH.
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MPUPOCT GHOMACCHI
o)
(]
[w]

OIIMK

Ox BHVYK

50 70
ITHU KYJIBTYPEI

K — KoHTpoib, HYK — HadTunykcycHas kucnora, UMK — unnoiannmacisiHas KMCI0Ta

Pucynoxk 3 — I[Ipupoct GmoMacchl aJlBEeHTHBHBIX KOPHEH i1 vifro Ha KOHTPOJIBHOM
M OMBITHBIX BapraHTax cpensl /2 MC ¢ 1 mr/m HYK n UMK

K xonmy mepBoro wmecsma wuHkyOammn Kr
cocTaBu: B KoHTpoJsie — 131, na cpene c HYK — 187,
Ha cpene ¢ UMK 282. MakcumansHOe yBEITHUYCHHE
Onomacchl Ha BCeX BapHaHTaxX Cpelabl OTMEYaJIoCh
Ha 40-50 mHU BBIpaIIMBaAHUS, KOTOpPOE B XOIe
JTAJIbHEHIIIEr0 KyJIbTUBUPOBAHUS CHUKAJIOCh.

B xonTpone mokaszaTens MpHpocTa OMOMACCHI
yBenuuuBasicas oT 131 go 195 wa 40-e¢ nuu
WHKYOAIuu, M Jajee MOCTeNeHHO CHIpKacs a0 Kr
160 K KOHITy BTOPOT0 Mecsla.

[Ipupoct 6uomacce! kopHeit Ha cpene ¢ HYK
OTMEYaJICsi Ha YPOBHE KOHTPOJS B HAYaJIbHBIN
MepHOA KyJIbTYPHI, 3aTE€M MOBBIIIAJICS 0 3HAYCHUS
412 x 50-M AHSM KyJabTypsl U K KOHIy BTOPOTO
MecsIIa CHIKAJICS HIDKE KOHTPOJIS, 10 142.

B Bapuante onbita ¢ UMK na 40-e 1H1 KynbTyphI
oTMevasics MakcuMaibHbI mpupocT Kr 425,8 mHa
BCEM TNPOTSKEHUH KyJIbTUBUPOBAHMS, C IBYKPATHBIM
MIPEBBIIEHUEM KOHTpoisl M BapuaHta ¢ HVYK
aHAJIOTMYHOI0 CpoKa KyJITYphL. B x0/1e nanbHeimero

KyJIbTUBUPOBAHMS TIOKa3aTelh MPUPOCTA MOCTETICHHO
cHxazcs 10 334 k 70 AHIO KyJbTYpBL.

Takum o0Opa3oM, MOJTy4YEHHBIE MaKCUMAalbHBIC
nokaszartenu cieayromue: Ha cpege ¢ UMK —
ouomacca 3,24 r/konba, Kr 426 na 40-¢ gum
KyapTyphl; Ha cpene ¢ HYK — 3,13 r., Kr 412 Ha
BTOPO MecAIl KyIbTypbl; B KoHTpose — 1,5 T, Kr 195
yepes3 MoJTopa Mecsa KyabTypbl. MakcuMalbHOE
MIPEBBILICHNE HA ONBITHBIX BapuaHTax cpenbl ¢ UMK
1 HYK 1o oTHOIIEHUIO K KOHTPOJIIO HE OTINYAIIOCh
U cocTaBmIIO: 110 Omomacce 212 % u 216 %, o Kr —
211 % u 218%, COOTBETCTBEHHO.

Cpasnumenvuvlii. aHAIU3 COOEPAHCAHUSL CANO-
nunos TMK 6 kynemype in vitro.

B tabmune 2 mpuBeneHo copepikaHue CaroHH-
HOB B JTAHOJBHBIX JKCTPAKTaX, MOJYUCHHBIX W3
HaTuBHBIX KopHedl TMK (xopHu in vivo), n3 cym-
MapHO# kopHeBor Oromacchl AK 1 B OyTaHOIBHBIX
SKCTPAKTaX OCTAaTOYHOWM MUTATEIILHOM Cpelibl,
MOJIYYCHHBIX 32 [TOJITOPA MECsIIIa KyIbTUBUPOBAHUS.

Ta0auna 2 — ConepxaHue CallOHMHOB B CyMMapHbIX 3kcTpakTtax TMK

BapnanTt /2 MC* cpenpt

ConepxaHue CallOHMHOB, MI'IKB/T IKCTpaKTa

OGromacca aJIBEeHTHBHbBIX KOpHEil ocTaTrovHas MUTATeIbHAs cpea
Kontpois (6e3 aykcHHOB) 14,63+ 0,50* 32,29 + 3,54
1 mr/n HYK 29,77+ 2,14° 39,26 + 11,21°
1 mr/n UMK 30,77+ 5,15° 41,53 +3,70°

KOPHH i1 ViVO

21,92 +2,58¢

Tamu B cronodie mpu p < 0,05

* — cpena Mypacure u CKyra ¢ MOJIOBHHHBIM COZIEpIKaHHEM MaKpO- B MUKPOCOJIeH; * ¢ — T0CTOBEPHBIC OTIIHYHS MKy BapHaH-
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W3 npuBeieHHBIX B Ta0JIMIE 2 JAHHBIX CIEAYET,
YTO YpPOBEHBL CAllOHMHOB B KOPHEBOH OmMoOMacce,
MOJTyYeHHON Ha KOHTPOJBHOW cpeJie ObUT MOYTH B
IIBa pa3a HIDKE, 9YeM B KOPHSIX, WHIYIHPOBAHHBIX
Ha cpene ¢ BHecenuem MMK u HYK. Ilpu stom
YPOBEHb CAllOHMHOB B KOHTPOJIBHBIX KOPHSX in
Vitro JOCTOBEpHO OBUI HIDKE IO CpPaBHEHUIO C
AHAJOTUIHBIMU IKCTPAKTAMHU M3 HATHBHBIX KOPHEH.

BrisiBneHo, 4To SKCTpaKkThl U3 OCTATOYHOU KYJIb-
TypallbHON Cpeasl CYIIECTBEHHO HE OTIUYAINCH
[0 HAKOIIEHHIO B HUX CAIlOHHMHOB: 32,3 MIIKB/T B
KOoHTpoe, 41,5 mraks/t B Bapuante ¢ UMK, u oxoo

40 mrke/r — B cpene ¢ HYK. Bricokuii ypoBeHb
CaTrlOHWHOB, BBISIBIICHHBIN BO BCEX 9KCTPAKTaX KyJIb-
TypaJbHOH Cpe/bl, CBUACTEIBCTBYET 00 aKTHBHOM
BBIXOJIE CAllOHMHOB M3 KOPHEH B OKPYKAIOIIYIO
KHUIKYIO Cpe.ly, UTO 00JIeryaeT NpoLecc N3BJICUCHHUS
KOHEYHBIX METa0OIUTOB U3 KYJIBTYPHI.

Ha pucynke 4 npuBenensl 0000mEHHBIC nUa-
IrpaMMBI, OTpaXkalolllieé YypPOBEHb CAIOHHMHOB B
9KCTPAKTAX, MOJyuyeHHBIX OT 30-45 THEBHOH Kyib-
TYPBI 71 Vifro 110 OTHOLIECHHIO K UX COIEPIKAHUIO B
HATHBHBIX KOPHSX M KO3(QQUIUEHTH MPUPOCTa TO
BapHaHTaM CPEIbI.

350 ¢ - 500
= 300 f
& 0 - 400
S 250 /
£ 200 } — F 00
=150 | @// - 200
100 |
o | - 100
0 0
K VMK
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K — KoHTpossHas cpena, HYK — maptunykeycnas xucnora, UMK — nagonmimacisiHas Kucnora,
Kr — koadpdummenT npupocra Gnomaccht

Pucynok 4 — YpoBenb canoHnHOB B 3kcTpakTax TMK, mosy4eHHBIX U3 KYJIbTyphl a[BEHTUBHBIX KOPHEH K X COJIEPKAHUIO B
HATUBHBIX KOPHSX M KOA(P(UIMEHTHI IPUpocTa OHOMACCHI aIBEHTUBHBIX KOpHEil Ha 30-CyTKH KyJIbTypbI

IIpu comocTaBiIeHUN CyMMapHOTO COIEPKAHMS
CallOHWHOB B  M30JMPOBAHHON  KYIbType C
MOKa3aTeJIeM HATUBHBIX KOPHEH, BBISIBICHO, YTO
B KYyNBTYpE in Vitro TIPEBBIINICHUE COCTABUIJIO: Ha
KOHTpOJsHOM cpene 214 %, na cpene c HYK u UMK,
315 % u 330 %, coorBeTcTBeHHO. IIOBBIIICHHBIN
YPOBEHb CAlIOHMHOB KOPPEIHUPYET C yBEIMUCHUEM
npupocta OWOMacChl aJBEHTHBHBIX KOpHEH Ha
HUHAYIUPYIOIIUX Cpeax ¢ 100aBICHUEM ayKCHHOB.

O030p IUTEpaTypel TO TEME HCCIIEIOBAaHUN
MOKa3all, YTO CTUMYJIUPYIOMINH d3PPEKT ayKCHHOB
Ha yBeIMUYeHHE OWOMACChl aJBEHTHBHBIX KOpHEU
YCTAHOBJICH [JI1 pa3HbIX BHIOB. I[lpum 3TOM
3¢ (EeKTUBHOCTD ACWCTBUS Pa3IMYHBIX ayKCHHOB Ha
nponudeparmo AK pasnugaercs B 3aBHCUMOCTH
oT BHJA pacTeHus. Tak, B KyJIbType aJBEHTHBHBIX

KOpHEW XeHbllleHs1 Panax ginseng B CTaHAAPTHBIX
yCIOBUSX BbIpamuBaHus Ha cpege MC c 24,6
uM (5 wmr/n) UMK Hakomnenune Onomacchl 3a
mBa wecsna cocraBwio 2,1 1/100 mMn cpensl,
coJiep)kaHue CarlOHWHOB He TpeBbiiano 0,72 mr/r
celporo Beca [20]. Bpicokuil ypoBeHb camoHUHA
29,5 Mr/T CBIpOTO Beca BBISBICH B KYJIbTYpe KOpHEH
nepsousera Primula veris Ha WHAyOUPYIOLIEH
cpene ¢ ayKCMHOM B COYETaHUM C KHHETHHOM [37].
B kynbType m3onupoBaHHBIX KopHeill Gypsophilla
SSp. HAKOIUIEHHE CallOHWHOB BapbUPOBAIO OT
MUHHUMAJIBHOTO, 7 MI/T, 10 MAKCUMaJILHOT'O YPOBHS,
65 Mr/r, B 3aBHCHMOCTH OT JIMHHH HCXOJHBIX
kopreii [19]. B pabore M. Simao ¢ coaBTOpamu
[38] mnokazana s¢ddexruBHOCTh neiicTBus HYK
[0 CPaBHEHHMIO C JPYI'MMH ayKCHHAaMH Ha
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porQepaTUBHYIO aKTUBHOCTh aJIBEHTHBHBIX KOP-
Helt macudmopsl Passifflora pohlii Mast.

3ak/ouyeHne

[lonydeHnsle JaHHBIE TIO3BOJIAIOT YTBEP)KIATh,
YTO pa3paboTKa KyJIbTYphl aJBEHTHUBHBIX KOpHEH
TYPKECTaHCKOTO MBUIBHOTO KOpHS SIBIISIETCS Tiep-
CMEKTHBHOMW B KQU€CTBE MHHOBAI[MOHHON TEXHOJIOTHN
JUIT  abTEPHATUBHOTO TOJYYEHHUS KOMMEPYECKH
LEHHBIX TPUTEPIEHOBBIX CAMOHMHOB 3HAEMHYHOIO
BHJIA AJIOXPY3bl KAUMMOBHITHON A. gypsophiloides.

KiroueBbiMu (akTOopaMu AJisi TOTY4EHHs! BBIC-
0K09(h(heKTUBHON KyNbTYpHl aJBEHTHBHBIX KOp-
Heit TMK sBisAroTCA HMCNONB30BaHUE KOPHEBBIX
9KCIUTAHTOB OT HMCXOJHBIX BBICOKOMPOTYKTHBHBIX
TEHOTHUIIOB, JETEPMUHUPOBAHHBIX Ha HAaKOIJICHHE
BTOPUYHBIX META0OJUTOB W ONTHMAJBHBIA TOp-
MOHAJILHBI COCTaB MUTATEIBLHOU CpeJbl, obecre-
YUBAIOMIMNA OBICTPHIN POCT KYJIBTYPHI U aKTHBHBIN
CHHTE3 BTOPUYHBIX METa0OJIUTOB B M30JIMPOBAHHON
KYJBTYpE.

Ha ocHoBanmMu uccnenoBaHuil U aHamm3a 3Kc-
MEePUMEHTAIBHBIX JaHHBIX MOXXHO CJeJaTh Ccle-
JYIOIUE BBIBOJBI:

1. OnTUManbHBIMU U1 TIONYYEHUS KYJIbTYPHI
aJIBEHTHUBHBIX KOpPHEH SBIAIOTCA HKCIUIAHTBI KO-
PEIIKOB IPOPOCTKOB OT HCXOAHBIX CEMSH C OIl-
TUMAJIBHBIM CPOKOM UX BBEAEHUS in Vitro B 3UMHe-
BECEHHUM MEPUO/I.

2. Crumynupyrolee JeicTBHE SK30TEHHBIX
AyKCHHOB CBA3aHO C WHAYIMPOBAHHEM KaJTyCO-

reHe3a Ha NEpPBUYHBIX IKCIIJIAHTaxX ¢ MOCIEeAYIOeH
MaccoBO# AudGHepeHITMPOBKON B KaJUTYCHOW TKAaHU
KOPHEBBIX aleKCOB, MAaCCOBBIM Pa3BUTHEM aJBEH-
THUBHBIX KOPEIIKOB C 00pa30BaHNEM pa3BETBICHHOI
KOpHEBOM ceTu. MHAynupoBaHHBIA pU30TeHE3 Ha
AyKCHMHCOAEPIKAINX Cpeax MPUBOAMI K JABYKpaT-
HOMY HaKOIUICHHIO KOPHEBOH OMOMAcchl MO CpaB-
HEHUIO C KOHTPOJIBHOM CpPENOM M TPEeXKpaTHOMY
MOBBIIIEHUIO YPOBHS CAallOHMHOB B  KYJIbType
in Vitro OTHOCUTEIIBHO UX COAEPKAHUS B HATUBHBIX
KOpPHSIX.

3. Tum aykcnna (HYK wmun UMK) He oka3siBai
CYIIECTBEHHOTO BIMSHMS Ha MaKCHUMaJlbHbIE 3Ha-
YeHHUsS POCTOBOTO MHJEKCA KyIbTYpHI, MOKa3aTelH
HaKOIUICHUS] OMOMAacChl M COACPKaHHS CallOHUHOB,
HO BITUSUTHACKOPOCTHITPOTEKAHNS MHTY ITPOBAHHBIX
npoueccoB. AykcuH UMK okazpiBan 6onee pannee
CTUMYJIMpYIOIlee JEHCTBHE: 10 OTHONICHHIO K
KOHTpOJIbHOM cpene Ha 20 nHel, k BapuanTy ¢ HYK
Ha 10 gueii.

KondumkTr nurepecon

Bce aBTOpBI IpOYUTAIM U O3HAKOMIIEHBI C CO-
JCpXKaHUEM CTaTbU U HE HUMCIOT KOH(bHI/IKTa HH-
TEPECOB.

HcrouyHuk puHAHCHPOBAHUSA

HpOBeHeHHBIe HCCJICIOBaHUA BBITIOJTHCHBI
MpH TPAHTOBOM (UHAHCHPOBaHWU MUHHCTEPCTBA
obpazoBanmsi W Hayku PecmyOmmku Kazaxcran
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DISTRIBUTION AND GEOBOTANICAL STUDIES
OF THE MEDICINAL PLANT CAPPARIS HERBACEA WILLD.
IN THE SOUTHERN REGIONS OF KAZAKHSTAN

Conservation of biodiversity has now become one of the most important issues in the world.
Among them, the conservation of medicinal plants requires special protection. Today, medicinal plants
are widely used in scientific medicine. Its main purpose is to prepare medicinal preparations on the
basis of medicinal plants. Huge territories of Kazakhstan are provided with rich natural diversity. Our
country has unique plants, adapted to life in the desert. In addition, the flora is rich in forest and steppe
species. In recent years, the country’s environmental problems have become more complex. The issue
of conservation of medicinal plants is a pressing environmental concern. The pharmaceutical industry in
Kazakhstan is still in need of development. Therefore, the development of the pharmaceutical industry
has become an urgent issue in the country. Intensive integrated use (highland pastures, hayfields,
developed cattle breeding, as well as use as a recreation area) of mountain and foothill territories, has
caused significant anthropogenic changes in flora and vegetation in recent years. The relevance of the
study, is the study of the medicinal plant Capparis heerbacea Willd. which grows mainly in the deserts,
semi-deserts and steppes of Central Asia and Kazakhstan. This species is well adapted to different abiotic
conditions and was therefore selected for the present study. The research work was carried out in 2020-
2022. Classical botanical methods were used in the work. These include: route surveys, ecological
systematics, ecological geography, methods of studying cenopopopulations. As a result of research work
communities are characterized by the following data: Populations which are in Turkestan region and
grow in disturbed areas, gradually increase the number of their individuals and thereby restore the local
flora or form the conditions for the formation of new communities and populations of other species.
And in the Kyrgyz Alatau population, the ecological condition is stable, which is shown by the mosaic
distribution of the study species. The study showed that C. herbacea can be one of the main dominant
species for a particular area or locality and an edificator for some ephemeral or ephemeroid species.

Key words: Capparis herbacea, medicinal plant, biodiversity, seeds, population, ecology, current
situation.
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KasakcraHHbIH, OHTYCTIK 06AbICTapbiHAa Capparis herbacea willd.
ASPIAIK 6CIMAITiHIH TapaAybl XkoHe re060TaHUKAABIK, 3epTTeyAepi

Kasipri yakbiTTa 610aAyaHTYPAIAIKTI CakTay 9AEMAEri €H MaHbI3Abl MOCEAEAEPAIH OipiHe arnHaAAbI.
OnapAbIH iWiHAE ABPIAIK BCIMAIKTEPAI CakTay epeklle KOpFayAbl KaxeT eTeai. byriHri TaHaa AspiAik
6CIMAIKTEp FbIABIMU MEAMLIMHAAQ KEHIHEH KOAAAHbIAaAbl. OHbIH HEri3ri MakcaTbl ABPIAIK ©CIMAIKTED
Heri3iHAE ASPIAIK NpenapatTapAbl AabliHAAy 60AbIN TabbiAaabl. KasakcTaHHbIH OpacaH 30p ayMakTapbl
Gait TabuFn SPTYPAIAIKNEH KamTamacbi3 eTiAreH. Bi3AiH eape LWeAAi emipre GeniMAeAreH epekiie
ecimaikTep 6ap. CoHbiMeH KaTap, hAOpa OpMaH XaHe AaAa TypAaepiHe 6ar. COHFbl XbIAAAPbI EAAIH
DKOAOTUSIAbIK, NMPOOAEMaAapbl KYPAEAEHE TYCTi. ASPIAIK 6CIMAIKTEPAI cakTay MaceAeci KopluaraH
OpTaHbl KOPFay CaAacbiHAQ ©3eKTi 60AbIN Tabblaaabl. KasakcraHAarbl (hbapMaLeBTMKa OHEPKACiBi oAi
A€ AamyAbl KaxeT eTeai. CoHAbIKTaH hapMaleBTUKa OHEepPKaCiBiH AaMbITy EAAEri ©3eKTi MaceAere
anHaaAbl. TayAbl XXKoHe Tay GeKTepiHAeri ayMakTapAbl KapKblHAbI KeWeHAI nanaasaHy (6Mik TayAbl
>KaMbIABIMAAD, LWAOLIHABIK, XXEPAEP, AaMblFaH MaA LUIAPYALLbIAbIFbl, COHAAM-aK, AEMAAbIC alMarbl
peTiHAEe nNaiAaAaHy) COHFbl >KbIAAAPbl (DAOpPAa MEH OCIMAIKTEPAIH aMTapAbIKTal aHTPOMOreHAiK
e3repicTepiH TyAblpAbl. 3epTTeyAiH e3ekTiAiri HeridiHeH OpTa A3us MeH Ka3akCTaHHbIH, LOAAEPIHAE,
>KapTblAalM LLIBAAEPIHAE XXOHE AaAaAapbiHaa eceTiH Capparis herbacea Willd. aspiaik eciMAirin
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3epTrey 6OAbIN TabbiAaabl. Bya Typ opTypAi abMOTMKaAbIK, >KafpaAapra >KakcCbl OERiMAEAreH,
COHABIKTAH HAKTbl 3epTTey HbICaHbl PeTiHAE TaHAAAAbL. 3epTTey >kymbicTapbl 2020-2022 XbIAAApPbI
JKYPriziaai. )KyMbicTa KAAQCCHMKaAbIK, 6OTaHMKAABIK, 8AICTEDP KOAAAHbIAAbL. OAapFa MbIHAAApP >KaTaAbl:
MapLIPYTTbIK, 3epTTeyAep, SKOAOTUSIAbIK, CMCTEMATHKA, SKOAOTUSABIK, reorpacms, LeHOMONyASUMSHbI
3epTTey sAiCTepi. 3epTTey >KYMbICTAPbIHbIH, HOTMXKECIHAE KaybIMAACTbIKTAp KeAeCi MaAIMeTTepMeH
cunaTTanaAbl: TypkicTaH 0BAbICBIHAQ OPHAAACKaH >KaHe By3bIAFaH aymMakTapAa eCeTiH MonyAsaumsAap
GipTiHAEN 63 AapaAapblHbiH CaHblH KOOEMTIM, COA apKbIAbl XXEPriAIKTI (DAOPaHbl KAAMbIHA KEATIpEeAi
Hemece >KaHa KaybIMAACTbIKTAp MeH 6acka TYPAEPAIH MOMYyASLUMSCbIH KAAbINTACTbIPY YLIIH >KaFAait
acanmAbl. AA KpIpFbi3 AAaTayblHAQ OPHAAACKaH MOMYASUMSIAQ 3epPTTeAETIH TYPAIH MO3aMKaAbIK,
TapaAybIMeH KOPCETIAreH 3KOAOMMSABIK >KaFfAambl TypakTbl. 3eptTey kepcertkeHaei, C. herbacea
GeAriAi 6ip aymak, Hemece arMak, YLiH Herisri AOMMHAHTTapAbIH Oipi XeHe keinbip aemepaik Hemece
3(heMepomnATbI TYPAEP YLLiH 3AMDUKATOP BOAYbI MYMKIH.

Tyiin cesaep: Capparis herbacea, AspiAik eCiMAIK, GMOAAYaHTYPAIAIK, TYKbIMAAP, MOMYASLMS,
3KOAOTMS, KA3ipri >kaFpai.
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PacnpOCTpaHeHue M reoboTaHnveckme UCCAEAOBAHUS A€KAPCTBEHHOIO
pactenus Capparis herbacea willd. B 10>xHbIx 06AacTax Kaszaxcrana

B HacTosiee Bpems coxpaHeHue 6MOpasHOOOpasMs CTAAO OAHOM U3 CamblX BaXKHbIX MpobAem
B Mupe. Cpean HUX 0COGOM OXpaHbl TpebyeT COXpaHeHWEe AEKApPCTBEHHbIX pacTteHuil. CeroaHs
AEKAPCTBEHHbIE PACTEHMS LIMPOKO UCMOAb3YIOTCS B HAYyUHOM MeanLmHe. Ee OCHOBHOM LIEABIO SBASIETCS
NMPUrOTOBAEHME AEKApCTBEHHbIX MPEernapaToB HAa OCHOBE AEKAPCTBEHHbIX pacTeHuit. OrpomHble
Tepputopmn Kasaxcrana obecrneueHbl 60raTbiM NMpuUpoAHbIM padHoobpasmem. B Hawen crtpaHe ecTb
YHUKAAbHbIE PACTEHMs, MPUCTOCOBAEHHbIE K XKU3HU B nycTbiHe. Kpome Toro, haopa 6orata AeCHbIMU
W CTEMHbIMK BUAAMU. B MoCAeAHME FOAbI SKOAOTMYECKME MPOBAEMbI CTPaHbl YCAOXKHMAUCH. Bonpoc
COXpaHEHUs! AEKAPCTBEHHbIX PACTEHWI SBASIETCS aKTyaAbHbIM B OOAACTM OXpaHbl OKpPYy>KalOLLEeH
cpeabl. DapmaueBTryeckas MPOMbILAEHHOCTb B KasaxcTaHe Bce elle Hy>KAQeTcsl B PasBUTUU.
[No3ToMy pasBuTHe (hapMaLeBTUYUECKON MPOMBILIAEHHOCTU CTAaAO aKTyaAbHbIM BOMPOCOM B CTpaHe.
MHTEHCMBHOE KOMIMAEKCHOE MCMOAb30BaHUE (BbICOKOrOpHbIE MaCcTOMILA, CEHOKOCHbIE YrOAbS,
Pa3BUTOE >KMBOTHOBOACTBO, A Tak)Ke MCMOAb30BaHME B KQUECTBE 30Hbl OTAbBIXA) FOPHbIX 1 MPEATOPHbIX
TeppuUTopmn, 06YCAOBMAO 3a NMOCAEAHME TOAblI 3HAUUTEAbHbIE AHTPOMOrEHHbIE M3MEHeHUsI (PAOPbLI U
PaCTUTEABHOCTU. AKTYAaAbHOCTbIO MCCAEAOBAHUS, SBASETCS M3yYeHMe AEKAPCTBEHHOrO pacTeHwsl
Capparis herbacea Willd., kotopblii npomspacTaet raaBHbIM 06pPa3oM B MYCTbIHAX, MOAYMYCTbIHIX U
crensax CpeaHeit A3um 1 KazaxcraHa. DTOT BMA XOPOLLO aAaNTUMPOBaH K Pa3AMUHbIM abMOTUUYECKMM
YCAOBUSIM U MO3TOMY ObIA BblibpaH OOBHEKTOM HACTOSILLEro MCCAEAOBaHMS. MccaepoBaTeAbcKas
pabota nposoanAaack B 2020-2022 roaax. B pabote nCrnoAb30BaAMCb KAaccMyeckme OGOTaHUueckme
MeTOAbI. K HUM OTHOCATCS: MapLUIPYTHbIE MCCAEAOBAHMS, 3KOAOrMYecKasl CUCTEMATUKA, SKOAOTMUecKas
reorpachuisi, METOAbI M3yUeHUs LLeHOMONyAsLUMiA. B pe3yAbTaTe nccaeA0BaTeAbCKONM paboTbl COOOLLECTB
XapaKTEPUBYETCS CAEAYIOLLMMM AQHHBIMK: [1OMYASILIMM KOTOPbIE HAXOAMTCS B TypKecTaHCKo o6AacTu
M NMPOM3PACTAOT HA HaPYLIEHHbIX TEPPUTOPUSIX, MOCTEMEHHO YBEAMUMBAIOT YMCAO CBOMX OCOOEN 1 Tem
CaMbIM BOCTAHABAMBAIOT MECTHYIO (PAOPY MAM 06PasyIoT YCAOBUS AASt 06P30BaHUS HOBbIX COOOLLLECTB
U MOMYASILLUM APYTMX BUAOB. A B MOMYASLIMKM PACNOAOKeHHONM B Kuprusckom AaaTay, 3KOAOrMUeckoe
cocTosiHMe CTabuAbHOE, KOTOpOe MoKas3aHa MasamMuHbIM PACMIPUAEAEHMEM WUCCAEAYEMOTrO BUAQ.
McecaepoBanre nokasano, uto C. herbacea MoxeT ObiTb OAHWMM M3 OCHOBHbBIX AOMMHAHTOB AAS
OMPEAEAEHHOW TEPPUTOPUM UAM MECTHOCTM M 3AUMDUKATOPOM AAS HEKOTOPbIX 3(EemMepHbIX WAM

3(heMepOnAHbIX BUAOB.
KaoueBble caoBa: Capparis herbacea, aekapcrBeHHoe pacteHue, 6uopasHoobpasue, cemeHa,
MOMYASLMS, SKOAOTMsl, TEKYLLAs CUTYaLms.
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Introduction

Currently, the conservation of biodiversity has
become one of the most important problems in the
world. Among them, the preservation of medicinal
plants requires special protection. Today medicinal
plants are widely used in scientific medicine. Its main
purpose is the preparation of medicinal products
based on medicinal plants. The subject of medical
practice research is the experience of traditional
medicine. That is, medicinal plants that are popular
with the people are in demand.

Vast territories of Kazakhstan are provided with
rich natural diversity. In our country there are unique
plants adapted to life in the desert. In addition, the
flora is rich in forest and steppe species. In recent
years, the country’s environmental problems
have become more complicated. The issue of
preserving medicinal plants is relevant in the field of
environmental protection. The effective use of flora
for the needs of socio-economic development of
society is a requirement of the market situation [1].

The pharmaceutical industry in Kazakhstan
still needs to be developed. The availability of
medicines does not exceed 10 percent. Therefore,
the development of the pharmaceutical industry has
become an urgent issue in the country.

Intensive integrated use (high-altitude pastures,
hayfields, developed animal husbandry, as well as
use as a recreation area) of mountainous and foothill
territories has caused significant anthropogenic
changes in flora and vegetation in recent years.

The main types of anthropogenic disturbance
of many territories are: man-made mechanical dis-
turbances, pollution by various construction wastes,
pasture degradation, road digression, soil erosion
and diflation, flooding or, conversely, drainage of
soils, as well as unregulated use as a recreation area.

Anthropogenic impact on the vegetation co-
ver inevitably leads to a violation of the stability of
indigenous communities, a change in floral com-
position, the formation of derivative communities.

Currently, there is an intensification of anthro-
pogenic pressure on the territory (development of
natural territories, operation of industrial facilities,
deforestation, development of new lands for farms,
increasing residential and recreational loads, the use
of chemicals and pollution by industrial emissions
and transport) [2; 3].

The foothill plains of the surveyed territories
have long been used for irrigation agriculture and
horticulture. With a shortage of water resources,
rain-fed cultivation of grain crops is used here.
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As a result, large oases have emerged with a
predominance in the area of vegetable gardens, grain
crops, orchards and vineyards. There is practically
no natural indigenous vegetation left [4; 5].

The original appearance of the vegetation cover
on the cultivated areas of the foothill plains cannot
be established even theoretically. At best, we have
here only fragments of natural vegetation in the
form of steppe areas, remnants of desert vegetation,
thickets of shrubs and riverine tugai communities.
In place of abandoned agricultural lands, secondary
vegetation of deposits and wastelands has formed,
which consists of groupings of weeds, mainly segetal
and ruderal species. Among the weeds of crops , we
will name the following types: Acroptilon repens,
A. australe, Sonchus arvensis, Cirsium setosum,
Lactuca tatarica, L. serriola, Malva pusilla,
Dodartia orientalis, Artemisia annua, Echinochloa
crusgalli, euowvl Brassica, Sinapis arvensis et al. In
addition, some representatives of the natural flora
are able to increase their abundance on the site of
destroyed natural vegetation [3].

A striking example of digressive succession
with unregulated use on high-altitude pastures can
be the formation of rear areas (parking areas) — small
(approximately 500 m2) territories covered with a
layer of manure up to 10-15 cm. Vegetation in these
areas is completely absent not only as a result of
prolonged and repeated presence of a large mass
of livestock in a relatively small area, but also due
to poisoning of the soil surface with animal waste
products, mainly nitrates. It is impossible to grow
higher vascular plants on thyrls for several years
until partial weathering and flushing of substances
harmful to life occur.

The relative restoration of natural vegetation at
the site of livestock camps occurs over a number of
years as a result of the successive stages of ecological
succession. Various stages of overgrowth of thyrl
can be observed throughout the study area — from
pioneer groups of weeds to natural phytocenoses
with traces of overgrazing. Depending on the
specific ecological and geographical conditions,
the set of pioneers of the overgrowth of tyrl may be
different [4-6].

The depletion of natural resources has led to
environmental problems, such as the depletion of
valuable wild plants. The growing areas of medicinal
plants have decreased. Monitoring, research and
evaluation of medicinal plant populations is an
urgent task. In 1992, the Convention on Biological
Diversity was adopted in Rio de Janeiro. Today,
several levels of organization of living organisms
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have been identified, each of which has a special
biodiversity [2].

The history of the medicinal properties of
medicinal plants goes back to ancient times. In
the past, various decoctions and ointments were
prepared from plants, which were used for various
types of treatment. Hippocrates, who is considered
the father of medicine, also used medicinal plants for
treatment. Hippocrates gave a scientific description
of 230 medicinal plants. In addition, Chinese
medicine is based on medicinal plants. Today
medicinal plants form the scientific basis of modern
official medicine [3].

Kazakhstan’s treatment policy is based on the
principle of providing citizens with high-quality,
effective, safe and affordable medicines. To date,
more than 7,000 medicines have been registered in
the Register of the Republic of Kazakhstan. Among
them, 30% are domestic drugs, the rest are imported.
Since the pharmaceutical market depends on imports,
at the moment the release of new domestic drugs is
a very urgent issue. The study of medicinal plants in
our country is a prospect for the development of the
pharmaceutical industry.

Currently, the State pays special attention to
the conservation of plant biodiversity. The problem
of plant protection as an important component of
biodiversity is given great attention at different
levels. The conceptual directions of solving the
problem are set out in international documents:

- Creation of a system of criteria for the inventory
of rare species, their identification and determination
of the level of protection;

- Population and monitoring studies, as well as
the use of generally accepted methods of working
with rare and endangered plant species during in
vitro cultivation;

- Study of biological features of rare species
and mechanisms of influence of limiting factors on
them;

- Development of biological principles and
methods of conservation of rare species;

- organization of monitoring;

- Creation of a single database [4].

Research at the population level plays a special
role in the protection of rare and endangered plant
species. Coenopopulation is a special life form of
plant species with a known functional structure and
complex composition [5]. Currently, the threat to the
gene pool of rare endemic and endangered species
is primarily posed by anthropogenic environmental
changes and habitat fragmentation, population
decline and isolation [6].

Relevance of the study: The medicinal plant
Sarragis herbacea Wild., capers, family Sarragaceae)
grows mainly in deserts, semi-deserts and steppes
of Central Asia. This species is well adapted to
various abiotic conditions (drought, salinization,
temperature changes and other environmental
factors) and therefore was chosen as the object of
this study.

The growing conditions of this plant are unique
in nature, such as drought resistance, resistance to
high temperatures and the ability to grow even in
rocky places. Among many promising medicinal
plants, we chose Capparis herbacea, a plant rich in
biologically active substances. Capparis herbacea
has not been systematically studied in Kazakhstan.
Therefore, the purpose of our work is to study the
phytochemical composition and biological activity
of the plant, as well as the study of new medicines,
the biological activity of phytopreparations or
herbal medicines. This species grows and blooms
in arid regions during the summer. It does not
compete with other species for water in the
Mediterranean basin. The plant does not compete
with other species for water in the Mediterranean
basin. This requires a semi-arid climate with an
average annual temperature above 14 °C and an
average annual precipitation of at least 200 mm [7].
It is adapted to arid regions, therefore, it tolerates
water shocks without any symptoms and withstands
strong winds and temperatures above 40 ° C in the
dry Mediterranean summer [8; 9]. In addition, the
stems of capers are well stored in winter; but during
the growing season, frost can destroy them. It is
usually grown at low altitudes, but some plants are
found even at an altitude of 1000 meters above sea
level [10]. This plant has a powerful root system
associated with nitrogen-fixing bacteria, which
allows it to grow in poor soil [11; 12].

Materials and methods of research

The object of our research is the medicinal plant
Capparis herbacea. C. herbacea is the only species of
the Capparidaceae family native to Kazakhstan. It is
a deciduous perennial herbaceous aromatic plant that
grows wild in arid areas. It is sometimes called “wild
watermelon” and “wild onion”. It grows in groups
in rocky, desert areas. In addition, the branches are
curved or straight, with simple spikes. And the leaves
are rounded or oval, oblong, elliptical, with a blunt
base. The structure of the leaves is bare, very dense,
the length can reach 30-50 mm. The stem is hollow
or whole, its height reaches 4-6 meters. One of the
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characteristic features of C. herbacea is the presence
of thorns. Therefore, it is popularly called “prickly
caper”. Its leaves are arranged alternately. And the
flowers bloom from May to the end of August. The
roots are thick, hard, up to 12 m long. The flower has
many stamens. Stamens are numerous, with filaments
up to 5 cm long. The length of the gynophore is 3-6
mm. The fruits are elliptical, oval or oblong, fragrant.

The seeds are large, also brown in color (figure
1). Unlike other plants, they can regulate water
metabolism, so they remain active during a prolonged
drought. This group of plants is heterogeneous in
terms of resistance to extreme growing conditions.
For example, some xerophytes shed their leaves and
stop growing, some tolerate drought due to a short
growing season, etc. [14; 15].

Figure 1 — Flowers, fruits, seeds of the medicinal plant Capparis herbacea Willd

The research work was carried out in 2020-
2022. Classical botanical methods were used in
the work. These include: route studies, ecological
systematics, ecological geography, methods of
studying cenopopulations.

In the course of the study, herbariums were
collected to clearly define the floral community. In
total, about 80 herbarium sheets were collected and
processed. In addition, the herbarium material of
the collection funds of the Institute of Botany and
Phytointroduction (AA) was studied during the work.
Herbarium collection was carried out according to
the method of A.K. Skvortsov (1977). To determine
the collected material, the main conclusions were
used: “Flora of Kazakhstan” (1960), “Illustrated
Handbook of Plants of Kazakhstan” (1969),
“Handbook of Plants of Central Asia” (1972),
etc. The plant species were listed according to the
reports of Cherepanov (1995). The study of plants
was carried out by traditional methods of field
geobotanical research. The area of the standard plot:
in the steppes and deserts is 15x15 sq. m and every
1 sq. m. Species determination was carried out on
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the basis of primary data. The study determined
the timing of the development of the phenological
period, as well as the appearance of leaves, flowering
time, fruit appearance, leaf fall and the duration of
the growing season of the studied plant Capparis
herbacea [13-18].

The expedition took place on the territory of
Zhambyl region and Turkestan region. The research
was carried out using maps of the territory, as
well as using a GPS navigator (GPS ETREX 20,
Garmin). All identified plant growth points were
recorded and thoroughly studied, geobotanical test
areas were laid. All identified plant growth points
were recorded and thoroughly studied, as well as
geobotanical test areas were laid.

Results and discussion

Analysis of the geographical distribution of C.
herbacea

Sarragis spinosa grows naturally from the
Atlantic coast of the Canary Islands and Morocco
to the Black Sea, in Crimea and Armenia, and to
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the eastern side of the Caspian Sea and Iran. It
is common in North Africa, Europe, West Asia,
Afghanistan and Australia. The plant may have
originated in the tropics and then spread to the
Mediterranean basin and Central Asia. Different
subspecies and varieties have specific geographical
distributions. C. herbacea is widespread in
Southern Europe, North Africa, including the
Sahara, the Arabian Peninsula and the Middle East
to China. Rupestris is widely distributed in France,
Italy, Spain, Slovenia, Malta, Croatia and Albania,
as well as in Turkey, Greece, Algeria, Libya
and Tunisia. The Mediterranean regions may be
seriously affected by global warming, which will
lead to extensive consequences for agroecosystems
and crop production. Particular attention should be
paid to plants adapted to arid conditions for use

in agricultural systems under the current climate
change scenario [19].

Mediterranean regions could be severely affected
by global warming, with extensive consequences
for agro-ecosystems and crop production. Special
attention should be given to plants adapted to
drought conditions for use in agricultural systems
under the current climate change scenario.

Despite the fact that C. herbacea is quite widespread,
according to many researchers, this species does not
spread evenly across the territory of Kazakhstan. It is
found in 6. Caspian; 9. Turgay; 10a. Ulytau; 13. Northern
Ust-Tark; 16. Betpakdalinsky; 17. Muyunkumsky;
18. Balkhash-Alakolsky; 19. Yuzhno Ust-Tursky; 21.
Turkestan; 24. Dzungarian Alatau; 25. Trans-1li Kungei
Alatau; 27. Kirghiz Alatau; 28. Karatau; 29. Western
Tien Shan floristic districts (figure 2) [15;16].
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Figure 2 — Distribution C. herbacea within Kazakhstan

As we can see from the illustrations shown
above, C. herbacea is distributed unevenly across
the floristic regions of Kazakhstan, and is scattered
in the steppe and desert zones, and extends into
zones with a high-altitude belt. But the fact that we
see in the previous figure is confusing, as no species
has been noted in the Chu-Ili Mountains, and this
species is found all around it. There are also a lot of
questions about the distribution of this species, but it
requires a lot of time and resources to perform work
on a worldwide scale.

Analysis of expedition work

As a result of the expedition work in the
territory of the Turkestan region, 5 points of
growth and dominance of the species Capparis
herbacea were noted. Descriptions of communities
are given for all points, some communities have
practically no species composition and are limited
to several species. This is due to the fact that the
studied species is well adapted to growing even
in disturbed habitats, as after a rush of land, on
deposits.
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B

Figure 3 — Points of communities described in the Turkestan region

A — general map; B — map of points 1-4

Description No. 1

The name of the association: grass-cornflower with the participation of capers

Geographical location: Turkestan region, Tulkibas district, Mashat rural district.
Coordinates: N42° 29°35.00” E69° 56°54.50” h-658 m.
The general nature of the relief: foothill counters, slope (slope 10-15°).

The position of the association site in relief: south-eastern slope, near the highway, between cultivated crops.

Microrelief: undulating plain.

Other features: moderate anthropogenic impact, near the road, the herbal composition is moderately slightly disturbed. The soil

is clay. Weeds.
The size of the trial area: 15x15 m
Canopy closeness: 0

Structure of the tier: — C. herbacea

Table 1 — Characteristics of the rocks that make up the shrub layer

Ne Name of breeds Abundance Height, m Phenophase Life form
Average Max.
1 C. herbacea Sp 0,5 0,7 C Shrub
Characteristics of the grass tier
Sample area size: 15x15
Total projective coverage: 50-60% (70)
Aspect (appearance, physiognomy of the association): Mixed
Table 2 — Characteristics of the plants that make up the herbaceous tier
Ne Name of plants Abundance Height, cm Coverage, % Phenophase
1 2 3 4 5 6
Centaurea pseudosquarrosa copl 50 20
Mikheev ex Gabrieljan et Mikheev
Artemisia terrae-albae Krasch. sp. 50 4
Convolvulus arvensis L. sp. 30 4
Trifolium pratense L. Un 35 0,5
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1 2 3 4 5 6
Cichorium intybus L. Rr 90 1 (0]
Astragalus rytilobus Bunge sol. 30 2 0
Polygonum patulum M. Bieb. Sp 20 1 (0]
Lactuca tatarica (L.) C.A. Mey. Un 30 2 (0]
Tragopogon sp. Un 50 0,5 +
Echium vulgare L. sol. 60 3 (0]
Asteraceae Rr 80 1 +
Poa pratensis L. copl 70 20 #
Beckmannia eruciformis (L.) Host | sp. 20 4 #
Calamagrostis  pseudophragmites | sp. 20 4 #
(Haller f.) Koeler

a fo

Description No. 2

Association name: mixed-herb-caper
Geographical location: Turkestan region, Tulkibas district, Mashat rural district.
Coordinates: N42°29°19.10” E69° 56°22.60” h-689 m.
The general nature of the relief: the foothill counters.

The position of the association site in relief: the top of a small hillock or counter, near the highway, near

rest belt of elm.
Microrelief: undulating plain.

Other features: moderate anthropogenic impact, near the road, the herbal composition is moderately
slightly disturbed. Dirt road. The soil is clay. Weeds.
The size of the trial area: 15x15 m

Canopy closeness: 0

Structure of the tier: — C. herbacea

Table 3 — Characteristics of the rocks that make up the shrub layer

No Name of breeds Abundance Height, m Phenophase Life form
Average Max.
1 C. herbacea cop2 0,3 0,5 C Shrub

Characteristics of the grass tier

Sample area size: 15x15

Total projective coverage: 50-60%

Aspect (appearance, physiognomy of the association): Mixed

Table 4 — Characteristics of the plants that make up the herbaceous tier
Ne Name of plants Abundance Height, cm Coverage, % Phenophase

Centaurea pseudosquarrosa sp. 40 4 C
Mikheev ex Gabrieljan et Mikheev
Artemisia terrae-albae Krasch. sp. 50 4 )
Convolvulus arvensis L. sp. 20 4 O
Trifolium pratense L. Un 35 0,5 (¢}
Cichorium intybus L. Rr 90 1 o
Polygonum patulum M. Bieb. Un 20 0,5 O
Lactuca tatarica (L.) C.A. Mey. Un 30 2 (0]
Tragopogon sp. Un 50 0,5 +
Echium vulgare L. sol. 60 3 O
Asteraceae Rr 80 1 +
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Calamagrostis  pseudophragmites | sp. 70 20
(Haller f.) Koeler

Echium  biebersteinii  (Lacaita) | Rr 30 1
Dobrocz.

Pseudosophora alopecuroides (L.) | sp. 90 5
Sweet

Rumex sp. Un 60 0,5

Description No. 3

The name of the association: grass-cornflower with the participation of capers
Geographical location: Turkestan region, Tulkibas district, Mashat rural district.
Coordinates: N42° 28°36.10” E69° 54°27.00” h-652 m.
The general nature of the relief: the foothill counters.
The position of the site of the association in relief: the lowering of a small hillock or counter, near the
highway, near a forest belt of elm.

Microrelief: undulating plain.

Other features: moderate anthropogenic impact, near the road, the herbal composition is moderately
slightly disturbed. The soil is clay. Weeds.
The size of the trial area: 15x15 m

Canopy closeness: 0

Structure of the tier: — C. herbacea

Table 5 — Characteristics of the rocks that make up the shrub layer

Ne Name of breeds Abundance Height, m Phenophase Life form
Average Max.
1 C. herbacea copl 0,5 0,5 C Shrub
Characteristics of the grass tier
Sample area size: 15x15
Total projective coverage: 60%
Aspect (appearance, physiognomy of the association): Mixed
Table 6 — Characteristics of the plants that make up the herbaceous tier
Ne Name of plants Abundance Height, cm Coverage, % Phenophase
Centaurea pseudosquarrosa cop2 45 30 C
Mikheev ex Gabrieljan et Mikheev
Artemisia terrae-albae Krasch. sp. 50 4 -
Convolvulus arvensis L. sp. 20 4 (0]
Trifolium pratense L. Un 35 0,5 (6]
Cichorium intybus L. Rr 90 1 (0]
Polygonum patulum M. Bieb. Un 20 0,5 (0]
Lactuca tatarica (L.) C.A. Mey. Un 30 2 (6]
Tragopogon sp. Un 50 0,5 +
Echium vulgare L. sol. 60 3 (0]
Asteraceae Rr 80 1 +
Calamagrostis  pseudophragmites sp. 70 20 #
(Haller f.) Koeler
Echium  biebersteinii ~ (Lacaita) Rr 30 1 +
Dobrocz.
Pseudosophora alopecuroides (L.) sp. 90 5 +

Sweet

48



O.B. Tleuberlina et al.

Rumex sp. Un 60 0,5 +
Astragalus rytilobus Bunge sol. 30 2 )
Calamagrostis epigeios (L.) Roth sp. 20 4 #
Agrostis gigantea Roth sp. 20 4 #
Descurainia sophia (L.) Webb ex Un 50 0,5 +
Prantl

Malva sp. Rr 90 1 O

In the two following points, the species composition is limited to 2-3 species, since they are located on

deposits.

Description No. 4

Association name: bluegrass-caper

Geographical location: Turkestan region
Coordinates: N42°29.553” E69° 56.931” h-765 m.
The general nature of the relief: the foothill counters.
The position of the association site in relief:
Microrelief: undulating plain.

Other features: weak anthropogenic impact, the herbal composition is slightly disturbed. The soil is clay.
The size of the trial area: 15x15 m

Canopy closeness: 0

Structure of the tier: — C. herbacea

Table 7 — Characteristics of the rocks that make up the shrub layer

Ne Name of breeds Abundance Height, m Phenophase Life form
Average Max.
1 C. herbacea cop2 0,5 0,7 C Shrub
Characteristics of the grass tier
Sample area size: 15x15
Total projective coverage: 70%
Aspect (appearance, physiognomy of association): bluegrass
Table 8 — Characteristics of the plants that make up the herbaceous tier
Ne Name of plants Abundance Height, cm Coverage, % Phenophase
Poa pratensis L. cop2 40 30 #

Description No. 5

Association name: Caper

Geographical location: Turkestan region

Coordinates: N42° 02.762” E69° 28.624” h-682 m.

The general nature of the relief: the foothill counters.

The position of the association site in relief:

Microrelief: undulating plain.

Other features: moderate anthropogenic impact, near the road, the herbal composition is moderately

slightly disturbed. The soil is clay. Weeds.

The size of the trial area: 15x15 m
Canopy closeness: 0
Structure of the tier: — C. herbacea
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Table 9 — Characteristics of the rocks that make up the shrub layer

Ne Name of breeds Abundance Height, m Phenophase Life form
Average Max.
1 C. herbacea cop2 0,6 1 C Shrub
Characteristics of the grass tier
Sample area size: 15x15
Total projective coverage: 40%
Aspect (appearance, physiognomy of the association): Alhagi-bluegrass
Table 10 — Characteristics of the plants that make up the herbaceous tier
Ne | Name of plants Abundance Height, cm Coverage, % Phenophase
Poa pratensis L. copl 30 20 #
Alhagi  pseudalhagi (M. Bieb.) sp. 50 5 C
Fisch.

Taking into account the data obtained on
communities in disturbed territories, we can
assume that the studied species feels good in such
conditions. This is an indicator that it is not for
nothing that this species is medicinal and is also
shrubby, and it is learned that the species under
study was not oppressed and gave offspring well,
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that is, there were also overgrowths that show that
the community is still developing and at the stage
of restoration.

A more thorough study was also conducted in
the Kyrgyz Alatau, where only in the Oiranda gorge
(Zhambyl region), a place of growth of this species
was found, and in the gorge. as a Measure or other,
this species was not marked (Figure 4; 5) (Table 11).
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Figure 4 — A drawing map with the marks of the gorge where the species under study

grows and does not grow (blue stripe Oiranda gorge)
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Figure 5 — Oiranda gorge with the indication of the points of the place of growth of C. herbacea

Ta6muma 11 — Floristic diversity of communities with the participation of C. herbacea Oiranda Gorge (Kyrgyz Alatau)

Type name Abundance Placement by B.A. | Height, m Phenophase
Bykov
1 2 3 4 5

Crataegus chlorocarpa Lenne & K. Koch Sol Single Fruits
Zabelia corymbosa (Regel & Schmalh.) Makino cop3 Diffuse 4 Fruits
Spiraea hypericifolia L. cop 1 Single, unevenly 1-1.5 Vegetation
Cotoneaster melanocarpus Fisch. ex Blytt Sp Single, unevenly 1 Fruits
Berberis integerrima Bunge Sp Single, unevenly 1 Fruits
Rosa platyacantha Schrenk Sp Diffuse 1,5 Fruits
Juniperus semiglobosa Regel Sol Single, unevenly 3-5 Vegetation
Euonymus semenovii Regel & Herder Sol Single, unevenly 1 Seeds
Lonicera tatarica L. Sol Single, unevenly 1,5 Vegetation
Rhamnus cathartica L. Sol in groups, unevenly 6 Fruits
Ephedra distachya L. Sol spots are uneven 0,3 Vegetation
Ribes meyeri Maxim. Sol Single, unevenly 2 Fruits
Festuca valesiaca Gaudin copl Diffuse 0,6 Seeds
Capparis herbacea Willd. (Capparis spinose L.) | sp -copl Diffuse, mazaic 0,8 Fruits
Rubus caesius L. sp -copl Diffuse 0,8 Fruits
Origanum tyttanthum Gontsch. Sp in groups, unevenly | 0,5 Seeds
Leymus angustus (Trin.) Pilg. Sp Single, unevenly. 0,7 Seeds
Galium verum L. Sp spots are uneven 0,5 Seeds
Phleum phleoides (L.) H. Karst. Sp Diffuse 0,5 Seeds
Descurainia sophia (L.) Webb ex Prantl Sp in groups, unevenly | 0,6 withering away
Ajania fastigiata (C. Winkl.) Poljakov sp Single, unevenly 0,8 Blooms
Poa transbaicalica Roshev. Sp uneven everywhere | 0,8 Seeds
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1 2 3 4 5 6

Viola rupestris F.W. Schmidt sol-sp Single, unevenly 0,2 Vegetation
Bothriochloa ischaemum (L.) Keng sol-sp in groups, unevenly. | 0,3 Blooms
Calamagrostis epigeios (L.) Roth Sol spots are uneven 1,3 Vegetation
Veronica spuria L. Sol Single, unevenly 0,8 Blooms
Dictamnus angustifolius G. Don ex Sweet Sol Single, unevenly 1 Seeds
Artemisia dracunculus L. Sol Single, unevenly 1 Blooms
Potentilla asiatica (Th. Wolf) Juz. Sol in groups, unevenly | 0,5 Blooms
Geranium collinum Stephan ex Willd. Sol Single, unevenly 0,6 Blooms
Hypericum perforatum L. Sol Single, unevenly 0,8 Seeds
Ziziphora clinopodioides Lam. Sol Single, unevenly 0,2 Blooms
Achillea asiatica Serg. Sol Single, unevenly 0,2 Blooms
Urtica dioica L. Sol in groups, unevenly. |1 Vegetation
Vicia tenuifolia Roth Sol Single, unevenly 0,5 Blooms
Thymus marschallianus Willd. Sol in groups, unevenly. | 0,1 Seeds
Sisymbrium loeselii L. Sol Single, unevenly 1 Blooms
Astragalus sp. Sol Single, unevenly 0,4 Vegetation
Verbascum blattaria L. Sol Single, unevenly 0,7 blooms

Based on the above results, we can say that in
more stable communities, where there is very little
influence of an external factor, in which many
species disappear, the species under study also feels
good, but is not the main dominant in the community,
the bushes are mostly scattered around about 10-15
meters from each other (there are large shrubs). And
this shows, in turn, that this species contributes to
the preservation of the community and is one of the
main components of such a population. In addition,
it can be assumed that in the disturbed territories
that were previously described from the Turkestan
region, communities may also move from dominant
to subdominant over time, or be as an edifier species.

General data that can reinforce and supplement
the literature data on this species. The plant is
adapted to arid regions, so it can withstand hydraulic
shocks, strong winds and temperatures above 40 °
C during the dry Mediterranean summer without
visible damage. The root system of the plant is
well developed. It tolerates sandy or rocky soil [19;
20]. It also prefers saline and halophytic habitats.
It also grows wild at the junctions of walls and
ancient monuments. Capparis herbacea has a low
combustibility, so it is often used to fight forest fires
in the Mediterranean climate [21].

In addition, the plant Capparis herbacea plays
a very important role in agriculture. It is used to
beautify the landscape, as well as to reduce erosion
on steep rocky slopes, highways, sand dunes or in
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fragile semi-arid ecosystems. Capparis herbacea is
very useful for protecting the soil from drought [22].
It plays a special role in soil protection. Capers have
also been used as a condiment since ancient times.
The plant is rich in biologically active substances
and has a wide range of properties of interest to
people of culture and the food industry [23]. Its
phytochemical value is due to the abundance of
bioactive components in various organs, and its
cultivation is of great economic importance. In folk
medicine, the kidneys, fruits, seeds and roots of this
plant are used as a diuretic, rheumatic, expectorant,
antidiabetic decoction [24]. This plant also contains
phenolic compounds, flavonoids, carotenoids and
tocopherols and facilitates cardiovascular diseases,
liver damage and nephropathy in animals with
diabetes associated with antioxidant phytochemicals
[25]. Fruits contain up to 12% sugar, up to 18%
protein, essential oils, rutin 0.32%, 150 mg ascorbic
acid, about 25-36% edible oil, and the root is the
glucoside kapparidin. Medicinal use of the root
of Capparis herbacea spread from early Arabic
medicine to medicine in Central Asia [26]. The root
of this plant is used for brucellosis, rheumatism, to
calm the nervous system, for toothache and injuries
[27]. The root of the plant is a cure for liver diseases
and jaundice. The leaves and branches are used
to treat diabetes, and the seeds are used to treat
headaches [28]. The fruits of the plant treat food
diseases, and the decoction — hemorrhoids and
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toothache. Well-planned clinical studies are needed
to determine the benefits and harms of capers.

It also contains many other useful compounds,
such as polyphenols, alkaloids, lipids, vitamins
and minerals. Our goal is to identify the main
biologically active substances contained in various
parts of wild and cultivated plants (leaves, stems,
fruits and flowers). If you look at the results of many
studies, the morphological characteristics of all
ordinary capers are revealed. Such results are of great
importance when growing capers in agriculture. In
addition, the results of this study indicate the health
benefits and chronic diseases of eating capers with
antioxidants and their biological properties. The
fruits of the medicinal plant C. herbacea are also
useful. In addition, capers have a pleasant taste, and
also contain a large amount of vitamins and trace
elements. C. herbacea is a very common plant on
earth. The plant is found in mountain gorges, and
is also heat-resistant. Even his voice has healing
properties and is used in folk medicine [23; 24].

For many years, mankind has used herbs to fight
various diseases. Of course, they are used to varying
degrees in different countries. Many countries
have extensive experience in the use of medicinal
plants. In 2017, Hamid Wahid, Hassan Rahshande,
Ahmad Gorbani found that prickly capers alleviate
cardiovascular  diseases, liver damage and
nephropathy in diabetic animal models associated
with antioxidant phytochemicals such as phenolic
compounds, flavonoids, carotenoids [25]. In our
further research, we will determine the medicinal
properties of the phytochemical composition of
the aboveground and underground parts, as well as

study the medicinal properties of the C. herbacea.
Conclusion

As a result of the research work, communities
are characterized by the following data: Populations
that are located in the Turkestan region and grow in
disturbed territories, gradually increase the number
of their individuals and thereby restore the local
flora or create conditions for the formation of new
communities and populations of other species. And
in the population located in the Kyrgyz Alatau, the
ecological state is stable, which is shown by the
mosaic distribution of the studied species.

Capparis herbacea is well studied abroad,
it is also known for its medicinal properties. In
our country, this species has been poorly studied.
Therefore, based on foreign data, it is important
for us to study the distribution and composition of
the medicinal plant C. herbacea in Kazakhstan.
All vegetation growth points were identified and
geobotanical test areas were laid.

In addition, the study showed that C. herbacea
can be one of the main dominants for a certain
territory or locality and an edifier for some
ephemeral or ephemeroid species, as well as the
main landscape species. The growth of this species
on plains and between mountains indicates its high
adaptability to various environmental factors and
the factor of anthropogenic impact.

Conflict of interest: All authors are familiar
with the content of the article and have no conflict
of interest.
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CHARACTERIZATION OF FUNCTIONAL AND MICROBIAL
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AND CHEESE MANUFACTURING

Abbreviations
CFU- colony forming units; LAB — lactic acid bacteria; MRS — De Man, Rogosa and Sharpe agar;
MPA — Meat Peptone Agar; BOD- biochemical oxygen demand; COD - chemical oxygen demand

The main reason for selecting whey as a substrate of research and raw material for alcohol pro-
duction is to reduce industrial waste that adversely impacts the environment, as well as to make
a profit on it. The environmental impact of whey is related to its biological oxygen demand (BOD
= 230 mg/ml) and chemical oxygen demand (COD = 70 mg / ml). Whey is mainly composed of
disaccharide lactose, and the activity of yeast strains plays an important role in its conversion to
bioethanol. Lactic acid bacteria, whey composition, and fermentation conditions also play an im-
portant role. In this work, the physicochemical properties of milk and cheese whey were studied,
and microbiological analysis was carried out. The results show the high quality of the whey of the
two selected producers of cottage cheese and cheese. The uniformity of consistency and normal
appearance, taste, and smell, corresponding to the whey, testify to the observance of all sanitary
norms and rules at the stage of whey collection. No significant differences were found between the
characteristics of two different whey samples. The cells of yeast strains isolated from whey had dif-
ferent natures. 4 strains of alcohol-resistant yeasts and 2 strain of lactic acid bacteria Lactobacillus
plantarum W1 and Leuconostocmesenteroides W1 were isolated, which could be promising bio-
catalysts for bioethanol production.

Key words: milk whey, fermentation, yeasts, whey microflora.
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'9A-Dapabu atbiHAaFbl Kasak YATTbIK, yHUMBepcuTeTi, KasakcraH, AAmarbl K.
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IpiMiLik xoHe cy36e eHAipiciHAE aAbIHFaH CapbICYAbIH, (PYHKLIMOHAAADI
)KOoHEe MMKPOOTbIK NPoMAiHiH, cMnaTTamachbl

KbickapTyaap

KKB-koroHusikypaytubl GipaikTep; CKB-cyT Kblwkbiaabl 6GakTepusaap; MRS — arap Ae MaH, Poro-
3akoHe LLlapna; EMA — eT-nenToHabl arap; OBK — oTTerire 61oxmmMusiabik, kaxeTTiAik; OXK — oTTerire
XUMMSADBIK, KaXKeTTIAIK.

ITaHOA BHAIPICI YWiH 3epTTeyAep MeH LWMKi3aT yiliH cybCcTpaTt peTiHAE CapbiCyAbl TaHAQYAbIH
Herisri ce0ebi koplaraH opTaFa TepiC acep eTeTiH OHAIPICTIK KAAAbIKTapAblH a3ailobl, COHbl-
MeH Kartap nanaa Taby 60Abin TaObiraabl. CapbiCyAblH KoplaraH opTara acepi OHblH OTTeriHe
61MOAOTMAABbIK, KaxkeTTiAirimeH (OBK= 230 Mr / MA) X8He OTTeriHiH, XMMMUAABIK, KaKeTTiAiriMeH
(OXK = 70 mr / MA) GanaaHbiCTbl. CapbICy HEri3iHEH AMCAaXapUATI AaKTO3aAaH TypaAbl, COHAbIKTaH
alIbITKbl ITAMAAPbIHbIH OEACEHAIAITT OHbIH OMO3TAHOAFA alHaAyblHA aMTapPAbIKTal 8cep eTeAi.
CyT KbiIlKbIAbI 6aKTEpUsIAAPbI, CapbICYAbIH Kypambl >X8HE alubiTy WapTTapbl Ad MaHbI3Abl POA
atkapaabl. ByA XKymbicTa cy36e >koHe ipiMLLIK OHAIPICIHEH aAbIHFAH CapbICyAbIH (OU3MKA-XUMUSIABIK,
KacueTTepi 3epTTeAin, MUKPOOMOAOTUSAABIK, TaAAdy >KYPTi3iAAi. AAbIHFAH HOTMXEAEp TaHAAAFaH
ipiMwik neH cysbe eHAIpyLiAepAiH CapbICybIHbIH XOFapbl canacbiH kepceTeai. CapbicyFa carkec
KEAETIH KOHCUCTEHLMSIHbIH, BipKEAKIAITT )XOHEe KaAbINTbI CbIPTKbI TYPi, ASMi MEH MiCi CapbICyAbl >KM-
Hay Ke3eHiHAe OapAbIK CaHMTAPAbIK, HOPMAAAp MEH epeXkeAepAiH CakTaAybiH KepceTeai. Exi Typai
CapbICy YATIAEPiHiH cMnaTTamaAapbl apacbiHAQ alTapAbIKTan anblipMaLlbIAbIKTap TabbiAFraH xok,. Ca-
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pbiCyAaH GOAIHIN aAbIHFAH aAlbITKbI LWITAMAAPbIHBIH, XacyllaAapbl 8pTYPAI cunatTa 60AAbl. CnnpT-
Ke TO3iMAI allbITKbIAAPAbIH, 4 LUTaMMbl >X8He GMO3TAaHOA 6HAIPY YLIiH MepcrneKkTMBaAbl OGuMokKaTa-
AM3ATOPAAp GOAYbl MYMKiIH CYT KbIlKbIAbI GakTepusaapbiHbib 2 Lactobacillus plantarum W1 >kaHe
Leuconostocmesenteroides W1 wtammbl 6AIHAIL

TyiiHAI ce3Aep: CyT capbiCybl, allbITY, aLIbITKbI, CAPbICY MUKPOAOpPAChHI.
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XapakTtepucTrka pyHKUMOHAABHOTO U MUKPOOHOro NpodoMAs CbIBOPOTKH,
MOAYY€HHOH NpU NPOU3BOACTBE TBOPOra U cbipa

CokpallueHusi 1 0603Ha4YeHUs

KOE - koaoHneo6pasyioume eamHnLbl; MKB — moAouHokmcAble BakTepmmn; MRS — arap Ae Mat,
Porosa u LLiapna; MIMA — MsconenToHHbir arap; BINK — 6roxummyeckas noTpebHOCTb B KUCAOPOAE;
XMK — xrmuyeckas noTpe6HOCTb B KUCAOPOAE.

OcHoBHas npuunHa Bbibopa CbIBOPOTKM B KavecTBe cy6CTpaTta AAS UCCAEAOBAHMUIA U Cbipbs
AAS IPOU3BOACTBA 3TAaHOAQ 3aKAKOYAETCS B YTUAM3ALMU NMPOMbBILUAEHHbBIX OTXOAOB, KOTOpPbIE He-
raTMBHO BAMSIOT Ha OKPY>KaloWYylo CPeAy, a Tak>Ke B MOAyYeHUM Hamboabluen npubbian. Bos-
AENCTBME CbIBOPOTKM Ha OKPY>KalOLLylo CPeAy CBS3aHO C ee GMOAOrMYeckor noTpebHOCTbIo B
kncaopoae (BMK = 230 Mr/mMA) 1 xummnueckon notpebHoCTbio B knucaopoae (XK = 70 Mr/ma).
CblBOPOTKa B OCHOBHOM COCTOMT M3 AMCAXapUAHOM AAKTO3bl, MO3TOMY akKTUBHOCTb APOX>KEBbIX
LUTAaMMOB 3HAYUTEAbHO BAMSET B ee NpeBpalleHun B 6M03TaHOA. MOAOUYHOKUCAbIE GakTepuu,
COCTaB CbIBOPOTKWM M YCAOBMSI (DEPMEHTALMM TaKXe MIrpaloT Ba>KHYIO pPOAb. B aaHHon pabote
ObIAM M3y4UeHbl (PU3UKO-XMMUYECKME CBOMCTBA TBOPOXKHOM U MOACBIPHOWM CbIBOPOTKM, NMPOBEAEH
MUKPOOMOAOTMYECKMIA aHaAM3. Pe3yAbTaTbl MOKa3blBAOT BbICOKOE KAYeCTBO CbIBOPOTKU ABYX
BbIOpPaHHbIX MPOM3BOAUTEAEN TBOPOra M Cbipa. PaBHOMEPHOCTb KOHCUCTEHUMU U BU3YaAbHble
NPM3HaKM, BKYC U 3arax, COOTBETCTBYIOUME CbIBOPOTKE, CBUAETEALCTBYIOT O COOAIOAEHUMN BCEX
CaHUTApHbIX HOPM U MpPaBMA Ha 3Tane cbopa cbiBOPOTKU. He 6bIA0 06HAPY>KEHO 3HAUMTEAbHbIX
Pa3sAMUMI MEXAY XapaKTepucTMKamMu ABYX pasdHblX 06pa3LoB CbIBOPOTKU. KAETKM APOXKIKEBbIX
LUTAaMMOB, BbIAEAEHHbIX M3 CbIBOPOTKM, UMEAW PasHylo NpupoAy. BoiaeaeHo 4 wiTamma cnmpTo-
YCTOMUMBBIX APOXOKEN M 2 LITaMMa MOAOYHOKMCAbIX OGakTepuit Lactobacillus plantarum W1 n
Leuconostocmesenteroides W1, KoTopble MOTyT 6bITb NePCNeKTUBHbIMKN BMOKaTaAM3aTOPaMM AAS
NPoOu3BOACTBa 6MO3TAHOAA.

KAtoueBble cAOBa: MOAOUHAS CbIBOPOTKA, (hepMeHTaLmMs, APOXKKM, MUKPOAOPA CbIBOPOTKM.

Introduction

The rapid growth of industry, the development
of cities and megalopolises, and the improvement of
their amenities require solving problems associated
with the negative impact of human activities on the
environment. The food industry is one of the indus-
tries necessary to provide people with food. But at
the same time, the food industry brings great harm
to the environment. To reduce environmental dam-
age, manufacturing is now beginning to use closed
cycles, and in this new wave, the food industry has
proven that the future is zero-waste. Secondary
dairy raw materials are a good resource for the pro-
duction of new economically significant products.
Whey is the liquid that remains after the production
of milk and dairy products such as cheese, cottage
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cheese and casein. At the moment, there are various
ways of commercial uses of whey, as it is produced
in large quantities and causes significant harm to
the environment due to the content of many organic
compounds in it. Cheese whey is the biochemical
oxygen demand (BOD =230 mg/ml) and chemical
oxygen demand (COD = 70 mg / ml) [1]. For the
utilization of whey, more precisely for its chemi-
cal oxidation, about 50 g of oxygen is needed, in
comparison, data on the oxidation of wastewater are
given, for the oxidation of such waste 0.3 g of oxy-
gen is required. It is for this reason that the whey has
a deadly effect on the flora and fauna of the environ-
ment into which it will merge. Particular attention
should be paid to Lactose, it is she who is largely
responsible for the high level of BOD and COD.
Isolation of protein and its use in the other direc-
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tion reduces COD by only 12%. On the other hand,
whey is very rich in nutrients such as peptides, min-
erals and vitamins, this side of it offers a promising
possibility of using whey as a resource [2]. Whey is
currently considered as a material for ethanol pro-
duction based on the bioconversion of lactose.

Bioethanol is a renewable energy source without
greenhouse gas emissions obtained by fermenting
sugar-containing substances. Ethanol production is
an excellent approach to energy independence and
one of the best replacements for current polluting
fuels such as fuel oil and coal obtained from tradi-
tional methods. today ethanol is important product
on the fuel market [3]. Ethanol can be obtained in
two ways, the first is obtained chemically, the sec-
ond is enzymatic, using microorganisms that fer-
ment sugars. At the beginning of the 20th century,
the second method was used more often than the
chemical method, but soon the choice of entrepre-
neurs changed due to the rise in prices for sugar
and starch. In the chemical method for producing
ethanol, reactions are carried out to hydrate ethyl-
ene; in the case of a fermentation or microbiological
method, yeast is most often used to ferment sugars
[4-6]. The production of ethanol using the fermen-
tation process of sugar-rich materials is technically
feasible, and its use does not affect the environment.
In contrast to the production of ethanol using cellu-
losic materials, the use of whey is the most accept-
able from a financial point of view, since cellulosic
materials require additional manipulations, such as
hydrolysis in order to break down into simple sugar
molecules, which is expensive. Moreover, whey is
very readily available for ethanol production [7].

Currently, most of bioethanol from secondary
raw materials, in large-scale enterprises, is obtained
using yeast. The type of yeast is of no small im-
portance, since not all yeast can utilize lactose as
the main sugar of whey. For example, S. cerevisiae
yeast consume sugars such as glucose, fructose,
maltose and maltriose, S. diastaticus — dextrins, and
in turn Klueyveromyces fragilis and K. lactis con-
sume lactose. Also used are genetically modified
microorganisms such as Zymomonas mobilis and
Escherichia coli for use in alcohol production. the
use of such microorganisms doubles the efficiency
of lactose fermentation [8].

The composition of whey, its microflora is of
great importance in the production of ethanol and
the isolation of the same strains from it for use in
fermentation. Therefore, it is an important to under-
stand and study the whey source prior to commenc-
ing industrial fermentation and whey distillation to

obtain ethanol. The composition and properties of
whey depends on many factors: the type of whey,
milk pretreatment and processing parameters such
as filtration, pasteurization, starter culture, rennet
and salting will influence the whey composition [9,
10]. Minor compositional variations are likely to
have little effect on the fermentation and distillation
process; however, this can be a problem when striv-
ing to produce a clean, quality product with high
yield. Criteria for the selection of microorganisms
for ethanol production are also taken into account
when creating a good technology. The tolerance of
microorganisms to high temperatures and high etha-
nol concentrations are important characteristics for
industrial use [11,12].

2. Materials and methods

Whey sampling

Two types of whey cottage cheese whey and
cheese whey were used in the study. For this pur-
pose, samples were taken from the LLP «Plant of
the Kazakh Academy of Nutrition Amiran» dairy
plant and the «Stella Alpina» cheese plant from the
Almaty region. Samples were freshly collected and
sterile packed. Organoleptic characteristics of the
used whey were characterized.

Whey characterization

Fat content (FT), protein (PR), carbohydrates
(CH) were evaluated using a scanner Lactoscan S.
Additionally, the mass of dry matter, density (DE)
and humidity by RADWAG MA 50.R Moisture An-
alyzer were pre-calibrated and validated, the mean
study error is, 025% with determinations performed
according to AOAC [13].

Determination of titratable acidity pH.

The method is based on titration of acidic salts,
proteins, carbon dioxide and other components of
whey samples with an alkali solution in the presence
of phenolphthalein indicator. The titratable acidity is
expressed in Turner degrees (° T). In a conical flask
with a capacity of 150 cm3, we measured 10 cm3 of
whey, and added three potassium phenolphthalein.
The resulting mixture is thoroughly mixed and ti-
trated with 0.1 N sodium (potassium) hydroxide so-
lution until a stable faint pink color is obtained[14].
The volume of whey used for titration is multiplied
by 10, since the titrated acidity in Turner’s degrees
is equal to the number of milliliters of 0.1 n alkali
solution used to neutralize 100 cm3 of whey [15].

It is calculated according to the formula (1) No
of ml. of 0.1 N NaOH solutions:
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% Lactic acid = the amount of 0,1N NaOH used
for titration / Weight of sample x 100

i.e. Weight of sample = Volume of whey x spe-
cific gravity)

Study of the microflora

To determine the microflora of whey samples
and isolate pure cultures of yeast and lactic acid bac-
teria, the inoculation was carried out by the Koch
method in two repetitions. Dilutions of 10 2, 10 *
and 10 ° were selected. Inoculation was performed
on solid culture media such as MRS, Sabourand
Dextrose Agar and MPA. The cultivation lasted for
two days (48 hours) at a temperature of 30 C. The
average values of the number of colonies grown on
Petri dishes of two seeding were taken. Identifica-
tion based on physiological and biochemical char-
acteristics of whey microorganisms were carried
out on generally accepted in bacteriological practice
methods using determinants [16-18].

Alcohol resistance test

To determine the resistance of yeast strains to the
action of ethanol, nutrient media with the addition
of ethyl alcohol were prepared until a concentration
from 5 and 20 %. Collection strain Klyuveromyces
marxianus TD7 without alcohol addiction was used
as a control. After incubation of the 8 samples for
72 hours, yeast colonies grew in place of the prints
of the stamp-replicator. Alcohol resistance of the
strains was evaluated by the number and size of the
colonies [19].

Isolation of pure Ethanol Tolerant Yeast col-
onies and lactic acid bacteria.

Streak plate method. To obtain pure colonies of
yeast and bacteria, the depletion streak method was
used. Microorganisms were streaked into pre-pre-
pared petri dishes with Sabouraud and MRS media.
The cultures were incubated for two days at a tem-
perature of 30°C. Further, a quantitative and qualita-
tive analysis was carried out, as well as microscopy.
The finished cultures were transferred into a test
tube with an agar medium and kept in a refrigerator
until it was used in experiments.

Identification of LAB with Nucleotide Se-
quence Analysis

For sequencing, lactic acid bacteria were initially
cultured in liquid MRS medium at 37 © C for two days
to accumulate cell culture. Lactobacilli were desig-
nated LABI1 and lactococci were designated LAB2.
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Bacterial DNA was isolated using a special ge-
netic kit PureLink® Genomic DNA Kits (Invitro-
gene, USA). Using a Qubitfluorimeter (Invitrogen,
USA), the DNA concentration in samples was de-
termined using the HS dsDNA scale.

Lactic acid bacteria were identified using special
primers 8F (5’-AGAGTTTGATCCTGGCTCAG-3
‘) and 806R (5’-GGACTACCAGGGGTATCTA-
AT-3’) based on the study of the 16S rRNA gene
sequence [20]. The sample for identification con-
sisted of a reaction liquid (30 pl) with the addition
of 3 ul of 10-fold reaction buffer (Fermentas), 2.5
mM MgCl2, 0.2 mM of each deoxyribonucleotide
(dNTP), 10 pmol of each primer, 1 unit of Taq poly-
merase Maxima Hot Start Taq DNA. Polymerase
(Fermentas). The polymerase chain reaction was
carried out in a MastercyclerproS thermal cycler
(Eppendorf).

PCR analysis was started by incubating the mix-
ture at 95 ° C for 7 minutes with thirty cycles, which
consisted of: 95 © C for 30 seconds, 55 ° C for 40
seconds, 72 °© C for 1 minute. The final extension
of the nucleotide chain was carried out at 72 ° C for
10 minutes. Then the amplified initial product was
separated in 1.2% agarosegel, stained with ethid-
ium bromide and visualized in INFINITY VX2 gel
(manufactured by VILBER LOURMAT, France).
In the analysis, 1xXTAE electrode buffer was used.
The PureLink® PCR Purification Kit was used in
the purification process.

DNA fragments of the 16S rRNA gene were se-
quenced using the BigDye® Terminator v3.1 Cycle
Sequencing Kit based on the manufacturer’s proto-
col [21].

The end products of sequencing, after the action
of the BidDye 3.1 terminator, were purified.

SeqA6 software was used to process the se-
quencing data. To search for similar nucleotide se-
quences of 16S rRNA genes, the BLAST database
(Basic Local Alignment Search Tool) was used, and
the search was also carried out in the Gene Bank In-
ternational Database of the US National Center for
Biotechnology Information [22]. The phylogenetic
tree was constructed based on the Neiighbor-Joining
(NJ) method.

3. Results and discussion

The data in Table 1 indicate the organolep-
tic characteristics of products of the selected two
manufacturers of and cheese whey. Whey samples
in terms of organoleptic indicators meet the require-
ments of the Customs Union [23].
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Table 1- Organoleptic characteristics

Indicator name

Characteristics

Amiran (cottage cheese whey)

Stella Alpina (cheese whey)

Taste and smell

Pure milky taste and milky smell

Salty taste cheesy smell

Appearance and consistency Homogeneous  non-transparent  liquid | Homogeneous non-transparent  liquid
without precipitation without precipitation
Color Beige Yellowish or pale green

B) |

Figure 1 — Whey samples from two different manufacturers:A) LLP «Plant of the
Kazakh Academy of Nutrition Amiran» dairy plant B) «Stella Alpina» cheese plant.

All indicators of physical and chemical charac-

teristics of whey samples comply with
of the Customs Union [24]. According

Table 2 — Physical and chemical indicators

the standards
to the results

(Table 2), it can be seen that the amount of sugars
prevails in the composition of the whey, which plays
an important role in the production of ethanol.

Whey Indicator
Fat % | Protein % | Carbohydrates % | Energy value, ki- | Moisture con-|Dry mat- | Density kg/m?
localories tent % ter (g)
Amiran (cottage cheese | 0.2 0.8 32 20 kcal., 83.6 kJ. {92.067 8 1018
whey)
Stella Alpina (cheese 0.2 0,8 3,5 20 kcal., 83.6 kJ. [93.001 7 1022
whey)
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Table 3 shows titratable acidity values at dif-
ferent pH levels. It was found that the initial ti-
tratable acidity in the whey from cottage cheese
manufacture was 98 T° at pH 5, while the titrat-

Table 3 — Titratable acidity and pH of whey

able acidity of cheese whey was 19 T° at pH 5.6.
Within three days, the titratable acidity of the
samples increased, while the pH decreased in both
cases.

Whey type Indicators It day 2" day 3 day
Cottage cheese whey pH 5 4.8 4.6
T 98 100 110
Cheese whey pH 5.6 5.5 53
T 19 21 23
Study of the microflora Colonies of lactococci grown on MRS medi-

Microbiological analysis of the obtained samples
did not reveal the presence of extraneous microflora.
The microflora of products is mainly represented by
colonies of yeast, mold fungi, lactococci, as well as
colonies of lactobacilli. On solid nutrient media of
Sabouraud, most yeast cultures grew on Petri dishes
as round, large colonies, the relief of colonies with
a convex nipple-like white center and a roller along
the periphery, the surface is shiny with a gloss, beige
or white, pasty or curdled-granular consistency.

um were varied, mainly punctate colonies: small
brown and white round colonies with transparent
edges. There are colonies of lactobacilli — round,
white, flat, shiny colonies with smooth edges of
medium size. The number of live bacteria in 1 dose
(0,05 ml) growing on MRS is 4.1x 105 CFU / mg,
the number of live bacteria in 1 dose when growing
on SDA is 5x 105 CFU / mg, the number of live
bacteria in 1 dose when growing on MPA is 0, 8 x
105 CFU / mg.

Figure 2 — The composition of microflora cottage cheese whey: Lactic acid bacteria (a, b); Yeasts (c, d and f)
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Figure 3 — The composition of the microflora of cheese whey (Stella Alpina): lactic acid
bacteria — a, b) heat fixing b) gram staining; yeast colonies are d and f.

Basically, small colonies of lactic acid bacteria
in the form of cocci grew on MRS media. Yeast of
various forms grew on agar media of Sabouraud.
Yeast cells have a cylindrical, ovoid, rounded, ob-
long shape with various sizes from 1.5 * 10 microns
to 2.5-30 microns.

Ethanol Tolerance Test

The ability to be resistant to various environ-
mental conditions such as ethanol resistance is one
of the main criteria for selecting strains for an ef-
ficient ethanol yield. It is ethanol resistant strains
that are used in the production of ethanol during fer-
mentation, where the high resistance of the strains is
very important. To determine the ethanol tolerance,

Table 4 — Ethanol tolerance of the isolated strains.

the strains isolated from the whey were inoculated
into TGY medium containing various concentra-
tions of ethanol (5, 7, 9, 10, 12, 14, 16, and 20%).

Table 4 shows the concentration of ethanol
added to the growth medium of various strains
compared to Kluveromyces marxianus TD7 as a
reference. The results showed that all strains grew
at an ethanol concentration of 5, 7, 9, 10%. Above
this concentration, growth was observed only in
some strains; ethanol acts on yeast cells and there-
fore we see suppression of yeast growth, decrease
in cell volume, and high concentrations kill cells
[25]. From different 8 strains of yeasts only 4
strains (Table 4) were tolerant to high ethanol con-
centrations.

Ethanol concen- Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Kluveromyces
tration (%) marxianus TD7
1 2 3 4 5 6 7 8 9 10
5 + + + + + + + + +
7 + + + + + + + + +
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1 2 3 4 5 6 7 8 9 10
9 + + + + + + + + +
10 + + + + + + + + +
12 - + + + + + + + +
14 - + - + + + - + +
16 - - - + + + - + +
20 - - - + - - - + +

Isolation of pure Ethanol Tolerant Yeast col-
onies and lactic acid bacteria.

1) Y4 — the yeast is cylindrical, elongated, about
1.5 * 12 pm in size — the colonies grew on petri dish-
es as round, large colonies (4-5 mm), the relief of
the colonies with a convex nipple-like white center
and a roller along the periphery, the surface is shiny
with gloss, white, smooth edges, with a curdled-
grainy consistency.

2) Y5- ovoid yeast, in the form of grains about
1.6 * 10 microns in size — the colonies grew on petri
dishes as round, large colonies (4-5 mm), the relief
of the colonies with a convex nipple-like white cen-
ter and a roller along the periphery, the surface is
shiny with glossy, white, with smooth edges, cur-
dled-grainy consistency.

4) Y6- round yeast, about 1.8 * 18 um in size —
the colonies grew on petri dishes as round, medium

colonies (3 mm), the relief of colonies with a con-
vex top, the surface is matte, pale pink, with smooth
edges, pasty consistency.

5) Y8-ovoid yeast, about 1.6 * 10 microns in
size — the colonies grew on petri dishes as round,
large colonies (4-5 mm), the relief of colonies with
a convex nipple-like white center and a roller along
the periphery, the surface is shiny with a gloss, white
color, and curdled-grainy consistency.

6) Lactobacilli, rods 1.2 wm long. Colonies are small
(1 mm), cream-colored with smooth edges, convex.

7) lactococci colony had medium size (1-2mm),
bright white color, was smooth, convex and round
shaped.

Yeast cells of the genus Saccharomyces of vari-
ous shapes, usually round, oval or elliptical, while
yeast cells of the genus Schizosaccharomyces are
cylindrical with rounded ends

Figure 4 — Growth of colonies isolated from whey on SDA and MRS medium
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Identification based on phenotypic, physiologi-  cal practice methods using determinants [16-18].
cal and biochemical characteristics of cultures of  Genotypic identification of LAB was performed
yeasts and lactic acid bacteria were carried out  with using amplification fragment of 16S rRNA
according to generally accepted in microbiologi-  gene [26].

)

h’n}_‘
M
0 "4

~ ‘\’ = .
a) LABI (bacilli) b) LAB2 (cocci)

Figure 5 — Microscopic images of chosen bacteria

Identification of LAB After amplification with special primers for the
Concentration of DNA in the samples were:  16S rRNA the PCR product with a size near 650 bp
sample # 1 — 12,8 pg/ul; # 2 — 2KG — 33,8 pg/ul. was obtained, as presented on the Figure 6.

Figure 6 — PCR product obtained after amplification with universal primers

After the purification process sample contain The data taken with the 3500 DNA Analyzer for
PCR product #1 — 62.6 per ng/ul and in the sample  capillary electrophoresis was processed using the
#2 —70,26ng/ul. SeqA6 software. Ultimately, the following nucleo-

tide sequences were obtained:
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The nucleotide sequence of the strain 1:

GAGTTGAGCTCCGGGCTTTCACAT-
CAGACTTAATAAACCGTCTGCGCTCGCTT-
TACGCCCAATAAATCCGGATAACGCTC-
GGGACATACGTATTACCGCGGCTGCTG-
GCACGTATTTAGCCGTCCCTTTCTGGTATG-
GTACCGTCAAACTAAAATCATTTCCTATTC-
TAGCTGTTCTTCCCATACAACAGTGCTT-
TACGACCCGAAAGCCTTCATCACACACGC-
GGCGTTGCTCCATCAGGCTTTCGCCCATT-
GTGGAAGATTCCCTACTGCAGCCTCCCG-
TAGGAGTTTGGGCCGTGTCTCAGTCCCAAT-
GTGGCCGATCAGTCTCTCAACTCGGC-
TATGCATCATTGTCTTGGTAGGCCTT-
TACCCCACCAACTAACTAATGCACCGC-
GGATCCATCTCTAGGTGACGCCGAAAC-

1

GCCTTTTAACTTTGTGTCATGCGACACTA-
AGTTTTATTCGGTATTAGCATCTGTTTC-
CAAATGTTATCCCCAGCCTTGAGGCAGGTT-
GTCCACGTGTTACTCACCCGTTCGCCACT-
CACTTGAAAGGTGCAAGCACCTTTCGCTGT-
GCGTTCGACTTGCAT

Alignment of nucleotide sequences was carried out
to search for homologous nucleotide sequences of 16S
TRNA genes using the BLAST program (Basic Lo-
cal Alignment Search Tool) in the International Gene
Bank database of the US National Center for Biotech-
nology Information, which showed that the strain un-
der study belongs to the Leuconostocmesenteroides
species (homology is 99%). ) as shown in Figure 6.

The strain was named as Leuconostoc mesen-
teroides W1.

—KX185680.1 Leuconostoc mesenteroides strain PM1B 16S ribosomal RNA gene partial sequence
——KU317782.1 Leuconostoc mesenteroides strain BS5 16S ibosomal RNA gene partial sequence
KT952372.1 Leuconostoc mesenteroides strain L12203 16S ribosomal RNA gene partial sequence
—KT952389.1 Leuconostoc sp. L10127 16S ribosomal RNA gene partial sequence
——KT952371.1 Leuconostoc mesenteroides strain L10262 16S ribosomal RNA gene partal sequence
— KXB86793.1 Leuconostoc mesenteroides strain ATCC 8293T 16S ribosomal RNA gene partial sequence
——KU361186.1 Leuconostoc mesenteroides strain TA 16S ribosomal RNA gene partial sequence

LC160270.1 Leuconostoc mesenteroides gene for 16S ribosomal RNA partal sequence strain: Rubing-L3

Figure 7 — Microbial cladogram of Leuconostocmesenteroides W1

Nucleotide sequence of the strain 2:

GGGGATAACACCTGGAAACAGAT-
GCTAATACCGCATAACAACTTGGACCG-
CATGGTCCGAGTTTGAAAGATGGCTTCG-
GCTATCACTTTTGGATGGTCCCGCGGCG-
TATTAGCTAGATGGTGGGGTAACGGCT-
CACCATGGCAATGATACGTAGCCGACCT-
GAGAGGGTAATCGGCCACATTGGGACT-
GAGACACGGCCCAAACTCCTACGGGAG-
GCAGCAGTAGGGAATCTTCCACAATGGAC-
GAAAGTCTGATGGAGCAACGCCGCGTGAGT-
GAAGAAGGGTTTCGGCTCGTAAAACTCT-
GTTGTTAAAGAAGAACATATCTGAGAG-
TAACTGTTCAGGTATTGACGGTATTTAAC-
CAGAAAGCCACGGCTAACTACGTGCCAG-
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CAGCCGCGGTAATACGTAGGTGGCAAGC-
GTTGTCCGGATTTATTGGGCGTAAAGC-
GAGCGCAGGCGGTTTTTTAAGTCTGATGT-
GAAAGCCTTCGGCTCAACCGAAGAAGT-
GCATCGGAAACTGGGAAACTTGAGTG-
CAGAAGAGGACAGTGGAACTCCATGTGTAGC-
GGTGAAATGCGTAGATATATGGAAGAACAC-
CAGTGGCGAAGGCGGCTGTCTGGTCTGTA-
ACTGACGCTGAGGCTCGAAAGTATGGGTAG-
CAAACAGGATTAGATACCCTGGTAGTC
Alignment of nucleotide sequences was carried out
to search for homologous nucleotide sequences of 16S
rRNA genes using the BLAST program (Basic Local
Alignment Search Tool) in the International Gene Bank
database of the US National Center for Biotechnology
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Information, which showed that the strain under study
belongs to the Lactobacillus plantarum HUMBO7393.

This strain was named as Lactobacillus planta-
rum W1.

— KX499348.1 Lactobacillus sp. strain 5-1 168 ribosomal RNA gene partial sequence

———— KUT28705.1 Lactobacillus pentosus strain ZTC-1 16S ribosomal RNA gene partial sequence

—— LC177235.1 Lactobacillus plantarum gene for 16S ribosomal RNA partial sequence strain: NGRI 0101

——— KUT28703.1 Lactobacillus pentosus strain ZTC4 16S ribosomal RNA gene partial sequence
—— KX851561.1 Lactobacillus plantarum strain HUMB07438 16S ribosomal RNA gene partial sequence
——— KX851545.1 Lactobacillus plantarum strain HUMB07410 16S ribosomal RNA gene partial sequence

— KX943030.1 Lactobacillus plantarum strain IPhp-GM10 16S ribosomal RNA gene partial sequence
——— KX851569.1 Lactobacillus plantarum strain HUMB07449 16S ribosomal RNA gene partial sequence

—— KX815880.1 Lactobacillus plantarum strain 27208 16S ribosomal RNA gene partial sequence
——— KX851573.1 Lactobacillus plantarum strain HUMB07453 16S ribosomal RNA gene partial sequence
— KX851536.1 Lactobacillus plantarum strain HUMB07393 16S ribosomal RNA gene partial sequence

—2

Figure 8 — Microbial cladogram of Lactobacillus plantarum W1.

Conclusion

The research has shown that uniformity of con-
sistency and normal appearance, taste and smell
corresponding to whey indicate compliance with all
sanitary norms and rules at the stage of whey col-
lection in the LLP «Plant of the Kazakh Academy
of Nutrition Amiran» dairy plant and the «Stella Al-
pina» cheese plant. All physicochemical parameters
of whey correspond to the required rules. It indicates
that, through the process of fermentation, it will be
possible to obtain a good quality ethanol in high
yield. Moreover microbiological values within
the referencenorms, can be the main moving force
to bioconversion of lactose. Since the microflora of
both whey is rich in yeast and lactic acid bacteria,
which in tandem utilize lactose very well rather than

separately. As a result, 4 different strains of yeasts
Y4,Y5, Y6,Y8 were isolated, which are tolerant to
the alcohol and 2 lactic acid bacteria strains Lac-
tobacillus plantarum W1 and Leuconostocmesen-
teroides W1 which is perspective for further use in
ethanol production.
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of bioethanol by continuous fermentation of milk
whey using immobilized cells of yeasts” funded by
the Ministry of Education and Science of the Repub-
lic of Kazakhstan.
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K¥C T¥YMAYbI, KTB-HbIH, TAPAAYbI )KOHE TAPATAH
OLIAKTAH XMHAKTAATAH YATIAEPAI TECT-XYME
K¥PACTbIPYAA NMAUAAAAHY

KbickapTyaap

KIMKT — >korapbl natoreHai Kyc tymaybl, X9b — XaAblkapaAblk, 3r1M300TusIAbIK, 6topo, KTB — kyc
Tymaybl Bupycbl, AHK — aAe3okcuprboHykaenH Kbiikbiabl, PHK — pu6oHykaenH Kpitukbiabl, KT-TTP —
Kepi TPAHCKPUMLMSIAbI MoAMMmepasabl TisbekTi peakums, CKO — CoaTyctik KasakcraH 06AbIChI.

Kasipri kyHi TymayAblH A BMPYCbIHbIH MaTOrEHAI LWTaMMAapbl OGipHewe KayinTi naHAemMusiFa
YLbIPATThI YX8HE XOFapbl OAIM-XKITIM KOPCETKILLIH TYAbIpAbl. BUPYCTbIK aypyAap oAapAbl >KYKTbIpFaH
KYCTapAbIH 6HIMAIAITIHIH, eA8Yip TOMEHAEYI MEeH BAIMIHE 9Ken COFaTblH OPHbl TOAMAC MaTOAOIUS Ty-
Ablpaabl. Kyc Tymaybl BUpYCbIHAH KYCTapAbl KOPFayAbIH >KaAFbI3 XKOAbI — KYCTapAbIH, >KaOblK, ChIPTKbl
OpTaAaH OKlUAyAaHFaH >KaFpaMAa yCTay >KeHe BakUMHA KeMeriMeH KO3AbIPFbILKA KapCbl KyCTbIH
UMMYHUTETIH KaAbINTacTblpy. bipak, >kofapblaa aiTbiHFAH BUPYCTbIK, aypyAap KO3AbIPFbILITapbIHAH
KOPFaHYAbIH KOPCETIATEH MYMKIHAKTEepiHiH 6apbiHa KapamacTaH, 9AEMHIH KernTereH eAAepiHAE, COHbIH
iwinae KasakcraH PecriybAmkacbiHAQ Aa KyCTap apacblHAAFbI 3MM300TMKAABIK, XKaFAai LLMEAEHICKEeH
Kynae Kaayaa. TecT-kymeaepai a3ipaey GoibiHLIA KenTereH >kapusAaHbimMaap 6ap, aeretmer KTB
reHOMBbIHbIH, ©3repriwTiri, MyTaumsara GerimMAiAiri 3epTxaHanbik 6aAay KesiHAE KYPAEAI maceAaeAep
TyFbi3asbl. OCbiFaH 6aMAaHbICTbI KYC TyMayblH >keaeA 6arayabiH, [TTP-TecT xyieaepi CUAKTbl OTaHADIK,
TMIMAI BAiCTepiH a3ipAey eTe MaHbi3Abl. OcCbiAanila, eAre MHMEKUMSHbIH TapaAybiHa >KOA Gepmey
YLWIiH BETEPUHAPUIABIK-CAHUTAPUSAABIK, XXOHE apHalbl BETEPUHAPUSADIK, iC-LIapaAap KelleHiH opaH api
KyLIenTyre aca KaxeTTi 6ipaeH 6ip akcrnipecc aaic 60AbIn Tabbiraabl. Ocbl MakcaTTa KTB aHbikTayFa
apHaAFaH crieumdUKaAbIK, OAMIOHYKAEOTUATI NMpanMepAepAi TaHAQY XXeHe >KobaAay XKyprisiayae, co-
HbIMEH KaTap >Ko6aAaHFaH NpanMepAep MeH yAriaepai Baamaaumsaay yuwin CKO 30-aaH actam yAriaep
TaHAQAADI.

TyiiH ce3aep: Kyc TymMaybl Bupychl, KT-ITP, yi kycTapsbl, TecT->kyie, XIKT.
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Avian influenza, spreading of the AIV and development of test-systems
using samples collected from foci points

Abbreviations
HPAI - highly pathogenic avian influenza, OIE — International Epizootic Bureau, DNA — deoxyribo-
nucleic acid, RNA - ribonucleic acid, RT-PCR - reverse transcription polymerase chain reaction.

To date, pathogenic strains of the influenza A virus have caused several dangerous pandemics and
caused high mortality. Viral diseases cause irreversible pathology, which leads to a significant decrease
in productivity and death of the infected bird. The only way to protect birds from the avian influenza
virus is to keep birds in isolation and develop immunity in birds to the pathogen through vaccines.
However, despite the above possibilities of protection against the above-mentioned viral pathogens, the
epizootic situation among birds in many countries, including the Republic of Kazakhstan, remains tense.
There are many publications on the development of test systems, but the variability of the AIV genome
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and its susceptibility to mutations creates serious problems in laboratory evaluation. In this regard, the
development of effective domestic methods for the rapid diagnosis of avian influenza, such as PCR test
systems, is relevant. Thus, this is the only express method necessary to further strengthen the complex of
veterinary-sanitary and special veterinary measures to prevent the spread of infection in the country. For
this purpose, more than 30 samples were selected in the North Kazakhstan region for the selection and
design of specific oligonucleotide primers for the detection of AlV.

Key words: avian influenza virus (AlV), RT-PCR, domestic chickens, test-system, HPAI, North Ka-
zakhstan region.
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Ipunn nTuu, pacnpocrtpaHenue BITI u pa3paborka TecT-cucrtem
C UCMOAb30BaHUeM 006pa3iLoB, COOpPaHHbIX U3 04aroB

CokpallueHusi 1 0603Ha4YeHUs

BIMII — BbicokonaTtoreHHbin NTmMumii rpunn, M3b — MexxayHapoaAHoe 3nmn3ooTmyeckoe 61opo,
AHK — ae3okcmnpurboHykaenHoBas kncaota, PHK — pnboHykaenHosas kucaota, OT-T1LP — noAnme-
pasHas LenHas peakums ¢ 06paTHON TpaHCKpUNLMen

Ha ceroaHsILWHWIM AeHb NaTOreHHble LWTaMMbl BUpYCa rpunna A Bbl3BaAW HECKOAbKO OMACHbIX MaH-
AEMMIA U CTaAU MPUYMHONM BbICOKOW CMEPTHOCTU. BupycHble 3a60AeBaHUS BbI3bIBAIOT HEOOPATUMY!IO
MAaTOAOTMIO, YTO NMPUBOAMT K 3HAUUTEABHOMY CHUXKEHUIO MPOAYKTUBHOCTU U TMBEAU 3apaskeHHOM NTU-
ubl. EAMHCTBEHHbBIM CNIOCOOOM 3aLlMTbl MTHL, OT BUPYCA NMTUYLETO FPUMMa SBASETCS COAEpPIKaHMe MTULL
B M30ASIUMM U BbIpaboTKa Y NTUL, UMMYHUTETA K BO3OYAMTEAIO C NMoMoLbto BakumH. OAHAKO, HECMOTPS
Ha yKa3aHHble Bbllle BO3MOXXHOCTM 3alMTbl OT BbillieHa3BaHHbIX BUPYCHbIX BO3OYAUTEAEN, SMU300THU-
yeckasi CUTyaLms CPeAM MTULL BO MHOTUX CTpaHax, B TOM uncAe u B Pecniybanke KasaxcraH, ocraercs
Hanps>keHHOW. MmeeTcs MHOro ny6AMkaumin no paspaborke TeCT-CUCTEM, HO M3MEHUMBOCTb FeHOMa
BIT1 1 ero noABEpP>XEHHOCTb MyTaLMsIM, CO3AAET CEPbE3HbIe NMPOBAEMbI NMPU AabOpaTOpPHOI oLeHke. B
CBSI3W C 3TMM aKTyaAbHa pa3paboTka 3(peKTUBHBIX OTEUYECTBEHHbIX METOAOB 3KCMPECC-AMArHOCTUKM
nTUYbero rpunna, tTakmux kak MNMLP tect-cucrembl. Takum 06pa3om, 3TO €AMHCTBEHHbIN 3KCNPecc-mMe-
TOA, HEOBXOAMMDBINA AAS AQAbHEMLLIErO YCUAEHMS KOMIAEKCa BETEPUHAPHO-CAHUTAPHbIX U CreumaAb-
HbIX BeTepUHaPHbIX MEPOMNPULTUIA MO NPeAYNPeXXAEHUIO pacnpocTpaHeHns nHdekumn B ctpaHe. C
3TOM LeAblo oTobpaHo 6oaee 30 obpasuos B CeBepo-KaszaxcTtaHcKom 06AacTn Aad noabopa n Am3anHa
crieumpryeckmx OAMIrOHYKAEOTUAHBIX NMpariMepoB AAS BbiaBAeHUs BIT1.

KatoueBble caoBa: Bupyc rpunna ntuy, (BITT), OT-TLUP, aAomawHune Kypbl, TecT-cuctema, BIITI,
Cesepo-KasaxcraHckas o6AacTb.

Kipicme

Tymay Bupycel Orthomyxoviridae TykpIMIa-
CBIHBIH OKiIepi OoJbIN TaObLIAABI JKOHE KO-
JKaHBIHBIHBIH KONTIiTiMeH epekmeneneni [1, 2].
HlomkanbiH (GU3NOIOTHUSIIBIK SPEKIIENITiHIH apKa-
CBIHI]Aa TYMay BHPYCHl VIIH O «KOCTAaJaybIIl
KyTb» Oompbin canananel [3]. Lomka tymays
BUPYCBIHBIH TOPT THII Oenrim, aram aWTKaHma,
TYMayAblH A BUpPYCBl, TyMmayablH B BupycHI,
tymayaelH C BUPYCHI XoHE TyMayIslH D BHpYCEHL.
TymayneiH A xoHe B BUpPYCBHIHBIH T€HOMBI Oip
Ti36exTi kepi Mo PHK ceri3 renziik cermeHTiHEH
Typazabl, an tymayasiH C xoHe D BUpyCTaphl KeTi
TeHAIK CerMeHTiHeH Typansl [4]. TymaymerH A
*oHe B BHPYCHIHBIH ceri3 TeHIIK CerMeHTi Oap,
PB2 (mommmepaza), PB1 (maroreHmimikke xay-
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an Oeperin Oenok), PA, HA (remarrimroTHHUH),
NP (mykneomnporenn), NA (Heiipamuangasa), M
(MeMOpaHabIK-KYpPBUILIMIBIK ~ Oenok), and NS
(uHTEpQEpOHHBIH CHHTE31HE KeIepri), OJapIblH
apacbiina HA men NA eH MaHbBI3IbICHI OOJIBIN Ta-
ObUTaJBl JKOHE OCHI BUPYCTApAbIH MATOTSHILIIT
YIIiH mremyun peib arkapanbl. HA reni Bupyc
OeNIIeriHiH  pelenTop-KoKalblHFa — KaOBICYBIH
perreiini, an NA reHi BUpYC YpIarbIHbIH KOKaHbIH-
KJIeTKara KipyiH perreiiai. LllomkaHbIH exi Hemece
OJIaH J1a KeIl TYMayAblH A BUPYCHI IITAMMIAPbIMEH
KOMHOUIMPICHYl PEKOMOMHANUSHBI TYBIHIATYHI
MYMKiH [5], o1 e3 Ke3eriHie, TymMay BHPYCBIHBIH
JKaHa MITaMMJApbIHBIH Naiaa OoyblHA BIKMAN eTe
ananel [6]. Kare xacayra Oetiim PHK-nomumepasa
apKachlHIa TMaiga OOJFaH, pelUIMKalus Ke3iHge
TY3€Ty MEH J>KOHJICY MYMKIHZIr »OK HYKTEIIK



B.T. baiikapa xone T.0.

MyTalusiap Ja TYMay BUPYCHIHBIH T'€HETHKaJbIK
aTyaH-TYPIUTITIH TOJBIKTBIPBIT OTBIPYBl MYMKiH
[7]. Peaccopranust mexaHW3MIepi MEH HYKTEIIK
myTarusuiap HA mMen NA renaepinie «aHTUTCHIIIK
KO3FaJbIC» IE€H «aHTHTeHIIK >KBUDKYFa» oKel
COFYBI MYMKIH, COMKECIHIIIE, OJ1 TYMay BHPYCBHIHBIH
JKaHa TOATUNTEPI MEH JIMHUSUIAPBIHBIH Maiaa 0o-
nmybIHa BIKMaN erexdi [8, 9]. M reHi MaTpHuKCTi fe,
MeMOpaHaJIBIK Ta OEIOKTapAbl KOATAHIBI KOHE
KONTEreH KBI3MET aTKapajbl (MBICANIbI, BUPYCTHIK
OenmieKkTepaiH TY3U1yiHe, KOKalbIHHBIH UIMMYHIBIK
KyhecimeH Tanpaabpl). M reni (1027 xym HykIieo-
TUATEH TYpajbl) €Ki OENOKTHI, aTam aiTKanma M1
MeH M2 konraiiasr [10].

KasiprikyHi TymMayabIH A BUPYCBIHBIH TATOT€H I
mTaMMaapel  OipHemie — KayinTi — MaHAEMUSAFa
YIIBIPATTHI JKOHE JKOFAPhI 6JIM-XKITiM KOPCETKIIIiH
TyABIpABI, MbIcanbl, 1918, 1957, 1968 xone 2009
xbUTFbl TaHgemusap [11]. Tapuxtarsl OipiHmi
TyMay MaHAeMusichl (MCTaHabIK TyMay) 1918 xbutel
ajaM3aT MOMyJISIIUACHIHA 3UsIH KenTipai [12] xone
onemae mamameH 50 MWIITHOH aJaMHBIH OMipiH
anpin ketTi [13]. 1918 KbutFbl TyMay MaHAEMUSICHI
pexoMOWHaIMs HeTi3iHAe maiaa OOJabI, oM Ke3e
agamubi H1 Bupych! imki Oesnokrap reHiMeH Oipre
KycTelH N1 HepaMHMHHIA3acChIH HWENEHIN, Ka3ipri
ke3ze «xnaccukanslk HIN1» genm aTaiiTeiH BUpycka
aitHangsl [14] (cyp. 1).

Q -
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"hn. “&6‘: » u",-% ;
A3 \E %
TayblIK Tayblk TaybIK LWowka
1918 1957 1968 2009 }

«McnaH TymaybI»

«A3na Tymayb» «FoHKoHr Tymaybi» «llowka Tymaybl» 2022

|——— Anam Tymayel naHaemusanapbl —j

1918 - 2009

1-cyper — 1918 xbu1 MeH 2022 KBUIFBI HAYPHI3 MEP3iMi apabIFbIHAAFEI aJaM TYMAayBbIHBIH TOPT MaHIEMHUSCH YCHIHBUIFaH
xpoHonorus. «VcraHabIK» ereH aTIeH TaHbUIFaH OipiHII TyMay NaHAeMUsACcH TaybIkTapaa 1918 sxpuisl maiina 0oabL.
Exinmn Tymay maHaeMusichl (a3usi TyMaybl) MEH YILIIHIII TyMay MaHAeMUsChl (TOHKOHT TYMaybl) TaybIKTapaa, ColikeciHe,
1957 xone 1968 xbinnapsr Tipkenmi. «Illomka Tymayb» AereH aTineH Oerii, TyMayIblH eH COHFbI TTAHICMHUSICHI
2009 >XpUIIBIH HAYPHI3BI MEH MaMBIp alibl apasbIFbIHIa MeKcHKaa molKanap apacbiHaa maina 6omasr [3].

TyMayaeIH eKiHII TaHASMHUSCH (23U TYMAayhl)
1957 »xpuIbl maiiga OOJIBII, IIaMaMeH €Kl MUJUIH-
OHJA aXaMHBIH OMipiH >kaaMmaznsl skoHe H2N2
BUPYCBIMEH OainanbicTel Oonapl [15]. YumriHmi
TymMay naaaemrsicel 1968 xwputet H3N2 epuryiMeH
(FoHKOHT TYMaybl) ajiaM MOMYJISAIHUSICHIHA 3USHBIH
TUT1311, IIaMaMeH €Ki MIJUIHOHAAH agaMIbl oJ1iMre
nyurap erti [15, 16]. EH coHFbl TYyMay HaHIeMHUSCHI
(mrormka Tymaysl) 2009 KbeUTEI HAYPHI3 OEH MaMBIp

apaJBIFBIHAa MeKcrKkama IomKagapaa maima 60-
JIBIT, QJIeMJIa IIaMaMeH 575 MBIH aJaMHBIH eMipiH
kuapl. [Hlomka tymayer « A(HIN1)pdm09» atpina
ne Oosran, nanaeMukanslk HIN1 peaccopTaHTThI
BUPYCTBIH apKachlHIa TyBIHAAAHB [17].

Kyc tymayer Bupycel (KTB) omerre amamra
KYKaiaer, Oipak 1997 xeputman Oepi KONTETeH,
onerre, anamra Bupycteiq HS5, H6, H7, H9 6en H10
TIOATHIITEPI KYKKAH ayblp JKarmaiimap TipKenreH
[18, 19].
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Typa xyfy aHe beitimaeny
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2-cyper — Tymay BUPYCBIHBIH MYMKIH KYFY K0JIapbl MeH GeliiMaenyi. KenrereH xarnaiinapaa TyMay BUPYCBIHBIH aJIFalllKbl
KO31HEeH a/laMHaH aJjaMfa XYFybl MEH aya-TaMIIBUTBI )KOJIMEH JKYFYbI YIIiH 9pi Kapail OeifiMaenyine bIKmai eTyi MyMKiH: (1) cyaa
XKY3eTiH KycTap/aH aJaMra TiKeJel )KyFybl MEH 0JIaH api agamra Geifimaenyi; (ii) cyza »xy3eTiH KycTap/iaH apajblK KoJKaibIHFa
JKYFYBI )KOHE OChI KOJKallbIHFa OeHiMIeIin, oJaH api alaMFa JKYFybl; xkaHe (iii) ap Typuii kaHyapiap TypiHEH LIBIFaThIH KoHEe
aJlaMFa KYFaThIH TYMay BHPYCBIHBIH apajiblK KOXKaibIHbIHA peKoMOUHaIMsITaHybI [20]

KTB xabaiipl cyma Ky3eTiH KycTapAaH
ajlaMfa TiKened 300HO3IBI JKYFYBI Kaiiubl xabap-
nmamanap, OoKaMMEH aJlaMHBIH >KabaWlbl KycTap
HOXICTepiMEH OaillaHBICHl MIEKTENTSHIIKTEH CH-
pex xacanslHIbL. JKabalbl KycTapMeH THIFBI3 Oaii-
JAHBIC 300HO3bl JKaFAailapMeH OaiIaHBICTHI
OoxraH OipHeIIe XKaraainapIsl eCKepMereHe, Mbl-
caJibl, aHIIBUIBIK Ke3iHae HeMece [21] momka MeH
Y# KycTapbl CHUSKTHI agaMjap >kKui OaiaHbICATHIH
apanblK TYpJep apKbUIbl 300HO3/BI TYMAay BUPYCBHIH
JKYKTBIPYBI KUl Ke3aeckeH (cyp. 2). AmammapaniH
300HO03/1bI BUPYCTapAbl )KYKTBIPFaH KaraaliapIblH
0aceIM KONIIUTI agaMaap apachIHIAFBl TYPaKThI
Kyry OenrinepiHcis, Ke3aeHcoK OpbIH anFaH. JKyry
ajaM >KaHyapMeH TBIFbI3 Oaiinanpicta OonFaH
yaKbITTa TipKEJTeH, MbICANbI, Tipi >KaHyapnap Oa-
3apel HEMEcCEe >KOpPMEHKEeJepiH apallaFraHia, >KaHy-
apiapabl Oanray Ke3iHae, €TTI OHIETEHAEe, aypy
KYKTBIPFaH JKaHyapiap/bl )KOMFaH/ia HeMece aypy
XKaHyapAbl COI0 KYPrizy Ke3iHge.

Bupycthlk  aypynmap  omapisl  KYKTBIPFaH
KYCTapIblH OHIMAUIITIHIH easyip TeMeHaeyi MeH
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eJIiIMiHE OKEeIl COFaThIH OpPHBI TOJIMAC MATOJOTHA
Tyabipazs! [22]. Ocel aypynapIblH KO3IBIPFHIIBIHA
Kapchl apHailbl emjaey Kypaimapbl MeH THIMII
JKaKcapTynap BeTEpUHApHsl NMPAaKTHKACBIHAA YKOK.
Korappina aWTBUIFAH aypyjJaplJaH KycTapjabl
KOpFayAbIH JKQJIFBI3 KOJBl — KYCTapAblH >XKaObIK
CBIPTKBI OpTaJaH OKIIayllaHFaH JKarjaaina ycray
JKOHE BaKIMHA KOMETIMEH KO3ABIPFHIILKA KapChl
KYCTBIH UIMMYHHUTETIH (Kapchl Typa alyIIbUIBIFbIH)
KaJIBIITACTBIPY apKbUIbI aypy KaObULAAFBIII KYCTHIH
ar3achblHa OJIAPJBIH KO3IBIPFBINIBIH SHIIPYIl ail-
IBIH-Ty  OONbI  TaObUTafmbl. bipak, >xorapbiga
alTBIHFaH BUPYCTHIK aypyJiap KO3IBIPFIITAPEIHAH
KOpFaHyIbIH KOPCETUITeH MYMKIHIIKTEePiHiH Oaphl-
HaKapaMacTaH, JJIeMHIH KeIITereH eJIePiH/Ie, COHbIH
imminge Kaszakcran PecnyOnukaceiHza ga KycTap
apachIHAAFbI SMTU300THKAIIBIK KaF/Ial MreleHiCKeH
Kyiile Kaldyaa, *oHE OKTBIH-OKTBIH MH(EKIHSIIBIK
BHPYCTHIK aypyJIapAbIH OIIaFkl maiaa 6omyma [23].
Konalicbl3 3NHM300TUKANBIK JKaFAaiAbIH TybIHAAY-
BIHA KEMHIH aypy KO3JBIPFBIIITAPBIMEH JacTaHYHI,
Y# KYCTapbIHBIH aypy KO3IBIPFBILIBIH Tacylibl 00-
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JBII TaOBUTATBIH CHHAHTPONTHI KYC TYpJepiMeH
OaifaHBICYBI, COHBIMEH KaTap MMMYHHUTETTIH 00J-
Maybl HEMece BaKIWHa CaJibIHFaH COH TY31JIETiH

AMMYHUTETTIH  JKETKUIIKCI3  IIHpaIMaraHIbIFbI
BIKIIAN eTemi [24, 25].
Kazakcran PecmryOonmkacwiama Kabaitel

KycrapasiH apaceinaarsl KTB epuryi Manreicray,
Artpipay, Axmona, Contycrik-Kazakcran (CKO),
Kocranaii >xone IlaBnomap oOGmsictapeinma 2005-
2020 oxpUIIAp apalbIFBIHAA TIpPKENTeH Ooa-
TeiH. KTB keit0Oip moaTuntepi 300HO31BI OOIYBI
MYMKiH >KOHE COHHABIKTaH na KazakcTaHHBIH Kyc
HIapyallblIbIFbIHA eJIeYJII Kayil TOHAIPIN OThIp [26].
CoHBIMEH KaTap, KYC TYMAaybIHBIH Oi3/iH elTiMi3re
HIeKapajac >kKaTKaH, iprejiec ejepleH eHy KayIi
Oap. Ocerran OaimanpICTBI miekapamac Keitaid,
Keipreizcran, ©30ekctan, Monronus MmeH Peceit
enneperi Kyc Tymaybl OOWBIHIIA SMTHU300THKAIBIK
JKaraald skaiyiel MoniMeTTepAeH Xabapmap OoJibin
OTBIPY KepeK. XalbIKapajblK SMU300THKAIBIK
oroponsiH (XOBb) ecebine colikec 2020 KBUIIBIH
KaHTapbl MEH MaMmblp ailbl apanbirbiHga KeiTaiina
KYC TYMayblHBIH JKaHa aypy owmakTapsl (Y
KYCTapBIHBIH oHE KyC (habpuKamapbIHIaFsl KYCTap
apaceigaa 30 actam aypy omarbl (H5N1, HS5N2
xone H5NS)), UpakTa yii KycTapbIHBIH apachiHaa
1 xaHa aypy ombirel (HSNS) xone Boetnampna yit
KycTapsl apacbiHma 5 kaHa aypy omarel (HSNI1,
H5N6) xaitner xabapnanapl. 2020 KBUIIBIH Ta-
MbI3 albiHga Pecell yil KyCTapbIHBIH apachiHia
KTB 28 aypy omarel MEH KYC MIapyallbUIbIFbIHA
KaTIMaWThIH cananarbl 1 aypy omrarsl (HS) sxaiims
xabapnansl. Anm 2020 KbpUIIBIH KBIPTYHEK-Ka3aH
ainapeigia  KaszakcranuelH PeceliMen 1iekapa-
ChlHa ipremec >kaTkaH 4 oOONBICHIHAA, AKMOIa,
Contycrik-Kazakcran, Kocranaii xone I[lapmomap-
Ja Y KycTtapel, Kyc (abpukamapbl MEH >kabalbl
KYCTap apachblHAa >KOFaphl MaTOTEHAl KYC TYMaybl
aypyBIHBIH ©pIIyi >KoHe Kanmbl 11 aypy ormmarsl
(H5N8) Ttipkenmi [27]. Ocel aypy oOmIaKTapbIHBIH
TapalxyblHBIH ce0e0i Y KYCTapbiHBIH >kabaibl
KycTapMeH OaillIaHBICYBI KOHE OJaH opi )KEPTUTIKTI
JKYFYBI OOJTYBI MYMKiH.

OJeTTe, aHTUTEHZI HeMece MOJEeKyIalablK
ckpunuHr angsiMeH KTB tumin (A Hemece B)
aHBIKTAy VINH Mmainanadeiiaael. KeliH HaKTHI
MNOATHUNTI €Ki BHUPYCTBIK OETTIK TJIMKONPOTEHH-
nep, HA mern NA CeponorusuiblK peaKkTHBTLIIT
HETi3iHJe, HEMece OCHI €Ki OCJIOKTHI KOATaWTBIH
TeHACPIH MOJICKYJAIBIK CHUIaTTaMachl HETi3iHIIe
aHbIKTaiapl.  JKabaiiel cyma JKy3eTiH KycTap
TyMayAblH A BUPYCBHIHBIH TaOWFH K631 OObIN ca-
HaJabl X&oHe OyJI KycTapaa A TyMaybIHBIH OapibIK

HA >xone NA monrunrepi Tipkenren. Kasipri ke3zue
A tymaysl noatuniHig Tek exeyi (HIN1 u H3N2)
FaHa aJamzap apacblHAa KalTanaHaTbIH MEpP3iMIIK
TYMay OSOUAEMHUSACHIH TYBIHAATHIN, axamiapia
TapajfaH HeMece aHbIKTanFaH [28].

Korapsr marorenai kyc tymaysl (OKIIKT) Bu-
pycel Eypasus, Tasy Leirsic men Adpukana Kyc
apyamnbUIBIFGl MEH Cayaa-CaTThIK KayilcCi3/iK ca-
naceiHa Kayin TeHmipyae [29]. 2008 xeuigan Oa-
crarm H5NX kmaapl T€HTHKANBIK JKOHE AHTHIEHIII
ayKpIMIBl OipkaTap HW30IATTap TY3il, Y3AIKCi3
mambein oTeipabl [30]. 2020 KbUIIBIH Mamblp aii-
piHna Hpak Pecnyonmukaceiaga, 2020 KbUIIBIH
mige MeH Tamel3 ailibiHga Peceiime, 2020 >KbLIbl
kpipryiiekre Kazakcranma sxone 2020 KbUIABIH
OaceiHIA Y KycTtapbiHaH HS5NS§ BHUPYCHIHBIH Ta-
panysl aHbikTaranra neiin 2020 >kbUTAbIH OachIH-
na EypomaHbIH KyC HIapyamibUIBIFBl callachIHIA
HSNS kimmi-ripim Tapaity omakTapsl TipkeareH 0o-
JIaThIH.

2020 xbu1nblH MaMmblp aiieiHaa Mpax Pecrry-
omukacel HS5N8 BHpyCHIHBIH Vi KycTapbHaa
TapaifaHblH xabapiansl, Oy enjie aypy OomaKTapbl
Oip pUImaH actaMm TipkenmereH OomateH. 2020
KBUIABIH INiJIIe albIHBIH asFblHAarbl MpakTarsl
aypy TyTaHyblHaH KediH PecelmiH OHTYCTiK-
opTalkIK Oeirinaeri Yensouack oOsbichiaaa HSNS
BHUPYCBHIHBIH Tapaiy >KaFAalbl TipKeIreH O0OoJaTbIH,
KOHE OJ1 YH TayBIKTapblH, Ka3ap MEH YHpeKTepai
KaMThIIbl. YW KYCTapblHBIH jkalaiibl KycTapMeH
OalinaHpICybl aypy TapalybIHbIH €H MYMKIH KOJbBI
6o kepcetini [32]. Tambi3gan KpIpKYHEK aifbl-
Ha Jeiinri apanbikTa Tromens, OMck xoHe Kypran-
na 6apaeirel 11 jkarmaid cUTIaTTaIbL.

Peceiine HS5  aHBIKTadyblMEH mapasienb
KazakcTaHHBIH COJTYCTIK-OpTalblK ayMarbIH]IA,
Kocranaii, Axmoma wmeH IlaBnomap oOmbicTa-
PBIH KOCKaHJa, YH KYC IIapyallbUIBIFBIHIA KYC
TYMaybIHBIH ~ Tapalny O Kargaimapel — TipKeJi.
Kycrap ToOBIH 010, OakpuIay >KOHE BaKIIMHAIIH-
smay aiiMakra Oip yakeITTa Xyprizinmi. Berepu-
Hapust OOMBIHIIA YITTHIK pe(epeHTTiK OpTajbIK
YCBIHFAH YATIep HETi3iHAE BUPYCTHIK HYKJIEHH
KBIIIKBIIBIHBIH ~ AHBIKTATYbIHA JUArHOCTHUKAJIBIK
CYpBINTayFa YIIBIPaThUIABL.

Martepuajgap MeH 3epTTey daicTepi

3eprreyae mannanaHsiFaH yaruiep Kasakcran
PecrryOnmkaceiama 2020 >KpUTBI  KBIPTYHEK TIeH
Ka3aH aitnapeiaja sxorapsl naroreai KTB Tapanran
yakpitrta CKO, aypy y# xone K@ >xuHakTanran
MATOJNIOTHSUIBIK MaTepuan (KYCTapIblH acKa3aHbl,

73



Kyc tymaysr, KTB-HbIH Tapaimys! koHe TaparaH OIIaKTaH KWHAKTAJIFaH YATUICpi TeCT-Kyle KypacThIpyaa ...

OaybsIppl MEH >Kyperi). 3epTreyiie KOJJaHBUIFaH
YATUIEp MEH 9N OChI ME3ETTETi MOJIUMEpPa3abIK
Ti36ekTik peaknust (IITP) omiciniy HoTmkKenepi 1

KecTele kepceTinreH. Kenripinren aknapart yarijep
KUHAKTAJIFaH €JNAi-MEKeH MEH KYCTapIblH TYpiH
KepceTesi.

1-Kecte — 2020 xbu1el CKO yit Men K® KycrapbiHaH »KUHAKTaJIFaH NaTOJIOTUSJIBIK MaTepUaIapIblH aJIbIHFAH
opHBI MeH KycTap Typi koHe KTB IITP omiciMeH aHBIKTay HOTHXKECI

Nep/p Aynan Eani mexen Kunanran kyni Kyc Typi (cl\t/IMr::i)
1 Ecin SIBnenka 22.09.2020 Ka3 42,16
2 Ecin bynax 22.09.2020 TaybIK 34,63
3 Axxap Kazan 19.09.2020 TaybIK No Ct
4 AlislpTay ArpIMTall OaTBIp 22.09.2020 Ka3 34,3
5 Ecin Tapanken 19.09.2020 Ka3 25,71
6 M. Kymabaen Kynomsuno 20.09.2020 Kopa3 40,31
7 M. XKymabaes Bynaes k. 20.09.2020 Ka3 32,56
8 M. XKymaOaes Kapakora 20.09.2020 TaybIK 27,27
9 Mawmiror MamJioT K. 21.09.2020 Ka3 32,36
10 Tumupszen AxoxaH 22.09.2020 yiipek 31,15
11 Tumupsses J13epxuHCK 22.09.2020 Ka3 24,97
12 Mycipenos K. ParynbHoe 24.09.2020 yiipek 21,18
13 Alippray Erinpmiaram 26.09.2020 Ka3 28,19
14 AKKaNbIH Toxymm 26.09.2020 TaybIK 26,5
15 Mamiror HoBomuxaiinoka 25.09.2020 Ka3 21,97
16 Kp3sumkap Becken, KO 19.09.2020 Ka3 21,2
17 Ke13bunxap Skops a., "®upma Anexpu" 19.09.2020 TaybIK 38,81

KIIC Kd

18 Ke13pimxap IIpecnoBka 17.09.2020 Tylie TaybIK No Ct
19 Ke3bumkap ApxaHresnbckoe 17.09.2020 Ka3 26,07
20 Ke13pimxap Kpachsiii Sp 17.09.2020 Ka3 35,4

21 Tumupsses Benorpanoska 17.09.2020 TaybIK 41,31
22 Aliblpray Kapaxamsic 17.09.2020 TaybIK 28,94
23 JKamObL1 ExarepuHoBKa 17.09.2020 Ka3 27,69
24 Tumupsses Tumupszes 14-15.09.20 yiipek 35,34
25 [Han AxbiH CyxopaboBka 14-15.09.20 Tyiie TaybIK 38,47
26 Mycipermnos k. HIykpipken 14-15.09.20 Ka3 28,98
27 Mycipenos K. YepHoOaeBKa 14-15.09.20 Ka3 No Ct
28 JKamObL1 HoBopreiOuaKa 14-15.09.20 Ka3 No Ct
29 TaibIHIIIBI Anabora 14-15.09.20 Ka3 40,11
30 Tumupsses Tumupsses 14-15.09.20 Ka3 33,58
31 Tumupsses Tumupsizes 14-15.09.20 yiipek 37,19
32 Tumupsses Tumupszes 14-15.09.20 Ka3 38,95
33 M. Kymabaen 14-15.09.20 Ka3 No Ct

Bapibirel 33 28

2.2 Bupycrsik PHK 6eJiin any

Bupycteik PHK Oeunin amyapl FeUIBIME 3€pT-
teynepre apraiaraH QIlAamp Viral RNA Mini Kit
(Qiagen, AKIL) >KHBIHTBIFBIH OHIIPYIII XaTTama-
ChIHA Ccali TMalaana OTBIPBII KYPTi3UIIi.

2.3 KT-IITP peakunus
PHK wmarpunaceinna k/IHK anranHan keifiH,
kJIHK aiimakrapein ammumdukanusinay (I1TP)
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JKYPTi3UIAl JKoHe aMIUTH(UKanys (parMeHTTepiH
NETeKIUsUIay  TUOpUIu3anusa-(GayopeceHIUsITbI
(dbopmateiHaa icke achIpbuIIbl. Kepi TpanckpuIm-
ATBl TOJMMepasaiblK Ti30ekTik peakuusHel (KT-
IITP) xoto ymin 3 mpaiimepai (M ren Sep (Typa)
— AGA TGAGTCTTCTAACCGAGGTCG, Sep2
(xkepi) — TGCAAAAACATCTTCAAGTCTCTG,
SePRO (3oH7) - FAM-5’-
TCAGGCCCCCTCAAAGCCGA-3’-TAMRA
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[33]) OneStep RT-PCR Kit (Qiagen, AKII)
KUBIHTBIFBIH TTaiJaIaHbIIl XKYPTi3UTAi.

k/IHK ammmudukanusnayra apHamran [11[P-
KOcTia Keseci KoMnoHeHTTepaeH typaasl: Taq JHK
nonmumepasa — 0,25 mxa (5 6ipmix/mki); 10x I[ITP-
Oydep — 2,5 Mk; apHaiiel mpaiimepnep (20 mM) Typa
JKOHE Kepi mpaiimep — opkaiceicel 1 mxm; gfHT®
Kocrnackl (10 MM) — 1 Mxu1; 25 MM Marauii X I0pHUITiHIH
epitinaici — 2 v, JHK — 3 mkn. [lewonnanran
cy — 14,25 mxn. KT-IITP apranran temmeparypa-
VaKkbITTBIK TOpTiOi Kemeci Oarmapiamara — cait
xypriziami: 50°C — 30 mun, 95°C — 15 mun, 40 1uk:
95°C — 10 cek, 60°C —30 cek, 72°C — 15 cekx. AMIuu-
¢ukammsaael Real Time 7500, Applied Biosystems
(AKILL) ammmudukatopsiHIa Kypriziimi.

3epTTey HITHKeIepPi MeH 0J1apAbl TAJKBLIAY
IITP HoTmXeciHAe BHUPYCTHIK JKYKTEMEHI
aHBIKTay MaHBI3IBI OOJBIN TaObUTagBl. BUpyCcTHIK

Kykreme — 1 M Omomarepuania BHUPYCTBIH
KaHIla MeJmepi OapblH aHbIKTaiinbl. BupycThik
KYKTEMEHI IIapTThl aHBIKTay YIOIH Taingay
notmwkecinge Ct (cycle threshold) pertinze
KOPCETINIETIH “MIEKTI LMK~ KOpCEeTKIilliH maiaa-
nanaael. OJ BUPYC aHBIKTAJIFaH MEKTi UK OOJIBII
tabbL1agsl. ColikeciHie, yarine Bupyc OemexTepi
Ken OoNiFaH caiiblH, TECT-KYie OHBI COHIIAIBIKTHI
KBUIIaMBbIpaK aHBIKTAHABI. 3epTTey HOTHXKECiHIEe
Ct-moHi 21 nukijgaH Oacran aHBIKTANBIHFAH (CY-
per 3). Bapmelk yirizep Oom OCHl  YaKbITTaFbl
KT-IITP koo HoTHXKECiHIE YATUIEPAIH OackiM
KOIIILIITHAe aHbIKTalabl. Tek rana 18, 28 0en 33
yirinep M-ren OoiibIHIIa Tepic HOTHXKE KOPCETTI.
Consimen xanmbl Conryctik-Kazakcran o0nbICH-
HaH KYC TYMaybl apyphl JKallnail TapajifraH yaksITTa
JKUHAKTalnFaH 33 ynriHiH inr#ge M-reH OoibIHIIIa
85%, OH HOTHMKE aJIBIHIBI.

Amplification Plot
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3-cyper — 3eprreninin oteipran 33 PHK yuricine Kyc TymMaybl BUPYCHIHBIH

M-reni 6oitpiama kKoitpuiran KT-ITTP HoTmkenepi

Opi kKapait Cenrep OOWBIHIIIA CEKBEHUPIICY
HOTYDKECIHJIE KOFaphl MATOTEH/1 KYC TYMAaybl EKeHi
aHBIKTANABI, sFHH KaszakcTaHnarbl KYC TyMaybl

OIIaFbIHAH AJTBIHFAH YITLIEP/IiH TOJIBIK T€HOMBIHBIH
TCHETUKAJIBIK TaJIaybl OapJIbIK CErMEHT OOMWBIHIIIA
Hpaxkra tipkenrer HSNS Bupycbeiaa ete ykcac 00J1-
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Ibl, OJ1 apFBI-TEKTi IITAMMHBIH Y3bIH TapMarbIMEH
OailTaHbICKaH, OChl MPaHABIK KJIACTEPIIiH INMHIeT]
KbICKA  Y3BIHIBIKTBI ~ TapMakka  COMKECTIriH
nmonenneiai [31].

Xorapsl maToreHai Kyc TYMayblHbIH A TUIIHIH
ABOJTIOIUSCHI TTAHJIEMUsFa OKeIyl MyMKiH. OChIFaH
0alIaHBICTBI KYC TYMayYBIH XKeJleJl Oanay blH THIMI1
omicTepiH o3ipyiey FBUIBIMH 3€pTTEYJIEpIiH ©3€KTi
TaKbIPBIOBI OOJIBIN TaObIIa B

Kyc TyMayblHBIH TEHOMBIH aHBIKTAy, SFHU
XKIIKT ompge TemeHri mHaTroreHIi KYC TyYMaysbl
(TTIKT) exeHiH aHBIKTAyOBIH HETi3Ti ofici (y3ak
YaKBITTHI KAKET €TETiH) — OYJI CEKBEHUPIICY.

TecT-xylenepai o3ipiey OOHBIHIIA KONTEreH
xapusimaneivMaap 6ap, gereaiMed KTB reHOMBIHBIH
©3TePrillITiri, MyTalusIFa OCHIMIUTIIT 3epTXaHaIBIK
Oanay Ke3iHAe KypJelli Mocelenep TYFbI3aabl, Oy
CBHIHAKTBIH CE31IMTaNJIBIFBI MEH ClieIIH(HUKACH TOMEH
OONFaHIBIKTaH >KaIFaH-TepiC HOTHXKEJIEepre oKen
corazpl. OcbIFaH 0aiIaHBICTH KYC TYMAYbIH JKeJel
Oanayapi [ITP-tect skyilenepi CHAKTBI OTaHABIK
THIM/II OIICTEPiH 93ipJiey 6TE MaHBI3IHI.

KT-IITP — Tymay Typaepi MeH KOCAaJKbI
TYPJEPIH aXbIpaTyFa KOMEKTECETIH Ce31MTall XKoHe
epekuie TecT-kyie. bym Tect-kylieHi KonmaHy
apKBUTBI capamnTayabl XKBUIIAM KXYprizyre 0onajsl,
OHBIH HOTWIXKENEpl CeKBEHHpJIEepHl mMaiaananOan-
ak JKIIKT opi H5 mraMMbIH aHBIKTayFa MYMKIHIIK
Oepeni.

Ocpinaifima, enre WHQEKIUSIHBIH TapalyblHa
oI OepMey YIIiH BeTepUHAPHUSUIBIK-CAHUTAPUSIIBIK
JKOHE  apHailbl  BETEPHHAPUSUIBIK  ic-TIapanap
KELICHIH OJaH 9pi KYLICHTyre aca KakeTTi OipaeH
0ip sKcmpecc omic OOBIT TaOBLTAIEL.

Ocpl makcarra KTB aHpIKTayFa apHairan
crenu(UKaIbIK OJUTOHYKICOTHATI IMpaiMeprepai
TaHJay ’KoHe jxo0anay Kypriziityae, COHBIMEH KaTap
ykoOanmaHFaH paiMepiiep MEH YITiIep Il BT IaIn-
smay ymin CKO 30-gan actam yirinep TaHoamiabl.

KopbIThIHABI

2020 xper CKO Kyc TyMaysl BUPYCHI aypysl
JKarIai TapajaFaH yaKpITTa )KUHAKTAIFaH YITUIep/i
KT-IITP omiciMen 3epTTey OapbICBhIHAA, OJIAPIBIH
Koml OeoridiH, mamMameH 85% OH HOTHIKE ajbIH-
ne1, sraU JKIIKT tapanysr monenmenni. Oman opi
Kapail OH HOTHXKE allbIHFaH YATUIEP/i CEKBEHUPIIEY
MeH (UIOTCHETHKAIBIK arall Kypy >KYMBICTaphl
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¥ np10pUTaHUSHBIH Beiiopumx KaJachlHIa
OpHaJIaCKaH OCIMIIIKTEp MEH KaHyapiiapasl KOpray
areHTTirinze Oipnecin operHaangs [31].

Kyc Tymaysr OGoiibIHIIA KeNTipinreH akmapar
onmemzeri xoHe Kazakcran PecmyOnukaceiMeH
TBIFBI3 SKOHOMHKAJIBIK KOHE TYPUCTIK OalIaHBICHI
Oap ennepaeri ocsl aypy OOMBIHIIA HTTH300THKAIBIK
JKarmal IMMeNieHiCKeH. AypyablH KaHmail ma Oip
enre, coHblH imiHne Kasakcran PecmyGnuka-
ChIHa €Hy MYMKIHIIT1 JKOFaphel J>KoHe Ooinkay
MYMKiH emec. COHABIKTaH aypy KO3ABIPFBIIIBIHBIH
enre eHyiH ajAblH-aIy MaKCaThIHAa, eliMi3fe
tapanran KTB mrammaapbiHa Kpl1gaM opi ap3aH
aHBIKTayFa MYMKIHIIK OepeTiH IUarHOCTHUKAIBIK
TeCT-)KyHenepai KypacThIpy ©3eKTi Macene 00-
meit oTelp. COHBIMEH KaTap BaKIMHA CaJIbIHFaH
NOMyNSMA  iMIiHAE BHUPYCTBIH  Y3aK  YaKbIT
apajbIFbIHIa Tapallybl BHPYCTHI aHTHICHIIK Te,
TeHETHKAJIBIK Ta e3repicTepre YIIbIpaTybl MYMKIH.
Bupyc moarunrtepiHiH caHel Kem OOJFaHIBIKTaH
A Tymaybl BHpYCBIHa KapChl MHAKTHUBTEIIEH BaK-
[UHANAPAbl allyFa apHaJFaH ITaMMIapabl TaHIAY
Ke3iHJe KeITereH Maceneiep TyhIHAaWapl. Aiita
KeTeTIH Mocelle, KeiOip mrTamMmMmap KeiMOaT
KOHILICHTPJICHAIPYCi3 alTapibIKTail MBIKTBI BaKIH-
Ha aly YIIiH BUPYCTap JKETKIJIKTI )KOFapsl THTP/E
ecHeni.

Myaaenep KaKThIFbICHI

Bapnwik aBTOpiap MaKalaHBIH Ma3MYHBIMEH
TaHBICHIN, OKBIN MIBIKTHI X9oHE Xabapmap OOmmbI,
MyAenep KaKThIFBICHI XKOK.

Kap:kbLianasipy ke3i

Kymeic Kazakctan PecryOnukacelHBIH AybLT
mapyamsUIslK  MEUHHCTPIIITiHIE 2021-2023  KbLIT-
Jap AapanbIFbIHAAFBl  KOJAAYyBIMEH OPBIHAAJIIBL.
Kapxeumanneipy Kazakcran PecmyOnmukachIHBIH
Aybul  mapyambulblK  MUHHCTphiriHin  FTO
«Kykmanel aypyra IIalJIbIKKaH >KaHyapiapiabl
JIUarHOCTHKaJay, aypyAbl ajIblH-ally MEH eMIey
YKOHE TOTIBIPAKTaFrbl Cibip jKapachIHBIH OIIaKTapbIH
3aJaNChI3AaHABIPYABIH  OHMAIPICTIK  dicTepiH
’Kacan IIbIFapy MEH YCBIHY» OaraapliaMaliblK-
MaKcaTThl Kap)KbUIaHIBIPYBl meHOepinzaeri, 2021
KeUTIBIH 1 KbIpkyierinmeri Ne22 Kemicim-mapTka
cail OpbIHIOANFaH arpapliblK-eHEPKACINTIK KelleH
CaJIaChIH/IAFbI KOJIJJTAHOAITBI FEUTBIMU 3epTTEYIIED.



B.T. baiikapa xone T.0.

Oneduerrep

1 Ran Zh., Shen H., Lang Y., Kolb E.A., Turan N., Zhu L., Ma J., Bawa B., Liu Q., Liu Haixia., Quast M., Sexton G., Krammer
F., Hause B.M., Christopher-Hennings J., Nelson E.A., Richt J., Li F., Ma W., Sandri-Goldin R.M. Domestic Pigs Are Susceptible
to Infection with Influenza B Viruses // Journal of Virology 89(9). —2015. — P. 4818-4826. doi:10.1128/JVI.00059-15.

2 Hause B.M., Collin E.A., Liu R., Huang B., Sheng Z., Lu W., Wang D., Nelson E.A., Li F. Characterization of a novel
influenza virus in cattle and Swine: Proposal for a new genus in the Orthomyxoviridae family // Mbio. — 2014. — 5:e00031-14.
doi: 10.1128/mBi0.00031-14.

3 Chauhan R.P., Gordon M.L. A Systematic Review Analyzing the Prevalence and Circulation of Influenza Viruses in Swine
Population Worldwide // Pathogens. — 2020. — P. 9(5):355. Published 2020 May 8. doi:10.3390/pathogens9050355.

4 Nakatsu S., Murakami S., Shindo K., Horimoto T., Sagara H., Noda T., Kawaoka Y. Influenza C and D Viruses Package Eight
Organized Ribonucleoprotein Complexes // J. Virol. —2018. — P. 92. doi: 10.1128/JV1.02084-17.

5 Tao H., Li L., White M.C., Steel J., Lowen A.C. Influenza A Virus Coinfection through Transmission Can Support High
Levels of Reassortment // J. Virol, 89. —2015. — P. 8453-8461. doi: 10.1128/JV1.01162-15.

6 Vincent A., Awada L., Brown I., Chen H., Claes F., Dauphin G., Donis R., Culhane M., Hamilton K., Lewis N. Mumford E.,
Nguyen T., Parchariyanon S., Pasick J., Pavade G., Pereda A., Peiris M., Saito T., Swenson S., Van Reeth K., Webby R., Wong F.,
Ciacci-Zanella J. Review of Influenza A Virus in Swine Worldwide: A Call for Increased Surveillance and Research // Zoonoses and
Public Health. —2014. — 61(1). — P. 4-17. doi:10.1111/zph.12049.

7 Rajao D.S., Vincent A.L., Perez D.R. Adaptation of Human Influenza Viruses to Swine // Front. Vet. Sci. — 2018. — 5:347.
doi: 10.3389/fvets.2018.00347.

8 Jang J., Bae S.E. Comparative Co-Evolution Analysis Between the HA and NA Genes of Influenza A Virus // Virol. (Auckl). —
2018.—9. doi: 10.1177/1178122X18788328.

9 Kosik I., Yewdell J.W. Influenza Hemagglutinin and Neuraminidase: Yin(-)Yang Proteins Coevolving to Thwart Immunity //
Viruses. — 2019. — 11:346. doi: 10.3390/v11040346.

10 Furuse Y., Suzuki A., Kamigaki T., Oshitani H. Evolution of the M gene of the influenza A virus in different host species:
large-scale sequence analysis. — 2009. — 6(1), — P. 67—. doi:10.1186/1743-422x-6-67.

11 Medina R.A. 1918 influenza virus: 100 years on, are we prepared against the next influenza pandemic?// Nat. Rev. Micro-
biol. —208. — 16 61-62. 10.1038/nrmicro.2017.174.

12 Koen J.S. A practical method for field diagnosis of swine diseases // Am. J. Vet. Med. — 1919. — 14. — P. 468-470.

13 Taubenberger J.K., Morens D.M. 1918 Influenza: The mother of all pandemics // Emerg. Infect. Dis. — 2006. — 12. — P.
15-22. doi: 10.3201/eid1209.05-0979.

14 Worobey M., Han G.Z., Rambaut A. Genesis and pathogenesis of the 1918 pandemic HIN1 influenza A virus // Proc. Natl.
Acad. Sci. USA. —2014. — 111. — P. 8107-8112. doi: 10.1073/pnas.1324197111.

15 Saunders-Hastings P.R., Krewski D. Reviewing the History of Pandemic Influenza: Understanding Patterns of Emergence
and Transmission // Pathogens. —2016. — 5:66. doi: 10.3390/pathogens5040066.

16 Smith G.J., Bahl J., Vijaykrishna D., Zhang J., Poon L.L., Chen H., Webster R.G., Peiris J.S., Guan Y. Dating the emergence
of pandemic influenza viruses // Proc. Natl. Acad. Sci. USA. —2009. — 106. — P. 11709-11712. doi: 10.1073/pnas.0904991106.

17 Ignacio M., Nelson M.I., Quezada-Monroy F., Dutta J.,Cortes-Fernandez R., Lara-Puente J.H., Castro-Peralta F., Cunha
L.F., Trovao N.S., Lozano-Dubernard B., Rambaut A., van Bakel H., Garcia-Sastre A. Origins of the 2009 HIN1 influenza pandemic
in swine in Mexico // eLife, — 2016. — 5. e16777—. doi:10.7554/eLife.16777.

18 Paules C., Subbarao K. Influenza // Lancet 390. — 2017. — P. 697-708. 10.1016/S0140-6736(17)30129-0.

19 Shi J., Deng G., Ma Sh., Zeng X., Yin X., Li M., Zhang B., Cui P., Chen Y., Yang H., Wan X., Liu L., Chen P., Jiang
Y., Guan Y., Liu J.,, Gu W., Han Sh., Song Y., Liang L., Qu Zh., Hou Y., Wang X., Bao H., Tian G., Li Y., Jiang L., Li Ch,,
Chen H. Rapid Evolution of H7N9 Highly Pathogenic Viruses that Emerged in China in 2017 // Cell Host & Microbe. — 2018.
S1931312818304347—. doi:10.1016/j.chom.2018.08.006.

20 Richard M., Fouchier R.A. Influenza A virus transmission via respiratory aerosols or droplets as it relates to pandemic po-
tential / FEMS Microbiol Rev. — 2016. — 40(1). — P. 68-85. doi:10.1093/femsre/fuv039.

21 Gilsdorf A., Boxall N., Gasimov V., Agayev I., Mammadzade F., Ursu P., Gasimov E., Brown C., Mardel S., Jankovic D.,
Pimentel G., Amir I.LA., Maher E.L., Salvi C., Legros D., Pessoa C. da Silva, Hay A., Andraghetti R., Rodier G., Ganter B. Two
Clusters of Human Infection with Influenza A/HSN1 Virus in the Republic of Azerbaijan // Euro Surveill. —2006. — 11(5). — P. 122-6.

22 Arafa A., Suarez D., Kholosy S.G., Hassan M.K., Nasef S., Selim A., Dauphin G., Kim M., Yilma J., Swayne D., and Aly
M.M. Evolution of highly pathogenic avian influenza H5N1 viruses in Egypt indicating progressive adaptation // Archives of Virol-
ogy.—2012. —P. 1931-1947.

23 Sultankulova K., Orynbayev M., Kozhabergenov N., Akylbayeva K., Melisbek A., Jekebekov K., Zhunushov A., Zakarya
K., Burashev Y. Complete Coding Genome Sequence of an Avian Influenza A/H3N8 Virus Strain Detected in North Kazakhstan in
2018 // Microbiol Resour Announc. — 2020. — Jul 16;9(29):¢00441-20. doi: 10.1128/MRA..00441-20.

24 Abbas M.A., Spackman E., Fouchier R., Smith D., Ahmed Z., Siddique N., Sarmento L., Naecem K., McKinley E.T., Ha-
meed A., Rehmani S., and Swayne D.E. H7 avian influenza virus vaccines protect chickens against challenge with antigenically
diverse isolates / Vaccine. —2011. — P. 7424-7429.

25 Swayne D.E. Impact of vaccines and vaccination on global control of avian influenza // Avian Dis. — 2012. — Dec;56(4
Suppl):818-28. doi: 10.1637/10183-041012-Review.1.

77



Kyc tymaysr, KTB-HbIH Tapaimys! koHe TaparaH OIIaKTaH KWHAKTAJIFaH YATUICpi TeCT-Kyle KypacThIpyaa ...

26 Sonnberg S., Webby R.J., and Webster R.G. Natural history of highly pathogenic avian influenza H5N1 // Virus Research.
—2013. - P. 63-77.

27 High Pathogenicity Avian Influenza (H5NS) in Russia. 4 September 2020. Ref. VITT/1200.

28 Global Influenza Programme. Expert consultation on diagnosis of H5SN1 avian influenza infections in humans. Influenza
Other Respir Viruses. —2007. — 1(4). — P.131-138. doi:10.1111/.1750-2659.2007.00028.x

29 Duan L., Campitelli L., Fan X.H., Leung Y.H.C., Vijaykrishna D., Zhang J.X., Donatelli 1., Delogu M., Li K.S., Foni E,
Chiapponi C., Wu W.L., Kai H., Webster R.G., Shortridge K.F., Peiris J.S.M., Smith G.J.D., Chen H., Guan Y. Characterization
of Low-Pathogenic H5 Subtype Influenza Viruses from Eurasia: Implications for the Origin of Highly Pathogenic H5SN1 Viruses //
Journal of Virology. — 2007. — 81(14). — P. 7529-7539. doi:10.1128/JV1.00327-07.

30 Lee D., Sharshov K., Swayne D.E., Kurskaya O., Sobolev 1., Kabilov M., Alekseev A., Irza V., Shestopalov A. Novel Reas-
sortant Clade 2.3.4.4 Avian Influenza A(H5N8) Virus in Wild Aquatic Birds, Russia, 2016 // Emerging Infectious Diseases. —2017.
—23(2). — P. 359-360. doi:10.3201/¢1d2302.161252.

31 Lewis N.S., Banyard A.C., Whittard E., Karibayev T., Al Kafagi T., Chvala I., Byrne A., Saduakassova M.A., King J.,
Harder T., Grund C., Essen S., Reid S.M., Brouwer A., Zinyakov N.G., Tegzhanov A., Irza V., Pohlmann A., Beer M., Fouchier
R.A.M., Sultanov A.A., Brown [.LH. Emergence and spread of novel HSN§, HSN5 and H5N1 clade 2.3.4.4 highly pathogenic avian
influenza in 2020 // Emerg Microbes Infect. —2021. — Dec;10(1):148-151. doi: 10.1080/22221751.2021.1872355.

32 Verhagen J.H., Fouchier R.A.M., Lewis N. Highly pathogenic avian influenza viruses at the wild-domestic bird interface in
Europe: future directions for research and surveillance // Viruses. —2021. — 13. — P.212. 10.3390/v13020212

33 Nagy, Z., Riss, A., Fujiyama, S., Krebs, A., Orpinell, M., Jansen, P., Cohen, A., Stunnenberg, H.G., Kato, S., Tora, L. The
metazoan ATAC and SAGA coactivator HAT complexes regulate different sets of inducible target genes // Cell. Molec. Life Sci. —
2010. — 67(4). — P. 611-628.

34 Spackman E., Senne D.A., Myers T.J., Bulaga L.L., Garber L.P., Perdue M.L., Lohman K., Daum L.T., Suarez D.L. De-
velopment of a Real-Time Reverse Transcriptase PCR Assay for Type A Influenza Virus and the Avian H5 and H7 Hemagglutinin
Subtypes // Journal of Clinical Microbiology. — 2020. — 40(9). — P. 3256-3260. doi:10.1128/jcm.40.9.3256-3260.2002.

35 Olsen B., Munster V.J., Wallensten A., Waldenstrom J., Osterhaus A.D., Fouchier R.A. Global patterns of influenza a virus
in wild birds // Science. — 2006. — 312. — P.384-8. 10.1126/science.1122438.

36 Marchenko V., Goncharova N., Susloparov I., Kolosova N., Gudymo A., Svyatchenko S., Danilenko A., Durymanov A.,
Gavrilova E., Maksyutov R., Ryzhikov A. Isolation and characterization of HSNx highly pathogenic avian influenza viruses of clade
2.3.4.4 in Russia // Virology. — 2018. — 525(). — P. 216-223. d0i:10.1016/j.virol.2018.09.024.

78



3-0011M
MOJIEKYJAJIBIK
BUOJIOI'UA KOHE 'EHETUKA

Section 3
MOLECULAR
BIOLOGY AND GENETICS

Pazngen 3
MOJEKVYJISIPHAA
BUOJOI'USA UTEHETUKA



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Nel (94). 2023 https://bb.kaznu.kz

FTAMP 34.23.59 https://doi.org/10.26577/€b.2023.v94.11.07

K.K. Jocwioaes? ", JI.A. Coiabiko! ") T. Kanac?""/, 3.C. Opa3pim0eToBa’*"
K.E. Koxkanos' "/, III.LH. AxmercaasikoBa! "/, I.T. bakteioaeB' "/, Y.A. AxmeToB! ",
A.H. Baiicanapos' "/, JI.M. Hypmaxanoeros' "/, JK.C. TypmyxameroB!

'Kazak Mai nrapyaibUIBIFBL JKOHE )KEMIIIOI OHAIPiCi FRUIBIMHU 3epTTey HHCTUTYThI, KazakcTaH, AJIMarsl K.
2KP F2KBM FK «I'eHeTuka sxoHe (HU3MO0JI0THS HHCTUTYThDy JKaHyapiap reHeTUKachl
YKOHE IIUTOTeHEeTUKACHI 3epTXaHachl, KazakcraHn, Anmarsl K.
“e-mail: orazymbetova.z@gmail.com

KbI3bIAOPAA )XOHE KAPAFAHAbI AMUMAKTAPBIHAA
OCIPIAETIH XbIAKbI MOMYAAUNAAAPBIHbIH, TEHETUKAADBIK
NMOANMMOP®U3MIH BAFAAAY

Kbi3blanopAa xeHe KaparaHAbl aliMak TapblHAQ 6CIiPIAETIH >KbIAKbI MOMYASILMAAAPbIHbIH, F€eHETUKAABIK,
BPTYPAIAITi MeH e3repriwTiriHe 25 mukpocateanTtTi Mmapkepaep (VHL20, HTG4, AHT4, HMS7, COR18,
AHT5, HMS6, ASB23, TKY312, TKY343, LEX33, HMS3, COR58, HMS5, ASB2, TKY321, TKY301,
TKY337, TKY374, HTG7, UM11, TKY394, UM32, HMST1 xaHe TKY294) Heri3iHAe CaAbICTbIpMaAbl
TaAAQY >KaCaAAbl. 3epPTTEYAE KOAAAHbIAFAH AOKYCTapAbIH, GAPAbIFbl MOAMMOPdThI 60AADBI. Kbi3blaOpAa
SKbIAKbBI MOMYASUMACBIHAQ KaAnbl 192 aareAb, aa KaparaHAb! XbIAKbI MONyAdUMsICbiHAQ 194 aareAb
aHbIKTaAAbl. 2KaAMbl NOMyASUMAAAFbI AAMAEAbAEP CaHbl 3 NeH 14 apaAblFbiHAQ aybITKblAbL. EKi nonyAsums
YWIiH eH >XOfapfbl aAAeAbaepAiH THiMal caHbl CORS58 AOKyCblHAQ aHbIKTAAAbI, aA €H TOMEHTI
KkepceTkiw Kpi3blnopaa >xeHe KaparaHAbl KblAkblAapblHAQ HMST >xeHe TKY294 AokycTapbiHAQ
Garikaaabl. Eki nonyasums 6oiibiHWwa 6GaikaAaTblH XKOHe KYTIAETIH reTepo3uroTarapAbiH opTalua
KepcTekilli keaeciaen 6oaabl: Ho=0,780+0,016 xoHe He=0,765+0,010. XXaAnbl nonyAsumsAarbi
cybrionyAsumsaap ywiH apbip Aokyc HerisiHae ecenteareH Pait D-ctatuctukacol (Fst) maHaepi
0,001 meH 0,056 apaabifbiHAQ aybITKbiAbl, aA LLleHHOH mHAekci 1,68 +0,04 MaHIMEH cuMmaTTaAAbl.
3epTTeyre aAblHFaH MOMYASIUMAAAPABIH TFeHETUKaAbIK, MOAMMOPMU3MI Keplli eAAepAe OcCipiAeTiH
>KbIAKbI MOMYASLUMIAAPbIMEH CAAbICTbIPbIAAbL. CaAbICTbIPMAAbI TaAAQy HOTUMXKEAEPI 3epTTeyre aAblHFaH
ipikTemeAeri AaparapAblH reHETUKAAbIK, PTYPAIAIK AHreni >KoFapbl eKeHiH KepceTTi.

TyjiiiH ce3aep: >KbIAKbI, nonyAsuusi, AHK MUKpocaTteAAUTTepi, reHEeTUKAABIK, SPTYPAIAIK.
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Assessment of genetic polymorphism of horse populations bred
in Kyzylorda and Karaganda regions

A comparative analysis of the genetic diversity and variability of horse populations bred in Ky-
zylorda and Karaganda regions was made on the basis of 25 microsatellite markers (VHL20, HTG4,
AHT4, HMS7, COR18, AHT5, HMS6, ASB23, TKY312, TKY343, LEX33, HMS3, COR58, HMS5, ASB2,
TKY321, TKY301, TKY337, TKY374, HTG7, UM11, TKY394, UM32, HMS1 and TKY294). All loci used
in the study were polymorphic. A total of 192 alleles were identified in the Kyzylorda horse population,
and 194 alleles in the Karaganda horse population. The number of alleles in the general population
ranged from 3 to 14. The highest effective number of alleles for both populations was determined at
the COR58 locus, and the lowest value was observed at the HMS1 and TKY294 loci in Kyzylorda and
Karaganda horses. The average rate of observed and expected heterozygotes for both populations was as
follows: Ho=0.780+0.016 and He=0.765+0.010. Wright's F-statistic (Fst) values calculated on a per-
locus basis for subpopulations in the total population ranged from 0.001 to 0.056, and Shannon’s index
was characterized by a value of 1.68 +0.04.The genetic polymorphism of the studied populations was
compared with horse populations bred in neighboring countries. The results of the comparative analysis
showed that the individuals in the study sample had a high level of genetic diversity.

Key words: horse, population, DNA microsatellites, genetic diversity.
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OueHKa reHeTM4YeCKoro NoAMmopdM3ma NnonyAsiLiMii AoLLaA€ei pa3sBOAUMBDIX B
Kbi3binopaMHCKO#M M KaparaHAMHCKO#M o6AacTsIX

[poBeAeH CpPaBHUTEAbHbIA aHAAM3 FEHETUYECKOro PasHOOOpPa3Ms M M3MEHUMBOCTM MOMYASLMIA
Aowapeit  KbisbinopamHcko m KaparaHAMHCKOM o6AacTern Ha OCHOBE 25 MMKPOCATEAAMTHBIX
mapkepos (VHL20, HTG4, AHT4, HMS7, COR18, AHT5, HMS6, ASB23, TKY312, TKY343, LEX33,
HMS3, COR58, HMS5, ASB2, TKY321, TKY301, TKY337, TKY374, HTG7, UM11, TKY394, UM32,
HMS1 n TKY294). Bce AOKYCbl, MCMOAb30BaHHbIE B MCCAEAOBaHMM, ObIAM MOAMMOPMHbIMK. Bcero B
KbI3bIAOPAMHCKOM MOMNyASIUMM AOWIaael BbiiBAeHO 192 aanend, B KaparaHaMHckon — 194 aaaeas.
KoanuecTBo aareaeit B 06Lein nonyasaummn kore6aroch ot 3 Ao 14. Hamboabluee adhhekTMBHOE YMCAO
aAAenen AAst obenx nonyAsumin 6biA0 onpeaeAaeHo B Aokyce COR58, a HavMMeHbllee — B AOKyCax
HMS1 1 TKY294. CpeaHsis AOASt HAOAIOAQEMBIX M OXKMAAEMbIX TeTEPO3UrOT AAS 06erX MOMmyAsumi
6bira caeayiolen: Ho=0,780+0,016 n He=0,765+0,010. 3HaueHus F-ctatmctmkm Paita (Fst),
paccuMTaHHble MO AOKYyCamM AAS Cy6ronyAsaumin B obuien nonyasumu, sapbupoBaam oT 0,001 Ao
0,056, a nHaekc LLleHHoHa XxapakTepu3oBaacs 3HauyeHvem 1,68 £0,04. eHeTnyeckmii noAMMopdun3m
M3yyaemblX MOMYASUMIA CPAaBHUBAAM C MOMYASIUMIMM AOLUAAEN, PAa3BOAMMBIMU B COCEAHUX CTpaHax.
Pe3yAbTaTbl CPaBHUTEABHOIO aHaAM3a MoKas3aAM, 4TO 0COOM M3yyaemoi BbIOOPKM MMEAM BbICOKWI
YPOBEHb r€HETUYECKOro pasHoobpasms.

KAtoueBble cAOBa: AOLLIAAB, MOMNYASUMS, MUKpocaTeaAnTbl AHK, reHeTuueckoe pasHoobpasme.

(hM3MiHE MHKpPOCATEIUIUTTI JIOKyCTap

APKbLIIbI

Man TYKbIMAAPIBIH T'€HETHKAJIBIK KYPBUIBIMBIH
3epTTey YIIIH, COHBIMEH Karap OJIapIblH IIBIFY
TeriH 0aKpUIay KOHE aHBIKTAy VIIiH MOJIUMOP(THI
KaH XyleciHiH nokycTtapsl MeH JHK mukpocaren-
TUTTEpiHiH peni 30p [6,8,14]. AramraH JOKyc-
Tap WIeabl TEHETUKAIBIK Mapkepiiep OoJbIN Ta-
ObUIAZbl KOHE KOITereH TCOPHSJIBIK KOHE MpaK-
TUKAJBIK MaceJeNepi IIemy YIIiH Ouoyiorusaa
KeHiHeH Konnanbemansl [15,3,10]. by reneTukanpik
MapKepJiep TYKBIMIAP/bIH, JTHHUASIIAPIBIH, TYKbIM-
JacTapIblH T'€HETHKAJbIK KYPBUIBIMBIH 3€pTTEYTe,
OJIApJIbIH TE€TEPOrCHIIIITIH, TOMO3UTOTAIBLIBIFBIH
aHBIKTayFa JKOHE IIapyallbUIbIKKA Maigaibl Oern-
riep OOMBIHIIA achLl TYKBIMIBI MaJIapabl ©ci-
py TmpoleciHAe TYKbIMIa OONaThIH e3repicTepi
Oakputayra MyMKiHmiK Oepemi [16,18,9]. Aybin
HIapyallblIbIFbl MaJIIAPbIHBIH TeHETHKAIIBIK 9PTYP-
JITIrT MEH O3TeprilliTiriH 3epTTey/e T'eHETHKAaIbIK
MapKepJepiH ilIiHIe MUKPOCATEIUIUTTI JIOKyCTap
KeH KojmaHbicka ue. Mpeicansl, Bykinpeceiinik
MEMJICKETTIK Majl INApyallbUIbIFbl FHUIBIMH-3€PT-
T€y MHCTUTYTHIHBIH FanbiMaaps! (H.A. 3uHoBbeBa,
H.U. Crpekozos, JI.LA. MonodeeBa) ipi Kapa
MaJl TIOMYJISIUUSCHIHBIH TEHETUKAIBIK IOIUMOp-

CaIBICTRIpMANBl Talimay >kacaraH [17]. Xapsu-
HoBa B.P. men 3unoBbeBa H.A. ipi ak, Oepkmmp,
JIIOPOK KOHE JIaH/Apac aTThl IIOIIKA TYKBIMIAphI-
HBIH aenodoHablH 3epTreyne 11 mMukpocaren-
UTTI Mapkepai Koinanrad [23]. Xpabposa JL.A. e3
opinTecTepiMeH JKEPTLTKTI KBUIKBI TYKBIMIacTa-
peiabiH amenodonnsina JJTHK mapkepiepi 6oiibiH-
a CalbICTHIPy JKYMBICTapbIH JXYyprisren [25].
Enimizne nme OipHelle FajabMIap OTAHIBIK aybLT
LIapyallbUIBIFBl Mal TYKbIMIApblHA, OHBIH iIIiHAE
ararn aiiTkanga Mycabaes b.1. xone T.0. anatay (ipi
Kapa) TyKeIMBIHBIH [20], KukebaeB H.A. Kocranaii
(xbuTKBI) TYKBIMBIHBIH [19], BypabaeB A.A. koi
TYKBIMIAPEIHBIH [13] TeHeTHKaNbIK OpTYPIIUIITiH
MHUKpPOCATEIUTUTTI JIOKYCTap apKbUIbl 3EpPTTErcH.
ConsiMeH Katap, beitmosa W.C. e3 opinrectepiMeH
KocTaHail TYKbIMBIHBIH HOIYJISLMsIApbIHA MHKPCA-
TEJUTUTTI JIOKYCTap apKbLIbl TEHETHKAIIBIK 3€pPTTEYIIEp
xyprisred [11]. JlereHmeH, Ka3akrhlH Oacka OTaH-
IBIK SKBUIKBI TYKBIMZAPHl MOJIEKYNIAbI-TeHETHKAIBIK
TYPFBIIAH 3epTTeyJIep JKYpri3ymi kakeT eremi. OchiraH
opaif 6i3miH 3eprrey kyMbichl Kaparanmpl sxoHe KpbI-
3bLIOP/IA OHIPIH/IE 6CIPUICTIH KbLIKbI ITOIMYJISIHsIIapbIHA
MHPKOCATEIUTUTTI MapKepiiep HeTi3iHae MOJEeKyalbl-
TeHETHKAIBIK TYPFBIIAH CUTIaTTaMa Oepyre apHasIaJIbL.
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3epTTey MaTepuaagapbl MeH JicTepi

3eprrey Hblcanbl KaszakcaranHelH 2 reo-
rpadusiablK  aliMaFblHIIA  OCIPUICTIH  KBLIKBI
nonysiusapbiHan 60 6ac, onpiHinmiHAe Kaparaaisr
aiimMarpiHaH 25 napa xoHe Kei3putopna aiiMarbiHaH
35 mapa ipixrern ansrHABL. CTaTUCTHKAIBIK TalIayFa
“XanpIKapajiblK JKaHyapiap TeHETHKAachl KOFambl
(ISAG)” ycwviHFaH 25 MHKpPOCATEILTUTTI JIOKYC-
Tap apKbUIBI TEHOTHIITEY JKYPri3UIreH HOTHXKeNep
ANBIHABI. ANJENbaep/IiH CaHBI MEH Ke3/IeCy KHLIIT1,
OJIAPJIBIH THIMJLIITI, OaliKanaThlH JKOHE KYTIICTIH
TeTepo3UroTaap Iopexkeci JKoHE MOITyISIUAIaFbI
reHeTHKanblK nuddepenuuanusasl (Fst) ecentey
yirie GenAlEx6.502 koMIbIOTEpPIiK OaFaapaamMachl
KOJIJTaHBLIABI [7].

AnnenpIepiiH Ke3ecy KHUIri ToMeH e Kkepce-
TiNreH GopMyIa apKbUIbl aHBIKTAJIbL:

FreqAllele x = M 2] (D)
2N
Mynparer Nxx — X (XX) amnenmi yunH

TOMO3UrOTaNap/AbIH caHbl, an Nxy — X amreni Gap
reTepo3uroTanapIbIH caHbl (1 ke3 kenreH 6acka ai-
nenb 00Nybl MYMKiH). N = mapamap caHbl. AJuienb
KHUUTITIH 9pTYpl aJutesbJep/iH TpONOopIHsIIapbIH
TiKeNel canay apKbUIBI 1a aHBIKTayFa OOJIabl.

3epTTeyieri TeTepo3UroTANbIK >KoHEe (uKca-
WSl WHIEKCIH aHBIKTAy YIIiH Kelleci opmyranap
KOJIIaHBUIA IbL:

No._of _Hets
]—[0 = # [2] (2)
N
MyHsnarel Ho — OalKalaThIH TeTepO3WUTOTa-

nap, SFHU OEpuIreH JIOKyCTa TreTepo3urotaisl N
Japajapsly yJeci.
H=1-8
Mynna, He — KYTiIeTiH TreTepo3uroTaiap,
SIFHU KE3JICHCOK IIAaFbLIBICY KE3iHJe KyTUICTIH
reTePO3MIOTANBIKTBIH ~ YIIECi KoHe p, — Oyl
i-aJUTeNb/IiH KHLIITI.
JKBUTKBI  TTOTTYJISIMMSICEIHAAFE]  aJuleNbaep d¢-
(hexTHBTINIr TOMeH e KepceTinrer Gopmyma Ooui-
BIHIIIA €CeTITeNIi:

H.— 1 Xp? [18] (4)

Mynnarer N, — monmyJsuus arst Oipkernki xoHE
KU1 KE3JICCeTIH aJUIeNbJIep/liH CaHbl. 3epPPTEIreH
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opOip momynsAnKMsA YuliH N, JIOKYCHIHBIH JKULIIr
ecenTeneni.

[llenHon uHIEKCIH ecenTey OapbIChIHIA Keieci
(bopMya KOJITaHBIIIBL:

1=2pilnpi[15] (35

Mynna, p, — i-aunenbidin Kuiniri, an, [n — Ha-
Typan sorapudm. byHBEIH He KepcCeTKITeH
alpIpMaIIbUIBIFEI 1-MeH mekrenmeiini. Con cedernTi
TCHETHKAIBIK OPTYPJIUIIKTI OJIIey YIINH KaKChl
KOPCETKIIIl OOJIBIN TaObLIa k.

3epTTenin OTBIPFaH TOMYIANUSHBIH audde-
peHIMaNus JIOpexkeciH Oaranay yuiiH PalTTeig
(Wrights) ym Typii F-k03(pdHUITHEHTI KOTTAHBIIIHL.

). F, — cyOmonynsuussa KaTblCThl KEKE MH-
IUBHITEP imIiHAETI HHOpUIUHT Kodddunmenti. O
CyOnOImyJIsIHsIa Ke3/IeHCOK eMeC IaFbUIBICY caliia-
PBIHAH YKEKE WHINBUJITIH T€TEPO3UT OTATBUIBIFIHBIH
TOMEH/ICYIH OJIIIICH I

(Hs—Hp)
Fy= =5 1] (©)
Mynpa, Hs — cyOnomymsuusiza KyTUIeTiH

reTepesnuroTajapliblH oprama MoHi, an Hi —
cyononynsusga OaliKaaaTblH reTepO3UTroTatapIbiH
opTa MOHI OOJIBIT TaOBUTAIE.

2). F,, — aJIblfa KaTbICThI )KEKE MHIMBHITED
apaceIHIarsl HMHOpPUAMHT KO3 ¢unueHti. by
CTaTUCTHKA CYOIOMyISIIUsIIapaarbl Ke3eHCOK eMec
NIAFBUTBICY/IBIH JIa, CYOIOMYJISIIUsIIap apachIHIaFbl
TeHeTHKAJbIK AuddepeHIHalusIHbIH Ja JcepiH
ecKepeni:

(Hr—Hp)
IT = HT [1] (7)

Mynnarbl H, — Kbl MOMYJISIIUsIFa KaThICThI
KYTLIETIH T€TEPO3UIOTANIAPBIH OpTama MaHi, H, —
cyononynsusga OaliKanaTelH reTepO3UToTatapIbiH
opTa MOHI OOJIBIT TaOBLIAIEL.

3). F, JKaIIMIBIFA KaThICTBI CyOMOITyIis-
OUsTIapaarsl HHOPUIUHT K03 uitueHTi. by craru-
CTHKA CyOTONyJISIHsIIAp apachIHAAFbl TeHETHKAIBIK
nruddepeHInanrusIHBIH oIeMin Oepeni. SFHu, cyo-
MOMYJALMUSUIAD apacklHaa OeIliHTeH JKallbl TeHe-
THKQJIBIK ~ OPTYPIUTIKTIH  (T€TEPO3UTOTABIKTEIH)
yJieci.

(Hr—Hs)
Fo=—f7— [l ®)



K.K. doceibaes xoHe T.0.

3epTTey HITH:KeIepi MeH TAJIKbLIAYJIap

3epTTeyre ajblHFaH JKBUIKBl TOIYJIANNsIA-
pBlHA TEHETHKANBIK cHUMaTTama Oepy OapbIChIHAA
KOJIJIAHBIIFAH 25 MUKPOCATEIUTTI JIOKyCTap OOWBIH-
ma Ke3biiopaa sxeuiksl nomyssauusaceinga (Iloml)
kannbel 192 amnens asblKTanca, an Kaparangb
KbUIKpl  momyssiusickiga  (I[Mon2)194  amnens
aubikTamapl. TKY 343 nokycer exi momymsius 00i-
BIHIIIA/Ia €H >Koraprbl aytenaep canbiH (IToml —
TKY343=14 xone Ilon2 — TKY343=11) xepceTrTi.
3epTTeyre ajblHFaH €Ki TOMYJISAIUsIAa €H TOMEHTI
ammenbaep cansl ([lorl — 3 xone [Ton2 — 3) HMSS
JIOKYChIHIA OaiKanabl. JKanrmbl HOmyJ IsIIUsAars! aj-

Ke3JleCy JKUUTIr eKi MOMmyJIsuusiia 9pTYpiIl maibI3-
6en epexmenenai. Mpicansr, [lonl ipikremenepinme
LEX33 nokyceina ta0butran 201 amreniHig Ke3-
necy xuiiri (54,3%) eH JKoFapbl KOPCETKIIIKEe ne
6oinca, an Ilon2 ipikremenepinge TKY294 noky-
CchlHAAa aHbpIKTaimrad 224 amneni 54 malbl3  Kesze-
Cy KHUIIriMeH eH »oraprbl MoHTe ne oonapl (Cy-
pet 1, 2). Ke3putopna nomyssimusiceiaga 25 STR-
JIOKYCHl apKbUIbl TAObUIFaH aJJieNbAep CAHBIHBIH
oprama MoHi 7,68+0,50 Ten O6ommpl. Kaparanmb
KBUIKBUIAPBIHIAFBl ~ OpTalla  ajuiesibAep  CaHbl
7,76+0,41 MoHiMEeH cumarTajgabl. AN 3epTreyre
QNBIHFAH JKaJmbl IpIKTEeMEJeri auieNblep CaHbl

Jenpaep caHbl 3 MeH 14 apanbIFbIHIA aybITKBIABL — oprama  ecemmeH  7,72+0,32  kepceTkimiiHe
OpOip JIOKyC HETi3iHJe TaObUIFaH aJUICIbJACPAIH  TEH OOJIIBL
0.600 - Allele Frequency for LEX33
z
=
o
3
o
E M Kyzylorda
W Karaganda
LEX33
Locus

1-cyper — TKY294 nokycel 6oiibIHIIA TaOBUIFAH aJUIENbAEpP CAHbl MEH OJIAPABIH Ke3/ecy XKHULIIri

Allele Frequency for TKY294

0.600
g 0.400 -
o
3
g
= 0.200 M Kyzylorda
I Karaganda
0.000 . m 8
216 ‘ 22 ‘ 224 ‘ 226 ‘ 228 230
TKY294
Locus

2-cypet — LEX33 noxycsl 6oibIHIIA TaOBUIFAH QJUIENBAEP CAHBI MEH OJIAPABIH Ke3/1ecy KULIITI

Exi nonynsuusira canbpICTBIPMaIbl TAJIJay JKacay
OapbBICBIHIA ATUTCTBACPIIH TUMII CAHBI CCETTEI/I.
Exi momynsinust YUIiH €H >KOFaprbl ajlleNIbAepaiH
truimai cauel CORS8 (ITonl — 8,22 sxome Ilom2
— 7,62) nokycblHAa aHBIKTAIAbI, aj KepCiHIIE eH
TeMeHri kepceTkim Kp3putopaa xone Kaparaumsr
skplkputapeinia HMS1 sxone TKY294 noxycra-
perana Oarikanaer (Cypet 3). AtensaepaiH THIMII

caHbIHBIH opTalia MoHi Kaparanpl ipiktemenepinie
(Ne=4,66+0,25)  Kemsutopmara (Ne=4,59+0,29)
KaparaHJia KOFapblpak €KeHi aHbIKTabl. JKamsl
TOMYJISIIAA YIIiH 0y kepceTkim 4,62+0,19 monine
TEH OOJIJIBI.

MukpocaTeTuTTi JIOKyCTap HeTi31H/Ie
TCHETHKAJIBIK OpTYPJIUIIK JeHredin Oaramay Oa-
PBHICBIHIA KOJIAHBUIATHEIH KOpCceTKimTepain Oipi
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[llennon wHpekci Oombin TaObuIaABl. bi3miH 3epT-
Teyre anraH nomyssusuiapra Lllennon apTypuimiri
ecenTemni. 3epTTey TOOBIHAAFHI Japaiapibl TeHO-
tunreyae kKonmaneiran 25 STR wmapkeprepinin
imane TKY343 (1=2,26) xone CORS8 (I1=2,14)
nokyctapbl Ke3butopa sxone Kaparanuel morry-
nsmusnapeigaa LleHHoH opTypiiri OolibiHINA €H

16.000
14.000
12.000
10.000
8.000
6.000
4.000
2.000

0.000

VHL20
HTG4
AHTA
HM 57
COR18
AHTS
HM S&
ASB23
TKY312
LEX33

TKY343

== K yzylorda Na =@ Karaganda Na
Karaganda Ne ==@= Kyzyiorda |

HM 53
COR58

JKOFapFbI KOPCETKIIITKE Ue 00JIca, aj eKi MOy IS
6oitprama na HMSS (I=1,09) nmokychkl eH TemeHri
MOHTE He OOJJIbl. Op MOMYJSIHS YIIH eCenTe-
red lllennonHsiH oprtama moHi Ilomlxone ITon2
ipikremenepinze 1,67+0,06 xone 1,694+0,05 TeH exeni
aHBIKTATBL. JKaImbel momy sl OOWBIHITIA aTaJFaH
kepcetkimr 1,68+0,04 MOHIMEH CHIIATTAIIJIBL.

HM S5
TKY321
ASB2
TKY301
TKY337
TKY374
HTG7
UnM11
TKY394
Um32
HMS1
TKY294

Kyzylorda Ne
==@== Karagandal

3-cypeT — 3epTTeyre anblHFaH €Ki TOMYJIAIUs OOUBIHINA aJUIeNIbACP CaHbl, AICTIbACPIIH

THIMII caHbl koHe LIIeHHOH MHIEKC] HOTHXKETepi

3epTTeyre ajgblHFaH ipiKTEMeaeri jJapajiapiblH
TCHETHKAJIBIK ~©3TeprilTik JopekeciH Oaranay
YIIiH OaiKanaTblH JKOHE KYTUJIETIH TIeTepo3Uro-
Tanap JeHreii ecentenai. 3epTTey HOTHXKENEpiHE
cyiieHcek, opOip JIOKyC OOWBIHIIA E€CeNTeIreH
KYTUICTIH JKoHe OalKalaTblH  TIeTepO3UroTa-
nap JIGHTeHiHIH KOpCeTKIITepi OpTYpili eKeHiH
KepceTTi. MpIcaibl, €H KOFaprbl OalKadaTblH Ie-
teposuroranap moHi [Tonl nmapamapsr ymia AHT4
xoHe CORS8 noxycrapbiHia aHbIKTanca, ajl €H
tomeHri MoH ~ HMSI1 JokychiHIA aHBIKTAJIbI.
ATanfaH TONMyJISILUSNA KYTUICTIH TeTepO3Uro-
tanmap naedreii 0,54 (HMS1) nen 0,87 (CORSS)
apanbireinaa  aysITKeLABl (Cyper 4). Kaparanabl
MOMYJISIUSICHl  OOMBIHINIA €H JKOFapFbl JKOHE €H

84

TOMEHT1 OalfKallaThIH JKOHE KYTUJIETIH IeTepOo3Uro-
tagap moHi TKY312 (Ho=0,960) xome TKY321
(Ho=0,520), COR58 (He=0,869) xone TKY294
(He=0,646)  nokycrapeiana Oatikanael (Cyper
5). IMom2 ipikTemenepi OOWBIHIIA AHBIKTAIFAH
OaifKalaThlH Te€TEePO3UroTajapiblH OpTalla Iia-

macel  (Ho=0,787+0,023) I[lonlipikremenepine
(Ho=0,773+0,022) KaparaHJa  CaJIbICTBIpP-
Majbl  Typae  oKorapbl  Oosmbl.  Kyrinerin

reTepO3UroTaIap bl OpTallla MOHI €Ki MOIMYJISIIIHS
VIIIH YKcac eKeHl aHbIKTayubl. JKajambl eki Io-
MyJsanust OOWBbIHINA OalKalaThIH KOHE KYTIJICTiH
reTepo3UroTaIapIbIH opraia KOpCTeKIIIi
Kejecimeln  OOJIIBI: Ho=0,780+0,016  sxoHe
He=0,765+0,010.
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Kyzylorda —e— o —e— e

HMS1
umaz

TKY394

UmM11

HTG7

TKY374

TKY337

TKY301
ASB2

TK{(%S%HHQ-IT@

AHT4
HMS7

COR18

Y, AHTS
HMS6

ASB23

TKY312

TKY343
LEX33

TRY32, mssorsEMS2

4-cypet — Kp3putopzia aiMarbIH1a ©CipileTiH KBUIKBI MOMYJISIHACH OOMBIHIITA
0alfKaJIaThIH KOHE KYTIJETiH reTepo3uroTanap Adpexeci

Karaganda =—e=—to —e—He

T HL201Ga
HMS1 gk AHT4

uUmMaz
TKY394

HMS7
COR18

UnMI11 AHTS
HTG7 HMS6
TKY374 ASB23
TKY337 TKY312
TKY301 TKY343
ASB2 LEX33
TKYaz}-{MSiZORSé-lMSS

5-cypert — KaparaH/ipl aiiMarbIHa ©CIPIIETIH JKBUTKBI TOMYJIALUACH OOHBIHIIA

OalfKayaThIH SHE KYTUIETIH reTepo3uroTaiap A3pexec

CyOnonynsmsaarsl 1apanap MEH >Kalbl TOITy-
JSIIUSIAFBI Japajiap/IblH HHOPUIUHT KO3(h(UIIMEHTIH
JKOHE HKAIITBI TTOMYJISIHSIAF! CYOTTOMY ISP IbIH
MHOpUIMHT KOO UIMEHTIH Oaranay MakcaTbIHAA
Paiit ®-cratuctukaceapiy, ymr moHi (Fis, Fit xxone
Fst) op0ip Jiokyc OOMBIHIIA 3ePTTEYTe ATBIHFAH MOy~
JSTWSIIAp YIIiH aHeIKTaTE. Fis skone Fit HoTmkenepi
CYOTIOIyJISIUS. MEH JKaJIbl TOMYJISIHSIAFbl J1apa-
napna VHL20, HTG4, TKY312, HMS3, CORSS,

TKY321, TKY301, TKY337, HTG7 xoHe
TKY294 noxycrapbl OOWBIHIIA TeTepoO3UroTAIap
ApTHIKIIBUIBIFEI  OalKaFaHBIH ~ KepceTTi.  JKammbl
TIOITYJISIIUSIIAFbI CYOTIOIYJISIIUSIIAP YIITiH 9pOip JIOKYC
Herizinge ecentenreH Fst monmepi 0,001 men 0,056
apaJIbIFBIH/A ayBITKBIIBL PaliT d-CTaTUCTUKACKIHBIH
VI MHIEKCI OOMBIHINA aHBIKTAIFAH OpTallla MOHIEp
kenecigeit: Fis=-0,017+0,015, Fit=-0,001+0,016 sxone
Fst=0,016+0,002 (Cyper 6).
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0.300
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6-cypet — PaiitT ®-craructuxacel OOMbBIHIIA aJIbIHFAH HOTHIKENIEP/IiH KOPCETKIITepi

TAJIKBIJIAYJIAP

MukpocaTeIiuTTi  JIOKyCTap HeTi3iHae Ka-
Hyaplap/blH T€HETHKAJIBIK SPTYpIiriH Oaramayna
MOMYJISIUS. HEMEce TYKbIM OOMbIHILIA aHBIKTAJIFaH
aJJICNIbJICP CaHBIHBIH OpTAallla KOPCETKIII MaHbBI3 bl
Kypait 6oubin TadbiIankl. Exi momysnms 60HbIHIIA
aHBIKTAJIFaH ajuieNbaep iy oprama canbl (Na=7,72)
OPBICTBIH aYBIPKYKTI JKBUIKBl IOIMYJISILUSICHIHAH
(Na=6,12) sxorapsl OoJibl. 3epTTeyre ajblHFaH
Ka3aKTbIH XbUIKbI TOIYJISILUSIIAPHIH 1A TeHE THKATIBIK
OPTYPJIIIK KOFaphl €KeHI aHBIKTAJJIbI. OJICOUETTIK
KONTEreH 3epTTeyiepre CYHEeHCeK O>KbUIKBI I10-
NyJSIHAIapbl MEH TYKBIMAAPBI apachlHOa opoip
STR-710KyChbIHAA aHBIKTAIFaH aJJIEIbACpP CaHbIHBIH
epekuienikTepi Oaiikanaabl. bi3niy 3epTTeyre anran
Ke3piopaa xone Kaparanabl *KbUIKbI MOITYJISIIH-
sTIapbIHa  ajuleNbaep caHbl eH skorapsl TKY343
JIOKYCBIHJA AHBIKTAJJIbI (IToml — TKY343=14
xoHe [Ton2 — TKY343=11). A, TyBuH XbUIKbI I10-
nymsmusutapeiaaa ASB17 nokyceiana (Na=10) ex
JKOFapFBbl ajutesbaep canbl TabbutraH [21]. Peceiine
OCIpUIEeTIH Ta3aKaH/bl MiHICTI KBUIKbUIAPBIHAA [4]
ASB2 nokychlHIa amuienbaep cansl 9 TeH Oodca,
Ke3pinopaa xone Kaparansl KbUIKbUIApbIHIA Al-
Jutenbaep caHbl 8 skoHe 10 TeH eKeHi aHBIKTAJIbI.
SI¥HU, opOip MUKPOCATEIUINTTI JIOKYCTap HETi3iH/e
CANIBICTBIPMANBI  TaNJay HOTWXKENepl  ajuiellb-
JIep caHbl OOWBIHINA TOMyJsAUsuiap Oip-OipiHeH
epekuieneHeTiHiH ~ kopceTTi. COHBIMEH — KaTap
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=—g— Fis —li— Fit Fst

TaOBUTFaH aJUIEIBIACPIIH Ke3AeCy JKUIITI 1e Oenrii
Oip HAKTBI TYKBIMIAP HEMEC MOIMYJISALUsIApIbl CH-
raTTayia aiTapiabIKTail MaHBI3Fa M€ €KCHIH alTyFra
6omazel. [lomnl sxone ITon?2 ipikremnepinge ke3necy
XKuiiri eH sxorapel LEX33 mokyceiHma TaObutFaH
201 amneni men TKY294 5okychIiH/Ia aHBIKTaIIFaH
224 (54,0%) amnem 6ommael. Con CHSKTH Biamn-
MUD aybIp )KYKTACBIMAJIIAF I )KbLUTKBI TYKBIMBIHBIH
MOMYJISAAACHIHAA KE3IeCy JKHUII >KOFaphl all-
nenpaep AHT4L (0,507), HTG10R (0,488) »xoHe
HMS1(0,699) noxycrapeiHma aHBIKTaJCa, all
COBETTIK aybIp JKYKTaChIMAJJIAFBIII KBUIKbI I'€-
Hodoumeraga HTG6O (0,825), HTG10M (0,535)
skoHe CA425N (0,500) mokycTapblHAa aHBIKTAIbI
[12]. Kemeci peTTe TeHETHKAIBIK OPTYPILTIKTI Ta-
Jlay YUIiH 9p JOKYyc OOHBIHIIA aJuTeIbIepAiH THIMII
CaHBl CCENTENII, Op TOMyJISAIHs VIIiH OJapabIH
opTallia MOHI CAlILICTBIPMABI TANJAH/Abl. ATallFaH
kopceTkim Kaparanmaer MeH KeBbuiopma mormy-
JSUACHIHAA TeHETUKANBIK OPTYPILIIK JACHreil
mamanac CeKeHiH KepcerTTi. JKalumbl MOmyJIsIus-
Jla aHBIKTAJFaH aJUICNbJCP/iH THUIMJI CaHBIHBIH
oprama MoHI (4,63+0,19) camsIcTBIpManbl Typae
17 MHKpOCATEJUIUTTI JIOKYCTap apKbLIbl 3E€PTTE-
red KpIpFbI3 KBUIKBI TOMYJSIIUACHIHAH TOMEH
(4,888+0,330), Oipax TyBHH >KBUIKbUIAPBIHBIH
kepceTkintineH (4,20) »orapsl OOITYBIMEH CHITAT-
Tangsl [21, 5].

lllernon mHIEKCI Oenrim Oip OMOOPTYPIILIIKTI
Oaraynayna KEHIHCH KOJJIaHbLIaabl. bysl WHIEKC



K.K. JlocwiOaeB xoHe T.0.

ipikTeMeze Oap TYpJIepIiH CaHBIH XKOHE 9p TYP YILUiH
KEKe JlapanapJiblH CAIBICTHIPMANbl CaHBIH €CKepe
OTBIPBIN ecenTeneni. SIFHHU, O TypJep CaHBIHBIH
OalBIFBI  MEH KONTITI Typanbl MOIiMETTep/i
Kepcereni. 3epTreyne KOJNAaHBUIFaH OapiblK JIO-
KycTap OOHBIHIIA €Ki MOMyJSIHSIbI aHBIKTAFaH
[llennon MoHiHIH opTara kepcetkimi 1,68+0,04 Tex
OOJIBI, CTAaHMAPTTHI MOH HETI3iHIE KapacTBIPCaK,
013/11H MOMyJALUsUIapIaFkl OPTYPIUIIK ASHIeli op-
tama (1,5<) men 6ara 6epyre 6omansr [22].

Benrini Oip momynsnusaarel, TaOBIHAAFbl He-
MeC oOTapJarbl aybUl NIapyallbUIBIFl Mallaaphl
YHEMi JWHAMUKAaIBIK JKargaiiia Oonaabl, cebedi
Taburu (paKTopIap MEH CENEKIMSTHBIH HOTIKECIH e
TeHETHKAIIBIK ©3repicTep MeH ipiKTeyre yIIbIpan
oteipaabl. COHBIMEH Katap, Oemiriyii 0ip MakcaTka
JKETY YIIIH CeJIEKLIMOHEPJIepP aTa-aHalbIK )KYITap/Ibl
1piKTey ’KOHE KYIITACTBIPY )KYMBICHIH KYPT'i3iT OThI-
palibl, COHBIH CajlIapbIHaH MOMYJIALHsIIA Ke3IeHCOK
IaFBUTBICYFa KapaFaHaa WHOPUIMHT Topeskeci 2-4
ecere KOFapbulall OTHIpajbl. | €TepO3UroTaNbIKThI
aHBIKTAy apKbUIbl TCHETHKAJBIK ©3TePrillTiK IeH
MHOpUIMHT JAopexeciH Oaxputanm oTelpanel. Ca-
TBICTRIpMaTBl TypAe KpI3bIIop/a KbIUIKBI ITOITY-
JSIIMSAChIHA Kaparania KaparaHabl >KBIIKBI IOITY-
TAAACHIHAA OalKaNmaThlH JKOHE KYTIJICTIH TeTe-
po3uroranap yJjeci JKOFapbl CSKEHMIIri OalKabl.
AJ, 3epTTeyre allblHFaH Ka3aKThIH JKBLIKBI IOITY-
JSIMSCBIHABI OKaIbl JKAIBl OalKaJaTbiH >KOHE
KYTIJIETIH TETePO3UTOTANIaPABIH OpTalia JopesKeci,
cotikecinmre, 0,78+0,02 sxone 0,77+0,01 OGomapl.
I'eneTukanblk ©3reprimiTirin Oaranay OapbICHIH-
Jla JKalIbl €Ki MOMyJALMsAa Ja TeTepo3uroranap
APTHIKIIBUIBIFB  OalKanael. Ke3bUiopaa mMOmyJis-
USICBIHIA TeTepO3UroTasap apTHIKIIBUIBIFEL 1,1
% kypaca, an Kaparanael nomynsuusceiaga 1,9 %
Kypazabl. Bi3aiH 3epTTey nmomynsnusaa aHbIKTalFaH
TEeHETUKAJIBIK  e3reprimTik jaeHreii [lewopckwmii
(Ho=0,732 xone He=0,705) XbUIKbLIApbIHA
KaparaHJia )KOFapbl, SFHU Ka3aKThIH KbLTKbLIAPHIH/IA
NOMYJSIMAIIIIIIK UHOPUIMHT OpPBIH aJIMaraHbIH
nmonenaeii [24].

CyOnomynsuusgarsl gapajap MEH Kajllbl I0-
MyJAMUSAaFl UHOPUAUHT KO3 (UITUEHTIH eceT-

Ty HOTHXKEIEpiHe CYHEeHCeK, KOJIaHbUFaH 25
MHKPOCATEIUTATTI  JIOKycTapablH 44%  momyns-
nusga TMOMYJSIUSINIUNK WHOPUIWHTTIH OoiMa-
yBIMEH CHMaTTai/bl. JKayrbl 3epTTeyre ajbIHFaH
MOMYJISAIUA A Fis -0,017 xepceTkinriMeH cuMar-
tanel. OChiFaH yKcac HoTHke TyBa jKbUIKBI TOITY-
JISINUSICBIHIA (Fis=—0,008) aHpIKTaIbI [16]. Al ke-
piciHIIe TYKBIMINIIIK WHOPUAMHT OPBICTBIH ayBIp
Kykraceivangareimn - (F, =0,031) xone peceiine
ecipimeTin Taza Kauabl XbUIKE (Fis=0,001 TykpIM-
napbinaa anbikTanrat [ 18]. XKanms! nonynsuusgarst
CyOTIOny IAIHSIIAP ABIH HHOPUAUHT KO PUITHEHTIH
Oaranayna, F (0,016) mormkeci sepTreyre asnbin-
FaH €Ki IMOMyJISIIMs apachlHIa AMBEPICHIINS JICH-
reiti (F <0,05) Temen exeHin KepceTTi. AJbIHFaH
HOTH)KE OOWBIHINA TOMYJIALUSAIAP apachlHIa MH-
Tpalus KYPill KaTKaHbIH TY)KBIPBIMIayFa O0JIa bl

KopbIThIHABI

STR-mapkepinepi HeTi3iHAE KBUIKbI TOMYJISIINS-
JApBIHBIH, TOJIMMOPGU3MIH CaJBICTBIPMAIIBI TYPJIC
Oaranmay HOTWXelepi TaObUIFaH ayulebICpAiH ca-
HbIHa OalJIaHBICTBl Op TOMYJSIUSHBIH ©31HIIIK
TCHETHKAJIBIK PTYPIILIITi 00IaThIHABIFBIH KOPCETTI.
ATBIHFaH HOTHXKETep, 25 MHUKPOCATEeNUTTI JIOKY-
crap OoiipiHIma KpI3puiopaa >KbUIKBl HOMYJISIINS-
ceIHIa Kammbl 192 ammens, anm Kaparaumbl sKBITKBI
nonymsuugceinga 194 amnens anbikTangel. Co-
HBIMEH Kartap, €Ki TMOMYJISIIUSAaFbl TeHETHKAIBIK
©3TeprillliTiKk ACHreliH calbICTBIpManbl Oaranayra
MYMKIiHTIK Oepmi. PaiTTeiH F-cTatmcTukacwl mo-
MyJSIIMAga TeTepPO3UToTalbl JapaiapAblH 0ackM
SKEHIH JKOHE MOIMYJISIHSIIAp apachlHIa MUTPALUS
OpBIH aJFaHbIH KepceTTi. 3epTrey OapbIChIHIA
KOJIJAHBUIFaH 25 MHUKpPOCATEIUTTI JIOKYCTap 3epT-
TEJITeH KBUIKbI TOMYJISIIMSIIAPBIHBIH TeHETHKAIBIK
OpPTYpJIiri MEH ©3TeprillTiri >XKOHe WHOPHIUHT
ko3 duLmeHTIH Oaranaya MOJI aKlapaTKa He eKeHi
AHBIKTAIJIBI.

«3epmmey orcymvicmapwvl Kazaxcman Pecny-
OMUKACLL  aybll  WAPYAUUBLIBIEGL  MUHUCTPIIIZIMEH
Kapoicolianovipsinosvl (BR10764999)»
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KAOHNUPOBAHWE OTKPbITbIX PAMOK CHHUTbIBAHWNA SARS-COV-2,
MX SKCITPECCUA B KAETKAX ESCHERICHIA COLI 1 BbIAEAEHUE
PEKOMBMHAHTHbBIX BEAKOB SARS-S-6HIS, SARS-S1-6HIS,
SARS-N-6HIS, SARS-M-6HIS N SARS-E-6HIS

HoBbi1 kopoHaBupyc SARS-CoV-2 Bbi3BaA naHAeMMIO aTunuHoi nHeBMoHMn COVID-19 1 noBaek
pa3pyLUMTEAbHbIA KPU3NC 3APABOOXPAHEHWS M COLMAAbHO-3KOHOMMYECKOM cdpepbl BO BCeM MUpe. AAS
ycrnetHon 60pb0bl C anMaemmen HeobxoanmMa 3heKTUBHAS CUCTEMA AMArHOCTUKM BO30YAUTEASI AAS
NPeAOTBPALLEHUS €ro PacrnpoCTPaHeHUs CPeAr HaceaeHus. [TOCKOAbKY OOGHApy>XeHUe aHTUreHOB 1
aHTuTeA K SARS-CoV-2 MEeToAOM MMMYHO(EPMEHTHOIO aHaAM3a MMEIOT DOAbLIOE 3HayeHWe B AMa-
rHoctuke COVID-19, Mbl pa3paboTaAr peKOMOMHAHTHbIE aHAAOIM OCHOBHbIX CTPYKTYPHbIX OEAKOB BM-
pyca SARS-CoV-2. AAst 3TOrO Hamu BbIAM KAOHMPOBAHbI B 3KCMPECCUOHHDBIN BekTop PET23C oTKpbITbIE
PaMKKM CUMTbIBAHWS YETHIPEX CTPYKTYPHbIX BEAKOB BMPYCa, @ MMEHHO MOBEPXHOCTHOrO CMaikoBOro
ravkonpoTtenHa (S), membpaHHoro 6eaka (M), maaoro 6eaka 060A04kM (E) 1 HykAaeokancnaHoro 6eaka
(N). Hamu 6biAn noayuerbl wtammbl Escherichia coli BL-21(DE3), npoayumpyiolme pekoMOMHaHTHbIe
6eakmn S-6His, M-6His, E-6His 1 N-6His. bbira onTrMuM3mMpoBaHa npoueAypa OUMCTKM PeKOMOMHAHT-
HbIX GEAKOB M3 CyCMeH3MM KAETOK. B AocTaTouHOM KoAMYecTBe ObiA BbiaeAeH 6eAaok N-6His, koTopblit
ObIA OUMLLEH AMAAM30M M CKOHLEHTPMPOBAH. [loAyueHHbIn umcTbiid npenapat N 6eaka (coaepskaHue
ueaeBoro 6eaka 80%) MOXeT 6biTb MCMOAb30BAH AAS AQAbHEMLIMX UCCAEAOBAHWI €ro aHTUreHHOM
aKTMBHOCTM.

Katouesbie caoBa: COVID-19, SARS-CoV-2, KAOHMpOBaHME, peKOMOMHAHTHbIE OEAKM.
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Cloning of the major open reading frames of SARS-CoV-2, their expression
in Escherichia coli and purification of SARS-S-6His, SARS-S1-6His, SARS-N-6His,
SARS-M-6His and SARS-E-6His proteins

A novel coronavirus SARS-CoV-2 has been associated with the COVID-19 atypical pneumonia
pandemic, which caused a devastating healthcare and socioeconomic crisis worldwide. Effective di-
agnosis of the disease is important to prevent the spread of infection. Since the detection of antigens
and antibodies against SARS-CoV-2 by enzyme-linked immunosorbent assay is of great importance
in the diagnosis of COVID-19, we developed recombinant analogs of the main structural proteins of
the SARS-CoV-2 virus. The genes of the main open reading frames, including the surface spike (S)
glycoprotein, the small membrane (M) protein, the envelope (E) glycoprotein and nucleocapsid (N)
protein, were cloned in expression plasmids pET23c in polyhistidine reading frames. We obtained
the strains of Escherichia coli BL-21(DE3) that produce recombinant S-6His, M-6His, E-6His 1 N-
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6His proteins. N-6His protein was produced in sufficient quantities, for the purification of which
the conditions of dialysis and its concentration were optimized. We obtained pure preparation of
N protein (the target protein concentration is 80%). Further studies should be performed to identify
its antigenic activity.

Key words: COVID-19, SARS-CoV-2, cloning, recombinant proteins.
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SARS-CoV-2 awblk oKy LueHb6epAepiH KAoHAAY, oAapAbiH, Escherichia coli xacywiarapbiHaa
3KCIMPeccHUsicbl XkdHe peKoMouHaHTTbl SARS-S-6His, SARS-S1-6His, SARS-N-6His,
SARS-M-6His >xaHe SARS-E SARS-E-6His akybi3AapbiH 66Aiy

JKaHa SARS-CoV-2 kopoHaBMpycbl atunmkaAblk, NHeBMOHMS COVID-19 naHAEMMSCbIH TyAbIp-
Abl XKaHe OYKIA BAEMAE AEHCayAbIK, CaKTay MEH 9AeYMETTIK-DKOHOMMKAABIK, CAAAAAFbl AAFAAPbICKA
OKEAAI. DNMAeMMSFa KapCbl TUIMAI KYpecy, OHblH XaAblK, apacblHAQ TapaAyblH G0OAAbIPMAy YLUiH
KO3AbIPFbILITBI aHbIKTayAbIH, TUIMAI AMArHOCTUKAABIK, Xyieci KaxkeT. COVID-19 AMarHOCTMKACbIH-
Aa ELISA kemerimeH SARS-CoV-2 aHTUreHAepi MeH aHTMAEHEAepiH aHbIKTay YAKEH MaHbl3fa ue
6oAFaHAbIKTaH, 6i3 SARS-CoV-2 BMPYCbIHbIH HEri3ri KYPbIAbIMABIK aKybl3AAPbIHbIH PEKOMOMHAHT-
Thl aKybI3AapbIH CUHTE3AEAIK. OA yuWiH 6i3 BUPYCTbIH TOPT KYPbIABIMABIK, aKybI3bIHbIH aLlbIK, OKY
weHbepAepiH pET23c akcnpeccusibiK, BEKTOPbIHA KAOHAQADIK, aTarn anTkaHaAa, 6eTTiK FAMKONPOTENH
(S), KiwkeHe MembOpaHaAbIK, aKkybi3 (M), KoHBepTTi akybi3 (E) >kxaHe HykAaeokancuaTi akybi3 (N). bi3
S-6His, M-6His, E-6His >kaHe N-6His pekoMOUHAHTTbI aKybI3AapbiH 3KCnpeccusinanTbiH Escherichia
coli BL21 (DE3) wramaapbiH arAbIK. PEKOMOMHAHTTBI aKybI3AAPAbI Kacylla CyCreH3usCbiHaH Ta3ap-
Ty MPOLLEAYPAChbl OHTAMAQHABIPbIAABI. AMAAM3 apKblAbl Ta3apTbIAbIN, KOHLEHTpaunaAaHFaH N-6His
AKYbI3bl XXETKIAIKTI MOALLEPAE aAbIHAbI. AAbIHFAH N akybI3AbIH Ta3a npenapaTtbiH (KaXKeTTi aKybI3AbIH,
mMeAluepi 80% KyparAbl), OHblH aHTUreHAIK GEACEHAIAIriH 3epTTey YLWiH >KaAFacTbl 3epTTeyAepre

KOAAaHYFa 6OAAAbI.

Tyiin ce3aep: COVID-19, SARS-CoV-2, KAOHAQY, PEKOMOMHATTbI aKybl3.

BBenenue

Koponasupycnas ungexust COVID-19 — ato
BBICOKOKOHTAarno3Hoe HMH(EKIHOHHOE 3a00JeBa-
HHUE, XapaKTepu3yloleecss TSHKEIbIM OCTPBIM pe-
criupatopHbeIM cuHAapoMoM. COVID-19 BbeI3bIBaeT-
csl HOBBIM IITaMMOM KopoHaBupyca SARS-CoV-2,
KOTOPBIN BIIEpBBIE OBLT BBISBJICH B Jiekadpe 2019 T.
Bupyc pacripocTpanuics 1o BceMmy MUpPY 3a KOPOT-
KWH [IeproJ] BpeMEHH, BbI3BaB 3a00ieBanue y 6onee
yeM 193 MUIIMOHOB 4enoBeK U Ooiee 4 MHIUIHO-
HOB cMmepreii [1]. BcemupHas opranuzanust 3apaBo-
oxpaHeHus1 o0baBuia nanaemuto 11 mapra 2020 r.
[2]. B Kazaxcrane Bupyc BriepBbie ObIIT O0OHApYKEH
13 mapra 2020 roxa. Ilo cocrosiauio Ha 27 urons
2021 roma B Kazaxcrane 3aperucTpupoBaHO Oolee
600 Teicsu ciydaeB 3aboneBanusa U 5619 cmepreit
[1]. HecMoTpst Ha mpUHATBIE KapaHTUHHBIE MEpHI,
nokasarenu 3a00JeBaeMOCTH M CMEPTHOCTU OT
COVID-19 B cTpane pacTyT.

st GoprOBI € PacCIPOCTPaHEHUEM HHQEKIUH
HeoOXoauMo BHenpeHune 3((EKTUBHON CHCTEMBI

quarHoctuku. HecMoTpst Ha OBICTpBIN Mporpecc B
pa3paboTke W BHEAPEHWH muarHoctudeckux [IIIP
TECT-CHCTEM, CYHIECTBYET OCTpas KIMHHYECKas
MMOTPEOHOCTh B HIMPOKOM TMPHMEHEHUH DJKCIIPecc
TECT-CUCTEM, KOTOPBIE MOTYT BBISBISTH BUPYC Ha
PaHHHUX CTaAuAX 3a00JieBaHUS 32 KOPOTKHHA TIPO-
MEXYTOK BPEMEHH H SIBIIAIOTCSA JOCTYMHBIMU [3-7].
Kpome 3toro, B 60oprdbe ¢ COVID-19 npuopuret-
HOH sIBIsieTCS Pa3pabdOTKa OTEYECTBEHHBIX TECT-
CHUCTEM, TIOCKOJIbKY 3apyOe)KHbIe aHAJIOTH B Pa3bl
JOpOXKe, a TAKKE CYIIECTBYET 3aBHCUMOCTH OT HX
IMOCTaBOK. TakuM o0pa3oMm, IENIbI0 TaHHOW pabOTHI
OBLIO TIOJTYYCHHE PEKOMOMHAHTHBIX OCJIKOB BHpYCa
SARS-CoV-2, koTopsle MOTYT OBITH HCTIOIB30BaHbI
JUTSL Pa3pabOTKU TECT-CUCTEM JIJISl BBISIBJICHHSI aHTH-
redoB u antuTen kK SARS-CoV-2.

SARS-CoV-2 — 310 000104€UHBIl HECerMeH-
tupoBanHbii PHK-conmepxkamuii BUpyc, KOTOpbIN
MIPUHAUICKUT K OeTaKOpOHaBHpycaM ceMeHCTBa
Coronaviridae. T'enom PHK SARS-CoV-2 nmeer
JUITMHY 0K0J10 29,7 I.H. 1 uMeeT 11 OTKPBITBIX paMOK
cunteiBanms (OPC) [8]. Crenuduueckne CTpyKTyp-
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HbIe O€JNKH, MpeACTaBICHHbIC HA MOBEPXHOCTH BH-
pyca, UrparoT BaXHYIO POJb B MaToreHese 3adoie-
BaHUsI, PACIIO3HABAaHUU €T0 IMMYHHBIMHU KJICTKaMH.
JlanHble OeNKM MCIONB3YIOTCS B Ka4eCTBE aHTHUTe-
HOB B AMarHocTuke nHpekunu [9]. OTKpBITHIE paM-
KM OCHOBHBIX CTPYKTYpHBIX 6emkoB SARS-CoV-2,
a MMEHHO CHaiKoBOTO TiHKomporenHa (S), Oenka
Hykieokarncuaa (N), MeMOpaHHOTO M MAaTPUIHO-
ro Oenka (M) U Majoro TpaHcMeMOpaHHOTO Oenka
(E), pacrionararotcs B 3’-mpuOMIKEHHOM yYacTKe
BHUpycHoOro reHoma [10, 11].

B nmannoit pa6ore mbl kimonnposanun OPC 6en-
koB S, M, E u N Bupyca SARS-CoV-2, skcnpec-
CHUpOBANIM WX B KJeTKax Escherichia coli mramma
BL-21(DE3) 1 onTUMHM3HpOBAINM OYMCTKY Hapa-
OOTaHHBIX PEKOMOWHAHTHBIX OCJIKOB C IENBI0 UX
JanbHEHUIIero NpUMEHEHUs! Uil pa3paboTKH OT-
€4EeCTBEHHBIX TECT-CUCTEM Ha OCHOBE MMMYyHOhep-
MEHTHOI'O aHaJln3a.

MeTtoabl

B pabore ncnonps3zoBanmm obpazenr PHK, Brige-
aennslii  Habopom «OT-IILP-PB-SARS-CoV-2»
(CunTron) w3 Hazo(apHHTeaTbHOTO Ma3Ka Ialln-
eHta c noxareepxaeHHbIM III[P-pe3ynbrarom Ha
COVID-19, nyg KoTOporo mMmpekie METOIOM CEeK-
Benuposanus JJHK no Coanrepy Obiia cuutana Bes
CTPYKTypHast 06J1aCTh BUPYCHOTO TeHOMA.

Peakuust 00paTHOI TPaHCKPHIIIMHA IPOBOJIH-
Jlach C MCTIONBb30BaHWeM Habopa SuperScript™ [V
Reverse Transcriptase (Thermo FS) u rekcamepHbIx
npaiimepoB Random Hexamer Primer (Thermo FS).

Avmumpukanusas k/JIHK oTkpeITEIX pamok
cuuthiBanus renomHo PHK Bupyca nmpoBoauiach
C HCIIOJIb30BAHHUEM BBICOKOTOYHOM IOJIMMEPA3bl
n3 Habopa Phusion High-Fidelity PCR Master Mix
(Thermo FS). Jlns ammmmdpukanuu OPC craiik-
6enka S rcrionb3oBany npaimepst “S1_Trunk Nhe-
Cla_F” (5’-ttgctagcgcatcgatggttaatcttacaaccagaactc
aatta) m “S2 Xho Xba R”: (5)attctagacctcgagtgg
ccattttatatactgctcatactt); mist ammmndukamun OPC
nykineonporenna N — mpaiimepsl “N_Nhe Cla F”
(5’-ttgctagegceatcgatgtctgataatggaccccaaaatcagega)
n “N Sal Xba R” (5’-gttctagacgtcgacctgagttgagt
cagcactgctcatgga); ms ammmudukanun OPC mem-
Opannoro Oenka M — mpaiimepsl “M-ER Nde F”
(5°-ttgaattccatatggcagattccaacggtact) n  “M-Xho
Kpn R” (5’-ttggtaccctactcgagctgtacaagcaaagcaatatt
gtc); ma kiaonuposanusi OPC Genka E — npaiimepst
“E-Cla_Nde F” (5’-ttcatcgatgcatatgtactcattcgtttcgg
aag) u “E-Kpn_Sal R” (5-ttggtaccctagtcgaccagaaga
tcaggaactctagaag). TemmepaTypHBIN peKUM BO BCEX
yeTbIpex ciydasax: cragus 1 — 30 cex npu 98°C — 1
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uuki; craaud 2 — 30 cex. npu 98°C, 30 cek. mpu
60°C, 2 mun. ipu 72°C — 35 nukios; ctaaus 3 — 5
MuH. nipu 72°C — 1 nuki.

Knonuposanue OPC SARS-CoV-2. Amu-
(UKaThI, OYMILICHHBIC U3 arapo3HOTO Telisl mocpel-
ctBom Habopa DNA Gel extraction Kit (Thermo
FS), oOpabareiBain COOTBETCTBYIOIIMMH  pe-
cTpunupyommuMea sHAoHyKiIeazamMu (“CoV2-S” nu
“CoV2-N” — o Nhel/Xhol, “CoV2-M” — o Ndel/
Xhol u “CoV2-E” — mo Ndel/Sall) un xmorupoBamu
B BEKTOp AJisi OakTepuanbHoi skcnpeccun pET23c¢
0T KOHTPOJIb IPOMOTOpa M TepMuHaropa Qara T7
(B cmygae OPC 6enkoB S u N — o Nhel/Xhol; B ciy-
gae OPC M un E — o Ndel/Xhol). KnonnpoBanusie
YYaCTKH KOHCTPYKIHH OBIIH BBIBEPEHBI CEBEHUPO-
BanueMm J/IHK mo Csnrepy c¢ mcmoip30BaHHEM Ha-
6opa BigDye® Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems) 1mo MeToMKe TPON3BOIH-
TeJIs ¢ TIOCJIEAYIOIUM aHAJTM30M Ha FeHETHYECKOM
aHanmzarope. KanmmisipHbIii a1exTpodope3 mpoBo-
Iniau Ha reHetudeckoM aHanuzatope ABI 3500XL
(Life Technologies).

JKcnpeccusi M BblleJeHHEe PEeKOMOMHAHT-
HbIX 0eakoB. [Inasmunamu pET23¢ SARS-CoV2-S,
pET23c_SARS-CoV2-N, pET23c SARS-CoV2-M
u pET23c_SARS-CoV2-E 6vun TpanchopMHupoBa-
HBI KJIETKU 3KCIIPECCHOHHOTO mTamMMma £. coli BL-
21(DE3) meromom TerutoBoro moka. Conmeprkarnine
TUIa3MUIBI KIETKH E. coli pactuuch B 200 Mt sxu-
kot cpeast LB npu 25 °C 1o onTHYecKoi IITOTHOCTH
0OD®"=(,5, mocne yero ux ocaxnamyu npu 4000 g B
TedeHne 3 MuH, pecycnenaupoBanmu B 200 mur cBe-
ket cpeanl LB, cogepaxkamieit IPTG, no koneyHoi
KOHIeHTparuu 1 MM, 1 KynsTUBHpoBany pu 25 °C
B TeueHHne 4 yacoB. Brluenenne pekoMOMHAHTHBIX
OenkoB, conepkamux His-tag, mpoBoamnioch B Ha-
TUBHBIX (11 Oenka N) W IeHaTypUpYyOMMX (st
6enkoB S, M u E) ycnosusx meronom adduHHON
xpomarorpapun IMAC (immobilized metal ion
affinity chromatography) ¢ ucnons3zoBaanem HabO-
pa PerfectPro Ni-NTA Agarose (5-Prime) o meto-
JIIKE TTPOU3BOTUTEIISL.

NmmynobaotrTuHr.  Dnektpodope3  OCKoB
NpoBOJMICS B moimakpuwiamMuaaom rene (T =
12,5%, C = 0,5%) B mpucyrcreum 0,1% SDS no
crangaptHoit merogmke JIommm [12]. 'emn okpa-
mmBanucsk 0,125% pactBopom Kymaccu Opusnuan-
ToBOTO Toiyboro G-250 (Serva). Ilepenoc GemkoB
n3 [TAA-renss Ha HUTPOLEIUIIOIO3HYIO MEMOpaHy
MPOBOJIMJIM B ammapare s MOJyCcyXoro OJOTTHH-
ra (C.B.S. Scientific) B Oy¢epe s nepenoca (102
MM rimnuHa, 25 MM Tpuc, 20% (o/0) aTanona) nmpu
cuie Toka 0,8 MA cm? B TedeHue 1 yaca. MemOpana



A.B. Xuraitnos u np.

1ocJIe MepeHoca MpoMbIBaIaCh ABaKAbI 0 10 MuH
B 0yepe TBS (20 MM TpucHCI (pH=7,6), 140 MM
NaCl), nBaxsi no 10 mun — B 0ydepe TBST (TBS +
0,05% Tween-20) u nHKyOHpOBaIach B OJIOKHPYIO-
miem Oydepe (5% obezxupeHHoe MOIOKo “Sigma”
Ha TBST) B reuenne noun mipu 4°C. [locie 3a0uBKu
MeMOpaHy UHKYOUPOBaIH C MEPBBIMUA aHTUTEIAMU
(Penta-His mouse antibodies (5-Prime) B pa3Beme-
Huu 1:2000 B Onokupyroiem Oydepe) B TeUCHHE
1 gaca mpu KOMHaTHOH TemrepaTtype. [locie Tpex-
kpatHoii npombiBkH B TBST no 20 mun memOpana
MHKYOMpOBaJlaCh CO BTOPBIMHU aHTUTeNaMu (Anti-
mouse HRP-conjugate (5-Prime) B pa3BeneHun
1:2000 B 6moxupytromeM Oydepe) B TeueHue 1 gaca
npu KOMHaTHOH Temnepartype. Ilocie aBykpaTHOH
poMbIBKH MeMOpanbl 1o 20 muH B TBST u nBy-
KpaTHOM npombiBkH 1o 10 muH B TBS, npoBoaunu
ee TPOSIBKY XEMHJIIOMHHECIIEHTHBIM CyOCTpaToOM
JUIs iepokcuasel Habopom SuperSignal West Pico
Chemiluminescent Substrate (Promega), 1160 xpo-
MOTEHHBIM CyOCTpaTOM C HCHOJIb30BaHHEM Habopa
Metal Enhanced DAB Substrate Kit (Thermo FS).
Oumncrka 0ejakoB. J(pann3 peKOMOMHAHTHBIX
0ENKOB ¢ 1eJIbI0 N30aBICHUS OT UMH/1a30J1a FITH MO-
YEBUHBI IIPOBOJIMIIN C HCITOJIb30BAHUEM JTUAIIA3HBIX
MeIKOB (Sigma) mpoTuB auanm3Horo oydepa (20
MM TrisAc pH7,6; 90 MM KAc; 2 MM Mg(OAc),)

“CoV2-S” -
“CoV2-N” -
“CoV2-M” -

“CoV2-E” -

1L.0. 3626

1283

B TeueHue Houu npu temnepatype 4 °C. Konuen-
TpHpOBaHHE OETKOB IOCIE JHWan3a MPOBOIMIOCH
myTéM LEeHTPUPYTHPOBaHUs 00pa3lOB B KOJOHKAX
¢ meMmOpanou 10,000 MWCO-HY (Sartorius) co-
[JIACHO MHCTPYKIUH TPOU3BOJUTEIS.

Konuentpauuio 6eska onpenensum o bpen-
¢dopay B Tpex MOBTOpaxX C BBIYHCICHUEM CPEIHEIro
apu(pMeTHIecKoro 3HaYCHHUS (ch) Y OIIMOKH CpefI-
Hero apudMeTHyeckoro (m).

OO0mue MeToabl (OTIPEICIICHIE KOHIICHTPAITNH
JHK, snekrpodopes IHK B araposnom rene, npu-
TOTOBJICHUE U TpaHCcOpMAaITHIO KIIETOK E. coli, BBI-
nenenne masmuanoid AHK u ap.) npoBoauim co-
TJIACHO CTaHAapTHBIM mporemypam [13].

Pe3yabTaThl 1 00CyKIeHUE

Hast ammmudukanuu OPC cTpyKTypHBIX O€IKOB
SARS-CoV-2 B xauecTBe MaTpHIIBI HCIIOIL30BAI-
cs mpenapat PHK n3 nazodapunreansnoro maska,
JUIsSL KOTOPOTO ObllIa CYMTaHA BCSI CTPYKTYpHAsi 00-
JacTe BUpycHoOro reHoma (munus S (B.1.1)) merto-
nom cexkBenupoBanus JJHK mo Canrepy. C ncnoss-
30BaHMEM BBICOKOTOYHOM monmmepassl Phusion n
cnenupuIecKnx TpaiMepoB, COIEPKAIINX CANTHI
PECTPUKINYU Ui KIOHUPOBAHHS, OBIIM MOJTY4EHBI
ammumpukatel OPC ctpykTypHbIX 6enkoB S, M, N
u E SARS-CoV-2 (puc. 1).

1kb

11.0.

-5000
23000
- 1500
-1000
=700

g

694 252

Pucynok 1 — Dnexrpodopernyeckuii ananus B 1,5% arapo3nom rene npoxykros ammuudukatos OPC SARS-CoV-2,
MOJTyYeHHBIX MIPU MCIOJIb30BaHny nonumepassl Phusion Hi-Fi n cnenuduyeckux npaiimepo. O603HaueHUS:
1 — npaiimepst “S1_Trunk Nhe-Cla F”/“S2 Xho Xba R”; 2 — npaiimepst “N_Nhe Cla F”/“N_Sal Xba R”;
3 — npaiimepst “M-ER_Nde F”/M-Xho Kpn R” 4 — npaiimepsr
“E-Cla_Nde F”/“E-Kpn Sal R”.1kb— IHK-mapxep.
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Crnenyer OTMETHTbH, UTO B CIy4yae CHalKOBOTO
Oenka S ammumduIEpoBasach HE ITOTHOTHHHAS
OPC, a yceuennas ee 001acTh 0€3 y4acCTKOB, KOJIH-
PYIOIIMX CUTHAIBHBIA MENTH]I, TpaHCMEMOpaHHBII
1 IUTO30JIHBIA CErMEHTHI CIIalikoBOTO Oenka (T.e.
JUISL KIIOHMPOBAHUSI UCTI0JIb30Bajach Toyibko kKJIHK,
KOAMpYIOIIasl yyacTok Oenka S ¢ sKcTpameMOpaH-
HOHM JIOKanmm3anuen). AMIUTH(PHUKATE TOCIEe WX
OYHCTKU U 00pabOTKM COOTBETCTBYIOLIMMHU PECTPHU-
IMPYIOUTIMH YHIOHYKJIea3aMH OBLITH KJIOHHPOBAHBI
B 9KcIpeccnoHHbIN BekTop pET23c, mo3Bomnstonuii
9KCITPECCHPOBATH KIOHUPOBAHHBIE B HETO YYACTKH
k/IHK B knerkax Oaxrtepuii. KinonupoBanue ocy-

T7-terminator
A Bpurioal (7120)

6His-tag “‘

Xhol (7041) \ \! 1 origin

Pstl (6449)

Ndel (6419) \“ —

EcoRV (6338)_

U

HindlIII (6271) = \\\ . bl. codl:::ln(:l.-:'s‘:.nu
X
4
sietars [l PET23C_SARS-Cov2-S
7202bp
Sfull SARS-CoV-2
B e
Ndel (4883) e pBR322
EcoRI (4709)
/
.
Pstl (4190) *\ " Xbal (3387)
x\ﬂ-promohv
T7-terminator \Ndel (3427)
Bpunoal (4174) “‘ Nhel (3432)
B 6His-tag
Xhol (4095) \
Xbal (3827) \ 1 origin
Neol (3800) \ P
M-gene CoV2___ '8
Bpunioal (3705) X
Ndel (3427)
Ybal(3387)__4 X \
T7-promoter
PET23¢_SARS-CoV2-M -

| " bla coding sequence

4256 bp -

PBR322

Ndel (3834)

Ndel (3427) p~ \
Xbal (3387)

T7-promoter

SN
Troromote N

Pst1(1145)

HIECTBISIOCH TaKUM 00pa3oM, 4TOOBI K LEJEBBIM
OPC ¢ 3’-xoHIIa B OTHON ¢ HUMH pamMKe MpuOaB-
JISUTACH IECTh TPUILIETOB, KOJUPYIOUINX TUCTHINH.
Takxum 06pa3oM, CHHTE3NPOBAaHHBIE B OAKTEPHUSIX pe-
komOuHanTHbIe Oenku SARS-CoV-2 comeprkanu Ha
C-KOHIle aMUHOKHCIIOTHYIO IOCIIEI0BATENIbHOCTD
u3 IecTH TucTHaMHOB («6His-tagy), mo3Bossio-
IIyI0 JOCTATOYHO JIETKO W ONEPaTUBHO WX BBIZE-
ns1Th MeToioM adduHHOI xpomartorpadun IMAC.
Kapter verslpex nonyuennslx JIHK-koHcTpykuumit
MpeJcTaBlIeHbl Ha pucyHke 2. KioHmpoBaHHBIE
yuactkn JIHK Oblim BhIBEpEeHBI CEKBEHHPOBAHUEM
o Caurepy.

T7-terminator
6Histag

Pstl (4637) 1 origin

NG

Hindl11 (4258)

SARS-CoV2-N X

_bla coding sequence

Pst] (1145)

4859 bp ||

periz

T7-terminator

Bpurioal(
6His-tag
r Xbal (3630)
EcoRI(3623)

SARS-CoV2-E
\

0)

1 origin

Ndel (3427)

|

Xbal (3387)

PET23c_SARS-COV2-E |
3812bp |
/" bla coding sequence

B~—Psti(1145)
V|

pBR322

Pucynox 2 — Kaprst JIHK-xoucTpykimid, cogepxamux OPC cTpyKTypHBIX O6€IKOB
S (A), N (b), M (B) n E (I') Bupyca SARS-CoV-2

[Tocne Tpancdopmauy KIeTOK 3KCIIPECCHOHHO-
ro mramma E. coli BI-21(DE3) ckoHcTpynpOBaHHbI-
MU IDIa3MHIaMu Oblia TpoBeieHa akcnpeccust OPC
nesieBbix 0enkoB. CleayeT OTMETHUTD, UTO Mposinde-
paums KJIETOK, Hecylmux IuasMuny pET23c SARS-
CoV2-N, Oblia 3HAYUTENTLHO CHIDKEHA [IPU TEMITepa-
type Bbite 30 °C (naxe B orcyrcteuu IPTG). o mo-
6asnenus IPTG knetku kynpTuBHpoBaim npu 28 °C,
nocse no0aBiIeHUs akTuBaropa lac-omepona — mpu

94

temneparype 25 °C. He3HauMTenbHOW TpaHCKpPHII-
mun ¢ yreukoil (leaky) ¢ T7-mpomoTopa ObLIO J10-
CTAaTOYHO JUIsl HAapaOOTKU HEOONBIIOrO KOJIMYECTBA
pekomOuHanTHOTO Oenka N-6His, KoTopbIii, BEposiT-
HO SIBJISIETCS TOKCUYHBIM 7151 OakTepuil. MOXKHO Tak-
e TIPEJIIOJIOKHTh, YTO TOKCUYHOE BO3J/ICHCTBIE HA
KJeTKH E. coli oka3biBaroT arperatsl N Oelika BUpyca
SARS-CoV-2, dopmupyromyecs: Ipu ONTHMAITBLHOM
U1l pocTa OaKTepuil TemMIieparype.



A.B. Xuraitnos u np.

[Ipomudupanus xnetok OakTepui, Tpancgop-
MUpPOBaHHBIX TuasmMugamu pET23c SARS-CoV2-
E w pET23¢c_SARS-CoV2-M, O6buia Ha 1OCTaTOYHO
BBICOKOM ypoBHE 110 nobdasnenust [IPTG, no mocme
nobasienus IPTG k muratenpHOW cpene onTHue-
CKasi TUIOTHOCTh KJIETOYHBIX CYCIICH3HMH HE YBEIH-
YHMBajach CO BPEMEHEM, YTO YKa3bIBaeT HA TOKCHY-
HOCTb JUTS OaKTEepHii CHHTE3UPYEMBIX B HUX BUPYC-
HbIX OenkoB M-6His u E-6His. [l HapaOoTku 3THX
OCTIKOB B XOJIe ONTUMU3AIMN YCIOBUH IKCIPECCUU
k/IHK O6buta camxena xonnentpauus PTG c 0,5
MM 10 0,1 MM u cokpaimieHo BpeMsl HHIyKIIUN KC-
npeccun KAHK ¢ ueTsIpex wacoB 10 ogHOTO Haca.

ITocne HapaboTKn peKOMOWHAHTHBIX OCITKOB B
KJIETKax OaKkTepuil TeCTUpOBaach UX CIIOCOOHOCTh
MEePEXOJIUTh B pacTBOPUMYIO Gopmy. JIuimb pexom-
OunanTHbId Oenok N-6His merexTupoBaics B Cy-

170- &
130 -

=

10 -

MepHAaTaHTe MMocye JU3uca OaKTepuii U HeHTPUPYTH-
poBanus nu3ata npu 20000 g B Teuenue 20 MUHYT.
Bbenku S-6His, M-6His u E-6His HeM3MeHHO J0Ka-
JTU30BAJIUCH B ocanke (T.e. hOpMHUPOBATH HEPACTBO-
pUMBIE TeJblla BKJIIOYCHUS! WIH aCCOLMHPOBAIIMCH
¢ MeMOpaHaMHy) M TPaKTHYECKH OTCYTCTBOBAIN B
HA/10CaJOYHOH JKUAKOCTH (AaHHBIC HE MPEACTaBIIC-
Hbl). [lpn noGaBiIeHNH K TU3HPYIOMIEMY PacTBOPY
nereprenTos (1% Tween-20, 1% Triton X-100 1160
1% SDS) nonst S-6His mepexoaniia B paCTBOPUMYIO
($pakuuio, HO MPH 3TOM (HOPMHUPOBATHUCH JTUMEPHI
W IpyTHe arperatsl (IaHHbIe HE TpecTaBieHsbl). B
ciryyae xe 0enxoB M-6His u E-6His, no6aBnenue
JIETEPreHTOB K JIN3UPYIOLIEMY PACTBOPY HE OKa3aJo
BIMSIHUE Ha MX coiroOmnm3anuto. Takum oOpazom,
ToJIBKO Oermok N-6His ymanoch BEIICTUTH METOIOM
IMAC B HaTUBHBIX yCIOBUsX (pHC. 3).

- N-6His (47,1 k/la)

- N-6His (47,1 k/la)

Pucynok 3 — Dnexrpodoperpamma (A) u BecTepH-0710T aHanu3 ¢ppakuuii (b) pekoMOMHAHTHOTO HYKJIIEOKaICHAHOTO Oenka N
SARS-CoV-2, necymtero 6His-tag na C-konre (N-6His), B xoze ero ournctku Mmetogom IMAC-xpomarorpaduu B HATHBHBIX
YCIOBUSAX U3 Ju3aTa KIeTOK E. coli. O603HaueHus: M — 6eIKOBBINM Mapkep; 1 — OTpUIaTeIbHBINA KOHTPOJIb (JTU3aT OakTepuii, co-
nepxanux myctoit Bekrop pET23c¢); 2 — nmuzat 6aktepuii mocine sxcrnpeccuu kJJHK CoV2-N-6His; 3 — ocanok nu3ara;

4 — cynepHaranT sm3ara 10 cBs3bBanust ¢ Ni-NTA arapo3oif; 5 — cynepHartanT am3aTa mocie nporryckanns yepe3 Ni-NTA
araposy; 6 — npenapar 6e1koB, cMBITHIX ¢ Ni-NTA araposbl mpoMbIBOYHEIM Oydepom; 7, 8 u 9 — mpemnapatsl OENKoB,
amonpoBaHHBIX ¢ KoJoHKH ¢ Ni-NTA arapo3zoii 0ydepom, comepxanm 20 MM nmumazona

(1-s1, 2-51 1 3-51 PpaKIUU COOTBETCTBEHHO).

benku S-6His, M-6His n E-6His Obiit ountiiens! Ha Ni-NTA arapo3y B A€HaTypUPYIOIIMX YCIOBHUSIX

(puc. 4).
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X (PHC. 4).
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Pucynox 4 — Dnexrpodoperpamma (A) u BectepH-610T ananu3 (b) dppaknnit pekoMOnHAHTHBIX OenkoB, Hecymux 6His-tag Ha
C-koHIIe, B X011¢ UX ouucTku MeTooM IMAC-xpomarorpaduu B ACHATYpUPYIONINX YCIOBHAX U3 JIN3aTa KIETOK E. coli.
O6o3nauenus: M — OenkoBbIi Mapkep; 1 — nu3aT 6akTepuit mocne sxcnpeccuu coorBercTByromunx kJIHK; 2 — ocagox nu3arta;
3 — cynepHaranT ju3ata 10 cBs3biBanus ¢ Ni-NTA araposoii (pH = 8,0); 4 — cynepHaraHT i13ata nocie IpOIyCKaHus yepe3
Ni-NTA araposy (pH = 8,0); 5 — npenapar 6enkoB, cMbIThIX ¢ Ni-NTA araposs! npomeiBouHbsM Oydepom (pH = 6,3);

6 — mpenapat 0eJIKOB, IMFOUPOBAHHKIX ¢ KoJIoHKH ¢ Ni-NTA arapo3soit anroupyromum 6ydepom (pH = 5,9).

Onrouposannblie ¢ Ni-NTA arapossl 6enku o4n-
IAITK JTUAITU30M JIJISI TOTO, YTOOBI N30aBUTHCS OT CO-
JieprKalierocsl B HUX UMUIa30J1a WU JIeHATypUPY-
IOLIMX areHTOB, a TAaKXe, YTOObl CKOPPEKTUPOBATH
ux pH no 7,5. Ilo gaHHBIM JE€HCUTOMETPUUYECKOTO
aHanu3a (BBIIOJIHEHHOT0 B iporpamme Imagel), ot-
HOCHTENTBHO YHCTBIM TPENapaToM OKa3ayucs TOIBKO
nperapar N-6His, BbIIelleHHBII B HATUBHBIX YC-
NOBUSX (conmeprKaHue 1eeBoro Oenka MpuoIrKa-
nock k 80%). benox S-6His moxaBepraincst B xoxe
BBIJICJICHUSI JCTPaJalliy, TIOATOMY B DIII0ATE JOJIS
MOJTHOAJIMHHOro Oenka He mpesbimana 20%. s
MOBBIIICHHS JOJM TIOJHO/UIMHHOTO PEKOMOMHAHT-
HOro Oenka S HaMH OBIITM HMCITOJIb30BaHBI KOHIICH-
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TPUPYIOIINE TICHTPU(PYIKHBIC KOJIOHKH C BBICOKOI
crenieHpro orcedku (6omee 30 xla). [Ipu aTom, uc-
nosnp3oBanue st moin ¢ Ni-NTA KoJoHKH Aimt0-
upytomiero Oydepa ¢ 6oiee HU3KUM 3HaYeHHeM pH
(pH = 4,5) no3BoJIs1JI0 MOBBICUTH BBIXOJ 1IE€JIEBOIO
Oernka, HO TIpH JaNTbHEHIIIEM IHUann3e U KOHIICHTPH-
POBaHUH TaKHX ITI0ATOB HAOII0AAIACh OJIUTOMEPH-
3anus OEITKOB (JTaHHBIE HE MTPE/ICTABICHBI).

B cnyuae Beienenus 6enkoB M-6His u E-6His
HaM He YJaJI0Ch TTOTYYHTb JOCTATOYHO YUCTHIX ITpe-
napaToB (coJepiKaHue IeNeBbIX OCJIKOB B AJI0aTax
B 00oux cirydasix obu1o Hike 10%). Cnenyer otme-
TUTh, YTO MEMOpPaHHKIH O0eslok M 1 opoodpa3syro-
it 6enok E SARS-CoV-2 sBrisroTcss TOKCUYHBI-



A.B. Xuraitnos u np.

MU JIaXe JUIsl 9yKapUOTHYECKUX KIIETOK, TOCKOJIBKY
CITOCOOHBI 3ammycKaTh Kackaisl amomrtosa [14, 15].
TakuMm 00pa3oM MOKHO NPEAINOJIOKHTH, YTO M-
6His u E-6His G6enku He ObUTH HapaOOTaHbI B JOCTA-
TOYHOM KOJINYECTBE B CHITy CBOEH TOKCHYHOCTH TSI
keTok E. coli [16]. Bonee uncTeie mpenaparthbl 3THX
0ETIKOB MOTYT OBITh IOJTY4EHBI IPH UCTIOJIb30BAHUN
MOBTOpHO# ouncTku 3m0aroB Ha Ni-NTI araposy,
1100 TIPU UCTIONB30BAaHUN B KAYECTBE MTPOIYLIEHTOB
KIIETKH DSKcTpeccroHHoro mramMMa ArcticExpress
(DE3), moszBomsitomue OCYHIECTBIATH HapabOTKy
PEKOMOMHAHTHBIX OETKOB TP OTHOCHTEIHHO HH3-
koit Temmepatype (10-12 °C). Cnenyer OTMETHTS,
YTO IS TIOTYYeHHS TMOJUKIOHAIBHBIX aHTHUTEN
JIOCTaTOYHO HCIOJIb30BaTh BBIPE3aHHBIE U3 MOJU-
AKPUJIAMUAHOTO TeJIs MOJIOCH! 3a/IaHHBIX pPa3MepoOB
pexomOuHanTHEIX M-6His u E-6His OenkoB SARS-
CoV-2, Moy4eHHBIX BBIIICOTHUCAHHBIM CITOCOOOM.

[Ipu 3TOM, MONTyYEHHBIH HAMH YUCTBIA Mpemna-
pat N-6His mmMeeT BBICOKHI MOTEHITHAT IS JaTb-
HEHIero MUCHOJb30BaHHMS B KauecTBE AaHTUTEHA
npu pazpaborke Tect-cucreM. Kpome Ttoro, nan-
HBII OEJIOK SIBIISICTCS MEPCIICKTUBHBIM KaHIUIaTOM
JUISL €r0 WCTOJNB30BAHUA B HMMYHO(EPMEHTHBIX
TECT-CHCTEMax B CBSI3U C €ro (pyHKIMOHAJIBHBIMU
ocobennoctsimu [17]. M3BecTHO, 9TO N-OCNKH He-
KOTOPBIX KOPOHABUPYCOB, BKJIIOYas KOPOHABHPYC
mermeit [18], Typeuknii koponasupyc [19], a Tak-
K€ KOPOHABHPYC PENPOAYKTUBHOTO M pPECIIUpPaTOp-
HOTO CHHIpoMa cBHHEH [20], ABISAIOTCS CHIBHBIMU
uMMyHorenamu. Takxe cooOmanoch, uto N Oenok
MMEET CIIOCOOHOCTh HAKAIJIMBAeTCS BHYTPH MH(H-
LIUPOBAHHBIX KJIETOK €IlI€ /IO TOT0, KaK OH YTIaKOBBI-

BaeTcs B 3penbiii Bupyc [21]. [Toatomy N Genok sB-
nsieTcs HanOoJiee pacIpoCTPaHEHHBIM OEIKOM BH-
pyca SARS-CoV-2 u npyrux OJIu3KOpOJICTBEHHBIX
KOPOHABUPYCOB Ha MPOTSHDKCHUHM BCEW HMH(EKITNN
[22], BepositHO, moTomy uto ero MPHK sBnsercs
HanboJiee pacrpocTpaneHHoi cyorenomuo PHK
[23-25].

3akiloueHue

Taxum 06pa3zom HaMU OBUTH YCITEIITHO KJIOHUPO-
BaHBI M 3KCIPECCUPOBaHbI B KieTkax E. coli OPC
cTpyKTypHBIX OenkoB S, M, E u N Bupyca SARS-
CoV-2, a Taxke anmpoOMpPOBAaHBI METOJbI BBIIEIIC-
HUAS KOJUPYEMBIX UMH PEKOMOMHAHTHBIX OCITKOB.
Pa3paboTaHHbIe B X0/1€ BBITIOTHEHUS Pa0OTHI METO-
ITBI TIOJTYYICHUS ¥ OYMCTKH PEKOMOWHAHTHOTO OeTKa
N-6His Mmo3BOJIAIOT TIONYYUTh YHUCTHIN Ipemapar,
KOTOPBIH MOXKET OBITh MCIIOIB30BaH IS JaJTbHEH-
IIUX UCCICAOBAHUM €r0 aHTUTEHHOU aKTUBHOCTH.

Hcrounuk ¢punancupoBanus. Pabora Beimo-
HeHa B pamkax rpanta AP09259103 «BrisBnenune
TCHOMHBIX M CYOT€HOMHBIX XapaKTePHCTUK IHP-
kymupytomux B PK mrammoB SARS-CoV-2 mns
pa3paboTKH Hay4YHO-0OOCHOBAaHHBIX IOIXOA0B K
muargoctuke COVID-19» Komwurera nHaykm Mu-
HUCTEpPCTBA 00pazoBaHus u Hayku PecryOnvku Ka-
3aXCTaH.

KoHdumkT nHTEpecoB. ABTOPHI CTaTbU MOJ-
TBEPXKIAIOT OTCYTCTBHE (DMHAHCOBON WIIM KaKOM-
mn00 WHOHM TMOMJIEP’KKH HWCCIIEOBAHNS WIN KOH-
(MKTa MHTEPECOB.
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MOLECULAR GENETIC IDENTIFICATION
OF BACTERIA ISOLATED FROM GOAT MILK

In recent years there has been a steady trend towards an increase in the number of studies on the
study of probiotics, which have a beneficial effect on the body: improve the intestinal microflora; con-
tribute to the reduction of pathogenic bacteria; have the ability to produce substances with antimicrobial
activity. In order to obtain probiotics from domestic raw materials, molecular genetic identification of
bacterial strains was carried out. The object for the isolation of lactic acid bacteria was natural goat milk
from the Almaty region. Identification of bacterial strains was carried out on an ABI 3500 xL genetic
analyzer (Applied Biosystems) using 16S primers 8F and 806R at the Scientific and Practical Center for
Microbiology and Virology (Almaty). Phylogenetic analysis was performed using MEGA 6 software.
Nucleotide sequence alignment was performed using the ClustalW algorithm. The results were obtained
using the method of determining the direct nucleotide sequence of the 16S rRNA gene fragment, fol-
lowed by comparison of the nucleotide identity with the sequences deposited in the international Gen-
Bank database. According to the results of the studies, the isolated strains of lactic acid bacteria accord-
ing to the GenBank database were assigned to Lactobacillus fermentum (identity above 99.73%). These
strains of microorganisms isolated from goat’s milk may be promising for the production of domestic
food products. On their basis it is proposed to create fermented milk products for preventive purposes.

Key words: molecular genetic identification; phylogenetic analysis; goat milk; lactic acid bacteria;
strains; probiotics; dairy products.
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Ewki cyTiHeH 6eAiHreH 6aKTepUsiAapAbIH,

MOAEKYAQAbIK-TEHETUKAABIK, UAEHTMIMKALIMACDI

CoHFbl XXbIAAAPbI aF3aFa NanAAAbI 9CEP eTeTiH NPo6MOTUKTEP GOMbIHLLA 3ePTTEYAEPAI apTTLIPYAbIH
TYPaKTbl YPAICi Gaiikaraabl: illek MUKPOMAOPACHIH XaKCapTy; NaTOreHAK 6akTepusianapAbiH, asalobiHa
bIKMaA €Ty; MMKPOOKa KapCbl OEACEHAIAIr 6ap 3aTtTapAbl WbiFapy Kabireti 6ap. OTaHADIK, WMKi3aTTaH
NPOOUOTUKTEPAI aAy YLLiH GaKTEPUS LITAMMAAPbIHbIH, MOAEKYAAAbIK-TEHETUKAABIK, MAEHTU(DMKALMSCI
>KYpriziaai. CyT KbIWKbIAAbI 6aKkTEPUSAAPAbI BOAIN ary 06beKTiCi AAMaTbl 0OAbICbIHAH TaOMFU eLLKi CyTi
60AAbl. bakTepuns wWTaMMAapbIH aHbIKTay MUKPOBUOAOTUS JKOHE BUPYCOAOT S FhIALIMMU-TTIPAKTUKAABIK,
opTaAblFbiHAQ (AAMaThbl) 8F >xeHe 806R 16S npamepaepiH KoAAaHy apkbiAbl ABI 3500 XL reHeTuKaAbIK,
aHaamsartopbiHaa (Applied Biosystems) skyprisiaai. DuaoreHetrkanbik Taasay MEGA 6 6arAapAamMansbIk,
KYPaAbIHbIH KemerimMeH >yprisiaai. Hykaeotnatep Tisberin Typaaay ClustalW aAropntmi apkbiabl
opbiHaaAabl. HaTtuxkeaep 16S pPHK reHiHiH dpparmMeHTiHiH TikeAei HyKAeOTUATep Ti3beriH aHbIKTay
BAICIH KOAAQHY apKbIAbl aAblHAbI, COAQH KeMiH HYKAEOTUATEPAIH, COMKECTITiH XaAblkapaablk, Gen-
Bank aepekkopblHAQ CaKTaAfaH Ti36eKTepMeH CaAbICTbIpy. 3epTTey HaTuxKeAepi boibiHwa GenBank
AepekTep 6asacblHa COMKEC CYT KbIlKbIAbI GAKTepUsiAapbIHbIH, OKlllayAaHFaH WTaMmaapbl Lactobacil-
lus fermentum (MaeHTUdMKaTOP 99,73 %-AaH XKOFapbl) GOAbIN TaFalbiHAAAAbI. ELIKi cyTiHeH GeAiHin
aAblHFaH MUKpPOar3aAapAbiH OYA LITaMAApPbl OTAHABIK, a3blK-TYAIK ©HIMAEPIH BHAIPY YLWiH nepcrek-
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MoaekyAasipHo-reHeTHuYecKas AEHTUUKALLMS GaKTepHid,

BbIAEAE€HHbIX U3 KO3bero MOAOKa

B nocaeaHve roabl UMeeTCsl yCTOMUMBAs TEHAEHLUMS K YBEAMUEHUIO KOAMYECTBA UCCAEAOBAHMIA
Mo M3yYeHWIO NPOBMOTMKOB, KOTOPblE GAArOTBOPHO BAMSIIOT HA OPraHv3m: YAYULIAIOT MUKPOQAOPY
KMLLIEYHMKA; CNOCOOCTBYIOT YMEHbLUEHMIO NMaToOreHHbIX 6akTepuin; 06AaAAI0T CMIOCOBHOCTLIO MPOAYLIN-
pOBaTb BeLLECTBa C aHTUMUKPOOHOI akTUBHOCTbIO. C LIeAbIO MOAYyYEHMS MPOOUOTUKOB U3 OTEYECTBEH-
HOTr'O CbIpbsi MPOBEAEHA MOAEKYASIPHO-TEHETUYECKasl MAEHTUDMKALMS WTaMMoB 6akTepuii. O6bekToM
AAS BbIAEAEHMSI MOAOYHOKMCABIX 6aKTepuin ObIAO HaTypaAbHOE KO3be MOAOKO M3 AAMATMHCKOM 06-
AacTU. MaeHTUdUKaLMS WTamMMoB 6akTepuin MPOBOAMAACh Ha FEHETUYECKOM aHaAm3aTope mapku ABI
3500 xL (Applied Biosystems) ¢ ncnoab3oBanuem 16S npaiimepos 8F 1 806R B HIL| Mukpo6roaorum
BUpycoAorum (r. Aamatbl). OUAOreHETUYUECKMIA aHAAM3 MTPOBOAMAM C UCTTOAb30BAHMEM MPOTrPAMMHOIO
ob6ecneyerHns MEGA 6. BbipaBHMBaHME HYKAEOTUAHBIX NMOCAEAOBATEALHOCTEN MPOBOAMAM, UCTIOAb3YS
aaroputm ClustalW. Pe3yAbTaTbl MOAYyUYEHbI C MOMOLLbIO METOAQ OMPEAEAEHUS MPSAMOI HYKAEOTUAHOM
NOCAEAOBATEABHOCTM (pparmeHTa reHa 16S pPHK c nocaeayolwmm cpaBHeEHNMEM HYKAEOTUAHON MAEH-
TUYHOCTU C MOCAEAOBATEALHOCTSIMM, AEMOHMPOBAHHBIMU B MEXKAYHapoAHOi Gase aaHHbix GenBank.
Mo pe3yAbTaTam NPOBEAEHHbBIX MCCAEAOBAHUIA BbIAEAEHHbIE LITAMMbl MOAOYHOKMCABLIX GakTepuii no
6a3e aaHHbix GenBank 6biAM oTHeceHbl K Lactobacillus fermentum (MaeHTMUHOCTL Bbiwe 99,73 %).
AaHHbIe WTaMMbl MUKPOOPraHW3MOB, BbIAEAEHHbIE U3 KO3bEro MOAOKA, MOTYT OKa3aThCsl NepCrekTmuB-
HbIMW AASI MPOU3BOACTBA MULLEBbIX MPOAYKTOB OTEYECTBEHHOIO MPOM3BOACTBA. Ha mx ocHoBe npea-

AadraeTcd Cco3paaHne KNCAOMOAOYHbDIX MPOAYKTOB l'IpOCbM/\aKTM‘-IeCKOFO Ha3Ha4eHus.
KAroueBble caoBa: MOAEKYASPHO-reHeTn4YeCKas VIAeHTVICbVIKaU,VIﬂ; (,bM/\OI"eHeTl/I'vleCKMVI dHAaAU3; KO-
3b€ MOAOKO; MOAOYHOKHUCAbIE 6aKTepl/Il/l; LUTAaMMbl; ﬂpO6VIOTVIKVI; KMCAOMOAQOUYHbIE NMPOAYKTbI.

Introduction

The demand of the food industry for probiotic
preparations is growing every year. The search for
new natural antimicrobial substances synthesized
by non-pathogenic beneficial microorganisms is an
urgent task. Lactic acid bacteria (LAB) are wide-
spread in nature: they can be found in soil, on de-
composing animal and plant debris, in the intestines
of vertebrate animals, in milk and dairy products.
Together with plants and food they enter the gastro-
intestinal tract of humans and animals, making up
its microbiota [1-3]. The main property of LAB, by
which they are grouped into a separate large group
of microorganisms, is the ability to form lactic acid
as the main product of fermentation. Lactic acid fer-
mentation is carried out by bacterial organisms that
are heterogeneous in morphology: bacilliform and
spherical (spherical or elliptical cocci), belonging
to the genera Lactococcus, Lactobacillus, Bifodo-
bacterium, Enterococcus, Leuconostoc, Pediococ-
cus, Streptococcus, Vagococcus, Tetragenococcus,

Carnobacterium [4]. Since ancient times, people
have used LAB in the preparation of fermented milk
products. Due to the synthesis of antimicrobial me-
tabolites, such as lactic and acetic acids, diacetyl,
LAB peroxides inhibit the growth of pathogens.
One of the important steps in the search and selec-
tion of a strain that is promising for use in the food
industry is the determination of its taxonomic af-
filiation. Correct identification of the strain at the
species level allows the researcher to have an idea
about the origin, safety, habitat and physiological
characteristics of the isolated microorganism [5].
LAB are the bacterial basis of many products, natu-
ral inhabitants of the gastrointestinal tract and can
serve as bacteriocins and probiotics for use in the
food industry. Once in the body, lactic acid bacteria
have a detrimental effect on the putrefactive envi-
ronment and help the beneficial bacteria regenerate.
[6-8]. It is known that lactobacilli can have a ver-
satile influence on the biochemical, physiological,
neurohumoral and immune processes in human and
animal organisms [9, 10]. These bacteria normalize
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the content of carbohydrates, cholesterol, bile acids,
carry out the synthesis of vitamins and other biolog-
ically active compounds. A characteristic property
of lactic acid bacteria is their ability to produce sub-
stances with antibiotic activity (bacteriocins). The
main requirement for probiotic LAB strains is the
presence of pronounced antimicrobial activity [11-
14]. This allows the use of probiotics to enhance or
correct the effects of antibiotics, and in some cases
as their alternative. On the basis of a large number
of clinical observations it is possible to believe that
probiotics are practically irreplaceable in therapy of
dysbiotic conditions, Crohn’s disease, gastric and
duodenal ulcer [15-17].

Yu et al. studied the composition of IBCs of tra-
ditional Russian sour-milk products. In their work,
they cultured lactic acid bacteria isolated from fer-
mented mare’s and cow’s milk, sour cream, and
cheese collected in Buryatia, Kalmykia, and Tuva.
Seven species of lactobacilli and the genus Bifi-
dobacterium were identified by quantitative PCR.
599 LAB strains were obtained from these samples
using de Mane, Rogoza, Sharpe, and M17 agars.
The scientists’ results showed that traditional fer-
mented dairy products from different regions of
Russia have a diverse species composition of LAB,
which may be related to the type of fermented
dairy product, geographic origin, and peculiarities
of the production process [18]. In addition, lactic
acid bacteria are known to produce antimicrobial
compounds that are considered to be natural bio-
conservatives against foodborne pathogens (Paul
et al., 2004). Many strains of Lactobacillus have
been isolated from the milk of various animals
and used as probiotics in food production (19, 20).
N.S. Sowmya et al. isolated nine lactic acid bac-
teria (LAB) from food and fruits and vegetables
(beet, mango, banana, pineapple, radish, tomato,
milk and watermelon) on de Man Rogoz and Sharp
(MRS) agar medium [21]. These bacteria were
further identified as L. fermentum (3 isolates),
L. buchneri (4 isolates), L. brevis (1 isolate), and
Weisella ciberia (1 isolate) by the 16S rRNA gene
sequence. The genetic diversity of Lactobacillus
species was analyzed by random amplification of
polymorphic DNA (RAPD), and diversity analysis
showed differences between Lactobacillus species
isolated from different sources.
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Identification of Lactobacillus species can be
performed by morphological and biochemical fea-
tures, but the molecular method (16S rRNA gene
sequence) proved to be more convenient to use and
useful for microorganism identification. The aim of
this study was the molecular genetic identification
of microorganisms isolated from goat milk of Al-
maty region, capable of exhibiting antagonistic ac-
tivity by analyzing the nucleotide sequence of the
16S rRNA gene for the development of technology
of dairy products of domestic production.

Materials and methods

Genomic DNA was isolated from daily cul-
tures of bacteria isolated from the milk of locally
produced Zaan goats using the PureLink Genomic
DNA Kit according to the manufacturer’s protocol
(Invitrogen, Carlsbad, USA). DNA concentration in
the test samples was determined on a Qubit® 2.0
fluorimeter using the QubitTM dsDNA HS Assay
Kit (Life Technologies, Oregon, USA). The prod-
uct was purified using CleanSweep™ PCR Purifi-
cation reagent (Life Technologies, Carlsbad, CA).
16S rRNA gene fragments were sequenced using
the Big Dye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, USA) according to the manu-
facturer’s protocol (BigDye® Terminator v3.1 Cy-
cle Sequencing Kit Protocol Applied Biosystems,
USA), followed by fragment separation on a 3500
DNA Genetic Analyzer (Applide Biosystems, Hita-
chi, Tokyo Japan).

The sequencing results were processed using
the SeqA program (Applied Biosystems); the search
for homologous nucleotide sequences of 16S rRNA
genes was performed using the BLAST (Basic Lo-
cal Alignment Search Tool) program in the Interna-
tional Gene Bank database (US National Center for
Biotechnology Information) [22]. The phylogenetic
tree was constructed using the MEGA 6 program
[23]. Nucleotide sequences were aligned using the
ClustalW algorithm. The BLASTN Neiighbor-Join-
ing (NJ) method was used to construct phylogenetic
trees [24].

Results
The DNA concentration according to the readings
of the Quibit fluorimeter is demostrated in Table 1.
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Table 1 — The DNA concentration according to the readings of the Quibit fluorometer

Ne Sample name Concentration,
/i ng/pul

1 2 44,0

2 4 81,2

3 5 69,0

4 8 78,0

5 10 66,4

6 14 48,8

7 16 16,0

A fragment of the 16S rRNA gene, about 600
bp in size, was amplified from the obtained DNA by

PCR. The results of sample amplification are dem-
onstrated in Figure 1.

Figure 1 — PCR — product obtained with universal primers to the 16S rRNA region of the gene
Note: 1-7 samples; M — O’GeneRuler 1 kb DNA Ladder length marker.

After the sequencing reaction, the PCR product
was purified a second time with the BigDye XTer-
minator Purification Kit and loaded into an ABI
3500 genetic analyzer for capillary phoresis.

The nucleotide sequences of the 16S rRNA gene
of the identified strains were analyzed and combined
into a common sequence in the SeqaA software

(Appllied Biosystems). After obtaining a nucleotide
sequence of about 600 bp, identification was carried
out in the GeneBank International Database using
the BLAST algorithm.

Nucleotide sequences and the results of phylo-
genetic analysis of the 16S rRNA gene sequences of
the studied strains are presented as trees constructed
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in the MEGAG6 program using the Neiighbor-Join-
ing cluster method for calculating genetic distances.

Lactic acid bacteria:

2 — Lactobacillus fermentum

Nucleotide sequence:

TGCTTGCACCTGATTGATTTTGGTCGCC
AACGAGTGGCGGACGGGTGAGTAACACGT
AGGTAACCTGCCCAGAAGCGGGGGACAAC
ATTTGGAAACAGATGCTAATACCGCATAAC
AACGTTGTTCGCATGAACAACGCTTAAAAG
ATGGCTTCTCGCTATCACTTCTGGATGGAC
CTGCGGTGCATTAGCTTGTTGGTGGGGTAA
CGGCCTACCAAGGCGATGATGCATAGCCGA
GTTGAGAGACTGATCGGCCACAATGGGACT

o

GAGACACGGCCCATACTCCTACGGGAGGC
AGCAGTAGGGAATCTTCCACAATGGGCGCA
AGCCTGATGGAGCAACACCGCGTGAGTGA
AGAAGGGTTTCGGCTCGTAAAGCTCTGTTG
TTAAAGAAGAACACGTATGAGAGTAACTGT
TCATACGTTGACGGTATTTAACCAGAAAGT
CACGGCTAACTACGTGCCAGCAGCCGCGGT
AATACGTAGGTGGCAAGCGTTATCCGGATT
TATTGGGCGTAAAGAGAGTGCAGGCGGTTT
TCTAAGTCTGATGTGAAAGCCTTCGGCTTA
ACCGGAGAAGTGCATCGGAAACTGGATAA
CTTGAGTGCAGAAGAGGGTAGTGGAACTCC
ATGTGTAGCGGTGGAATGCGTAGATATATG
GAAGAACACCAGTGGCGAAGGCGGCTACC
TGGTCTGCAACTGACGCTGAGACTCGAAAG
CATGGGTAGCGAACAGGA

(| Wi
4{ NR 104927.1:55-784 Lactobacillus fermentum strain CIP 102980

NR 113335.1:64-793 Lactobacillus fermentum strain NBRC 15885
NR 134066.1:84-813 Lactobacillus gorillae strain KZ01
NR 028810.1:72-802 Lactobacillus ingluviei strain KR3

NR 041566.1:45-774 Lactobacillus equigenerosi strain NRIC 0697
4,7 NR 114790.2:8-710 Lactobacillus suebicus strain CCUG 32233
NR 042232.1:69-769 Pediococcus claussenii strain P06

NR 117043.1:81-778 Enterococcus rivorum strain S299

A
0.02

NR 025863.1:95-792 Abiotrophia defectiva strain GIFU 12707

Figure 2 — Phylogenetic tree constructed based on the analysis of the 16S rRNA gene fragment showing the relationship
of Lactobacillus fermentum 2 to Lactobacillus fermentum strain CIP 102980

4 — Lactobacillus fermentum

Nucleotide sequence:

TGCTTGCACCTGATTGATTTTGGTC-
GCCAACGAGTGGCGGACGGGTGAG-
TAACACGTAGGTAACCTGCCCAGAAGC-
GGGGGACAACATTTGGAAACAGAT-
GCTAATACCGCATAACAACGTTGTTC-
GCATGAACAACGCTTAAAAGATGG-
CTTCTCGCTATCACTTCTGGATGGACCT-
GCGGTGCATTAGCTTGTTGGTGGGG-
TAACGGCCTACCAAGGCGATGATG-
CATAGCCGAGTTGAGAGACTGATC-
GGCCACAATGGGACTGAGACACG-
GCCCATACTCCTACGGGAGGCAG-
CAGTAGGGAATCTTCCACAATGGGCG-

104

CAAGCCTGATGGAGCAACACCGCGTGAGT-
GAAGAAGGGTTTCGGCTCGTAAAGCTC-
TATTGTTAAAGAAGAACACGTATGAGA-
GTAACTGTTCATACGTTGACGGTATT-
TAACCAGAAAGTCACGGCTAACTACGT-
GCCAGCAGCCGCGGTAATACGTAGGTG-
GCAAGCGTTATCCGGATTTATTGGGCGTA-
AAGAGAGTGCAGGCGGTTTTCTAAGTCT-
GATGTGAAAGCCTTCGGCTTAACCGGAGA-
AGTGCATCGGAAACTGGATAACTTGAGT-
GCAGAAGAGGGTAGTGGAACTCCATGT-
GTAGCGGTGGAATGCGTAGATATATG-
GAAGAACACCAGTGGCGAAAGGCGGC-
TACCTGGTCTGCAACTGACGCTGAGACTC-
GAAAGCATGGGTAGCGAACAGGA
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[ K]
—i NR 104927.1:82-719 Lactobacillus fermentum strain CIP 102980

NR 113335.1:91-728 Lactobacillus fermentum strain NBRC 15885
NR 134066.1:111-748 Lactobacillus gorillae strain KZ01

NR 042058.1:121-749 Pediococcus pentosaceus strain DSM 20336
_4 NR 041467.1:105-739 Lactobacillus farraginis strain NRIC 0676
NR 042438.1:110-742 Lactobacillus graminis strain G90 (1)
NR 113924.1:77-711 Enterococcus gallinarum strain NBRC 100675

4,— NR 113798.1:75-707 Carnobacterium divergens strain NBRC 15683
NR 040926.1:65-701 Carnobacterium mobile strain DSM 4848

A
0.01

Figure 3 — Phylogenetic tree built on the basis of the analysis of the 16S rRNA gene fragment showing
the relationship of Lactobacillus fermentum 4 with Lactobacillus fermentum strain CIP 102980

8 — Lactobacillus fermentum CAAGCCTGATGGAGCAACACCGCGTGAGT-

Nucleotide sequence: GAAGAAGGGTTTCGGCTCGTAAAGCTCT-

CAACGAGTGGCGGACGGGTGAG- GTTGTTAAAGAAGAACACGTATGAGAG-
TAACACGTAGGTAACCTGCCCAGAAGC- TAACTGTTCATACGTTGACGGTATTTAAC-
GGGGGACAACATTTGGAAACAGATGC- CAGAAAGTCACGGCTAACTACGTGCCAG-
TAATACCGCATAACAACGTTGTTCGCAT- CAGCCGCGGTAATACGTAGGTGGCAAGC-
GAACAACGCTTAAAAGATGGCTTCTC- GTTATCCGGATTTATTGGGCGTAAAGAGA-
GCTATCACTTCTGGATGGACCTGCGGTG- GTGCAGGCGGTTTTCTAAGTCTGATGT-
CATTAGCTTGTTGGTGGGGTAACGGCCTAC- GAAAGCCTTCGGCTTAACCGGAGAAGT-
CAAGGCGATGATGCATAGCCGAGTTGAGA- GCATCGGAAACTGGATAACTTGAGTG-
GACTGATCGGCCACAATGGGACTGAGA- CAGAAGAGGGTAGTGGAACTCCATGT-
CACGGCCCATACTCCTACGGGAGGCAG- GTAGCGGTGGAATGCGTAGATATATG-
CAGTAGGGAATCTTCCACAATGGGCG- GAAGAACACCAG

®s
4< NR 104927.1:82-719 Lactobacillus fermentum strain CIP 102980

NR 113335.1:91-728 Lactobacillus fermentum strain NBRC 15885
NR 134066.1:111-748 Lactobacillus gorillae strain KZ01

NR 042058.1:121-749 Pediococcus pentosaceus strain DSM 20336
_{ NR 041467.1:105-739 Lactobacillus farraginis strain NRIC 0676
NR 042438.1:110-742 Lactobacillus graminis strain G90 (1)
NR 113924.1:77-711 Enterococcus gallinarum strain NBRC 100675

4{— NR 113798.1:75-707 Carnobacterium divergens strain NBRC 15683
NR 040926.1:65-701 Carnobacterium mobile strain DSM 4848

0.01

Figure 4 — Phylogenetic tree built on the basis of the analysis of the 16S rRNA gene fragment showing
the relationship of Lactobacillus fermentum 8 with Lactobacillus fermentum strain CIP 102980
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14 — Lactobacillus fermentum GAAGAAGGGTTTCGGCTCGTAAAGCTCT-

Nucleotide sequence: GTTGTTAAAGAAGAACACGTATGAGAG-

ACGAGTGGCGGACGGGTGAGTAA- TAACTGTTCATACGTTGACGGTATTTAAC-
CACGTAGGTAACCTGCCCAGAAGC- CAGAAAGTCACGGCTAACTACGTGCCAG-
GGGGGACAACATTTGGAAACAGATGC- CAGCCGCGGTAATACGTAGGTGGCAAGC-
TAATACCGCATAACAACGTTGTTCGCAT- GTTATCCGGATTTATTGGGCGTAAAGAGA-
GAACAACGCTTAAAAGATGGCTTCTC- GTGCAGGCGGTTTTCTAAGTCTGATGT-
GCTATCACTTCTGGATGGACCTGCGGTG- GAAAGCCTTCGGCTTAACCGGAGAAGT-
CATTAGCTTGTTGGTGGGGTAATGGCCTAC- GCATCGGAAACTGGATAACTTGAGTG-
CAAGGCGATGATGCATAGCCGAGTTGAGA- CAGAAGAGGGTAGTGGAACTCCATGT-
GACTGATCGGCCACAATGGGACTGAGA- GTAGCGGTGGAATGCGTAGATATATG-
CACGGCCCATACTCCTACGGGAGGCAG- GAAGAACACCAGTGGCGAAGGCGGC-
CAGTAGGGAATCTTCCACAATGGGCG- TACCTGGTCTGCAACTGACGCTGAGACTC-
CAAGCCTGATGGAGCAACACCGCGTGAGT- GAAAGCATGGGTAGCGAAC

@14
4{ NR 113335.1:93-789 Lactobacillus fermentum strain NBRC 15885
NR 104927.1:84-780 Lactobacillus fermentum strain CIP 102980
NR 134066.1:113-809 Lactobacillus gorillae strain KZ01
NR 026310.1:80-773 Lactobacillus panis strain DSM 6035

I— NR 112541.1:107-802 Lactobacillus vaccinostercus strain NRIC 1075
NR 113338.1:87-780 Lactobacillus plantarum strain NBRC 15891
NR 044699.2:113-805 Lactobacillus acetotolerans strain DSM 20749
NR 113154.1:72-765 Alkalibacterium subtropicum strain 024-2

NR 113902.1:81-774 Enterococcus faecalis strain NBRC 100481
NR 040926.1:69-762 Carnobacterium mobile strain DSM 4848

0.02

Figure 5 — Phylogenetic tree constructed based on the analysis of the 16S rRNA gene fragment showing the relationship
of Lactobacillus fermentum 14 to Lactobacillus fermentum strain NBRC 15885

5 — Enterococcus faecalis GTGAGTGAAGAAGGTTTTCGGATCGTA-

Nucleotide sequence: AAACTCTGTTGTTAGAGAAGAACAAGGAC-

CCGAGTGCTTGCACTCAATTG- GTTAGTAACTGAACGTCCCCTGACGG-
GAAAGAGGAGTGGCGGACGGGTGAG- TATCTAACCAGAAAGCCACGGCTAACTAC-
TAACACGTGGGTAACCTACCCAT- GTGCCAGCAGCCGCGGTAATACGTAG-
CAGAGGGGGATAACACTTGGAAACAG- GTGGCAAGCGTTGTCCGGATTTATTGGGC-
GTGCTAATACCGCATAACAGTTTATGC- GTAAAGCGAGCGCAGGCGGTTTCTTA-
CGCATGGCATAAGAGTGAAAGGCGCTTT- AGTCTGATGTGAAAGCCCCCGGCTCAAC-
CGGGTGTCGCTGATGGATGGACCCGCGGT- CGGGGAGGGTCATTGGAAACTGGGAGA-
GCATTAGCTAGTTGGTGAGGTAACGGCT- CTTGAGTGCAGAAGAGGAGAGTG-
CACCAAGGCCACGATGCATAGCCGACCT- GAATTCCATGTGTAGCGGTGAAATGCG-
GAGAGGGTGATCGGCCACACTGGGACT- TAGATATATGGAGGAACACCAGTGGC-
GAGACACGGCCCAGACTCCTACGGGAG- GAAGGCGGCTCTCTGGTCTGTAACTGAC-
GCAGCAGTAGGGAATCTTCGGCAATG- GCTGAGGCTCGAAAGCGTGGGGAGCAAA-
GACGAAAGTCTGACCGAGCAACGCCGC- CAGGA
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@5
‘ NR 113902.1:53-778 Enterococcus faecalis strain NBRC 100481

‘ NR 113901.1:53-778 Enterococcus faecalis strain NBRC 100480
NR 115765.1:53-778 Enterococcus faecalis strain ATCC 19433

_|:NR 118050.1:11-736 Enterococcus plantarum strain CCM 7889
NR 113574.1:75-778 Enterococcus hirae strain NBRC 3181

NR 104715.1:78-777 Carnobacterium alterfunditum strain pf4

NR 117274.1:92-789 Bacillus siamensis KCTC 13613 strain PD-A10
NR 042225.1:89-785 Anoxybacillus amylolyticus strain MR3C

0.01

Figure 6 — Phylogenetic tree constructed based on the analysis of the 16S rRNA gene fragment of Enterococcus faecalis

The degree of homology with the nearest strain  GATCGGCCACACTGGAACTGAGACAC-
NR 113902.1:53-778 Enterococcus faecalis strain  GGTCCAGACTCCTACGGGAGGCAG-

NBRC 100481 was 100.00%. CAGTAGGGAATCTTCCGCAATGGGC-
GAAAGCCTGACGGAGCAACGCCGCGT-

Catalase positive bacteria: GAGTGATGAAGGTCTTCGGATCGTA-
AAACTCTGTTATCAGGGAAGAACAAAT-

10 - Staphylococcus warneri GTGTAAGTAACTGTGCACATCTTGACGG-
Nucleotide sequence: TACCTGATCAGAAAGCCACGGCTAACTAC-

TGCAGTCGAGCGAACAGATA- GTGCCAGCAGCCGCGGTAATACGTAGGTG-
AGGAGCTTGCTCCTTTGACGTTAGCG- GCAAGCGTTATCCGGAATTATTGGGCGTA-
GCGGACGGGTGAGTAACACGTGGATA- AAGCGCGCGTAGGCGGTTTTTTAAGTCT-
ACCTACCTATAAGACTGGGATAACTTC- GATGTGAAAGCCCACGGCTCAACCGTG-
GGGAAACCGGAGCTAATACCGGATAA- GAGGGTCATTGGAAACTGGAAAACTT-
CATATTGAACCGCATGGTTCAATAG- GAGTGCAGAAGAGGAAAGTGGAATTC-
TGAAAGGCGGCTTTGCTGTCACTTATAG- CATGTGTAGCGGTGAAATGCGCAGAGA-
ATGGATCCGCGCCGTATTAGCTAGTTG- TATGGAGGAACACCAGTGGCGAAGGC-
GTAAGGTAACGGCTTACCAAGGCAAC- GACTTTCTGGTCTGTAACTGACGCTGATGT-
GATACGTAGCCGACCTGAGAGGGT- GCGAAAGCGTGGGGGATCAAACAGGA

® 10
NR 025922.1:29-767 Staphylococcus warneri strain AW 25
NR 024669.1:49-787 Staphylococcus pasteuri strain ATCC 51129
NR 114435.1:3-737 Staphylococcus pasteuri strain ATCC 51129
NR 113957.1:29-767 Staphylococcus epidermidis strain NBRC 100911
NR 113348.1:29-767 Staphylococcus capitis strain JCM 2420
NR 037007.2:56-794 Staphylococcus aureus strain S33 R
NR 115714.1:49-789 Bacillus cereus strain CCM 2010
NR 159096.1:56-796 Macrococcus goetzii strain CCM 4927

NR 146821.1:49-785 Lysinibacillus endophyticus strain C9
NR 118218.1:29-764 Kurthia massiliensis strain JC30

—_—

Figure 7 — Phylogenetic tree constructed based on the analysis of the 16S rRNA gene fragment of Staphylococcus warneri 10
The degree of homology with the nearest strain NR 025922.1:29-767 Staphylococcus warneri strain AW 25 was 99.73%.
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16 — Staphylococcus aureus

Nucleotide sequence:

ACACGTGGATAACCTACCTATA-
AGACTGGGATAACTTCGGGAAACCG-
GAGCTAATACCGGATAATATTTTGAACC-
GCATGGTTCAAAAGTGAAAGACGGTCTT-
GCTGTCACTTATAGATGGATCCGCGCT-
GCATTAGCTAGTTGGTAAGGTAACG-
GCTTACCAAGGCAACGATGCATAGCC-
GACCTGAGAGGGTGATCGGCCACACTG-
GAACTGAGACACGGTCCAGACTCCTAC-
GGGAGGCAGCAGTAGGGAATCTTC-
CGCAATGGGCGAAAGCCTGACG-
GAGCAACGCCGCGTGAGTGAT-

® 16

GAAGGTCTTCGGATCGTAAAACTCTGT-
TATTAGGGAAGAACATATGTGTAAGTA-
ACTGTGCACATCTTGACGGTACCTAAT-
CAGAAAGCCACGGCTAACTACGTGCCAG-
CAGCCGCGGTAATACGTAGGTGGCAAGC-
GTTATCCGGAATTATTGGGCGTAAAGC-
GCGCGTAGGCGGTTTTTTAAGTCTGATGT-
GAAAGCCCACGGCTCAACCGTGGAGGGT-
CATTGGAAACTGGAAAACTTGAGTG-
CAGAAGAGGAAAGTGGAATTCCATGTG-
TAGCGGTGAAATGCGCAGAGATATGGAG-
GAACACCAGTGGCGAAGGCGACTTTCTG-
GTCTGTACTGACGCTGATGTGCGAAAGC-
GTGGGG

NR 113956.1:91-756 Staphylococcus aureus strain NBRC 100910
NR 037007.2:118-783 Staphylococcus aureus strain S33 R

0.01

NR 115606.1:93-758 Staphylococcus aureus strain ATCC 12600
NR 113957.1:91-756 Staphylococcus epidermidis strain NBRC 100911
NR 036775.1:91-756 Staphylococcus capitis strain LK 499
NR 118450.1:92-757 Staphylococcus petrasii strain CCM 8418
NR 074540.1:118-785 Bacillus cereus ATCC 14579

4’7 NR 159094.1:120-786 Macrococcus caseolyticus subsp. hominis strain CCM 7927
NR 156906.1:119-785 Auricoccus indicus strain S31

NR 145937.1:99-764 Enterococcus bulliens strain LMG 28766

NR 113881.1:95-760 Lysinibacillus odysseyi 34hs-1 NBRC 100172

Figure 8 — Phylogenetic tree constructed based on the analysis of the 16S rRNA gene fragment of Staphylococcus warneri 16

The degree of homology with the nearest strain
NR 113956.1:91-756 Staphylococcus aureus strain
NBRC 100910 was 99.85%.

These identified strains of staphylococci
were used as test cultures for the selection of
antagonistically active lactic acid bacteria.

Results and discussion

As a result of molecular genetic identification
of the studied strains, isolated for the first time
from goat milk of the Almaty region, based on the
analysis of nucleotide sequences

16S rRNA gene values were determined for
bacterial strains: for the Lactobacillus fermentum
14 strain, the identity with the NR 113335.1:93-789
strain Lactobacillus fermentum strain NBRC 15885
was 99.86%; for the strain Lactobacillus fermentum
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8, the identity with the strain NR 104927.1:82-719
Lactobacillus fermentum strain CIP 102980 was
100.00%; for the strain Lactobacillus fermentum 4,
the degree of homology with the nearest strain NR
104927.1:55-784 Lactobacillus fermentum strain
CIP 102980 was 99.73%.; for strain Lactobacillus
fermentum 2, the degree of homology with the
nearest strain NR 104927.1:55-784 Lactobacillus
fermentum strain CIP 102980 was 100.00%.

Thus, the isolation of lactic acid bacteria from lo-
cal raw milk will increase the creation of starter cul-
ture for the dairy industry of domestic production.

Conclusion

Thus, this study presents the results of molecular
genetic identification of bacteria based on the anal-
ysis of the nucleotide sequences of the 16S rRNA
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gene isolated from raw goat milk of the Zaanen
breed of the Almaty region. All bacterial strains
were sequenced and analyzed. A comparative anal-
ysis of the nucleotide sequences of both strains of
lactic acid bacteria showed their high identity. A
passport was drawn up for a strain of Lactobacillus

fermentum 14 isolated from goat milk of the Almaty
region. Lactobacillus fermentum 14 was deposited
in the Republican Collection of Microorganisms
(Astana) as a promising strain for inclusion in the
composition of bacterial starter cultures in the pro-
duction of fermented dairy products [25].
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Kazaxckuii HallMOHAIBHBIN yHUBEpCUTET nMeHH anb-Papadu, Kazaxcran, . Amarsl
TOO «HayuHo-nIpoHU3BOACTBEHHBIN LIEHTP PHIOHOTO X034icTBa», KazaxcTaH, I. AnMarbl
e-mail: barakovrin@gmail.com

MOP®OAOTUYECKUE XAPAKTEPUCTUKN CA3AHA
(CYPRINUS CARPIO) 13 3ATTAAHOU YACTH O3EPA BAAKALL
B YCAOBUAX COBPEMEHHOU AHTPOIMOITEHHOM HATPY3KU

P.T. bapakos

O3epo baakall — 3T0 0AMH U3 KpynHenwmx BoAoeMoB IOro-BoctouHoro KasaxcraHa, 3aHnmarolLe-
ro 2 MecTo 1o naotuaam nocae Kacnmitckoro mops. CyLuecTByOLLME HAa CEMOAHSILLIHWIA A€Hb 3KOAOTMYe-
ckue npobAemMbl HAHOCST ylLepb nxTrogayHe 03epa, rAe 3HAUUTEAbHO CTPAAQIOT MHOTUE MOMYASLMN
MPOMbICAOBbIX BUAOB Pbl6. PbiObl IBASSCH YACTbIO SKOCUCTEMBI CMOCOOHbBI MPOSIBASITH aAAMTALLMOHHbIE
CBOWCTBA U3MeHsIs CBOM BUOAOTMYECKME (BUAOBbBIE) OCOBEHHOCTU B OTBET HA M3MEHEHMS OKPYKaIOLLE
cpeabl. C poCTOM 3arpsi3HEHNS BOAHbIX 3KOCUCTEM MPOUCXOAIT KaueCTBEHHble M3MEHEHUs BHELLHero
M BHYTPEHHEro cTpoeHus pbi6. BoibpatHblii 06beKT nccaepaoBanus — casad (Gyprinus carpio) sBasieTcs
HarAsiAHbIM MPUMEPOM MPOSIBAEHWIA AAANTALMIA B OTBET HA M3MEHEHMS KauyecTBa CpeAbl 06uTaHus. M3-
yueHue U3MEHUMBOCTU MOPOMETPUYECKUX MPU3HAKOB Y PblO SBASETCS aKTyaAbHbIM HarpaBAEHWEM B
BbISIBAEHMM aHOMAAMI M MOHUTOPMHIA OOLLErO COCTOSIHMS 3A0POBbS Pblb. B 3TOM CBA3M, HaMKM ObiAM
M3y4yeHbl 28 NAACTUYECKMX NMPU3HAKOB U 16 MEPUCTUYECKMX (CUETHbIX) MPU3HAKOB, a Tak)Ke HaAnuune
OTKAOHEHWI1 B BHeLLIHeM 00AMKe ca3aHa ((peHoaesmar). [NpoBeaeHHOe UCCAeAOBAHME C UCTTOAb30OBaHM-
€M MeTOA@ MHOTOMEPHOro CTaTUCTUYECKOrO aHaAM3a MO3BOAMA OMPEAEAUTb Harpy3ku M HarnpaBAeH-
HOCTb M3MEHEHW1 OTAEAbHbIX MPU3HAKOB ca3aHa. OCHOBBIBAsICb Ha MOAYYEHHbIX Pe3yAbTaTax Mop-
hOAOrMYECKMX MCCAEAOBAHMI, (DEHOTMNMYECKAS NAAQCTUYHOCTb Ca3aHa KOPPEAMPYET C HeraTMBHbIMU
YCAOBUSIMU OKPYKaloLLLen CpeAbl 3anaaHom Yactu o3epa baakatu.

KatoueBble caoBa: 03epo baakauw, Cyprinus carpio Linnaeus, 1758, BHellHWe npm3Haku, beHOTH-
nuyeckast U3MEHYMBOCTb, MOPEOAOTMYECKME aHOMAAUM.

R.T. Barakov
Al-Farabi Kazakh National University, Kazakhstan, Almaty
LLP «Research and production center of fisheries», Kazakhstan, Almaty
e-mail: barakovrin@gmail.com
Morphological characteristics of the carp (cyprinus carpio) from the western part of lake
balkash under conditions of modern anthropogenic pessure

Balkash Lake is one of the largest reservoirs in South-Eastern Kazakhstan, taking the 2nd place in
terms of area after the Caspian Sea. The current environmental problems are damaging the ichthyofauna
of the lake, where many populations of commercial fish species are significantly affected. Fish, being
part of an ecosystem, are able to show adaptive properties by changing their biological (species) char-
acteristics in response to environmental changes. With the increase in pollution of aquatic ecosystems,
qualitative changes in the external and internal structure of fish occur. The chosen object of study, carp
(Cyprinus carpio), is a good example of manifestations of adaptations in response to changes in the
quality of the habitat. The study of the variability of morphometric traits in fish is an important direction
in identifying anomalies and monitoring the general health of fish. In this regard, we studied 28 plastic
features and 16 meristic (countable) features, as well as the presence of deviations in the appearance of
the carp (external malformations). The study using the method of multivariate statistical analysis made it
possible to determine the load and direction of changes in individual signs of carp. Based on the results
of morphological studies, the phenotypic plasticity of carp correlates with the negative environmental
conditions of the western part of Lake Balkash.

Key words: Balkash Lake, Gyprinus carpio Linnaeus, 1758, external features, phenotypic variability,
morphological anomalies.
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Kasipri aHTponoreHAK XXykTeme »afAaibiHAQ 6aAKall KOAIHIH, 6aTbIC OOAIriHAETi
ca3aHHbIH, (Cyprinus carpio) MoOppOAOTUSIABIK, CUMATTaMaAaPbl

baakaw keAi — OHTycTik-LLbIFbic Ka3akcTaHHbIH, eH, ipi Cy aiAbIHAAPbIHbIH, 6ipi, aymarbl GOMbIHLIA
Kacnuni TeHisiHeH KeriHri 2 opbiHAbI aAaAbl. Kasipri ke3aeri 3koAormsiAbIK, mpobAemManap KeAAH xTmodga-
yHacblHa AQ 3USIH KEATIPYAE, MYHAQ KerTereH KacinTik 6aAblK, TYPAEPiHiH, MOMyASUMSAApPbl aiTapAbIKTai
3apAarn weryae. baabikTap 3KoxyieHiH 6eAiri 60AbIN KaHa KoMMai, KopliaFraH OpPTaHbiH, ©3repyiHe >ka-
yan peTiHAE OAaPAbIH, GUOAOTUSIABIK (TYPAIK) epekLIeAiKTepiH e3repTy apKbiAbl GEMIMAEAY KacUeTTepiH
Ae kepceTe anaabl. Cy 3KOXKYyHMeAepiHiH AACTaHybIHbIH, XOFApbIAQybIMEH GAABIKTAPAbBIH, ChIPTKbl XKOHe
iILKI KYPbIAbIMbIHAQ CarnaAbl e3repicTep OpblH aAaAbl. TaHAaAFaH 3epTTey HblcaHbl — ca3aH (Cyprinus
carpio) TipwiAik eTy opTacbiHbIH canacbiHbIH ©3repyiHe >kayan peTiHAe 6eliMAeAy KepiHiCTepiHiH aiKkbIH
MbICaAbl 60AbIN Tabblraabl. BaAbikTapaAarbl MOPMOMETPUSABIK, GEAriAepAiH e3repriluTiriH 3epTTey
aybITKYAApPAbBI aHbIKTayAafrbl XKeHe OaAbIKTapAbIH XaAMbl Xait-KyriH 6GakblAayAarbl ©3eKkTi 6arbiT 60~
AbIM Tabbiraabl. OcbiFaH 6aAaHbICTbI 6i3 28 NMAACTUMKAABIK, (CanaAblk) 6GeAriaep MeH 16 MepUCTUKAABIK,
(caHABIK) GeAriAepAl, COHAaM-aK, CbIpTKbl ((PEHOAEBMAT) TYPIHAET aybITKyAapAbIH GOAYbIH 3€pPTTEAIK.
KeneAwemai CTaTUCTUKaAbIK, TaAAQY BAICIH KOAAAHA OTbIPbIMN, >KYPri3iAreH 3epTTey ca3aHHbIH, >Keke-
AereH OeAriAepiHiH e3repy >KykTemeAepi MeH OarbiTblH aHbIKTayFa MyMKIHAIK 6epAi. MopdhoAormsiabIK,
3epTTeYAEPAiH, HOTUXKeAepiHe CyMeHe OTbIPbIM, Ca3aHHbIH, (PeHOTUNTIK GerimMAiAir baakall KeAiHiH 6a-

TbIC GOAINIHAETT XKaFbIMCbI3 SKOAOTUSIABIK, KaF AQMAAPMEH GaAaHbICTbI GOAYbI MYMKIH.
Tyninai cesaep: baakaw keai, Cyprinus Carpio Linnaeus, 1758, cbipTkbl 6eAriaepi, heHOTUNTIK

e3repriwTiri, MOpPOAOrUSIAbIK, aybITKYAApPbI.

BBenenue

Ozepo bamkam — 310 0OJBITIOE TIO CBOEH TIITO-
Iag 03€pO, PACMONIOKEHHOTO B apUAHOW 30HE
IOro-Boctounoro Kazaxcrana. Crparermueckas
BOXHOCTh JAaHHOTO O3€pa 3akKiroyaercs B Oorar-
CTBE W pa3HOOOpa3mu OmopecypcoB. B cpaBHeHUHN
¢ Opyrumu Bomoemamu KazaxcTtana B o3epe cocpe-
nmorodeHo oxosio 20% Bceil BBUTaBIMBAEMOM pPBHIOBI
[1,2]. 3a cBOIO HCTOPHIO MPOMBICIOBOTO OCBOEHUS
Ha o3epe baykam npou3onuim U3MEeHeHus, TIe Ha
CMeHy 0oJiee IICHHBIX B KOMMEPUECKOM OTHOIICHUHN
BUIaM CTalli JOMHUHUPOBATH MaJIOOCHHBLIC BHUIBI
pu16. Eme B mepuon ¢ 1932 mo 1969 rr. cazany npu-
Haanexano ot 59 o 77% (B BECOBOM BBIPAXECHHUU
— 5500 -12800 1) oT 061IEr0 0OBEMA TOIOBOTO BhI-
noBa. K cepenunae 80-x rogoB YHCIEHHOCTH ca3zaHa
HEYKJIOHHO majaer (meHee 1% ot oOmiero ymora)
BBUAY BOZHUKIIECTO XUIMHUYICCKOT'O JIOBA U CTPEMU-
TENBHOTO CHUKEHHUS ypOBHS BOAbI [3,4].

B cuiy mpomomkaromerocsi 3KoJorH4eckoro u
AHTPOIIOTEHHOTO ITpecca Ha SKOCUCTEMY 03€epa, 3Ha-
YUTCIJIbHBIC U3BMCHCHHUS MOXXHO Ha6J'IIOZIaTI) B CTPYK-
Type MOMyJsIIUiA MHOTHUX BHIOB PbIO. B pesynbrare
OKOJIOTHYCCKUX OGOCTpeHHﬁ, BBI3BAHHBIX ACATCIIb-
HOCTBIO 4YeNlOBEeKa, HaOMIONaloTCsl KauyeCTBEHHBIE
M3MEHEHUs B CTPYKType momynsuii. Cpenn Takux
U3MEHEHUH MOXXHO OTMETHTH H3MEHYHBOCTH BHEIII-
Hero obmnuka pei6. CormacHO JTUTEpaTypHBIM JaH-

HBIM HM3yY€HHE BHEIIHUX NMPU3HAKOB Y PHIO SABIAET-
Cs1 YaCTbI0 MXTHOMOHHUTOPHHTA, U MOXET CIYXKUTh
WHCTPYMEHTOM B INATHOCTUKE COCTOSIHUSA 310POBbS
MHOTHX TIPOMBICIIOBBIX BHIOB PHIO [5, 6, 7, 8, 9].
Kpome 3Toro, maHHbIM MOAX0J HIIMPOKO MPUMEHS-
€TCsl B M3yYEHHMH MNPOLECCOB BHAO00Pa30BaHUS U
MaKpo3BOJIOLMI BHYTpH momynsamuit [10, 11, 12,
13]. C nopyro#i cTopoHEI, HccaenoBanne Mopdoio-
THYECKHX IOKazaTesieil peI0 SBJIAETCS aKTyaJlbHBIM
HalpaBJICHUEM B OLICHKE M MPOTHO3UPOBAHHUU KO-
JIOTHYECKOTO COCTOSHHS PHIO.

B kauecTBe OCHOBHOTO 0OBEKTA HCCIEIOBAHUS
ObL1 BeIOpaH cazaH (Cyprinus carpio). Beioop 00b-
eKTa ObLI NMPOAMKTOBAH TEM, YTO Ca3aH SIBISETCS
BaXHBIM B KOMMEPYECKOM OTHOIIEHUHU MPOMBICIIO-
BBIM BHJIOM U PACIPOCTPaHEH MIPAKTUUECKHU 10 BCEH
akBaropuu o3epa bankam. C apyroif CTOpOHEI, ca-
3aH CYMTAETCS IUIACTUYHBIM BUIOM BUIY CBOCH BBI-
COKOM CTerneHH! aianTaly K U3MEHEHHUSIM BHEIIHe!
cpens! obutanus [14,15]. Lensro paboThI ABISIIOCH
u3ydeHne Mop(HoOHOIOTHYECKHX OCOOCHHOCTEH
cazaHa U3 3amajHol yacTu o3epa bankam B ycinoBu-
SIX HETaTUBHOTO BO3JIEHUCTBUS XO3SIMCTBCHHOU Jes-
TEJIFHOCTH Y€JIOBEKa Ha MOIMYJISILIHIO OHOTO U3 LICH-
HOTO TIPOMBICIIOBOTO BHIa pbi0. Pe3romupys Beiie-
MIPUBEACHHOE, B HACTOSILEH CTaTbhe MPEACTABICHBI
pe3ynbraThl MOp(QOTOTHUECKUX UCCIIEOBAHUHA Ca-
3ana Cyprinus carpio Linnaeus, 1758 u3 3ananHoit
yactu o3epa bankami.
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MarepuaJj 1 MeTOIbI

Ot6op mMpoO MPOBOMWICS B JIETHEE BpeMs (aB-
ryct 2022 1) u3 MPOMBICIIOBBIX YJIIOBOB 3aIlaTHOM Ya-
ctu o3epa banmkamr (46°40°49.48»C; 74°43°23.73»B).
OcHOBY BBIOOPKHM COCTaBWJIM SK3EMIULIPBI Ca3aHa C
quuHoi Tena ot 300 10 400 MM, dukcaruio peIO Mpo-
n3BoniM B 4% pacteope opmanbaeruaa. s mpo-
BeJIeHHsT MOP(OJIOTHIECKOTO aHaJIN3a MCIOIb30BaIN
OOLIETIPHHSATHIE METOIBI PHIOOXO3SICTBEHHBIX HCCIIe-
noBanui [16]. Ilpu npoBeneHnr MOpPQOIOrHIECKOro
aHam3a ppIda Jeana Ha mpaBoM Ooky. Beero Obu10
M3y4eHO 28 MIacTU4eCcKUX MPHU3HAKOB U 16 MepucTu-
YeCKHUX (CUETHBIX) IPU3HAKOB, & TAKKE HAUTUIHE MOP-
(honornueckux anomanuii (peHoneruar) y cazana. Oc-
HOBHbIE 0003HAYEHHsT MOP(OIOTHUECKUX MPU3HAKOB
ObLTH crieayrommMu: ab — abcomoTHas JuiiHa (L), My
ad — mmuHa o CMUTTY, MM; ac — AMHA 0e3 XBOCTO-
Boro miaBHuka (1), Mm; Q — mosHas Macca Tena, T q —
Tesna 0e3 BHYTPEHHUX OPTaHoB, T; a0 — JIJIMHA TOJIOBH;
od — anuHa TynoBuila; gh -HaKOONkINIAS BBICOTA TENIA;
ik — HanMeHbIIas BBICOTA TeNa; aq — AHTeJOPCATIBHOE
paccrosiue; rd — MOCTIOPCATIbHOE PACCTOSIHUE; ay —
aHTEaHAJIbHOE PACCTOSIHUE; aZ — AHTEBEHTPAJIbHOE
paccrosiaue; fd — mTMHA XBOCTOBOTO CTEONS; gS- -
Ha ocHoBaHus (D) cirHHOTO MITaBHAKA; qt — HAMOOITB-
mas Beicota (D) cnimHHOrO MaBHMKA; yyl — mivHa
OCHOBaHWMS (A) aHAITFHOTO IUIABHUKA; €] - HanOOIb-
mas BbIcoTa (A) aHAIBHOTO TJIABHHUKA; VX — JUIMHA
IPYAHOIO IUIABHUKA; VZ PACCTOSHHE OT HA4aJIo TPya-
HOTO 110 OpIOIIHOTO IUIaBHUKA P 1 V; zy — paccrosiaue
OT HayaJIo OPIOIIHOTO 10 aHAJIBHOTO IIABHUKA V U A;
aP — anTenekrpanpHOe pacTosHue; Im — uTHHA TOIIO-
BBl Y 3aTbIJIKa; NN — IIHUPHHA JI0a; an — JUTMHA PhUIa;
np — IMaMeTp TIa3a; po — 3arla3HUYHBINA OT/EN ToJo-
BbI; DK — UHCII0 KECTKUX JIy4eil B CIMHHOM IUIaBHH-
Ke; DM — 4nCII0 MSTKUX JIy4el B CIIMHHOM IUIABHUKE;
AJK — YHCIIO JKECTKHX JIydel B aHAJIbHOM IUIABHUKE;
AM — 4HCII0 MSTKUX Jydel B aHalbHOM IIaBHUKE; P
— YUCJIO JTy4yel B IPYJHOM IUIaBHHUKE; V — YHCIIO JIy-
4ell B OpIOIIHOM IUIaBHUKE; 11 — KomuecTBo yenryii B
OOKOBOH JIMHUM; SUP. — KOJIMYECTBO YelTyi Haf OOKo-
BOU JIMHUEH; Sub — KOJIMYECTBO Yelyil 1oy OOKOBOMH
mmameit; 11 fd — xomrgecTBo Yerryit B XBOCTOBOM CTe-

One; sp.br — uncino xabepHbIX THIYMHOK; Vert. — Juc-
JI0 TIO3BOHKOB, Vert. ch. — 9rCIIo rpyIHBIX TTO3BOHKOB;
vert. tail — 4uci0 XBOCTOBBIX T03BOHKOB; CIO — ymcio
OOKOBBIX BBIXOJHBIX OTBEPCTHI TMOIIa3HHYHON BET-
BU celicMoceHcopHoro kaHana; CPMpop + CPMden
— YUCI0 OOKOBBIX BBIXOIHBIX OTBEPCTHH MPEIKPHI-
IIEYHO-HIKHEYETIOCTHOM BETBH CEHCMOCEHCOPHOTO
KaHaJIa B TIPEIKPBIIIEYHBIX KOCTIX + YUCIO0 OOKOBBIX
W TEPMHUHAIBHBIX BBIXOOHBIX OTBEPCTHH MPEAKPHI-
[IEYHO-HI)KHEYETIOCTHON BETBH CEHCMOCEHCOPHOTO
KaHaJla B HIPKHEYETFOCTHBIX KOCTAX.

beumn paccanTtanbsl K03(GGUIUEHTH YIUTaHHO-
ctu: Fulton — ynutannocts no ®ynsrony; Clark —
ymutanHocTh 1o Kiapk [16].

Jlo Havana mpoBeNeHUs CTaTHCTH4ecKod oOpa-
OOTKH TIPOBENM CTAaHIAPTH3AINIO MaHHBIX [17] most
n30eranus BO3MOXKHBIX HEKOPPEKTHBIX —JAHHBIX.
Craructiyeckyro 00paboTKy JaHHBIX MTPOBOIIIIH IO
METOANYECKOMY PYKOBOACTBY [18]. B kauectse mpo-
rpaMMHOTO obecniedeHus At 00pabOTKH JaHHBIX T10-
ciyxunn nporpamma Excel 2013 u Past Bepcun 4.03
[19]. dusa pacyera Harpy3ok Ha MOP(OIOTHICCKHE
NPU3HAKH M UX CPaBHEHHS HCTIOIb30BAI METO] MHO-
TOMEPHOTO CTAaTUCTUYECKOTO aHajm3a (METOH TIaB-
HBIX KOMIIOHEHT). JlaHHBII MeTox OBbLT IPUMEHEH IS
HaOmoneHNH MOP(OIOTHUECKIX PA3IHMIHH O TIOITY.

Pe3y.11 bTaTbl U oﬁcy)lme}me

Pe3ynprarsl crarncTudeckoi oOpabOTKH BBI-
SIBUJIM OCHOBHBIE Harpy3KH Ha MPU3HAKU Ca3aHa y
rccieayeMoit BEIoopku cazana. [1o Bceit BRIOOpKH
cazana u3 3amagHoro bankama (n=20) Tonbko y
IIByX oco0ell ca3zaHa Habmomamuch MopgoyorH-
yeckue aHoManuu. HaGmoganucs cnenyromme ot-
KJIOHEHHSI: Y OHOW 0COOM OBLTH HApYIICHBI PSAIBI
Yelyil B XBOCTOBOM cTeOne mo OOJNbIION YacTu
B pe3ylibTaTe WX yMEHBIIEHUs, y APyTroil ocobwm
ObUT peAyUMpPOBaH aHAJBHBIA MJIABHUK MO JJIMHE
ero ocHoBaHus. Hanmmane mogo0HbIX Mopdomoru-
YECKUX OTKJIOHEHUU MOJATBEPKIAETCS C JIMTEpA-
TypHbiME JNaHHBIMHA [20]. OcHOBHBIE MOpQoOII0-
TUYecKHUe MOoKa3aTenu ca3aHa U3 3amaJHOlN 4acTH
o3epa bamkam npencrasiens B Tabmaue 1.

Tadmuua 1 — OcHoBHBIE MOP(hO-OHOTIOrHYECKHE TOKAa3aTeNln ca3aHa u3 o3epa bankamn

Tpussa bankam 2022 r., n=20
min-max M=£m Cv +s
1 2 3 4 5
OcHosnble buonouyeckue noKazament
L, mm 350-400 377,8+12.58 3.82 14.4
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Ist, mm 314-372 346+13.70 4.56 15.8
Q. g 285-334 311,7+11.96 4.44 13.8
q. g 595-858 711.6+59.38 10.37 73.8

Kosppuyuenmeor ynumannocmu
Fulton 1.04-1.69 1.32+0.11 10.92 0.14
Clark 0,93-1,28 1.13+0.08 8.84 0.10
Cuemmnvie npusnaxu
Dk 2-4 340.10 10.54 0.3
Dm 18-20 19.1+0.57 3.88 0.7
Asx 2-3 2.94+0.26 12.53 0.4
Am 5-7 6+0.29 8.36 0.5
P 11-17 13.6+1.10 10.03 1.4
\% 8-15 9.6+1.00 16.27 1.6
1 35-41 38.4+1.15 3.8 1.5
sup. 5-7 5.9+0.36 9.13 0.5
sub 5-7 5.8+0.53 10.83 0.6
1, 9-13 11.1£1.02 11 1.2
sp.br 27-33 28.9+1.34 5.62 1.6
vert. 35-40 38.1+1.11 3.51 1.3
vert.ch. 19-24 22+0.78 5.29 1.2
vert. tail 13-18 16.3+1.00 7.78 1.3
Ihacmuyeckue npuznaxu
ao 22.5-29.4 26+4.75 7.54 6.1
od 70.6-77.5 74+9.84 5.45 12.6
gh 28.6-36.7 32.1+3.51 4.58 4.6
ik 9.8-16.6 12.543.59 11.82 4.6
aq 42.5-57.9 48.3+7.14 6.38 9.6
rd 11.7-22.1 16.3+7.19 16.66 8.4
ay 67.1-79.7 75.149.65 5.66 13.2
az 41.9-51.8 45.9+7.37 7.20 10.3
fd 14.8-22.1 18+5.89 12.50 7.0
IIpooonscenue mabauyvt 2
[Ipuznaku Banxam 2022 r., n=20

min-max M+m CV +s

1 2 3 4 5
qs 32.9-42.4 38.3+£5.24 5.83 7.0
qt 12.5-23 15.5+4.32 12.66 6.1
VY, 5.2-10.1 8.2+3.71 17.42 4.4
ej 11.7-16.9 14.243.39 9.84 4.4
VX 14.6-22.5 18.244.09 9.44 5.3
7z, 14.1-20.5 17.243.27 7.59 4.1
vZ 19.3-51.7 34.4+12.7 37.52 40.1
zy 16.6-31 26.6+2.34 12.43 10.3
aP 19.5-30 24.3+5.77 10.24 7.8
Im 57.9-104.5 76.9+£5.22 10.68 6.6
nn 28.7-63.9 41.1+5.11 20.53 6.8
an 21.2-62.7 34.745.29 26.89 7.5
np 9-19.3 14.9+1.94 18.92 2.3
po 41.6-77.3 54.94+4.59 13.77 6.1

[TokazaTenu ynmuTaHHOCTH ca3aHa HUXKE Cpel-
HHUX IIOKa3aresiell B CPaBHEHUU C MHOTOJIETHUMH
JMaHHBIMU TIporuioro ctonetus [14, 20]. B cpennem
ynuTaHHOCTh o DynpTOoHY cocraBuia — 1.32, no

Kmapk — 1.13. Huskue mokasarenu yHIUTaHHOCTH
MOTYT TOBOPHTH 00 HEOIAroNpHATHBIX YCIOBHIX
NUTaHus, TCTCPOrCHHOCTU CPEAbI O6I/ITaHI/IH Hn HUH-
JMBUTyaTbHBIX 0COOCHHOCTSX OpraHU3Ma.
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OTianuKsi BHEIIHUX MPHU3HAKOB ca3aHa MOXKHO
MPOCIICUTh MEXIY caMkamMu U camnamu. OCHOB-
HBIC OTIIMYHS 110 MPU3HAKAM IO MOJY MpeaCcTaBie-
HEI B Tabmuiie 3. B 11e10M IJIaBHBIC OTIIMIUS MOP-
(onornyecKux MpU3HAKOB MO MONy OBUTH CIEIyIo-
IIMMU: HIACIMUYecKie NPU3HAaKy — aHTeIopcallbHOe
paccrosiaue (aq), aHTeaHalIbHOE paccTosHue (ay),
AHTEBEHTPAIBHOE PACCTOSHUE (aZ), pACCTOSHHUE OT
IPYZHOTO A0 OPIOIIHOTO ITaBHUKA (VZ), PACCTOSTHHE
OT OPIOIITHOTO JI0 aHAJTBHOTO TUTABHUKA (ZY); cuem-
Hble NPU3HAKY — YHCIIO Jydel B TPyAHOM IJIaBHHUKE
(P), uncno mydeit B OpromHoM riaBHuKe (V), KOIH-
4eCTBO Yemryii B 0okoBot nmuauH (1), uucmo xabep-
HBIX TBIYMHOK (SpbrI.), 9HUCIO TPYIHBIX O3BOHKOB
(vert. ch.), uncmo GOKOBBIX BBIXOAHBIX OTBEPCTUH
MPEAKPHIIICYHO-HUKHEUETIOCTHOH BETBH CEHCMO-
CCHCOPHOTO KaHaja B MPEAKPBILICYHBIX KOCTIX +
YUCI0 OOKOBBIX W TEPMHHAIBHBIX BBIXOJHBIX OT-
BEPCTUH NPEIKPHIIICYHO-HIKHEUETIOCTHON BETBU
CEHCMOCEHCOPHOTO KaHalla B HIDKHEYCITIOCTHBIX
koctsax (CPMpop + CPMden).

[To cueTHBIM TpU3HAKAM KOJMYECTBO TPYIHBIX
U BEHTPAJIbHBIX Jydel B MJIaBHUKAX ObLTO OOJbIIe

*Female

*Male

801

601

40

OJJHOTO Y CaMIIOB YeM y caMoK casaHa. [lo komim-
4YecTBY KaOEpHBIX THIYMHOK, TPYJHBIX MO3BOHKOB
y caMuoB Obu10 Oosble Ha | eTUHMILY, OJHAKO, B
OTHOIICHWY OOKOBBIX BBIXOJIHBIX OTBEPCTHH B TIpE/I-
KPBIIICYHBIX KOCTSX U TEPMUHAIBHBIX OTBEPCTUH B
HIDKHEYETIOCTHBIX KOCTSX YHCII0 TIOp OBLIO OOITbIIe
y camok. Ilo uucny venryii B G0KOBOW JIMHHH OCO-
OBIX pa3nuuuii He HaOTIOIAIOCH.

B oTHOIIEHMM TIACTUYECKUX MPU3HAKOB: aH-
TeIOpCANbHOE, aHTEBCHTPAIbHOE, TIEKTOBCHTPAIIh-
HO€ U BEHTPOAHAIBHOE pacCTOsSHHE ObUIO OoJbIle
y CaMOK HEXeNH y CaMIlOB, HCKIIOUYCHHE MOXET
COCTaBUTh aHTEaHAJbHOE pACCTOSHHE KOTOPOe
ObuT0 Oombie y caMiioB. OCHOBHBIE Pa3NUYHs IO
MOpPQOIOTHYECKHMM  TpU3HAKaM  MPEACTaBICHBI
Ha pucyHke 1.

B nenoM nomydeHHBIE pe3ylbTaThl COMNIACYIOT-
¢ ¢ IuTeparypHbIME JaHHbMHE [19, 20, 21, 22, 23],
YTO Ha M3MEHYMBOCTb OTIEIbHBIX IPU3HAKOB (CUET-
HBIX MTPU3HAKOB) MOTYT BIUATH KakK cpenoBble (hak-
TOPBI 1 COOCTBEHHO T€HOTHII ca3aHa, HO ¢ Oonbliei
CTETIEHBIO OMNPEIEISIETCS BTOPHIM HEXENIW TIEPBBIM
(axTopoM.

Component 2

-100

201 *Female
Female® ‘.Female
. . Fﬁale ‘ ,
-200 o 150 200
Fema®
Female®)a)e

“Female

Component 1

Pucynok 1 — Mopdonorudeckue pazinuyuus caMOK H CaMLIOB [10 COBOKYIMHOCTH IUIACTHYECKHX ITPU3HAKOB
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Ha pucynke 1 BuUAHO, YTO OTpULIATENbHBIC Ha-
TPY3KH Ha INIACTHYCCKUE MPU3HAKK (aHTEIOPCaTb-
HOE, aHTEBEHTPAIbHOE, TIEKTOBCHTPAIBLHOE U BEH-
TPOAHAIBHOE PACCTOSHUE) BHIPAKEHBI Y CaMIIOB,
HEXeNu y caMmok. J[Jis caMoK caszaHa, XapakTepHBI
MTOJIOKUTEITHLHBIC HArPy3KHW Ha IIACTHYCCKUE TPH-
3HaKH, B CBSI3U C YeM, Y HUX HaOIIONaIoCh yBEIH-
YEHHOE PACCTOSHUE MEXIy TIaBHUKaMH. TOIBKO y

HEKOTOPOM YacTH HCCIEIOBAHHBIX CAMOK ILIACTU-
YCCKHE NTPHU3HAKN ObLIH CXOOAHBIMH C CaMIlaMH. He-
3HAYHUTEIBHBIC PA3IIUYHS 110 MOJTY OBLTH BHIPAXKECHBI
B PaCCTOAHUU MEXKAY IIJIaBHUKaMMU. Kaxk IpaBuUiIo,
TaKWue pa3inyus ObUIN CBS3aHBI C WHIUBUIYaIbHEI-
MH 0COOCHHOCTSIMHA CAMOK M CaMIIOB, a TAK)KE MOT-
71 OBITH BBI3BAHBI UX THUAPOJMHAMUYCCKON aKTHB-
HOCTBIO B BOJTHOM cpejie.

Tadmauua 2 — MophoOuonornueckue OTININSA CAMOK H CAMIIOB Ca3aHa U3 3aIlaHOM 9acTh o3epa bankamr mo 0CHOBHBIM NMpH3HAKAM

C Y4€TOM Harpy3oK Ha INIaBHbIE KOMIIOHCHTBI

bankamr, n Bankam, n (Q) = 12 [maBHBIC KOMITOHEHTBI
IMpusnaxu (@&H=38
M=+m M=+m 1 2 3
1 2 3 4
ITnacmuueckue npusnaxu
aq 148.7+3.73 152.4+9.28 0.0284 0.0977 0.5414
ay 237+10.75 231.6+8.21 -0.13622 0.4982 -0.34475
az 142.2+7.25 144.1+7.66 -0.0429 0.4512 -0.0304
\4 80.1+17.72 130.5+29.32 0.9710 0.1367 -0.0973
zy 81.9+8.73 84.8+6.01 0.0105 0.3689 0.0744
Cuemmble npusHaxu
P 14.25+0,88 13.1+1.02 -0.2929 0.1917 0.0879
\ 10.37+1.81 9.1+£0.33 -0.1965 0.3926 -0.4346
1l 38,25+1,06 38.4+1.24 0.0444 -0.2316 0.3983
spbr. 29.37+1.47 28.6x1.24 -0.0830 0.4689 0.6015
vert. ch. 22.12+0.91 21.7+0.71 -0.2594 0.3970 -0.0355
CPMpop +
CPMden 8.62+0.88 10.2+1.69 0.7565 0.3680 -0.1617

BrisiBiieHHBIE MOP(OJIOTHUSCKHE OTKIOHCHHUS
y 2-X 9K3eMIUISIPOB cazaHa ObUIO OOYCIIOBIEHO CKO-
pee BCEro reHOTHUIIOM WIM BO3HUKILIEH MyTalMei.
OpnHaxko, 0 MPOBENIEHHBIM HcchenoBaHusIM [20] oT-
MeYaeTcsl, 4TO y ca3aHa W3 3alaJHOM YacTh o03epa
banmkamr HabiromaroTcsl BBICOKAas 4acTtota Mopdo-
nmoruyeckux anomanuii (3-13%). IlpuBenenusie pe-
3yJIBTaThl UCCIEIOBAHUN MOTYT CBUJETENbCTBOBATH
0 TOM, YTO B CYIIECTBYIOIINX YCIOBHUSIX KOMILIEKC-
HOTO 3arpsA3HEHUs] BOIHOI cpenpl o3epa bankam u
MIPOMBICIIa TIPOUCXOIUT YBEITUYCHHE YACTOTHI BO3-
HUKHOBEHHI MOPQOJIOTHUECKUX OTKIOHEHHH Y ca-
3aHa B CJICJICTBUH €TI0 HECITIOCOOHOCTH KOMITEHCHPO-
BaTh BO3JIeicTBHE (DaKTOPOB OKPY’KAIOIIEH CpEbI.

3aKkjoueHue

1. Wzydennsie MopdomMeTpuyuecKkne IoKa3a-
TEJIM ca3aHa U3 3amajHoil yacTu o3epa bankam He
BEIXOAST 32 TIPEeNeNibl CHEMUPUKH HCCIEeTyeMOTO
BHUga, OJHAKoO, B YCJIOBI/IHX 3KOJIOTHUYCCKOI'O U aH-

TPONIOTEHHOTO BO3ACHCTBHS HEKOTOpPBIE CUETHBIC
U IUIACTUYECKHE MPU3HAKH MOTYT IOABEPKEHHBI K
HU3MEHEHHUIO.

2. Hammume B BEIOOpKE ca3zaHa ocolelt ¢
aHoManmsiMi  ((peHONIeBHAaTaMH) CBHIIETEIHCTBYIOT
0 HapyLICHWU B PaHHEM Pa3BUTUU OPraHU3Ma BBI-
3BaHHBIX HETaTMBHBIMU YCIOBUSMH BOJHOH Cpebl
o3epa bankar.

3. Mopdonornueckue OTIUYMS ca3aHa IO
MOy BBI3BaHBI €r0 OHOJOTMYECKMMH OCOOEHHO-
CTAMH U 10 OOJBIIEH YacTh 3aBUCST OT TEHOTHIA U
OMOTHYECKHX YCIOBUH Cpelbl OOMTaHUS.

Paboma evinonnena 6 pamkax epanmogozo ghu-
Hancuposanua Munucmepcemea 3Kono2uu U npu-
PpoowbIx pecypcoe Pecnyonuxu Kasaxcman (Ipanm
Ne BR10264236)

BaarogapuocTn

ABTOp cTaThM OnaroapeH 3a TMOMOINs B 00-
paboTKe MaHHBIX U PEKOMEHIAIUI M0 HAITHUCAHUIO
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crarbu lllapaxmeroBy Casty EpmyxanOeroBuuy.  KOBHUY 3a IMOMOIINb B COOpPE HXTHOJIOTHYECKOTO
S Taxxke Omaromapen MaxmetoBy Wmbscy Cepu- — marepuana.
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COOBLLECTBA Pblb B MAAbIX BOAOEMAX BACCEMHA P. UAE

broaormnueckme nHeasmm B NPeCHOBOAHbBIX 3KOCUCTEMAX ABASIOTCA OAHOM M3 OCHOBHbIX YrPO3 CO-
XPaHEHWIO eCTeCTBEHHOro GMOAOIrMUYECKOro pasHoobpasus. B cBA3M ¢ 6OAbLIMM UMCAOM BMAOB, Ha-
MEPEHHO M CAYYaliHO MHTPOAYLMPOBaHHbIX B baAkawickuit 6acceiiH, abopureHHas mxtModayHa oka-
3aAaCb OTTECHEHHOM B MaAble BOAOEMbI. YCTOMUYMBOE CYLLECTBOBAHWE B TakMX BOAOEMAX 3aTPYAHEHO
B CMAY CAYYalHbIX Hemnpeasckasyemblx Bo3aencTsmin. B 2021 n 2022 rr B MaAbix BoAOEMax bacceiHa
p.MAe B npeaeaax AAMaTUHCKOM 06AacTv 6bIA0 OTMeYeHO 19 BMAOB pbi6, KOTOPbIE OTHOCATCS K 8
cemencTeam 1 4 otpsiaam. BuaoBoe pasHoobpasme MCCAEAOBaHHbBIX BOAOEMOB COCTOUT M3 abopureH-
HbIX (25%) 1 uy>kepoaHbIX (75%) BUAOB pblb. Hanboabluee BUuaAOBOe pazHoobpasme BbIA0 OTMEYEHO
B npyAy Kanuwaraiickoro Hepecto — BbIpOCTHOro xo3ancrtsa (11 BMAOB), HaMMeHbLLEe BUAOBOE pa3-
HoobOpasme oTMeveHo B pekax TepeHkapa (2 Buaa) 1 Aen (1 Bna). Ha ocHoBaHMM CpaBHEHUSI BUAOBOTO
cocTaBa pblIOHOr0 HaCEAEHUS BCe MCCAEAOBaHHbIE BOAOEMbI pacnpeAeAeHbl Ha TpU KaacTepa. Kanwa-
rarckoe HBX, pexn Manabint YapbiH, KartHa3ap, Taarap, Mccbik 1 peka N23 cocTaBAsiOT nepByio rpynmny
KAAcTepa, CXOACTBO BUAOBOIO pasHOOOPa3nsl MEXXAY BOAOEMaMM cocTaBuAa 54.5%. Pekn TepeHkapa
1 Aen COCTaBASIIOT OCTaAbHble 2 FPyibl M OTAUYAIOTCS OT BCEX MCCAEAOBAHHbIX BOAOEMOB GEAHOCTbHIO
BMAOBOIO COCTaBa MXTHOayHbl.

M3 abopureHHbIX BUAOB PbIb MO YNCAEHHOCTU U PAaCPOCTPAHEHUIO AOMUHUPYET NATHUCTBIN ryHay
Triplophysa strauchii. MarouMcAeHHbIMM BUAAMM SBASIOTCS GaAXallckuii roabsiH (0,06%) 1 TMGeTCKMi
roaew, (0,02%). Takmm 06pa3om, MOAYUEHHbIE AAHHbIE CBUAETEALCTBYIOT O 3HAUMTEABHOM COKpalLe-
HMKM apeanoB abopUreHHbIX pbl. M3 Uy)KepoAHbIX BUAOB pblb AOMMHMPOBAAM — aMypPCKMI Yebadok,
KMTANCKMIA TOpYaK U pedHas ab6oTuHA, He MMEIoLLME XO3IMCTBEHHOM LLEHHOCTHM, a TakXKe NMPeACTaBAS-
loLLMe Yyrpo3y AASl COXpaHeHusi abopuUreHHon MxTUodayHbl.

KAtoueBble cAOBa: MaAble peku, MxTModayHa, pasHoobpasue, coobulectBo, baakaluckmii 6acceitH,
abopureHHble BUADI, Uy>KEPOAHbBIE BUAbBI, MHBA3US.

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

Fish communities in small reservoirs of the ile river basin

Biological invasions in freshwater ecosystems are one of the main threats to the preservation of
natural biological diversity. Due to the large number of species intentionally and accidentally introduced
into the Balkash basin, the native ichthyofauna was pushed into small reservoirs. Sustainable existence in
such reservoirs is difficult due to random unpredictable influences. In 2021 and 2022 in small reservoirs
of the river basin .19 species of fish were observed in the lle within the Almaty region, which belong to
8 families and 4 orders. The species diversity of the studied reservoirs consists of native (25%) and alien
(75%) fish species. The greatest species diversity was observed in the pond of the Kapshagai spawning
farm (11 species), the least species diversity was noted in the Terenkara (2 species) and Lep (1 species)
rivers. Based on a comparison of the species composition of the fish population, all the studied reservoirs
are divided into three clusters. Kapshagai NVH, the Maly Charyn, Kainazar, Talgar, Issyk Rivers and the
No. 3 river make up the first group of the cluster, the similarity of species diversity between the reservoirs
was 54.5%. The Terenkara and Lep rivers make up the remaining 2 groups and differ from all the studied
reservoirs by the poverty of the species composition of the ichthyofauna.

Of the native fish species, the spotted sponge Triplophysa strauchii dominates in number and distri-
bution. Small species are the balkhash minnow (0.06%) and the tibetan stone loach (0.02%). Thus, the
data obtained indicate a significant reduction in the ranges of native fish. Of the alien fish species, the
topmouth gudgeon, rosy bitterling and false gudgeon dominated, which have no economic value, and
also pose a threat to the preservation of the native ichthyofauna.

Key words: small rivers, ichthyofauna, diversity, community, Balkhash basin, native species, alien
species, invasion.
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Ine @3eHi 6acCeiHiHiH, LIAFbIH CYKOMMaAapbIHAAFbl OAAbIKTAPAbIH, KaybIMAACTbIFbl

Tyuwibl Cy 3KOXYMeAepiHAEri GMOAOTMSIAbIK, MHBA3USIAAP TabUFn BMOAOTUSIABIK, AAYaHTYPAIAIKTI
CaKTayAblH Heri3ri kayintepiHiH 6ipi 60Abin TabblAasbl. baAkall 6accenHiHe aAeMi )XoHe Ke3AENCOK,
EHIi3IATeH TYpPAEpAiH KenTiriHe 6GarAaHbICTbl >KEPriAiKTi MXTUoayHa WarFblH CyKoMMaAapbiHa
bIFICTbIPbIAABI. MYHAQI CyKOMMaAapAa TYPaKThl TiPLLIAIK €Ty Ke3AENCOK KyTrereH acepaepre 6an-
AQHbICTbI KMbiH. 2021 xaHe 2022 xbiapapbl [ae 3eHi 6accenHiHiH Kiwi cykornMaAapbiHAQ AAMATBI
0OAbIChIHbIH, WeriHae 19 6aAblk, Typi 6ankasAbl, 0AAp 8 TyKbIMAACKA, 4 OTPSAKA XiKTeAeai. 3epT-
TEATEH Cy OObEeKTIAepiHiH TYPAEpPiHiH aAyaHTYpAiAiri abopuren (25%) >xaHe 6eTteH (75%) GaAbIk,
TYpAepiHeH TypaAbl. TypAepAiH eH YAKEH aAyaHTYPAIAiri Kamwaram ybIAAbIPbIK, Wwawy — wabak,
ecipy lapyalblAbIFbIHbIH TOFaHAapbiHAA Oarkasasbl (11 Typ), TYPAEpPAiH €H a3 aAyaHTYPAIAIri
TepeHkapa (2 Typ) >kaHe Aen (1 Typ) e3eHaepiHAe 6ariKaAAbl. BaAblK MOMNYASUMSACBIHbIH TYPAIK
KypaMblH CaAbICTbIpy HeridiHae 6GapAbiK, 3epTTeAreH cy oObekTiAepi yul KAaacTepre 6GeAiHeal.
Kanwarai yblAAbIpbIK, Wwatly — wabak ecipy wapyatbiAbiFbl, Kiwi LLlapbiH, KanHasap, Taarap,
Ecik e3eHaepi xoHe N23 e3eH KAaCTepAiH GipiHLi TOObIH KyparAbl, OYA CyAapAblH apacbiHAAFbI
TYPAEPAIH aAYaHTYPAIAITIHIH yKcacTbiFbl 54.5% Kypaabl. TepeHkapa >kaHe Aen e3eHAepi KaAFaH 2
TOMThI KYPaAbl X8He 3epTTeAreH 6apAbiK, CYKOMMaAapbliHaH MXTUOMAayHaHbIH, TYPAIK KypaMbiHbIH
KeAEMAIriIMEH epeKLLEeAeHEeA].

XKepriaikTi 6aAbIK, TYpAEpPiHiH caHbl MEH TapaAybl 6orbiHLIA TeHGIA caanbliepin Triplophysa strauchii
6acbiM. A3 Ke3AECKeH TypAep — 6aAkall roAbsHb (0,06%) >kaHe TuHeT Taama 6aabiFbl (0,02 %). Ocblaan-
L1a, HOTUMXKEAEP >KEPriAiKTi OAABIKTAPAbIH TapaAy afiMarbiHbIH, aMTAPAbIKTa TOMEHAErEHIH KOPCETEAI.
berae 6aAblk TYpPAEpiHiH, iWiHAE WapyalbIAbIK, KYHABIAbIFbI KOK, COHAQM — aK, XXepriAikTi uxtmoda-
YHaHbl CaKTayfa Kayin TeHAIpeTiH amyp wabarbl, KbiTalk Kekipeci >xaHe e3eH abboTuHachl 6acbim

GOAADI.

TyniHal cesaep: Kilwi e3eHAep, MXTHOdayHa, aAyaHTYPAIAIK, KaybIMAACTbIK, baakai 6acceitHi,

abopureHaik Typaep, 6erae Typaep, MHBasus.

BBeaenue

[IpecHOBOIHBIE BO/TOEMEI SIBITIOTCS] YHUKAIBHBI-
MU 3KOCHUCTEMaMHU IO Pa3HOOOPa3uI0 HACENSIOIIUX
WX TIO3BOHOYHBIX )KHUBOTHBIX, U B TIEPBYIO O4Yepeb,
pbI0 1 am¢uoduii [ 1-2]. B To e Bpemsi, mpecHast BoAa
ABIISIETCSI KJIFOUEBBIM PECYpCcoM, HEOOXOIUMBIM
JUIst Onarormoyydus 4eyioBeka. JIFou UCHONb3yHT
BOAY HE TOJIbKO JUIS YOOBJIETBOPEHHS >KaXKABI, HO
U JUIS BBIPAIIUBAHUS CEILCKOXO3SHCTBEHHBIX pac-
TEHWH, TEXHUYECKUX U OBITOBBIX HYKII, TOTYUCHHS
AIEKTPOIHEPTUH, BEJACHUS aKBaKyJIbTYpPhl, OTIbIXa
" ApyTHUX moTpedHoCTel. B pe3ynbrare 3Toro mpe-
CHOBOJIHBIE BOJIOEMBI OKa3aJIUCh CAMBIM YSI3BUMBIM
KOMITOHEHTOM Onocdepsr [3-5].

B cBs3u ¢ monoxkeHUEM B IICHTPE KOHTHHEHTA
st LleaTpansHO A3uu IpoOiieMa parmoHaIbHOTO
WCIIONIb30BAHMSI ¥ COXPAHCHHS MPECHOBOIHBIX KO-
CHUCTEM CTOUT 0co0eHO ocTpo [6]. OcoOEeHHOCTHIO
uxtuodayHel bankamickoro OacceiiHa sBIsSETCS
HEOOJIBIIOE YUCIO AOOPUTEHHBIX BHUIOB, MHOTHE
U3 KOTOPBIX sIBISOTCS dHenemukamu [7]. Hlupo-
KoMacITaOHas aKKIMMaTH3aIlus THAPOOHOHTOB B
o3epe banxari, npoBeneHHas BO BTOPOW MOJOBHHE
XX-ro Beka, mpuBeia K KapJuHAJIbHBIM H3MEHE-
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HUSIM COCTaBa M CTPYKTYpPhl UXTHO(DAYHBI B CAMOM
o3epe U KpymHbIX pekax bamkamn — Mnuiickoro 6ac-
ceitHa [8]. VlHBa3uBHbBIE Uy)KepOIHBIE BUIBI CTAIU
OIIHOH M3 CaMBIX CEPhE3HBIX IKOJIOTUYECKUX IPO-
Osem B mupe [9-11].

B bankamckom OacceiiHe BcelneHHE HOBBIX
BUJIOB PBIO COIMPOBOXKIAIOCH CTPOHUTEIHCTBOM
IUIOTHH HAa OCHOBHBIX PEKaX, YCHJICHHBIM BBIJIO-
BOM a0OpPUTECHHBIX BHJIOB U YpE3MEPHON OXpaHOH
BCEJICHHBIX BUAOB [8]. B pe3ymnbTaTe MHTpOAYK-
MU 9Y>KEPOJHBIX BHUJOB €CTECTBEHHBIH apean U
YUCICHHOCTh a0OPUIeHHOH HXTHO(AayHBI PE3KO
cokpaTtuiuch [12]. MexayHapogHBIM COI030M OX-
pansl npuponsl (MCOII — IUCN) coctosiHue He-
CKOJIBKHUX 3HEIEMUYHBIX JJI1 PETHMOHA BUIOB PhIO
npu3HaHo kak yrpoxkaemoe — VU [IUCN Red
List — Schizothorax argentatus, Perca schrenki,
Triplophysa labiata, T.sewertzowii, Phoxinus
poljakowii) [13-16].

B HacTosiee Bpemsi IpoLecchl HHBa3HU B BO-
noemax bamkam — Mnuckoro Gacceitna npogoimka-
tores [17-19]. Anst coxpaHeHuUs: ECTECTBEHHOTO pas3-
HOOOpa3us HEOOXOMUMBI CHCTEMAaTHYeCKUe Hccie-
JIOBaHUs COCTOSIHMSL Pa3HOOOpa3usi MPECHOBOIHBIX
BojtoeMoB [20-23].
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B cBsi3u ¢ 3TUM LIETIBI0 IPOBEICHHOTO HAMH HCCIIe-
JIOBaHMS SIBJISUIOCH M3yYEHHE COBPEMEHHOTO COCTaBa
MXTHO(AYHBI MAJIBIX BOIOEMOB B Oacceline p. Iie.

MarepuaJibl M1 METOABI MCCIEAOBAHUS

Matepuansl AJ1 UCCIIEeIOBaHUN OBLITH COOPaHBI
B BeceHHe — jeTHHH mepuoanl 2021-2022 roma B
IOTO0 — BOCTOYHOM YacTy AJIMaTHHCKOW 001acTu B
npexenax Tepputopuu bankam — Wnuiickoro Oac-
ceitHa (puc.l). Pei0b1 otnoBnens! u3 Kammmaraticko-

K 8% a%c T e

]

1991

IO HEPECTO — BBIPOCTHOT'O XO3sICTBa (BBIPOCTHOU
pyJI, COpOCHOW KaHall) ¥ B MaJbIX pekax: 1) p.
Tepenkapa; 2) p. Ne3 tpacca 3E-3K (Bozne nocen-
ka Koitmmbexk); 3) p. Tamrap; 4) p. Kaitnazap; 5)
p. HUccrik; 6) p. Mansiit Yapsia; 7) p. Jlen. Otinos
pBIO TIPOBOIUIICS C TIOMOIIBIO MAJIbKOBOTO OpemHs
c stueeil 4 MM M pHIOOJIOBHOTO cayuka ¢ sueeit 5 MM.
[TepednciieHHBIE BOJIOEMBI OTHOCSITCS K OaccerHy
p. Unu u cocraBnsiioT ruaporpaduuecKyro ceTh 3a-
WIHICKOTO AJatay, ¢ BBICOKOTOPHBIM — JIETHUKO-
BBIM TUIIOM NUTaHUS [24].

YcnoBHble 0603HavYeHmun

43.560

43.560

® MecTto oTt6opa npob
* HaceneHHbIA NyHKT
Boaoemsl
— Peku
AsTogopora
r. AnmaTsl
Mnuiicknii panoH y
Tanrapckuit panioH )
25 kM EH6eKklmnKaszaxckun panoH )

R A T S

77.700

Pucynok 1 — Kapra paiiona nccnenoBanuit

CoOpaHHBIE ~ WXTHONOTHYECKHH  MaTepual
(ukcupoBancs B 4%-HOM pacTBope (QopmaiuHa.
PasHooOpa3ue pBIOHOTO HaceleHHS HCCIeaye-
MBIX PEK OLIEHHMBAJAach MO CIEAYIOLIMM IOKa3aTe-
nsM: S — oOImee 9uciao BUAOB B cooOmmecTBe (BH-
JIoBoe OorarcTBo), MHIEKC AomuHUpoBaHusa (D),
naneke Illennona (H), magexc Cumricona (1-D),
paBHOMEpHOCTH pacnpeneicuus no Cumiicony (E),
paBHOMepHOCTH pacupezaenenus mo lllennony (J).

Hons Buga (p) B cooOImiecTBe BBIUUCISIIOCH OTHO-
LICHWEM YHCICHHOCTH BUJA 71 K OOIIEH YMCIICHHO-
cTH Bcex BuAoB N coobmiectBa B mpobe. s ompe-
JeNICHHs] BUJIOBOTO CXO/ICTBA UCIIOJIb30BAI HHACKC
cxozactBa YexaHoBckoro—ChepeHceHa 1mo Gopmyire
K=-=5, [25-26]. KnacTepHblii aHAIH3 CXOCTBA
pH6ﬁ‘1f1§( COOOIIIECTB COCTABIIEH C MCIIOJIb30BAHUEM
nporpammel PAST [27]. Kapra mecra cbopa ma-
TEpHUaJoOB co3JaHa C oMo mporpaMmbl QGIS
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3.22 [28]. BanunHbeie Ha3BaHUS PHIO JaHBI MO UC-
tounnkaMm [29-30] u cBeneHUi, cComepKanuxcsi B
nHPOPMaMOHHO-TIONCKOBOH cucteme FishBase
[31]. IIpoOBl BOABI M3 HMCCIENOBAHHBIX PEK MPO-
aHaJM3UPOBAaHBl MHOTOINAPAMETPHUYECKHM aHAJH-
3atopoM Boasl Hanna Instruments HI96728, ¢ mio-

MOIIIEI0 KOTOPOTO OBUIM OIpPEJEICHBl OCHOBHBIC
(hM3UKO — XUMUYECKHUE TIoKa3aTenu, kak pH, obrmast
MHUHEpaJIU3aIKs, Koan4ecTBo HUTpatos (NO;’), am-
monus (NH,") u mytHOCT BOAIBI [32]. OOuImi 005-
€M HCCIIEJOBAaHHOTO MaTepHralia IpeICTaBICH B Ta-
ommze 1.

Ta6auna 1 — O0mmii 00beM HCCIIEAOBAaHHOTO MaTepralia Mo MajlbIM BoJIoeMaM AJIMaTHHCKOW 00JIacTh

Konunuectso
KonunuectBo Konunuectso
Ne Ha3zBanue Bomoema Koopnunatst 0TOOpaHHBIX TTPOO
9K3EMILISIPOB BHUJIOB
BOJIBI
1 Karmraraiickoe HBX 43°42.560'C 77° 23.190'B 314 11 3
2 p. Tepenkapa 43°27.540'C 77° 10.140'B 39 2
3 p. Ne3 43°27.441'C 77° 10.811'B 37 5 1
4 p. Kaiinazap 43°27.480'C 77° 11.460'B 25 4 1
5 p. Tanrap 43°27.360'C 77° 15.420'B 59 5 1
6 p. Ucceik 43°27.727'C 77° 19.151'B 14 6 1
7 p- Mauerii Yapsia 43°29.640'C 77° 21.240'B 28 4 1
8 p. Jlen 43°30.384'C 77° 22.626'B 28 1 1
Bcero: 544 10

Pe3yabTaThl HCcJIeTOBAHUS M UX 00CYKAEHUSA

Obwas xapaxmepucmuxa 00c1e008aHHbIX BO-
Odoemos. Karmmiaraiickoe HepecTo — BEIPOCTHOE XO-
3sHCTBO OBLIO MOcTpoeHo B 1973 roay, ¢ oOmiei
miomaaeio 0osiee 700 ra, B IEIIX HOIOJHEHHS
3amacoB pacTUTENBHOAIHBIX PHIO U kKapmna B Kam-
1araiickom BoJioXpaHuiuiie. B HacTosiee Bpems
HCTOYHHUKOM BOJOCHAOKECHHS XO3HCTBA SBIISICTCS

p. Jlen. Xo34iCTBO OCTPO UCIHBITBIBAET HEXBATKY
BOJBI JUIsl o0ecredeHusl BCero npyaoBoro (oHza,
B CBA3M C 3TUM, B HACTOALICC BPEMA SKCILIyaTH-
pytotcst Tonpko 30% mpymoBoro GhoHma X0341cTBa
[33].

B Tabmume 2 mnpuBeneHBl (HH3MKO-XUMHUE-
CKHE mapaMeTphl BoJbI U3 npynos Kamnmaraiickoro
HEPECTO — BBIPOCTHOT'O XO3SHCTBA.

Tabauna 2 — Gu3NKo-XUMHYECKHE TapaMeTpsl pyaoB Kammraraiickoro HepecTo — BEIPOCTHOTO X03sicTBa

OO1mast MHHepan3a- MYTHOCTE T°C
Jlara Mecto 0bnoBa pH s, NH * NO, YTHOCTD, BOJIBI
4 3 FTU
Mr/i
13.08.2021 | Bupocrroit mpyn 8.27 0.78 0.53 0 3.95 22
08.10.2021 | CopocHOit KaHa 8.45 2.53 0 0 3.10 15
08.10.2021 | BeIpoCTHO# mpyx 7.92 0.48 0 0.30 348 15
14.10.2021 | Bomomoparomuii kaHas 7.00 0.50 0 0 2.08 15
14.10.2021 | BeipoCTHO# mpyx 6.47 0.30 0.15 0.10 5.23 15
14.10.2021 | COopocHO# kKaHaI (Ha BBIXOJIE) 6.5 0.45 0.20 0.10 2.08 15
Kammaraiickoe BojoxpaHHiIu- 15
14102021 | me 6.5 0.27 0 0 4.68

AHanu3 BOJbI U3 JaHHOTO XO341CTBa TOKa3bIBa-
€T, 4To nepeMennsie 3Havenus pH, NO,” naxonsrest
B IIpefieaax HOPMBI U JOITyCTHMBI Il HOpMaJIbHOM
KHU3HEJESTETbHOCTH THAPOOHOHTOB. ONTUMAJbHAS
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KOHIICHTpAIMS HUTPATOB B BOJIE JJISl MPYOBBIX XO-
3s1cTB HaxoauTcs B mpenenax 0,5-1,5 mr/n [26]. B
JIBYX Tipo0ax BOJBI M3 BEIPOCTHOTO Tpy/ia Habo1a-
nock conepxkanne NH," B npenenax ot 0,15-10 0,53
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MT/II, 9TO SBIISETCS KpailHe HEKENaTeIbHBIM IS
COJIEpIKaHuUs MOJIOAM PBIO [34].

Pexa Hccvix oOpasyercs U3 ABYX IPUTOKOB: JIe-
Boro — p. Kapcaii u mpaBoro — p. Teckency, obrmras
MPOTSXKEHHOCTh PEKU cocTaBisaeT — 121 kM, U3 HUX
22 KM TIPOTEKAIOT B TOPHOM YIIENLE 10 Ha3BaHU-
em «Hccpikckoe ymense». Peka Mccbik cuntaercs
caMoil mpo3padHON pekoil 3almmiickoro Ajaray.
IIporekas no paBHuHe Bmajgaer B p. Mne. Mainble

pexu Kaiinazap, Jlenm u Mansiii YapelH ABISIOTCS
MpaBEIMU TpuTOKaMu peku Ucchik [35].

Pexa Taneap nveet mmny 117 kM 1 00pazyeTcs oT
cmstanst [Ipasoro, Cpemrero u JleBoro Tamrapa. [lo-
cJie BBIXO/1a HA paBHUHY peka Tasrap pa3BeTBisieTcs Ha
JIBa KPYITHBIX ¥ HECKOJIBKO MEJIKMX PYKaBOB, KOTOPHIE
TEPSIIOTCS B TPYHTE, Yallle He A0XoAAT a0 p. M [35].
HccenoBaHHbI# y4aCTOK PeKU ObLUT OTHOCUTETLHO He-
[TyOOKHM, ¢ KAMEHUCTBIM OEPEeroM 1 WITHCTBIM THOM.

Pucynok 2 — p. Tanrap B HIDKHEM TEUSHHI

Pexa Tepenxapa sBngercs IpaBbIM MPUTOKOM PEKH
Uumuk. C roro-3anaja Brnagaet B BopoxpaHwiuniie Kan-
tiarai Ha p. Mine [35]. Cpennsist rityOuHa peKu COCTaBIIs-

Pucynok 3 — . p. Jlenn

erot 1,3 10 -1,5 M ¢ KaMeHKCTO — ITecYaHbIM JTHOM. Teve-
HIE peKu — ObIcTpoe. DHU3NKO — XUMUYECKHE ITapaMeTPhI
BOJIbI M3 MCCIICZIOBAHHBIX PEK IIPUBOJIATCS B TAONHIIE 3.

Taomuua 3 — OcHOBHBIE HU3UKO-XUMUYECKHE MOKA3aTENN BOIBI HCCICJOBAHHBIX PEK

Jara Bonoem pH Obmas Mlﬁjﬂanmaum’ NH," NO; | MytHocts. FTU 13:))01(}31
26.05.2022 | p.Tepenkapa 7.50 151 0 1.30 343 13
26.05.2022 | p.Ne3 Tpacca 3E-3K 7.63 69 0 0.40 10.57 16
30.05.2022 | p. Kaifnazap 7.55 152 0 1.70 5.62 16
30.05.2022 | p. Tanrap 7.50 103 0 1.10 10.48 15
30.05.2022 | p. Uccoix 6.90 97 0 1.10 15.45 16
30.05.2022 | p. Maunsiit Yapsin 6.76 156 0 1.20 6.65 15
30.05.2022  |p. Jlen 7.62 158 0 1.70 6.85 15

Bonopoanslii mokazarens B peKax BapbUPYET OT
c11a00 KUCTIOTo A0 Clabo-IIeNIOYHOr0, YTO SIBISIETCS
ONTHMAJIBHBIM AJISI POCTa U Pa3BUTHUSI THAPOONOHTOB
JIaHHOrO OacceiiHa. OOIIas MUHEPAIU3AUU BOJbI
B pekax HeBbICOKa. Hanbomnee myTHas Boma Oblia B
pekax Tepenxkapa, Kaitnazap, Jlem u Mansrit Yapbra.

LIBET BOJIbI — KOPUYHEBBIN. B ocTanbHBIX pekax Boja
TaKke ObUIa 3aMyTHEHHOH. Bo Bcex uccienoBaHHBIX
po0ax BOJBI NPUCYTCTBOBAIM HUTPaThl. [loBbImIe-
HUE MYTHOCTU BOJIbI U COJEp KaHUS HUTPATOB yKa-
3BIBAIOT Ha 3HAYUTENIBHYIO IOYBEHHYIO DPO3HIO B
OacceifHax BCEX UCCIIEIOBaHHBIX PEK.
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Xapaxmepucmuxa uxmuogaynvl  uccieoo-
sanuvix 6000emos. CoBpeMeHHas HUXTHOodayHa
Bankam — Mnuiickoro 6acceiiHa mpeacTaBiIeHbl B
OCHOBHOM ITOHTUYECKUM IIPECHOBOJHBIM U KUTaM-
CKUM paBHUHHBIM ()ayHHCTUYECKHM KOMILIEKCAMHU
[36]. ITo cBeaeHMsAM pa3HBIX UCTOIHUKOB [37-40],
B pe3yJbTaTe MHTPOLYKIMHU, BUJOBOW COCTaB HC-

cienyeMoro OacceiiHa yBenuuwics oT 25-mo 42
BHJIOB, U3 HUX OoJiee 50% COCTaBISAIOT BCEIICHITHI.
B nacrosmei padoTe NpUBOAATCS CBEIEHUS O CO-
cTaBe UXTHO(AayHBI paHee HE M3YUYEHHBIX PEK, 3a
uckiouenueM pek Mccoik, Tanrap u npyzos Kam-
[1araiiCkoro HEpPeCcTO — BBIPOCTHOTO XO3AHWCTBA
(Tabmn. 4).

Tabamua 4 — TakcoHOMUUECKHUIT CIIUCOK PHIOHOTO HAceNeH s MalbIX BogoeMoB Mie — bankarickoro 6acceitna (B mpenenax Teppu-

ToprH ATMaTUHCKOH 001acTm)

Ne Bupl ) Bonoembr
§ 2 Karmaraii- Maunble pexu
g 5 cxkoe HBX
g~ 12 3] 4 5 6 7 8 9
=
Ortpsin kaprmoobpasubie — Cypriniformes, cemeiicTBo kaprosbie — Cyprinidae
! [TnotBa Rutilus rutilis (Linnaeus, 1758) q - - 0 0 0 0 0 0 *
2 | bemstit amyp Ctenopharyngodon idella (Valen- q + 0 0 0 0 0 0 0 0
ciennes, 1844)
3 | Peunas a6botuna Abbotina rivularis q + + 0 0 + 0 + + 0
(Basilewsky, 1855)
4 | Amypckuii uebauok Pseudorasbora parva y + + 0 + + 0 + 0 0
(Temminck et Schlegel, 1846)
5 | Kuraiickwuii ropuak Rhodeus sericeus (Pallas, + 0 0 + 0 0 + 0
q +
1776)
6 | CepeOpstusrit kapacs Carassius gibelio q + + 0 + + 0 + 0 0
(Bloch,1872)
7 Casan Cyprinus carpio (Linnaeus, 1758) 4 - 0 0 0 0 0 0 0 0
8 | bemsrii Toncronobuk Hypophthalmichthys y + 0 0 0 0 0 0 0 0
molitrix (Valenciennes, 1844)
9 | Ocwman ronetit Gymnodiptychus dybowskii A 0 0 + 0 0 00 0 0
(Kessler, 1874)
Ortpsin kaprmoobpasueie — Cypriniformes, cemeiictBo- Leuciscidae (Phoxininae)
10 | lonbsn Ganxamckuit Rhynchocypris A 0 0 0 + 0 + 0 0 0
poljakowii (Kessler, 1879)
CewmetictBo banmuropossie — Balitoridae
11 | Hsaraucteiii rybau Triplophysa strauchii A 0 0 + + + + + 0 0
(Kessler, 1874)
12 | Ceperit ronent Triplophysa dorsalis (Kessler, 0 0 + 0 + + 0 0
A 0
1872)
13 | TuGerckwuii ronen Triplophysa stoliczkai A 0 0 0 0 0 + + 0 0
(Steindachner, 1866)
Otpsin comoobpasusle Siluriformes , cemelictBo ComoBsle Siluridae
14 | O6bIkHOBeHHBIN coM Silurus glanis (Linnaeus, + 0 0 0 0 0 0 0
q 0
1758)
Ortpsin capranoo6pasusle Beloniformes, cemelictBo anpuanuxtoBsie Adrianichthyidae
15 |Menaka Oryzias latipes (Temminck & Schle- N + 0 0 0 + 0 + 0
gel, 1846) k!
Ortpsin okyHeoOpasusie Perciformes, cemeiictBo okyHeBbie Percidae
16 | OObIKHOBEHHBIH cynak Sander lucioperca + 0 0 0 0 0 0 0
. q 0
(Linnaeus, 1758)
CewmelicTBo ObruxoBbIe Gobiidae
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(Temminck & Schlegel, 1845)

17 | Kuraiickuii aneotpuc Micropercops cinctus 4 N + 0 0 0 0 0 0 0
(Dabry de Thiersant, 1872)
18 | Kuraiickuii 6sr90x Rhinogobius brunneus q N + 0 0 0 0 0 + 0

Ortpsiz okyneobOpasusie Perciformes, mogorpsin Channoidei, cemeiictBo 3meeronosbie

Channidae

19 |3meeronos Channa argus

(Cantor,1842) q

0

+ 0 0 0 0 0 0 0

Bcero BumioB prI 10 UCCIeJOBAaHHBIM BOZOEMAaM:

11

11 |2 5 4 5 6 4 1

Ipumeuanue: A — abopueennviii, 4 — uyscepoonwiil

1 — Kanmaraiickoe HepecTo — BEIPOCTHOE XO035ICTBO, BBIPOCTHOM Npyx; 2 — Kammaralickoe HepecTo — BBIPOCTHOE XO34HCTBO,
cOpocHoii kaHai; 3 — p. Tepenkapa; 4 — p. Ne3; 5 — p. Kaitnazap; 6 — p. Tanrap; 7 — p. Mccrik; 8 — p. Mansriit Yaperm; 9 — p. Jlem.

B unccnemyembix Bogoemax Hamu Obliv OOHa-
pyXeHbl 19 BHIOB ppIO BKIIOYAs BHIBI, KOTOpPHIC
ABJISIFOTCA OOBEKTaMHU UCKYCCTBEHHOI'O Pa3BEICHUS
Y BBIpAIIMBaHUs B TIPYyJIaX pPHIOOBOJHBIX XO3SHCTB,
KOTOpBIE OTHOCSTCS K § cemeilcTBaM, 4 OTpsIaM.
BugoBoe pazHooOpasue BOJOEMOB COCTOUT U3 abo-

Ta6auna 5 — Jlonst aGopUreHHbIX prIO B COCTaBE COOOIECTB

pureHssIx (25%) u ayxepoansix (75%) BunoB poid
(4 tabmn.). [To maHHBIM TUTEPATYPHBIX UCTOYHUKOB
[1,11], abGopurenHas wuxtnodayHa bankamckoro
Oacceitna Brutoyaer B cebs 11-13 BumoB pwiO, U3
HUX B HaIMX cOopax ObIIM MperCTaBICHbI JUIIb 5
BUIOB (Tabm. 5).

No Bun Konmuectso, buomacca, T Jouns peib B cooOmiecTBax pek, p
K3

1 | OcmaH ronsiit 27 94.6 p- Tepenkapa — 0.69

2 | Tonbsin Gaynxamickuit 5 0.61 p- Ne3—0.03; Tanrap — 0.15

3 | IIaTHUCTHII rybaq 41 149.78 p. Ne3—0.14; p. Uccpik — 0.18;
p- Tepenkapa — 0.31; p.Kaitnazap — 0.24;
p. Mansrit Yapeia — 0.14

Cepplii rosery 11 24.87 p- Ne3 —0.03; p. Uccrix — 0.06; p.Tanrap — 0.33
5 | Tuberckwuii roner 2 7.93 p. Tanrap — 0.03; p. Ucceik — 0.06

U3 tabnuusl 5 BUAHO, YTO U3 BceX OOHApy-
JKEHHBIX a0OOpHUTEHHBIX BHJIOB PHIO IO YHCIIEHHO-
CTH U PaCIpOCTPAHCHUIO JOMUHHUPYET MSATHUCTBIN
ry0ad, Tois KOTOPOTO B COOOIIECTBAX COCTABHIIA
ot 0.14 mo 0.31. Mano4ynuciIeHHBIMU BUIAMHU SB-
nsroTcst 6anxamckuii TobsH (0.06) u THOSTCKUT
roner (0.02), koTopeie 0OHapyx eHbI B pexax Tai-
rap, Mcceik u B peke Ne3. B ManbIx pekax HaMu He
ObuIH OOHapyXeHbl OanXallCKUi OKyHb, Oanxaii-
CKasl MapyWHKa W WINHCKas MapruHKa, 3aHECEHHBIC
B Kpacuyio Kuury Pecnyonuku Kazaxcran [12],
TaK)Xe B COOOIIeCTBaX PHIO HE BBIABICHBI BUABI —
ronen; CeBeplioBa, OOHOLBETHBIN ry0ad, cemMupe-
YyeHCKUM TonbsgH, Bxoasamue B KK AnMmaTtmHCKOU
obmactu u MCOII [13-16].

Bonpmryto moio B pasHooOpasum peIOHOTO Ha-
CeJIeHHUs HCCIICIOBAaHHBIX BOJOEMOB COCTaBIISIOT
qy’KepOIHBIE BUIBI PHIO, BCero OOHapykeHbI 14

BuoB (74%), uz Hux 7 (50%) BUIOB OTHOCATCS K
MIPOMBICTIOBBIM OOBEKTaM: OCIIBIi TOJICTOIO0HK, Oe-
JBIA aMmyp, Kapm, CyJak, COM, 3MEerojioB, IUIOTBa,
Kapach, B TOM 4YHCJe 3 BHAa HUCKYCCTBEHHO KYJIb-
TUBUPYIOTCS B ycnoBusx Kammraraiickoro HepecTo
— BBIPOCTHOTO XO3SHCTBA: OEIBIA TOJICTOJIOOUK,
Oenbrii aMmyp, kapn. KomudecTBo 4yKepoHBIX BH-
JIOB PBIO, HE MMEIONINX XO3SMCTBEHHOW IEHHOCTH
coctaBuiio 7 Bua0B (50%). K Hum otHOCATCS: amyp-
CKHI 4e0ad0K, KHTAaHCKHA OBIYOK, pedHas ab00TH-
Ha, KUTAaWCKUM Topyak, MeJaKa, KUTaUCKUH 3JIe0-
Tpuc. JlaHHBIE BUIIBI SIBIISIFOTCSI MACOBBIMH B ITPY/1aX
Kammaralickoro HepecTo — BBIPOCTHOT'O XO35HCTBa.
B uccrnenoBaHHBIX peKax dy)KepOIHBIE BHIBI PHIO
nonaganuck ot 1 1o 16 sx3emiuisipoB B mpode. B
Tabnuie 6 TMPHUBEICHBI BHIOBOH COCTaB, KOJHMYE-
CTBEHHOE U JOJEBOE COOTHOILIECHHE HEMPOMBICIO-
BBIX HHTPOIYIIEHTOB (Ta0I. 6).
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Ta6mmma 6 — CocTaB uy)KepoJHBIX BUIOB PHIO B HCCIIEJOBAaHHBIX PEKax

Ne | Buppl 4ykepoiHbIX Bonoewmbt
pEI6 p. Kaitnazap p. Uccoix p. Maubrit p-Ne3 p. Jlen p.Tanrap
Yapbin
N. 7Kx3 p N. p N. sx3 p N. sx3 p N. 7x3 p N. p
9K3 9K3

1 [Tnorsa 0 0 0 0 0 0 0 0 28 1 0 0

2 Peunas a66oTnHa 1 0.04 5 0.31 14 0.5 0 0 0 0 0 0

3 AMmypckuil yebauox 16 0.64 1 0.06 4 0.14 11 0.29 0 0 0 0

4 Kuraiickuii ropuax 0 0 0 0 3 0.11 0 0 0 0 0 0

5 CepeOpsHbli Kapach 1 0.04 5 0.31 0 0 19 0.51 0 0 0 0
6 Menaka 0 0 0 0 1 0.04 0 0 0 0 2 0.07

7 Kuraiickuii 0190k 0 0 0 0 2 0.07 0 0 0 0 0 0

Bcero Bu0B: 3 3 5 2 1 1

[To pesynbpraram aHanu3a peIOHBIX COOOIIECTB
YCTaHOBJIEHO, YTO B MJIbIX PEKaX paclpOCTpaHeH-
HBIMH BHJIAMHU SIBJISIFOTCS aMypPCKHH 4ebadyok, ped-
Has a000THHA U cepeOpSHBIN Kapach, U3 HUX aMyp-
CKHii ue0avyoK U peuHast a000THHA TOMUHUPYIOT 110
MOKA3aTeNI0 J0JIEBOr0 COOTHOLICHHUsS B cooOIie-
ctBax 0.64 u 0.5 coorBercTBeHHO. Hanbonpmum
BHJIOBBIM Pa3HOOOpa3ueM YYy>KEPOJTHBIX PBHIO 00-
nagaeT p. Mansiit Yapein. Uxtnodayna pexu Jlen
ObL1a IpeCTaBlIeHa TOJIBKO OJHUM BHJIOM — IIJIOT-
Boit. OTMeuaeTcs, YTO III0TBA, Kak GuTouiIbHAS
pBI0a, co3AaeT MIIOTHBIE CKOIUICHHUS B MOJINOPHON
30HE W MOWMEHHBIX BOJIOEMAax, I'JI€ XOPOIIO pa3-
BUBaeTcsl BOAHAs pacTUTenbHOCTh [39]. Menmaka
U KUTaWCKUH OBIYOK B COOOIIECTBaX IMPEICTaB-
JIEHbl €IMHUYHBIMU 3K3eMIUIsipamu, ¢ aoaei 0.04
u 0.07 coorBercTBeHHO. B pBIOHOM cooOImIEeCTBE
p. Tanrap obHapyxeH 1 BuJ 4yKepOTHOH pPHIOBI
— meznaka c¢ goneit 0.07. M3 Bcex nccnenoBaHHBIX
PEeK dyXepoaHble BHIBI OTCYTCTBOBaid B p. Te-
peHkapa. Bce nmepeuncieHHble BUIbI yKEPOTHBIX
pBIO B HacTosIIee BpeMsl HATypaJHU30BAIUCh U B
€CTECTBEHHBIX M B HMCKYCCTBEHHBIX BOJO€MaX, a
TAaKXX€ B MAacCOBBIX KOJIMYECTBAaX JIOKAJIN30BaHBI
B HCKYCTBEHHBIX NPYJaX PHIOOBOJHBIX XO3SHUCTB.
B pridHOM coobmectBe mpynos Kammmaradickoro
HEPECTO-BBIPOCTHOTO XO3SHCTBAa [IaHHbIE BH[BI

pacmpocTpaHeHBI BO BCeX MpyJIax MPOU3BOACTBEH-
HOT'O Ha3HAYCHUS U SBISIOTCS MHOTOYUCICHHBIMU
MacCOBBIMH BUJaMu copHbIX pbi0 [40]. U3 criucka
AKKJIMMaTHU3UPOBAHHBIX BHUIOB HEIPOMBICIOBBIX
pBIO, XapakTepHbIX /71 BogoeMoB banxar — Unuii-
ckoro OacceifHa, B Iepuo] HCCIeI0BaHUI HAaMH HE
Obutn  OOHapyskeHBl BOCTpoOpromka Hemiculter
leucisculus (Basilewsky) nu ramOy3ust Gambusia
affinis holbrookii.

B uccnenoBannpix mnpynax Kammaraiickoro
HBX Hamu ObutM 0OHAPYXKEHBI CIEAYIONIHE 3 BUA
MIPOMBICIIOBBIX UYKEPOIHBIX PBIO, HE SBISIOLINECS
00BEKTOM KYJBTHBHPOBAHMS: OOBIKHOBEHHBIH Cy-
JIaK, OOBIKHOBEHHBI COM M 3MEETrojIOB, MIPU 3TOM
YHCIEHHOCTh M PacIpOCTpaHEHHE MTOCIEAHETO pac-
teT. [IpucyTcTBHE EPEUNCICHHBIX XUIHBIX BUIOB
B IIPYAOBOM XO3MCTBE KpailHE HEXENIaTeIbHO, 110-
CKOJIBKY IOoenasi MOJOAb KYJIbTUBHUPYEMBIX PBIO,
OHHU HAHOCAT CEPhE3HBIN yIepO xo3sitcTBy. IIpo-
HUKHOBEHHE ATHX BHIOB B IPY[bl, BEPOATHO, BO3-
MOJKHO 4epe3 BOAOMOJAI0IINe KaHaibl u3 pek Jlen
u XKapcy.

s omnmcaHus pa3sHOOOpa3us PBIOHBIX CO-
oOmecTs  ObUIM HCHONB30BAaHBl WHTETPAIbHBIC
rmokazatenu pasHooOpasus (Tabi.7) W MOCTpoeHa
JuarpaMmma paBHOMEPHOCTH PaclpeeieHNs] BUOB

(puc.4).

Ta6auna 7 — Maaekcr pazHooOpas3us ppIOHOTO HACETICHUS HCCIIEAOBAHHBIX BOJIOEMOB MO COCTOSIHMIO Ha 2022 T.

HccnenoBaHHble BOIOEMBI
TTokasaresu pasHOOOpasys cOOOLIECTB
1 2 4 5 6 7 8
1 2 3 4 5 6 7 8
KonmuectBo BuioB (S) 8 2 5 5 6 6 1
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1 2 3 4 5 6 7 8 9
O011ee KOIMIeCTBO PoIO (n) 454 39 37 25 27 12 28 28
Hunexc nomunnposanus (D) 0.24 0.57 0.37 0.47 0.31 0.26 0.31 1.00
Wnnexe Cumncona (1-D) 0.76 0.43 0.63 0.53 0.69 0.74 0.69 0.00
HMnpexc [Mennona (H) 1.73 0.62 1.17 1.01 1.33 1.54 1.45 0.00
PaBHOMepHOCTB pacnpeaciaeHus 1mo
Cumrcony (E) 0.70 0.93 0.64 0.55 0.76 0.78 0.71 1.00
PaBHOMEPHOCTH PACIPEICIICHUS 110
[Hennony (1) 0.83 089 | 073 | 063 | 083 | 086 | 08I 0
Haszanue BogoemoB: 1 — Kammmaraiickoe HBX, 2 — p. Tepenxkapa, 3 —p. Ne3 pexka, 4 — p. Kaitnazap, 5 — p. Tanrap, 6- p. HccoIk,
7 — p. Mansiii Yapeis, 8 — p. Jlemn.

W3 tabmuiel 7 BUAHO, YTO HAMOOJIBIIEE pa3-
HooOpasue mo wuHAekcam Cumncona (1-D) u
Iennona (H) xapakrepus! ang npynos Karma-
raiiCKoro HEPECTO — BBIPOCTHOTO XO35UCTBA, PEK

Kapshagay, NVX

Malyi Charyn

Lep

Ne3, Tanrap, Ucceik nu Manbrit Yapeia. PaBHO-
MepHocTh pacnupenenenuss no Cummncony (E) n
Illennony (J) 6su10 GoNbIIE B pekax TepeHkapa,
Tanrap u Ucceik.

Terenkara

Kainazar

Issyk

=@ Taxa_S ==@==Shannon_H

Ta6auna 4 — JIlnarpamMmma paBHOMEPHOCTH PAaCIpeACICHUS

pJlenka

p.Ne3

pHccan

p. Tanzap

Pp. Kaimasap

p. Mansii Yapsin

HBX

p. Tepeukapa

10 09 08 07 0.6 0.5

CxopcTao

Tabauna 5 — KiactepHsIi aHaIN3 BUIOBOTO CXOACTBA MAIBIX BojgoeMoB banxam — Mnuiickoro 6accelina

129



CoobmiecTBa prI0 B MallbIX BojoeMax OacceitHa p. Mie

KnacrepHsiii anamu3a cxoAcTBa BHUAOBOIO CO-
crtaBa (puc.5) BBIABWI 3 TPYNIBl BOJOEMOB. B
MIEPBYIO TPYIIy BOJ0EeMOB BxojaT Kammaraiickoe
HBX, pexu Mansiii Yapseia, Kaiinazap, Tanrap,
HUccpik m Ne3, cxoacTBO BHIOBOrO pasHOOOpasus
MEXIy Bojgoemamu coctaBmia 54.5%. B manno#
rpyIMIie BOIOEMOB OOUTAIOT KaK aOOpUTEeHHBIE TaK U
qy>XepoaHble BUABI peI0. TemmnepaTypa BOAbI B BO-
noemax Haxoautcs B mpezenax 15-18°C. Pexu Te-
peHkapa u Jlen cocTaBiSIOT OCTaJIbHBIE 2 TPYIIITHI
U OTJIMYAIOTCA OT BCEX HCCIIEJIOBAHHBIX BOJOEMOB
0eHOCThI0O BHIOBOTO COCTaBa HUXTHO(ayHH. B
pexe Jlen oOHapyskeH | uy>KepoIHbIil BUA — IJIOTBA,
B p. Tepenkapa oOHapyx eHBI 2 BHJIA — TOJBIA OC-
MaH ¥ ISTHUCTHIN ry0au. TemnepaTypa BoJbI B peke
cocrauna 13°C.  ®akropamu, ONpEACISIONIAMH
o0uIIMe BUAOBOTO COCTABA PEK, SIBIISIOTCSI CKOPOCTh
TEYEeHHUS U TEMITepaTypa BOJIBL.

BsiBoabl u 3akiloueHue:

B uccnenoBaHHBIX MaibIX BOJOEMax BCETo 00-
HapykeHo 19 BumoOB peI0 aOOpUTEHHOW W UyXKe-
poanoii uxtruogaynsl. Paznoobpasue abopureHHon
nxTHOo(ayHbl COCTOWT M3 TMATH BHIOB PBIO, HaW-
Oosbliee pacHpOCTpPaHEHHE M3 KOTOPBIX MOIYUHI
MATHUCTHIN TyOad. [1o cpaBHEHUIO ¢ pe3ylbTaTaMu
rccaeaoBanuii mpoBeneHHbIx 20 net Hazax [37, 41],
TaK)KE YCTAHOBJICHBI YMEHBIICHHE YHCICHHOCTH
U COKpallleHHE apeanoB AJs THOETCKOTO rojiblia 1

Oaixamickoro ronbsHa. B wncciemoBaHHBIX BOZO-
eMax JaHHbBIe BUABI TPEICTABICHbI CIMHHUYHBIMU
sk3eMIusipaMu. B peke Tepenkapa oOHapy>keHBI
WCKJTIOYUTEIHHO abOpWUTeHHbIE BHIBI PHIO. YcCTa-
HOBJICHO, HanOOJIbITIEEe BUAOBOE pa3HooOpasue abo-
PpUTreHHBIX BUAOB B pekax Tanrap u UcchIk.

[upoko pacnpocTpaHEHHBIMH BUJAMH TyKEPOI-
HOW MXTHO(AYHBI SBISIOTCSA 5 BUIOB PBIO: aMypPCKHA
4ebauoK, cepeOpsHbIi Kapach, KUTaWCKUH TOpYaK,
peunas abboTrHa 1 Memaka. [lanHbie BUIBI 3aUKCH-
POBaHbI B UCKYCCTBEHHBIX MpYyJAaX, a TaKXe Ha paB-
HUHHBIX y4yacTkax ropHeix pek: Mccbik, KaiiHazap u
peka Ne3. Kuraiickuii 31e0Tpruc M KUTalCKUN OBIMOK
TIPEe/ICTaBIIEHBI B COOOIIECTBE C IEHHBIMH BUAAMH PHIO
B nipyaax Kammaraiickoro HepecTo — BEIpOCTHOT'O XO-
34HCTBA, TAKXKE KUTAHCKUI OBIYOK ObUT OOHapy>keH B
EIMHUYHBIX IK3EMIULIpax B peke Manslii YapbiH.

[lomyueHHbIe TaHHBIE CBUIETEIBCTBYIOT O IIH-
POKOM pacceleHHH HEIpPOMBICIOBBIX BHUIOB UyKe-
pomHON mxTHO(AayHBI B MaNbIX BojgoeMax bakarr
— Unuiickoro Gacceitna. HempomeicioBbIe BUABI Uy-
KEePOIHON MXTHO(AYHBI BCTPEUAIOTCA HE TOJIBKO B
MIPYAOBBIX X03SMCTBaX, HO U B peKax, I7ie TeMIepa-
Typa BOJIbI BECHOII U JieToM rporpeBaercs 10 18°C.

Ha TtakcoHOMHMYecKHil cOCTaB HXTHO(ayHBI
HccleqyeMoro 0OacceifHa CYIIECTBEHHO BIHSAIOT
€CTECTBEHHBIC U aHTPONIOreHHbIe hakTopsl. Bee nc-
CJIeTOBaHHbIE Majble PEKH MCIBITHIBAIOT BBICOKYIO
AHTPONIOTEHHYIO Harpy3Ky.
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ARBOREAL HEMIPTERA (HETEROPTERA) OF MOUNTAIN ECOSYSTEMS
OF SOUTH-EASTERN KAZAKHSTAN

The fauna of arboreal hemiptera of mountain ecosystems of south-eastern Kazakhstan includes 51
species from 10 families: Tingidae, Nabidae, Anthocoridae, Reduviidae, Miridae, Aradidae, Lygaeidae,
Coreidae, Acanthosomatidae, Pentatomidae. According to trophic specialization, they are divided into
4 groups: mycetophages (3 species), phytophages (22 species), zoophytophages (8 species); zoophages
(18 species), and according to life forms they are distributed into 5 groups: dendrobiont (28 species),
dendro-tamnobiont (8 species), dendro-tamno-hortobiont (4 species), dendro-hortobiont (10 species);
eurybiont (1 species), according to the number of generations per year, arboreal hemiptera are divided
into 6 groups: monovoltine (37 species), bivoltine (5 species), 2-3 generations per year (3 species), poly-
voltine (2 species), acyclic (3 species), the number of generations is unknown (1 species). Among the ar-
boreal hemiptera of Kungei Alatau, 29 species hibernate in the imago stage, 13 species in the egg stage,
7 species in the larval and imago stages, and 2 species in the larval stage. There are 2 ecological groups
in the woody hemipterofauna of mountain ecosystems of south-eastern Kazakhstan: meso-xerophiles (2
species), mesophiles (49 species). Economically, the fauna of arboreal hemiptera includes both harmful
and beneficial species. Most of the harmful species belong to the families Tingidae, Miridae, Aradidae,
Lygaeidae, Coreidae, Acanthosomatidae, Pentatomidae. Predatory species (Nabidae, Anthocoridae,
Reduviidae, Pentatomidae, subfamilies Asopinae) are useful for humans, as they regulate the number of
harmful insects in biocenoses. Analysis of the geographical distribution of the hemiptera of mountain
ecosystems of south-eastern Kazakhstan allowed us to identify 17 types of species ranges. The fauna
is based on species of hemiptera with Holarctic, trans-Palearctic, Western Palearctic, Trans-Eurasian,
Western Eurasian habitats.

Key words: arboreal hemiptera, of mountain ecosystems of south-eastern Kazakhstan, mycetophag-
es, phytophages, phytophages, zoophages.

A.M.Kenxeraanes'?, T1.A. Ecenbekosa®’, A.C. MbipkacbimoBa?®, XKakcbibaes M.b.!

Abait aTbiHAaFbl Kasak, YATTbIK neaarorukasbik, yHuBepcuTeti, KasakcraH, AAmarh K.
2K. XXurembaes atbiHAarbl Kasak eciMaiH Kopray >kaHe kapaHTuH F3M, KasakcraH, AAmarbl K.
2KP BfM fK «3oorormg nuctutytbl» PMK, KasakcraH, Aamartbl K.
*e-mail: esenbekova_periz@mail.ru
OnrycTik-LUbiFbic Ka3akcTaHHbIH, Tay 9KOXKYHeAepiHiH, arall kapTbiAai
KaTTblKaHaTTbiAapbl (Heteroptera)

OnrycTik LUbiFbic KasakcCTaHHbIH Tay 3KOXYMEAEpiHiH, afall >XapTblAai KaTTbIKAHATTbIAAP
dayHacbi 10 TykbiMaacka: Tingidae, Nabidae, Anthocoridae, Reduviidae, Miridae, Aradidae, Lygaeidae,
Coreidae, Acanthosomatidae, Pentatomidae >katatbiH 51 TypaeH Typaabl. OAap KOpeKTiK GaiAaHbIChI
XarblHaH 4 Tonka GeAiteai: muuetodartap (3 Typ), utocartap (22 Typ), 30oputodartap (8 Typ);
300chartap (18 Typ), aA TipliAik opTacbiHa Kapai 5 Tornka 6eaiHeai: AeHApoOWoHTTap (28 Typ),
AEHAPO-TaMHOBUOHTTAp (8 Typ), AEHAPO-TAMHO-XOPTOBMOHTTAp (4 Typ), AeHAPO-xopTobUuoHTTap (10
TYP); 3BPUOMOHT (1 Typ), aFall >KapTblAait KaTTbIKAHATThIAAPbI XKblAblIHA GEPETiH yprak, caHbiHa Kapai 6
ToMKa GOAIHEeAl: MOHOBOALTUHAI (37 Typ), BUBOABTUHAI (5 TYp), XbiAbiHa 2-3 peT ypnak, 6epy (3 Typ),
MOAMBOABTUHAI (2 TYP), auMKAAI (3 Typ), ypnak, caHbl 6earicis (1 Typ). OHTyCTiK LU biFbic KasakcTaHHbIH,
Tay 3KOXYMEAepiHiH, aFall >KapTblAail KATTblIKaHATTblAAPbl apacblHAQ epecek Aapachkl KyriHae 29 Typ,
JKYMbIPTKA caTbICbiHAQ — 13 TYp, epecek Aapachl K8He AePHBCIAAEpPI caTbICbiHAQ — 7 TYP, AEPHACIAAEDI
caTbICbiHAQ — 2 TYp KbICTarAbl. KyHren AaatayAblH afall reMunTepocayHachl 2 3KOAOTUSIABIK, TOMKA
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GeAiHeAl: Me3o-kcepodmaaep (2 Typ), mesodmaaep (49 Typ). LLlapyaiibiAbik, TypFblA@H aAFaHAQ, aFalll
>KapTblAQM KATTbIKAHATTbIAQP (hayHaChl 3USIHABI AQ, MANAAAbI AQ TYPAEPAT KaMTUABI. 3UAHABI TYPAEPAIH
KenuwiAiri MbiHa TyKbIMaacTapra >kataabl: Tingidae, Miridae, Aradidae, Lygaeidae, Coreidae, Acanthoso-
matidae, Pentatomidae. >XbipTkbili TypAep (Nabidae, Anthocoridae, Reduviidae, Pentatomidae, Asopi-
nae TyKbIMAQC TapMarbl) aAaM YLUiH NnainAaAbl TypAaep GOAbIN TabblAaAbl, OMTKEHI GMOLIEHO3AAPAAFbI
3USHADI XXOHAIKTEPAIH caHbiH petTenrai. OHTYCTiK LLblFbic Ka3akCTaHHbIH Tay 3KOXYHeAepiHiH aFall
>KapTbIAQM KATTbIKAHATTbIAAPbIHbIH, FeorpadusAblK TapaAyblH TaAAdy HOTUXKECIHAE OAapAbiH 17
TapaAy anmarbiHa GOAIHeTIHI aHbIKTaAAbl. DayHaHbIH, HEri3iH FOAQPKTUKAABIK, TPAHCMAAEapKTUKAABIK,
GaTbICNaA€apKTUKAAbIK, TPaHCEYpPasusIAbIK, 6aTbiCeypasusiAbIK, TapaAy aimMakTapbl 6ap >kKapTblAaii
KATTbIKAHATTbIAQP TYPAEPi KypanAbl.

TyiiH ce3aep: arawl >kapTblAal KaTTbiKaHaTTbiAapbl, OHTYyCTiK LUbiFbic KasakcTaHHbIH Tay
3KoXYyMeAepi, mmueTodartap, utodartap, 3ooutodartap, 3oodarrtap.
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ApeBecHble noAyxecTKokpbiAble (Heteroptera) ropHbix akocuctem
IOro-BoctouHoro Kasaxcrana

MayHa ApeBecHbIX MOAYXKECTKOKPbIAbIX TFOpHbIX 3kocuctem [Oro-BoctouHoro KasaxcraHa
BKAlouaeT 51 Bua 13 10 cemericts: Tingidae, Nabidae, Anthocoridae, Reduviidae, Miridae, Aradidae,
Lygaeidae, Coreidae, Acanthosomatidae, Pentatomidae. Mo Tpocuueckor crieumaamsaumm oHM NMOA-
pasaeAdioTcs Ha 4 rpynnbl: myuueTodaru (3 Buaa), putodarm (22 Buaa), 3oodputocharu (8 BMAOB); 300-
daru (18 BMAOB), a MO XKM3HEHHbIM (DOPMaM PaCMPEAEASIOTCS M0 5 rpyrnam: AEHAPOOUOHT (28 BMAOB),
AEHAPO-TAaMHOOMOHT (8 BMAOB), AEHAPO- TAMHO-XOPTOOMOHT (4 BMAQ), AEHAPO-XOPTOGMOHT (10 BK-
AOB); 3BPUOBUMOHT (1 B1A), MO YMCAY MOKOAEHUIA B TOA APEBECHbIE MOAYXKECTKOKPbIAbIE PA3AEASIOTCS Ha
6 rpynmn: MOHOBOAbTUHHBIN (37 BMAOB), GUBOABTMHHDIN (5 BUAOB), 2-3 MOKOAEHUS B TOA (3 BMAOB), MO-
AVIBOABTUHHBIN (2 BUA), aUMKAMYHDBIN (3 BMAQ), YMCAO NMOKOAeHUIA Hen3BecTHO (1 Bua). Cpean apeBec-
HbIX MOAY>KeCTKOKPbIAbIX FOPHbIX 3kocncTem tOro-BoctouHoro KasaxcraHa B cTaAMM MMaro 3umytoT 29
BMAOB, B CTaAMM gnua — 13 BMAQ, B CTaAMM AMUMHKM M MMAro — 7 BUAOB, B CTaAMM AUUMHKM — 2 BUAQ.
B ApeBecHol remmnTepodayHe ropHbix akocmctem KOro-BocrouHoro KasaxcraHa BblaeAsiioTcs 2 3KO-
AOTMYECKUX rpynm: Me3o-kcepouabl (2 BMaa), Me30hurAbl (49 BUAOB). B X039ACTBEHHOM OTHOLLEHUMN
hayHa ApPEBECHbIX MOAY>KECTKOKPbIAbIX BKAIOUYAET Kak BPEAHbIE, TaK M NMOAe3Hble BUAbI. BOAbLIMHCTBO
BPEAHbIX BUAOB MpUHaaAexaT cemericTeam Tingidae, Miridae, Aradidae, Lygaeidae, Coreidae, Acan-
thosomatidae, Pentatomidae. XuwHbie Buapl (Nabidae, Anthocoridae, Reduviidae, Pentatomidae, noa-
cemMeincTBO Asopinae) IBASIOTCS MOAE3HbIMU AAS YEAOBEKA, TaK KakK PEryAMPYIOT UNCAEHHOCTb BPEAHbIX
HaCeKOMbIX B OMOLIEHO3aX. AHAAU3 reorpanueckoro pacnpoCTpPaHeHMs MOAY>KECTKOKPbIAbIX FOPHbIX
akocuctem tOro-BoctouHoro KazaxcraHa no3BOAMA BbIAEAUTb 17 TUMNOB BUAOBbIX apeaAoB. OCHOBY
hayHbl COCTaBASIIOT BUAbBI MOAY>KECTKOKPBIABbIX C FOAAPKTUYECKMMM, TPAHCMAA€apKTUYECKMMM, 3anaA-
HOMaAeapkKTUUYECKMMM, TPaHCEBPa3MATCKMMM, 3araAHOEBPa3MATCKMMM apearamu.

KAroueBble cAOBa: ApeBecHbIe NMOAY>KECTKOKPbIAble, FOpHble 3kocucTembl FOro-BoctouHoro Kasax-
CTaHa, mmueTtodparu, outoparm, 3ooutoarm, 3oodarm.

Introduction

Hemiptera are one of the most peculiar orders
of insects inhabiting a wide variety of biotopes and
playing an important role in biological processes
in biogeocenoses. There are many predatory or
mixed-food species among bedbugs, but herbivo-
rous forms predominate; periodically multiplying
in large numbers, they cause significant harm to
forest and agricultural crops. Some hemiptera, be-
ing predators, exterminate pests of forests and cul-
tivated crops [1, 2].

In Kazakhstan, despite the important economic
importance of hemiptera, their species composition,
biology, ecology, distribution by natural zones and
vertical belts and economic importance in certain
physical and geographical regions of the republic
are insufficiently studied, which determines the rel-
evance of this study.

The purpose of this work is to clarify the fau-
na of woody hemiptera of mountain ecosystems of
Southeastern Kazakhstan, their biology, ecological
and zoogeographic distribution and economic sig-
nificance.
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Arboreal hemiptera (heteroptera) of mountain ecosystems of South-Eastern Kazakhstan

Material and methods of research

The materials were collected by the authors in
the mountain ecosystems of Southeastern Kazakh-
stan from 2019 to 2022. When collecting the mate-
rial, standard entomological techniques were used
— bedbugs were collected from herbaceous plants,
shrubs and tree branches with a net; species living
on the soil surface, at the roots of plants, in the for-
est litter, under the bark of trees and various shelters
were caught with an exhauster or tweezers [3, 4].
For species identification of species, clarification of
their taxonomic position, biology, economic signifi-
cance and distribution, sources from the literature
list were used [5-17].

For the first time, an inventory and a compre-
hensive analysis of the fauna of woody hemiptera of
mountain ecosystems of Southeastern Kazakhstan
were carried out. Based on our own research, gen-
eralization of literature data and study of collection
materials stored at the Institute of Zoology of the
MES RK, an annotated list of woody hemiptera of
mountain ecosystems of Southeastern Kazakhstan
was compiled for the first time.

Research results and their discussion

Below is a list of identified species of woody
hemiptera of mountain ecosystems of Southeastern
Kazakhstan.

Family Tingidae

Physatocheila smreczynskii China, 1952. Tam-
no-dendrobionts (on shrubs and trees from the fam-
ily. Rosaceae); mesophyll (in forest biotopes, in
mountains up to 900-1300 m [6]; wide oligophy-
tophagus (family Rosacea); 2-3 generations per
year; imago overwinter. Trans-Palearctic species.

Family Nabidae

Himacerus mirmicoides (O. Costa, 1834). Hor-
to-tamno-dendrobiont (in various herbaceous and
herbaceous-shrubby, woody communities, mostly
well-warmed and moderately mesophilic); me-
sophile (in forest clearings, under the canopy of a
rare forest, in gardens, parks, meadows); zoophage
(small insects: aphids, butterfly caterpillars, horse-
fly bugs, etc. [7]; monovoltine; imago overwinters
(under plants, in litter). Western Palearctic species.

Family Anthocoridae

Acompocoris alpinus Reuter, 1875. Dendrobi-
ont (on coniferous trees: Abies, Picea. Larix, Pinus),
rises to the mountains up to 1200 m above sea level,;
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mesophile (in the forest zone, mostly in the moun-
tains); zoophage (mainly feeds on aphids); mono-
voltine; imago overwinters [8]. Trans-Eurasian spe-
cies.

Acompocoris pilipes Stys, 1960. Dendrobi-
ont (on coniferous trees); mesophyll (in the forest
zone, mostly in the mountains up to 2000 m above
sea level); zoophage (small insects and mites) [8];
monovoltine; imago overwinters. The North Turke-
stan endemic.

Anthocoris flavipes Reuter, 1884. Dendro-horto-
biont (on shrubs and large herbaceous plants), meso-
phyll (in the mountains at an altitude of 1800-3000
m) [8]; zoophage; monovoltine; imago overwinters.
Middle Tibetan-Tibetan mountain species.

Anthocoris nemorum (Linnaeus, 1761). Dendro-
hortobiont (on various herbaceous, shrubby and
woody plants), less often on grass; mesophyll
(mountain forests, alpine and subalpine meadows,
up to 1000-3000 m above sea level, found in gar-
dens, where it plays an important role in regulating
the number of pests of apple trees [17]; zoophage
(wide polyphage, feeds on aphids, ticks, worms,
thrips, eggs and caterpillars of the scoop, eggs of
Miridae; 2-3 generations per year; imago overwin-
ters. It is distributed throughout the Palearctic, main-
ly in the forest zone. In Tajikistan, it was collected
on Caragana arborescens (in a colony of larvae of
Psylla vera leathopper), Myricaria, sea buckthorn
[8]. Trans-Palearctic species.

Anthocoris pilosus (Jakovlev, 1877). Dendro-
hortobiont (in the mountains it is found in large
numbers on herbaceous plants, shrubs and decidu-
ous trees: Populus, Salix, fruit trees), mesophyll;
zoophage (feeds on aphids, larvae of leafthoppers,
Miridae, thrips, eggs and caterpillars of butterflies,
mites), is one of the main enemies of different spe-
cies of aphids on woody and shrubby breeds; poly-
voltine 4-5 generations per year; imago overwinters.
This species is the most effective in reducing the
number of apple aphids in the Almaty fruit-growing
zone [18]. Trans-Eurasian species.

Tetraphleps aterrima (J.Sahlberg, 1878). Den-
drobiont (in mixed forests and spruce woodlands
lives on cedar woodland, larch, birch and pine); me-
sophyll (in mountains up to a height of 2700-2900
m); zoophage (small insects, their larvae and eggs);
monovoltine; imago overwinters. In the literature, it
is mentioned from fir [19]. Trans-Eurasian species.

Orius horvathi (Reuter, 1884). Dendro-hor-
tobiont (on various herbaceous plants: Medicago,
Trofolium, etc.); mesophyll (from deserts to high-
lands, in floodplains of rivers); zoophage (aphids,
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leathoppers, thrips, small caterpillars of butterflies,
ticks and their eggs, eggs of a harmful turtle, bread
bug); 2-3 generations per year; imago overwinters.
Feeding on aphids (Aphis pomi), tobacco thrips and
mites was noted [8]. Trans-Palearctic species.

Orius vicinus (Ribaut, 1923). Tamno-hortobiont
(on the flowers and leaves of various herbaceous
plants, shrubs, trees); mesophyll (on different sta-
tions, from deserts to highlands up to 2000 m or
more); zoophage (a wide polyphage, mainly with
scutes and other small insects); bivoltine; imago
overwinter. It was found on a birch tree in Tuva
[20]. Trans-Eurasian species.

Family Reduviidae

Empicoris culiciformis (De Geer, 1773). Eury-
biont (doesn’t have a clear station and tiered con-
finement and can be found in a wide variety of mod-
erately moistened biotopes); mesophile (a wide va-
riety of moderately moistened biotopes, on soil and
on bushes, on bark and under bark, sometimes in
bird nests); zoophage (blood-sucking mosquitoes,
book and dust lice, barn pests, hay eaters: Liposcelis
divinatrium, Trogium pulsatorium); the number of
generations is unknown; adults and larvae of old-
er ages overwinter. Birds’ nests, bark cracks, tree
hollows, piles of dry leaves and grasses are used as
winter shelters [21]. Flying into the light. Holarctic
species.

Rhynocoris  annulatus  (Linnaeus, 1758).
Dendro-hortobiont (on trees: pine, spruce, juniper,
birch, hazel, alder, oak, aspen; on various shrubs
and herbaceous vegetation: umbelliferous, legu-
minous, compound-flowered); mesophyll (forest,
forest-steppe zones, riverine forests); omnivorous
zoophage (leaf beetles, wasps, bees, butterfly cater-
pillars and others); one generation per year; larvae
of IV-V ages overwinter. Overwintering of larvae
is proved by field observations [22]. West Eurasian
species.

Rhynocoris iracundus (Poda, 1761). Dendro-
hortobiont; mesophyll (various natural zones: from
settled valleys and hot, sparsely wooded slopes of
foothills and low mountains to high-altitude forest
clearings and subalpine meadows up to 2000 m, on
plains on trees, shrubs and herbaceous vegetation);
zoophage (they lie in wait for prey on tall flower-
ing plants and willingly catch various insects: leaf
beetles, wasps, bees, butterfly caterpillars, etc.); one
generation per year; older larvae overwinter [21].
It overwinters in the larval and imago stages [23].
Western Palearctic species.

Family Miridae

Deraeocoris olivaceus (Fabricius, 1777). Den-
drobiont (on various broad-leaved trees and shrubs);
mesophyll; zoophytophagus; monovoltine; imago
overwinter. Trans-Eurasian species.

Agnocoris rubicundus (Fallen, 1807). Den-
drobiont (on deciduous, fruit trees and shrubs,
more often on eve); mesophyll (mixed forest, in
floodplains, in mountains 800-2300 m); poly-
phytophagus (feeds on seeds of willow Salix,
maple, etc.); monovoltine; winter imago. It is
listed among the pests of fruit crops [23, 24],
which, apparently, does not correspond to real-
ity. Holarctic species.

Apolygus limbatus (Fallen, 1807). Dendrobiont;
mesophyll (forest zone); polyphytophagus (mainly
on willows, as well as on birch and alder); bivoltine;
eggs overwinter. Trans-Eurasian species.

Dichrooscytus consobrinus Horvath, 1904. Den-
drobiont (on juniper); mesophyll (on steep rocky
slopes); narrow oligophytophagus (Juniperus sp.);
monovoltine [25]; imago hibernate. Altai-Alatava
mountain type.

Dichrooscytus pseudosabinae Reuter, 1896.
Dendro-hortobiont; mesophyll (apple forest, clear-
ings, subalpine meadow, up to 2400 m); polyphy-
tophagus (on juniper and grassy plants); mono-
voltine; 1imago overwinter. Turkestan-Alatava
mountain type.

Pinalitus rubricatus (Fallen, 1807). Dendrobi-
ont (in the crown of coniferous trees), mesophyll;
zoophytophagus; bivoltine; eggs overwinter. West-
ern Palearctic species.

Blepharidopterus angulatus (Fallen, 1807).
Dendrobiont (on hardwoods of Alnus, Betula, Sa-
lix, Corylus and other fruit trees); mesophyll (in
valley mixed forests and mountain stream near the
upper border of the forest); zoophytophagus (feeds
on aphids); monovoltine; eggs overwinter. Trans-
Palearctic species.

Malacocoris chlorizans (Panzer, 1794). Dark
dendrobiont (on fruit, deciduous trees and shrubs).
Rosaceae); mesophyll; zoophytophagus (small in-
sects and other invertebrates); bivoltine; eggs over-
winter. West Eurasian species.

Orthotylus melanotylus Kerzhner, 1962. Den-
drobiont (on deciduous trees); mesophyll (mixed
forest, on Salix, on the floodplain on Tamarix,
Myricaria, in the mountains at an altitude of 800-
1200 m); zoophytophagus; monovoltine; eggs over-
winter. Flying into the light. Altai-Turkestan-North
Turanian species.
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Orthotylus oshanini Reuter, 1883. Dendrobiont
(on Spiraea); mesophyll (steppe, floodplain mead-
ows, in the mountains 800-1500 m); zoophytopha-
gus; monovoltine; eggs overwinter. Middle East
Eurasian species.

Campylomma verbasci (Meyer-Dur, 1843).
Dendro-hortobiont; mesophyll (steppe, wasteland,
low—mountain meadow, 700-1200 m); zoophytoph-
agus (on various deciduous, including fruit trees —
apple trees, pears, suckers; on grasses: Verbascum,
Carduus, where Psylla mali and other small insects,
mites and their eggs feed); polyvoltine; eggs over-
winter [26]. Trans-Palearctic species.

Compsidolon alatavicum (Kerzhner, 1962). Den-
drobiont; mesophyll (mixed forest, upper border of
coniferous woodlands, 1000-2400 m); narrow oli-
gophytophagus (Picea schrenkiana); monovoltine;
eggs hibernate (Kerzhner, 1962). Alatava is endemic.

Psallus anticus (Reuter, 1876). Dendrotamnobi-
ont (on willow, oak, spiraca and karagana (Esenbeko-
va, 2008); mesophyll (steppes, deciduous forests,
meadows, in valleys of mountain rivers, in mountains
up to 900-1500 m); zoophytophagus; monovoltine;
eggs overwinter [27]. Srednetetiskie species.

Sacculifer rufinervis (Jakovlev, 1880). Dendro-
biont; mesophyll (steppes, steppe slopes, in moun-
tains up to 900-1100 m); narrow oligophytophagus
(on Spiraea hypericifolia) [27]; monovoltine; eggs
overwinter. Turkestan-Turan species.

Family Aradidae

Aradus aterrimus Fieber, 1864. Dendrobiont
(on Pinus pine); mesophyll (in the mountains rises
to a height of 2300-2500 m above sea level); my-
cetophagus; feeds on mushroom juice; acyclic;
overwinters imago and larvae of all stages. Trans-
Eurasian species.

Aradus cinnamomeus Panzer, 1794. Dendrobi-
ont (on young pines); mesophyll; mycetophagus,
feeds on mushroom juice; acyclic; imago and lar-
vae of all stages overwinter [28]. West Eurasian
species.

Aradus lugubris Fallen, 1807. Dendrobiont (on
the tinder of coniferous trees in the mountains); me-
sophyll, mycetophagus, feeds on mushroom juice
[12]; acyclic; imago and larvae of all stages over-
winter. Holarctic species.

Family Lygaeidae

Arocatus roeselii (Schilling, 1829). Dendrobi-
ont (on coniferous trees under the bark, alder fruits
Alnus); mesophyll; polyphytophagus; monovoltine,
winter imago. Western Palearctic species.
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Orsillus depressus (Mulsant & Rey, 1852).
Dendrobiont (on coniferous, more often on juniper);
mesophyll (subalpine meadow); wide oligophy-
tophagus; monovoltine; eggs overwinter. Western
Palearctic species.

Orsillus maculatus Fieber, 1861. Dendrobiont
(in pine cones, cypress and juniper); meso-xero-
phile; wide oligophytophagus; monovoltine; eggs
overwinter. In Cyprus, Cupressus sempervirens has
been recorded in cones [11]. West Eurasian species.

Kleidocerys resedae resedae (Panzer, 1797).
Dendro-tamnobiont (almost everywhere where
there is birch and alder); mesophyll (forest-steppe,
in the mountains up to 2000 m above sea level);
polyphytophagus (Betula, Fraxinus, Alnus, Le-
dum, Spiraea, Corylus); monovoltine; imago over-
winter, larvae of V age — under the bark, in hol-
lows, in rolled up dry leaves. Mainly on birch trees,
as well as on other trees and shrubs. Sometimes
it is noted in large populations and then sucking
pedicels, birch catkins causes their massive fall
and actually destroys the harvest of birch seeds.
Damaged leaves bend the edges to the lower side
[23]. Trans-Eurasian species.

Oxycarenus modestus Fallen, 1829. Dendrobi-
ont (trophically related to alder Alnus); mesophyll
(in the mountains up to 1500 m); narrow oligophy-
tophagus (on Alnus glutinosa, A. incana); mono-
voltine; imago and larvae of different ages overwin-
ter (in old alder cones, under the bark of different
trees [11]. West Eurasian species.

Gastrodes grossipes grossipes (De Geer, 1773).
Dendrobiont (in cones of spruce, pine and fir; under
bark scales); mesophyll (coniferous forests); broad oli-
gophytofage (seeds of Pinus, Abies, Larix and other
trees); bivoltine, winter imago. Trans-Eurasian species.

Family Coreidae

Gonocerus patellatus Kiritshenko, 1916. Den-
drobiont (inhabitant of tree species: Rosa, etc.);
mesophyll; polyphytophagus; monovoltine; imago
hibernate [30]. Iranian-Turanian species.

Gonocerus juniperi Herrich-Schaffer, 1839.
Dendrobiont (inhabitant of tree species: on Juniper-
us, as well as Cupressus, Pinus, Picea, Guercus, etc.);
meso-xerophile; wide oligophytophagus (mainly on
juniper and other conifers); monovoltine; imago hi-
bernate under the bark of trees and in the forest litter
[31]. Western Palearctic species.

Family Acanthosomatidae

Acanthosoma spinicolle Jakovlev, 1880. Den-
drobiont (on deciduous and coniferous trees); meso-
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phyll (in forests: mixed forest, 900-1000 m); poly-
phytophagus; monovoltine; imago overwinter [11,
32]. East Palearctic species.

Elasmucha ferrugata (Fabricius, 1787). Dendro-tam-
nobiont (on Ribes currant, Lonicera honeysuckle, etc.);
mesophyll (in forests, in valleys of rivers and streams, in
mountains up to 1500 m); polyphytophagus (noted as a
pest of berry bushes, on red currant [33]; monovoltine;
imago overwinter. Trans-Palearctic species.

Family Pentatomidae

Arma custos (Fabricius, 1794). Dendro-horto-
biont (on single trees and shrubs, on the slopes of
dry hills and mountains, edges, parks, shaded wet
and swampy forest areas, in floodplain forests, espe-
cially on Salix willow and alder A/nus); mesophile
(mixed mesophilic forests, in the mountains up to
900-1300 m); zoophage (feeds on various small ar-
thropods, more often by larvae of leaf beetles, ac-
tively looking for prey); monovoltine; imago over-
winter [10, 34]. Trans-Eurasian species.

Jalla dumosa (Linnaeus, 1758). Dendro-hortobi-
ont (on various woody and herbaceous plants); meso-
phyll (forest-steppe zone, in the mountains within the
limits of subalpine meadows, ecologically associated
with mesophytic areas of sparse forests, forest mead-
ows); zoophage (feeds on various small arthropods);
monovoltine; winter imago. In the literature [10] it is
also noted that bedbugs and larvae feed on the juic-
es of aromatic plants, such as oregano (Oryganum),
mint (Mentha). Trans-Eurasian species.

Picromerus bidens (Linnaeus, 1758). Dendrobi-
ont (forest zone, forest-steppe, mountain-forest belt,
sometimes enters the steppes, broad-leaved, mixed
and coniferous forests, rises into the mountains to
the upper border of the forest); mesophyll (forest
meadows, clearings, tree-shrub vegetation of river
valleys, birch-aspen spikes, occasionally on depos-
its and fields); zoophage (various small arthropods,
can occasionally feed on vegetable juice); mono-
voltine; eggs overwinter [32, 35]. Holarctic species.

Rhacognatus punctatus (Linnaeus, 1758). Den-
drobiont (forest zone, forest-steppe, mountain-forest
belt, in mixed forests, on Salix, Betula, aspen, rasp-
berry, nettle, etc. plants); mesophyll (moistened for-
est meadows, river valleys with woody and shrubby
vegetation); zoophage (various small arthropods);
monovoltine; winter imago. The imago of the new
generation appears in mid-August [36]. Trans-Pale-
arctic species.

Zicrona caerulea (Linnaeus, 1758). Horto-tamno-
dendrobiont; mesophyll (on floodplains in the steppe,

in forests, tree plantations and near them, often on
grasses, meadows on Polygonum sp. and others, in
mountains up to 800-2600 m, on subalpine mead-
ows); zoophage (feeds on various small arthropods,
destroys larvae of leaf beetles Haltica spp.); mono-
voltine; imago overwinter [ 10]. Holarctic species.

Chlorochroa juniperina juniperina (Linneaus,
1758). Dendrobiont; mesophyll (foothills, subalpine
belt); wide oligophytophagus (on larch, scots pine,
b.h. juniper Juniperus nana); monovoltine; win-
ter imago. A new generation in early August [36].
Trans-Palearctic species.

Chlorochroa pinicola (Mulsant & Rey, 1852).
Dendrobiont (on coniferous: juniper, spruce, b.h. on
pine); mesophyll (forest zone, forest-steppe, moun-
tain-forest belt); narrow oligophytophagus (species
of the genus Pinus); monovoltine; imago overwinter
[37]. Euro-Siberian-Kazakh species.

Palomena prasina (Linnaeus, 1761). Dendro-
tamno-hortobiont (on trees, imago, after leaving
wintering, fly off to open places, including cultural
fields, later they return to forests, but mainly keep to
the edges; larvae develop on herbaceous plants and
shrubs); mesophyll (apple and mixed forest); poly-
phytophagus (more often on shrubs and trees: Ribes,
Rubus, Rosa, Quercus, Crataegus, Prunus, Sorbus,
Acer, Fraxinus, Tilia, Betula, Alnus, etc.); mono-
voltine; winter imago. A new generation in early
August [36]. Western Palearctic species.

Palomena viridissima (Poda, 1761). Dendro-
tamnobiont (on trees and shrubs from the family.
Rosaceac); mesophyll; polyphytophagus (more of-
ten-on deciduous trees [10]; monovoltine; imago
overwinter. Trans-Palearctic species.

Pentatoma rufipes (Linneaus, 1758). Dendro-
tamnobiont; typically forest (mostly in deciduous
forests, rises to a height of up to 1700 m above
sea level); mesophyll; polyphytophagus (on vari-
ous trees and shrubs: Quercus, Fagus, Tilia, Betula,
Acer, Alnus, Corylus, Cornus and others; sucks veg-
etative and generative parts [10]; monovoltine; lar-
vae overwinter. Trans-Eurasian-oriental view.

Piezodorus lituratus (Fabricius, 1794). Dendro-
tamno-hortobiont; mesophyll (steppe, tall grass
meadows, floodplain forest, edges, clearings, rises
into the mountains to a height of 1500 m above sea
level); wide oligophytophagus (on various Legumi-
nosae Leguminosae: Vicia, Caragana, etc., young
imagos are often found on many types of trees and
shrubs [10]; monovoltine; imago overwinter. West-
ern Palearctic species.

The following is a list of identified species of
arboreal hemiptera (Heteroptera) Mountain ecosys-
tems of South-Eastern Kazakhstan (Table 1).
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Table 1 — Taxonomic composition of woody hemiptera (Heteroptera) of mountain ecosystems of Southeastern Kazakhstan

Family

Species

Quantity

Tingidae

Physatocheila smreczynskii China, 1952

1

Nabidae

Himacerus mirmicoides (O.Costa, 1834)

1

Anthocoridae

Acompocoris alpinus Reuter, 1875

Acompocoris pilipes Stys, 1960

Anthocoris flavipes Reuter, 1884

Anthocoris nemorum (Linnaeus, 1761)

8

Anthocoris pilosus (Jakovlev, 1877)

Tetraphleps aterrima (J.Sahlberg, 1878)

Orius horvathi (Reuter, 1884)

Orius vicinus (Ribaut, 1923)

Reduviidae

Empicoris culiciformis (De Geer, 1773)

Rhynocoris annulatus (Linnaeus, 1758)

Rhynocoris iracundus (Poda, 1761)

Miridae

Deraeocoris ventralis Reuter, 1904

Agnocoris rubicundus (Fallen, 1807)

Apolygus limbatus (Fallen, 1807)

Dichrooscytus consobrinus Horvath, 1904

Dichrooscytus pseudosabinae Reuter, 1896

Pinalitus rubricatus (Fallen, 1807)

Blepharidopterus angulatus (Fallen, 1807)

Malacocoris chlorizans (Panzer, 1794)

Orthotylus melanotylus Kerzhner, 1962

Orthotylus oshanini Reuter, 1883

Campylomma verbasci (Meyer-Dur, 1843)

Compsidolon alatavicum (Kerzhner, 1962)

Psallus anticus (Reuter, 1876)

Sacculifer rufinervis (Jakovlev, 1880)

14

27

Aradidae

Aradus aterrimus Fieber, 1864

Aradus cinnamomeus Panzer, 1794

Aradus lugubris Fallen, 1807

Lygaeidae

Arocatus roeselii (Schilling, 1829)

Orsillus depressus (Mulsant & Rey, 1852)

Orsillus maculatus Fieber, 1861

Kleidocerys resedae resedae (Panzer, 1797)

Oxycarenus modestus Fallen, 1829

Gastrodes grossipes grossipes (De Geer, 1773)

12

Coreidae

Gonocerus patellatus Kiritshenko, 1916

Gonocerus juniperi Herrich-Schaffer, 1839

Acanthosomatidae

Acanthosoma spinicolle Jakovlev, 1880

Elasmucha ferrugata (Fabricius, 1787)

Pentatomidae

Arma custos (Fabricius, 1794)

Jalla dumosa (Linnaeus, 1758)

Picromerus bidens (Linnaeus, 1758)

Rhacognatus punctatus (Linnaeus, 1758)

Zicrona caerulea (Linnaeus, 1758)

Chlorochroa juniperina juniperina (Linneaus, 1758)

Chlorochroa pinicola (Mulsant & Rey, 1852)

Palomena prasina (Linnaeus, 1761)

Palomena viridissima (Poda, 1761)

Pentatoma rufipes (Linneaus, 1758)

Piezodorus lituratus (Fabricius, 1794)

21

10

51

100
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Conclusion

The fauna of woody hemiptera (Heteroptera) of
the mountain ecosystems of Southeastern Kazakhstan

= Tingidae = Nabidae
Reduviidae = Miridae
= Lygaeidae = Coreidae

= Pentatomidae

includes 51 species from 10 families: Tingidae (1), Na-
bidae (1), Anthocoridae (8), Reduviidae (3), Miridae
(14), Aradidae (3), Lygaeidae (6), Coreidae (2), Acan-
thosomatidae (2), Pentatomidae (11) (diagram 1).

Anthocoridae
m Aradidae
= Acanthosomatidae

Diagram 1 — Distribution of species by family

According to trophic specialization, woody he-
miptera of mountain ecosystems of Southeastern
Kazakhstan are divided into 4 groups: mycetopha-
gus (3 species); the main core of the fauna consists
of phytophages (22 species): narrow oligophytopha-
gus (5 species), wide oligophytophagus (6 species),
polyphytophagus (11 species), zoophytophages (8
species); zoophages (18 species).

According to life forms, woody hemiptera of
mountain ecosystems of Southeastern Kazakhstan
are divided into 5 groups: dendrobiont (28 species),
dendro-tamnobiont (8 species), dendro-tamno-hor-
tobiont (4 species), dendro-hortobiont (10 species);
eurybiont (1 species).

According to the number of generations per
year, woody hemiptera of mountain ecosystems of
Southeastern Kazakhstan are divided into 6 groups:
monovoltine (37 species), bivoltine (5 species), 2-3
generations per year (3 species), polyvoltine (2 spe-
cies), acyclic (3 species), the number of generations
is unknown (1 species).

Among woody semi-hard—winged mountain
ecosystems of Southeastern Kazakhstan, 29 species

hibernate in the imago stage, 13 species in the egg
stage, 7 species in the larval and imago stages, and 2
species in the larval stage.

In the hemipterofauna of woody hemiptera of
mountain ecosystems of Southeastern Kazakhstan,
2 ecological groups are distinguished: meso-xero-
philes (2 species), mesophiles (49 species).

Economically, the fauna of woody semi-hard-
winged mountain ecosystems of Southeastern Ka-
zakhstan includes both harmful and beneficial spe-
cies. Most harmful species are pests of forestry and
agriculture [27, 28]. They mainly belong to the
families Tingidae, Miridae, Aradidae, Lygaeidae,
Coreidae, Acanthosomatidae, Pentatomidae. Preda-
tory species (Nabidae, Anthocoridae, Reduviidae,
Pentatomidae, subfamilies Asopinae) are useful for
humans, as they regulate the number of harmful in-
sects in biocenoses [28, 29].

Analysis of the geographical distribution of
semi-hard-winged mountain ecosystems of South-
eastern Kazakhstan allowed us to identify 17 types
of species ranges. The fauna is based on species of
hemiptera with Holarctic (5 species), trans-Palearc-
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tic (9 species), Western Palearctic (8 species), trans-
Eurasian (12 species), Western Eurasian (5 species)
habitats. In the remaining species ranges, only one
species is known: East Palearctic (1 species), Mid-
dle Tethyan (1 species), Iranian-Turan (1 species);
Turkestan-Turan (1 species), Central Tibetan-Tibet-
an mountain (1 species), Altai-Alatava mountain (1
species), Turkestan-Alatava mountain (1 species),
Altai-Turkestan-North Turan (1 species), Central

East Eurasian (1 species), Euro-Siberian-Kazakh-
stan (1 species), trans-Eurasian-oriental (1 species),
Alatava endemic (1 species).

Source of financial support for the article.
The name of the topic of the scientific, scientif-
ic and technical program BR10965224 “Work-
ing out the cadaster of the animal world of the
Northern Tien Shan to preserve their genetic
diversity .
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SPORTIVE STRESS AND ITS IMPACT ON THE IMMUNE STATE OF
ATHLETES DEALING WITH FREESTYLE WRESTLING

The article is dedicated to the study of the effect of physical loads on the maintenance and functional
activity of lymphocytes in the peripheral blood system of freestyle wrestlers in the dynamics of the train-
ing macrocycle. Because of the impact from physical loads, a decrease occurs in the content of lympho-
cytes and their functional activity is reduced. Those changes depend on the intensity of physical loads;
they become maximal at the end of the competition period and minimal in the transition period. It may
be assumed that the immune system plays a significant role in the adaptation of the body to significant
physical loads. The results of the conducted study show that the characteristics of cellular immunity are
formed in wrestlers already at an early stage of sports training. It happens partly because of the presence
of static pathology, associated with the reaction to physical loads within the framework of the training
process. An enhanced immunological examination of wrestlers with an assessment of the mitochondrial
activity of the lymphocyte population enables us to evaluate the individual threshold level of physical
loads, the excess of which leads to a disturbance of the immune metabolism. Therefore, the inclusion
of an additional transitional period in the training macrocycle helps to a more complete recovery of the
studied indicators.

Key words: sport stress, physical load, adaptation, immunity, lymphocytes, functional activity, wres-
tlers.

C.C. Oaibekosa, M1.C. Oanes, C.A. OAnes

O3ipbaitkaH MemaekeTTik AeHe LLIbIHBIKTbIPY AKaAeMUSsIChI
MaaeHuer xaHe cropT, O3ipb6arixaH, baky K.
*e-mail: ilgar.aliyev@sport.edu.az
CnopTTbIK, CTPECC XdHe OHbIH, éPKiH KypecneH aiHaAbICaTbIH
CMopPTLUbIAAPABbIH UMMYHADBIK KyiiHe acepi

Makana XaTTblfy MaKpPOUMKAIHIH AMHAMMKACbIHAQ €PKiH KYpPEeCLliAepAiH LWeTKi KaH >KyreciHAeri
AMMAOUMTTEPAIH CaKTaAyblHa >K8He (PYHKUMOHAAABIK, OEACEHAIAINIHE (PU3MKAABIK >KYKTEMEAEPAIH
acepiH 3epTTeyre apHaAfaH. (DU3MKaAbIK >KYKTEMEAEPAIH OcepiHeH AMMMOUUTTEPAIH Kypambl
TOMEHAENAT XKOHe OAapAbIH (DYHKLIMOHAAABIK, GeACEHAIAIrT TomeHaenal. OA e3repicTep (U3MKAABIK,
JKYKTEMEAEPAIH KapKbIHABIAbIFbIHA 6GaMAAHBICTbI; OAap OBCEKEAECTIK KE3eHIHIH COHbIHAA MakKCu-
MaAAbl, aA OTMeAl KE3EHAE MMHUMaAAbI 60AaAbl. MIMMYHABIK >KyHe AEHEeHiH MaHbI3Abl (PU3MKAABIK,
KyKTemeAepre GeriMAeAyiHAE MaHbI3AbI POA aTkapasbl Aen 6oAaxayra 60Aaabl. XKyprisiareH 3ept-
Tey HaTuXKeAepi baryaHAAPAA KACYLLAABIK, UMMYHUTETTIH, epekLLEeAIKTePi CMOPTTbIK, >KaTTbiFyAapAbIH
GacTankbl Ke3eHIHAE KaAbINTaCaTbIHbIH KOPCETTI. byA illiHapa >KaTTbiFy Npoueci ascbiHaa U3MKaAAbIK,
JKYKTEMeAepre peakumsmMeH GaiAaHbICTbl CTATUKAAbIK, MaTOAOIMSIHbIH 60AYbIHa GaiMAaHbICTbI OHOAAADI.
AMMOUMTTED MONYASLMSCBIHbIH MUTOXOHAPUSIABIK, OEACEHAIAITIH GaFaAar OTbIpbin, GaAyaHAAPAbIH
KYLIENTIATEH MMMYHOAOTUSIABIK, CapanTaMacbl (PU3MKaAbIK >KYKTEMEAEPAIH >KeKe LWeKTi AeHreniH
GararayFa MYMKIHAIK 6Gepeai, OHbIH acbi KeTyi UMMYHAbIK METaBOAM3MHIH Oy3bIAyblHA SKEAEA|.
COHABIKTaH OKY MakKpOLMKAIHE KOCbIMLLIA ©TMNEAi Ke3eHAI EHri3y 3epTTEAETIH KOPCETKIlUTEPAI TOAbIK,
KAATMbIHA KEATIpYre KeMeKTeCeAi.

Ty#iHAI ce3Aep: CMOPTTbIK, CTPECC, (PU3MKAABIK, XKYKTEME, BEMIMAEAY, UMMYHUTET, AUMQOLNTTED,
YHKLMOHAAABIK, GEACEHAIAIK, BanyaHAap.
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CnOpTMBHbIﬁ CcTpecc 1 ero BAMssHue Ha MMMYHHO€e COCTOsSIHUE CINTOPTCMEHOB,
3aHMMaIOLLLUXCS BOAbHOW 6OpbO0IA

CraTb$ NOCBSLEHA U3YUYEHUIO BAMSHUS (PU3MUECKMX Harpy30K Ha coaep kaHue M PyHKLMOHAAb-
HYI0 aKTMBHOCTb AUM(POLIMTOB B CUCTEME Nepudepryeckon Kposn 6OpPLIOB BOALHOTO CTUAS B AMHAMMKE
TPEHUMPOBOYHOIO MakpoLMKAQ. M3-3a BO3AENCTBUS (DU3NYECKMX HArpy30K NMPOUCXOAUT YMEHbLUEHWE
COAEP>KaHMS AMMGOLIMTOB U CHMXKAETCS MX (DYHKLUMOHAAbHAS aKTMBHOCTb. DTU M3MEHEHUS 3aBUCST OT
WMHTEHCUBHOCTM (PU3NYECKMX Harpy30K; OHM CTAHOBSTCS MaKCMMaAbHbIMU B KOHLLE COPEBHOBATEAbHOIO
neprMoAa U MUHMMAAbHBIMU B MEPEXOAHBIN NMeprUoA. MOXHO MPeANoAOXUTb, YTO UMMYHHasl cucte-
Ma UrpaeT CyLEeCTBEHHYIO POAb B aAanTaLMmn OpraHnsmMa K 3HauMTeAbHbIM (DM3MUYECKMM Harpyskam.
Pe3yAbTaTbl MPOBEAEHHOrO MCCAEAOBaHMS MOKa3blBalOT, YTO OCOOEHHOCTU KAETOUYHOIO MMMYyHUTETA
hopmumpytoTcs Y GOPLOB y>Ke Ha paHHEM 3Tare CroPTUBHOM NMOArOTOBKM. OTYACTM 3TO NMPOUCXOANT
M3-32 HAAMUMSI CTaTMYECKOM MAaTOAOIMM, CBS3aHHOM C peakumei Ha (On3nYeckne Harpysku B pamkax
TPEHUPOBOYHOrO Mpouecca. YCUAEHHOE UMMYHOAOrMYEecKoe o6cAep0BaHME GOPLOB C OLEHKOM MU-
TOXOHAPWMAABHOM aKTMBHOCTU MOMYASILMM AUMCOLIMTOB MO3BOASIET OLLEHUTb MHAMBMAYAAbHBIA MOPO-
roBbli YpOBEeHb (DM3MUYECKMX HArpy3oK, MpeBbllieHne KOTOPbIX MPUBOAUT K HapyLlleHWUI0 UMMYHHOTO
mMeTaboAM3mMa. [o3ToMy BKAIOUEHME AOTIOAHUTEABHOIO MEPEXOAHOIO NMEPUOAA B TPEHMPOBOYUHDIN Ma-

KPOLMKA CriocobCTByeT 60Aee MOAHOMY BOCCTAHOBAEHMIO M3YUaeMbIX MOKa3aTeAEN.
KAroueBble cAOBa: CMOPTUBHBIN CTpecc, (huanyeckas Harpyska, apantaums, UIMMYHUTET, AMMAOLLU-

Tbl, (PYHKLMOHAAbHAS AKTMBHOCTb, 6OpPLbI.

Introduction

Several massive studies have shown that pro-
fessional sports of the highest achievements have a
depressing effect on the immune system. It has been
determined that the frequency of acute and chronic
diseases increases sharply in athletes at the peak
of their sports form, which naturally reduces their
athletic potential and the ability to achieve the best
result. It was revealed that professional athletes, es-
pecially during periods of intense training, had an
increased sensibility to infectious diseases such as
upper respiratory tract infections. The main reason
for this sensibility is considered the immunosup-
pression that is caused by physical loads. The final
mechanism for the development of immunosuppres-
sion in professional athletes has not yet been eluci-
dated, although it can be assumed that this is caused
by the depletion of compensatory mechanisms and
the disruption of the adaptation of the immune sys-
tem (Aghayeva S, Alibekova S., 2015; Alibekova S,
Aliyev S.,2017; Alibekova S., 2020a; Alibekova S.,
2020b; Sterling Yu., 2007).

The changes occurred in the immune system un-
der the impact of sports stress also has a contribu-
tion character, thus enabling to assume that immu-
nological markers are more informative for study-
ing physical loads of lower and moderate intensity
(Alibekova S., 2020a; Gavrilin V., 2007; Courneya,
K, etal., 2009).

It should be mentioned that before there existed
a belief about the beneficial effects of physical cul-
ture and sports. It contributes to a decline in morbid-
ity and an increase in life expectancy. Until modern
circumstances, information has been accumulated
on the ambiguous effect of physical loads during
physical education and sports on immunity (Al-
ibekova S., 2020a; Alibekova S., 2020b; Gavrilova
E., 2009; Sterling Yu., et al, 2013). The carried-out
studies entirely evidence the dependence of the pa-
rameters of the body’s immunological reactivity on
the volume and intensity of loads. It has been shown
that with a moderate amount of physical activity,
immunity indicators increase, but the greater the
intensity of physical loads, the lower the immuno-
logical reactivity of the body may be. At the same
time, minimal physical loads in terms of energy
consumption leave immunity indicators stable and
contributes to a stimulating effect on the immune
system. Considering adaptation from the standpoint
of immunity, R.S. Suzdalnitsky and V.A. Levando
(2003) distinguish four phases of immunological
adaptation. In the first phase, called the mobilization
phase, the immunological reserves of the body are
mobilized in response to low-intensity (heart rate
up to 16 bpm) training loads. As the intensity and
volume of training loads increase, a compensation
phase is noted, in which the physiological protection
of the body remains almost at the same level as in
the previous phase. According to the data from these
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authors, the third phase — the phase of decompensa-
tion, is observed, as a rule, in the competitive period
against the background of high-intensity loads and
is characterized by a severe decrease in immunity.
After responsible competitions, acting as stress fac-
tors, the onset of functional paralysis of the immune
system is possible. The fourth phase is observed
after a significant reduction in training loads, when
the indicators of the immunological and hormonal
status are gradually restored (Gavrilova E., 2009;
Gunina L., 2013; Khaydukov et al., 2009).

A comprehensive study of humoral factors of
general and local immunity is sufficiently informa-
tive method for studying the immunological reac-
tivity of a human body under stressful conditions.
It is able to promptly identify the discrepancy be-
tween the loads presented and the functional capa-
bilities of the immune system and signal a develop-
ing breakdown of adaptive mechanisms (Alibekova
S., 2020b; Gavrilin V., 2007; Gavrilova E., 2009;
Gunina L., 2013; Dichko E., 2013; Musin Z., 2007,
Osadchaya O., et al., 2013).

As it is obvious, skeletal muscles have the
unique ability to increase oxygen consumption es-
sentially during contraction. These, of course, lead
to the intensification of free radical oxidation, the
initiation of adaptation and reparation, or, under
certain conditions, to the development of inadapta-
tion and functional deficiency. Since the role of free
radical processes in the implementation of the influ-
ence of physical activity on the body was clarified,
a period of intensive study began on the molecular
mechanisms of damage to cellular and subcellular
structures by free radicals, including reactive oxygen
species. Up to nowadays, data have been collected
on the significance of the free radical oxidation reac-
tion within physiological processes during physical
activity and the participation of the products of these
reactions in the development of pathological condi-
tions in athletes (Gavrilin V., 2007; Heint H., 2007).

In normal cases, any response of the body un-
der the influence of stress-causing factors (includ-
ing during physical loads) can be accompanied by
a short-term increase in the number of reactive oxy-
gen species and (Shephard R., 2010) there are two
different types of natural oxygen species in the cell:
the first are extremely active low molecular weight
radicals with a relatively short period of existence —
intermediate products of incomplete reduction of the
oxygen molecule (superoxide anion radical, nitrox-
ide, semi-ubiquinone), as well as oxygen molecules
in the singlet state (nitric oxide, peroxynitrin, hypo-
halogenites, etc.). The second type includes less de-
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structive and larger radicals, which are formed dur-
ing the interaction of radicals of the first type with
cell biomolecules and have a relatively long lifecy-
cle (for example, hydroxyl radical, lipid radicals).
Although the direct determination of the content of
reactive oxygen species in living cells is very diffi-
cult, because they have a high reactivity and a short
half-decay. During the past decade, direct evidence
has been obtained regarding an increase in the con-
tent of active oxygen both in the mitochondria of
the muscle tissue of a healthy untrained person after
physical load, and in the blood of qualified athletes
immediately after submaximal loads (Gavrilin V.,
2007; Sugiura S., 2000).

Intense physical loads also negatively affect
the immune resistance of athletes and increases the
sickness rate (Alibekova S., 2020b; Walsh N, et al.,
2011). Within the framework of sports immunol-
ogy, the primary spheres of study are the effect of
intense muscular activity on the immune system and
the development of maintaining the functions of the
immune system in athletes (Walsh N., et al., 2011).
The study of immunological parameters in athletes
at various stages of the annual training cycle unde-
niably indicates the regularity of the allocation of
such a nosology as sports stress immunodeficiency,
which belongs to the category of secondary immu-
nodeficiencies (Alibekova S., 2020b). This type of
immunodeficiency is fundamentally different from
secondary immunodeficiency conditions consid-
ered in the clinical practice of internal diseases due
to the peculiarities of pathogenesis and clinical and
laboratory manifestations. It is characterized by a
numerous recorded changes in all parts of the im-
mune system, profound metabolic changes and a
pronounced imbalance of the neuroendocrine sys-
tem (Suzdalnitsky R., 2003). A high level of meta-
bolic processes against the background of physical
exertion leads to stress on the immune system in the
process of removing a large amount of decay prod-
ucts resulting from redox reactions. The intensifica-
tion of metabolism in the immunocompetent cells
themselves leads to disruption of the formation and
accelerated disintegration of directly immune struc-
tures, which leads to dysregulation of the immune
system. At the same time, it is necessary to remem-
ber that there are certain genetic determinants that
determine the individual threshold level of physical
activity for the athlete’s body, the excess of which
leads to metabolic and immune disturbances (Al-
ibekova S., 2020b; Dychko E., et al., 2012; Musin
Z.,2007; Osadchaya O., et al., 2013). In other words,
sports activity serves as the background, where the



S.S. Alibekova et al

insolvency of the immune system is revealed, which
is largely associated with genetic or acquired reduc-
tion in stress resistance.

The modern training process and competitive
activity of athletes are associated with a high vol-
ume and level of physical loads that exceed the limit
of functional capabilities of a body. In this regard,
certain relevant and actual issues arise such as in-
creasing the functional reserves of the body, con-
tributing to an increase in the duration or intensity of
physical loads, without exhausting these possibili-
ties to the limit.

The objective of the study is to study the effect
of sports stress on the immune status of athletes in-
volved in freestyle wrestling.

Materials and methods

The work summarizes the results of an immu-
nological examination of 16 wrestlers aged 19-20
years old (average age 19.5 years) with 1-2 mass
categories. The training macrocycle included four
periods: lst — precompetitive, lasting 3 months,
with a frequency of training 3 times a week for 2
hours. each; 2nd — competitive, lasting 2-3 days,
with the number of sparring 2-6 for the entire dura-
tion of the competition; 3rd — transition period, last-
ing 10 days with light training 2 times a week, 4th
— additional transitional period with light training
2 times a week. The control group consisted of 10
practically healthy untrained individuals aged 19-
20 years. The study was performed in compliance
with all the provisions of bioethics. Blood sampling
for research was carried out at the beginning and at
the end of each period (in the first hour after exer-
cise). To accomplish the task, hematological meth-
ods were used: the determination of the absolute and
relative number of lymphocytes in peripheral blood
was determined on an automatic analyzer (MEK
8222, Japan), their quantitative and qualitative char-

acteristics (microlymphotoxic method with mono-
clinal antibodies NPO Med-Bio-Spect, Moscow).
Whole blood stabilized with EDTA (Ethylenedi-
aminetetraacetic acid). Lymphocytes were isolated
on a ficoll-verografin density gradient according to
a modified Boyum method. The leukocyte formula
was determined by direct counting of cellular ele-
ments in a thin smear stained according to the May-
Grunwald-Romanovsky method. The cellular link of
immunity was studied using flow cymoflumetry on
a Facs Calibur analyzer (Becton Dickinson, USA).
Determination of the main subpopulations of lym-
phocytes (CD3+ (mature T-lymphocytes), CD4+
(T-helpers / inducers), CD8+ (T-suppressors) (us-
ing a set of four-color direct monoclinal antibodies
Multi Test IMK (Becton Dickinson, USA). Multiset
program (Becton Dickinson, USA).

Results and their discussion

Based on the outcomes of conducted studies, it
was established that the level of general health of
the examined wrestlers was satisfactory. All sub-
jects trained according to a single plan, however, the
degree of adaptation to this load was different. It is
worth to mention that all participants in the study at
the time of the survey had a specialized sports expe-
rience of at least four years. The participants were
divided into two groups: experimental (group I) and
control (group II). These groups varied based on the
extent of adaptation to physical loads. The average
share of work in the second and third pulse zones
was 11.3% in the experimental group with high ad-
aptation and 23.1% in the control group with low
adaptation, and the Maximum Oxygen Consump-
tion (VO2 max) was 49.7 ml O /kg/min. and 45.4
ml O /kg/min., respectively. No statistically signifi-
cant differences were found between the groups in
terms of other morpho-physiological parameters
(Table 1).

Table 1 — The effect of training process on morpho-functional characteristics of the wrestlers of the control and experimental groups

(M£m)
Groups Control Experimental
At the beginning of At the beginning of
Indicators eycle At the end of cycle cycle At the end of cycle
1 2 3 4 5

Age, years 18.5+£3.4 19.0£1.3 18.5+£2.4 19.4+3.0
Height, cm 178.5+1.8 180.5+2.0 181.2+1.7 183.1+2.2 *

Resting heart rate, bpm 70.6+1.2 74.4+1.2 68.0+1.4 75.0+1.1%
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1 2 3 4 5
Heart rate An;;rrzbw threshold, 172.040.7 180.0:£0.9 174.040.7 180.0:£0.6*
Heart rate max, bpm 182.0+0.50 200.3£0.52%* 192.0+0.40 196.0+0.52*
Maximum oxygen consumption -
(VO, max), O,/kg/min 44.5+0.8 46.8+0.85 47.0+0.82 58.0+0.79
Blood oxygen l;vel (saturation), 98.0 99,0 98.5 99,5
(V]
Proportion of muscle tissue, % 51.6%3.1 52.742.40%* 53.5+2.55 57.0+2.48**
Proportion of adipose tissue, % 12.342.7 19.6+2.75* 11.5+£2.70 14.5+2.90*
Mass, kg 65.5+0.9 69.6+1.2 68.5+1.0 72.6£1.3%
Note: difference between the groups * — p<0,05, ** — p<0,001

Based on anthropometric data, mass proportion
of adipose tissue and muscle tissue was calculated.
In experimental group, after intense training loads,
the mass proportion of muscle tissue was signifi-
cantly higher than in control group with lower re-
sistance of training loads 52.15% (51.6-52.7) and
55.25% (53.5-57.0), respectively. The proportion
of adipose tissue was to the certain extent higher in
control group and constituted 15.90% (12.3-19.6),
while this indicator was 13.0% (11.5-14.5) in exper-

imental group. However, the given differences were
not so essential from the statistical perspective.

The values for the main hematological indica-
tors: the concentration of hemoglobin, the number of
red blood cells, reticulocytes and platelets, as well as
the level of hemotocrite practically did not varied in
the group of athletes and persons of the control group
who were not actively engaged in sport. There was no
expression of those values both as a response to the
training and for the duration of training cycle (Table 2).

Table 2 — The effect of training process on the main indicators in the blood (g/1)

of wrestlers from control and experimental groups (M+m)

Groups Control ‘ Experimental
At the beginning of At the beginning of
Indicators Cygcllenlng At the end of cycle Cyﬂg ng At the end of cycle
Hemoglobin, g/l 154.6+0,6 165.0+0,05 152.0+0,07 164.2+0,08
12
RBC (red ‘Zle‘ﬁ’s‘/llceus)’ 10 4.98£0,08 5.3540,05 4.8840,007 5.45£0,08
Reticulocytes, % 4.0+0,2 7.0+0,3 3.5+0,2 5.24+0,6
Thrombocytes (platelets), 10%/1 245.0+0,02 333.0+0,03 235.0+0,07 318.0+0,04
Hemacotrites, % 46.0+0,09 48.3+0,013 44.8+0,018 48.94+0,025
Average hemoglobin concen- 31.440,03 32.7+0,0035 30.3+0,045 31.5+0,018
tration in 1 red blood cell, kg

Immunological history (Anamnesis morbi) was
obtained by the method of interviewing athletes. The
frequency of cold diseases in experimented athletes
ranged to 2-3 cases per year. There were no signs of
colds observed for any of the athletes at the time of
study. According to anamnesis data, the body tem-
perature during colds ranged from 37 to 39°C (based
on information from the experimented individuals).
There were no statistically significant differences
between groups on this basis.

The anamnesis data is confirmed by laboratory
information (Table 3). In the first group, the level
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of total Ig E in the blood serum of athletes ranged
from 159.3 to 536.7 IU/ml. All experimented ath-
letes from this group had an increased level of total
Ig E. There were no such experimented athletes in
the second group, and the level of Ig E ranged from
12.0 to 95.4 IU/ml. The group of athletes with vary-
ing resistance of training loads significantly differed
in the level of Ig E (p=0.016). As a response to the
training load, no changes in the level of Ig E in the
blood serum of athletes were observed. During the
observation period, no expressed dynamics of the Ig
E level was recorded in any athlete.
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Table 3 — The effect of training cycle on the immune system of wrestlers from control and experimental groups (M+m)

Groups Control Experimental
. Until loads, n=5 After loads, n=5 Until loads, n=6 After loads, n=6
Indicators

General Ig G, g/l 8,70+2.1 13,5042.4* 13,60+2.6 15,7742.8*
General Ig A, g/l 1,72+0.70 2,13+£0.6 2,53+0.7 3,64+0.62
General Ig M, g/l 0,94+0.54 2,80+0.50 1,09+0.01 1,51£0.70

General Ig E, TU/ml 12,35+6.4 72,97+6.00* 201,00+7.0 443,90+7.1*
C, component, g/l 0,49+0.11 1,84+0.13 0,62+0.10 1,69+0.18
C, component, g/l 0,19+0.08 0,33+0.07 0,22+0.04 0,30+0.13

Note: difference between the groups * — p<0,05, ** — p<0,001

As it is obvious from the Table 3, under the im-
pact of physical loads on the human immune sys-
tem, the number of leukocytes increases, but their
functional activity is tangibly reduced, the antigen —
the presenting ability of macrophages is suppressed,
depression of natural cells is observed, the number
of T-lymphocytes decreases, the proliferative re-
sponse of lymphocytes to T-mitogens is suppressed,
and immunoglobulins disappear from blood or sa-
liva during competition. The stress response during
physical loads is realized through the sympatho-
adrenal and hypothalamic-pituitary-adrenocortical
system, which leads to an increase in the level of
catecholamines and glucocorticoids. It is worth to
mention that volume and intensive training have a
powerful effect on the hormonal system. After such
loads in the blood, there is a decrease in testosterone
and other hormones involved in anabolic processes,
and this is reflected in the immunological reactiv-
ity of especially young athletes. The physiological
and biochemical processes that occur in the muscles
during work should be necessarily tracked to under-
stand the causes that affect the human immune sys-
tem during physical loads.

Consequently, the study outcomes (Table
4) showed that the level of lymphocytes in the
examined athletes before physical loads was

20.00+0.45%. After applying heavy loads, the con-
tent of peripheral blood lymphocytes was studied
and this indicator increased by 24.05 £+ 0.25%,
which corresponds to the criteria for an adaptive
training response.

General concentration of leukocytes in the blood
of athletes was 19% lower (p < 0,05) than in control
group (5,88+0,15 and 7,26+0,28, respectively). The
content of lymphocytes and neutrophils in percent-
age is 11% higher (p<0.05); the increased content
of monocytes in the blood of athletes makes us to
pay attention on it: there are 43% (p<0.01) more of
these cells with a nonspecific response. It was also
fixed in the study that the immune system indicators
do not change in athletes before performing heavy
loads, and this is consistent with the data of some
authors, indicating that in most cases the state of the
immune system does not have any changes in ath-
letes. Therefore, some authors consider that sports
immunology is the immunology of a healthy person
under conditions of essential sports loads (Yasko V,
et al., 2012; Nieaman D., 2010).

Thus, the analysis of the obtained results shows
that the assessment of the state of the immune sys-
tem under the influence of physical activity should
be carried out considering many factors, especially
the type and direction of physical loads.

Table 4 — The dynamics of indicators for functional state of blood leukocytes in the wrestlers of control and experimental groups in

the various periods of training process (M+m)

Indicators Control group Experimental group
1 2 3

Preparatory period

Leukocytes, g/l 6,20+0,15 7,26+0,28

Lymphocytes, g/l 1,5440,08 1,21£0,30

Monocytes, g/l 0,30+0,07 0,42+0,25

Neutrophils, g/l 4,1+0,04 4,55+0,29
Competition period
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1 3
Leukocytes, g/l 5,80+0,16 5,38+0,18
Lymphocytes, g/l 1,72+0,07 1,65+0,24
Monocytes, g/l 0,70+0,06 0,24+0,23
Neutrophils, g/l 4,60+0,05 4,25+0,30
Transition period
Leukocytes, g/l 6,10+0,18 5,80+0,24
Lymphocytes, g/l 1,40+0,09 1,30+0,26
Monocytes, g/l 0,25+0,07 0,16+0,26
Neutrophils, g/ 4,4+0,08 3,10+0,18
Note: difference between the groups * — p<0,05, ** — p<0,001

While being directed towards the classification
of development of sportive stressor immune-deficit
proposed by R. Shefgard (2010), we may state that
the study conducted at the basic stage of the train-
ing process corresponded to the phase of mobiliza-
tion or the phase of compensation for the response
of the immune system. As the literature data shows
(Pershin B, et al., 2002), these phases are character-
ized by a dissociation syndrome, in which, against
the background of regular physical loads of medium
or high intensity, some immunological indicators in-
crease against the background of a decrease in oth-
ers, and in the compensation phase, the number of
reduced indicators exceeds the number compensa-
tory increases. It is worth to mention that changes
in the cellular link of the immune system in differ-
ent age groups are varying at all. For younger ath-
letes, regardless of the presence of hotspots (foci)
of chronic infection, a significant decrease in the
number of cells in the population is typical. In the
older age group, hotspots of chronic infection show
a significant increase in the number of regulatory
T-lymphocytes compared with clinically healthy
peers. In athletes of the older age group, changes in
the parameters of the immune system are more typi-
cal for highly qualified athletes at the basic stage of
the training cycle and are accompanied by activation
of the effector link of cellular immunity, especially
at the site of chronic infection and functional im-
pairment of the cardiovascular system in the form of
a violation of myocardial repolarization processes.
In adult athletes, an increase in mitochondrial cell
activity witnesses their functional activation and
may be a compensatory response of T-lymphocytes
to regulatory T-lymphocytes. An increase in the
mitochondrial activity of cells indicates their func-
tional activation and may be a compensatory reac-
tion of minor populations, which mainly carry out
regulatory functions, in response to the syndrome of
dissociation of the main lymphocytic populations.
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The evaluation of cumulative data obtained in the
course of studies shows that, certain symptoms of
latent immunodeficiency are developed in young
athletes already in the early stages of professional
sports training. They are in the form of inhibition of
the effective link of cellular immunity with compen-
satory activation of a number of minor populations
of lymphocytes in athletes with hotspots of chronic
infection. In athletes of the older age group at the ba-
sic stage of the training cycle, changes in the param-
eters of the immune system are already more typical
for highly qualified athletes and are accompanied
by the activation of an effective link of cellular im-
munity, especially against the background of foci of
chronic infection and functional disturbances of the
cardiovascular system. Detailed changes occurred in
the parameters of the immune system require closer
attention from sports doctors, because they are a
risk factor for the pathological transformation of the
“sports heart” in young ages (Alibekova S., 2020b;
Gavrilova E., 2009; Gunina L., 2013, Dychko E., et
al., 2012; Heint H., 2007; West N., 2008).

Conclusion

We should highlight this fact as well, that an
extended immunological examination of young ath-
letes with an assessment of the mitochondrial activ-
ity of lymphocyte populations allows us to assess
the individual threshold level of physical loads, the
excess of which leads to metabolic and immune dis-
orders. The indicators of the immune system can go
beyond the physiological boundaries and be patho-
logical, if they are under the impact of high intense
physical loads; it may cause an increase in morbid-
ity and a decrease in sports performance. However,
although we have this information about immune
changes, it can hardly be argued that their nature and
significance have not been adequately studied.
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Thus, it was established that when exposed to
the effect of physical loads, the functional activ-
ity of peripheral blood lymphocytes of athletes be-
comes lesser, which is expressed in a decrease in
sports secretion of IL-2, IL-6, IL-10, as well as in
a decline in the cytotoxic activity of CD16+ cells.
Changes in the secretory and cytotoxic activity of
lymphocytes depend on the intensity of physical
loads. They are moderate in the pre-competitive
period, and the largest — in the competitive period;
in the transitional period of the training process,
the changes become decreasing. The inclusion of
an additional transitional period in the training pro-
cess contributes to the complete normalization of
the functional activity of lymphocytes. It has been

established that in the pre-competitive and compet-
itive period of the training macrocycle, the abso-
lute content of CD3+, CD4+, CD8+ lymphocytes
in the peripheral blood of wrestlers decreases with
the formation of a relative hypersuppressive vari-
ant of the immunodeficiency situation, under the
effect of physical load. Immune disturbances are
assessed as moderate in the pre-competitive period
and as the greatest — in the competitive period. In
the transitional period, there is no complete nor-
malization of the parameters of the subpopulation
composition of lymphocytes. The inclusion of an
additional transitional period in the training macro-
cycle enables to make to a more complete recovery
of the studied indicators.
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BAMSIHUE 1(10)B-3MOKCMU-5,7A,6B(H)-TBAI-3(4),11(13)-AMUEH-6,
12-OAMAA HA MMMYHHYIO CUCTEMY OHKOBOAbHbIX

Ha ceroAHsILLHMI AeHb M3BECTHO BOABLLOE KOAMYECTBO MMMYHOMOAYAMPYIOLLIMX CPEACTB MUKPOO-
HOro, 3HAOIr€HHOro, CUHTETMYECKOr0 U PAaCTUTEABHOIO NMPOUCXOXAEHMS. Ha hbapmauieBTMUeCKOM pbIH-
K€ NMPUCYTCTBYET AOCTAaTOUYHbIN aCCOPTUMEHTO MMMYHOTPOMHbIX NpenapatoB. OAHAKO, HAAMYME LIMPO-
KOro Bblibopa MMMYHOMOAYASITOPOB MX UCMOAb30BaHME B KAMHMKE OrPaHUYEHO HaAMUYMEM MOOBOYHbIX
AENCTBUM N pPSAQ MPOTMBOMOKA3AHUI K MPUMEHEHUIO.

B HacTosillee Bpems He BbISIBAEHO LUMTOKMHOB CO CTPOro crieumrnyeckor akTUBHOCTbIO. Takue
0CO6EHHOCTU (PYHKLMOHMPOBAHMSI MMMYHHOM CUCTEMbI AEAAIOT MPAKTUYECKM HEBO3MOXKHbIM CylLie-
CTBOBaHME MMMYHOMOAYASITOPa C aBCOAIOTHO CEAEKTMBHbIM KOHEUYHBIM BAMSIHMEM HA MMMYHUTET.

B cratbe paccmaTpMBaeTCs BAMSIHME PACTUTEAbHOrO MMMyHoMoayAgTtopa 1(10)B-anokcu-
5,7a,6B(H)-reain-3(4),11(13)-aneH-6,12-oAnpa (Aanee — 3MOKCUIBasiHOAMA) HA MMMYHHYIO CUCTEMY
OHKOGOAbHBIX. 10 pe3yAbTaTaM PaHAOMM3MPOBAHHbBIX KAMHUYECKMX MCCAEAOBAHMI MOATBEPXKAEHO
VMMYHOMOAYAMPYIOLLEE AEMNCTBUE SMOKCUTBASHOAMAQ M OMPEAEAEHO €ro NMOAOXKUTEAbHOE BAMSIHME Ha
nokasatean cuctembl [TOA-AO3 1 OKMCAMTEAbHBIE MOAMMMKALMN BEAKOB.

B paboTe nokasaHa Ba>KHOCTb MPOBEAEHMNSI MMMYHOMEHOTUMNYECKOrO aHaAM3a MOHOHYKAEaPHbIX
KAETOK nepmdepryeckoit KpoBM OHKOMALMEHTOB.

OnpeaeAeHO MMMYHOMOAYAMpYIOLLIee AENCTBME 3MOKCUIBassHOAMAQ, MPOSBASIOWEECS MPenMy-
LLECTBEHHbIM BAUSIHUEM Ha T-KAETOYHOE 3BEHO MMMYHMTETA. DNOKCUrBasSiHOAMA 0BAAAAET CBOMCTBOM
KOPPEKTMPOBATb MMMYHOAEMPECCMBHbIN 3(peKT LMTOCTaTUKOB. TakMm 06pa3oM, pe3yAbTaTbl MCCAE-
AOBAHMIA MOKCUMBASIHOAMAQ CBMAETEAbCTBYIOT O MOTEHLUMAAbHON BO3MOXXHOCTM pa3paboTKmM Ha ero
OCHOBE HOBOrO rpernapaTa C BblpaXXeHHbIM LIMTOCTAaTUYECKMM AEMCTBMEM, TEM CaMbIM CTUMYAUPYIO-
LM UIMMYHHYIO CUCTEMY.

KAloueBble  CAOBa/CAOBOCOYETAHUS: 1(10)B-anokcun-5,7a,6B(H)-reain-3(4),11(13)-anenH-6,12-
OAMAQ, UMMYHHAs CUCTEMA, UMMYHOMOAYASTOP, Pak MOAOUYHOM >KeAe3bl, XMMHoTepanus.

12A.M. Zhumakayeva *, '0.V. Maslova, 'S.M. Adekenov
'JSC “International Research and Production Holding Phytochemistry”, Kazakhstan, Karaganda
2NAO “Medical University of Karaganda”, Kazakhstan, Karaganda
*e-mail: aynura_tuleuova@mail.ru
The effect of 1(10)p-epoxy-5,7a,6p(H)-guai-3(4),11(13)-diene-6,12-olide
on the immune system of cancer patients

Today, a large number of immunomodulatory agents of microbial, endogenous, synthetic and plant
origin are known. There is a sufficient range of immunotropic drugs on the pharmaceutical market. How-
ever, the availability of a wide range of immunomodulators and their use in the clinic is limited by the
presence of side effects and a number of contraindications for use.

Currently, no cytokines with strictly specific activity have been identified. Such features of the func-
tioning of the immune system make the existence of an immunomodulator with an absolutely selective
final effect on immunity practically impossible.

The article discusses the effect of the plant immunomodulator 1(10)B-epoxy-5,7a,6B(H)-guai-
3(4),11(13)-diene-6,12-olide (hereinafter referred to as epoxyguaianolide) on the immune system of the
cancer patients. According to the results of randomized clinical trials, the immunomodulatory effect of
epoxyguaianolide was confirmed and its positive effect on the indicators of the LPO-AOD system and
oxidative modification of proteins was determined.

The paper shows the importance of immunophenotypic analysis of peripheral blood mononuclear
cells of cancer patients.

The immunomodulatory effect of epoxyguaianolide was determined, which manifests itself as a
predominant effect on the T-cell link of immunity. Epoxyguaianolide has the ability to correct the immu-
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nosuppressive effect of cytostatics. Thus, the results of studies of epoxyguaianolide indicate the potential
for the development of a new drug based on it with a pronounced cytostatic effect, thereby stimulating
the immune system.

Key words/phrases: 1(10)B-epoxy-5,7a,6B(H)-guai-3(4),11(13)-diene-6,12-olide, immune system,
immunomodulator, breast cancer, chemotherapy.

2A.M. XKymakaesa*, ' O.B. MacaoBa, 'C.M. OaekeHoB
T«DUTOXMMMS» XaAbIKAPAABIK, FbIAbIMU-OHAIPICTIK XoAamHri» AK, KasakcrtaH, KaparaHab! K.
2«KaparaHabl MeanumHa yHueepcnTeTi» KEAK, KasakcraH, KaparaHab! K.
*e-mail: aynura_tuleuova@mail.ru
1(10)B-a3nokcm-5,7a,6B(H)-reai-3(4),11(13)-AueH-6,12-0AUATIH, OHKOAOTUSIABIK,
HayKacTapAblH MMMYHABIK, XXyHeciHe acepi

byriHri TaHAQ MMKPOOTBIK, SHAOTEHAIK, CMHTETMKAABIK, XOHE OCIMAIK TEKTeC KenTereH MMMYyH-
TYpAeHAIpyWwi Kypasaap 6earini. DapmMaueBTUKaAbIK, HApbIKTa MMMYHOTPOMTbI MpenapaTTapAbiH
JKETKIAIKTI CYpbINTaAbIMbl OPbIH aAyAQd. AAaiaa UMMYHOMOAYASITOPAAPAbBIH, KEH, TaHAQYbl MEH OAQPAbI
KAMHMKAAQ KOAAAHY >KaHama aCepAEpPAiH >kaHe KOAAaHyFa Bipkartap Kapcbl KepCeTiAiMAEpAiH 6OAY-
bIMEH LLEKTEAEA].

Kasipri yakpiTTa KataH crneunukabik, GEACEHAIAIN 6ap UMTOKMHAEP aHbIKTAAFaH >KOK. M-
MYHABIK >KYI€ KbI3METIHIH MYHAAM epeKILeAiKTEPi MMMYHMUTETKE aOCOAIOTTI CEAEKTMBTI COHFbl 8Cepi
6ap MMMYHOMOAYASITOPAbIH, GOAYbIH iC XKY3IHAE MYMKIH eMeC eTeAi.

Makanaaa ecimMAiK MMMyHoMoayAdTopbl 1(10)B-anokcn-5,7a,6p(H)-rean-3(4),11(13)-amneH-6,12-
OAMATIH (ByAaH opi — 3MOKCUIBAsHOAMA) OHKOAOTMSIABIK, HayKaCTaHFaH aAaMAAPAbIH MUMMYHADIK,
>KyneciHe acepi KapacTblpblAaAbl. PaHAOMM3ALMSAQHFAH KAMHUKAABIK, 3€PTTEYAEpPAIH HaTUXKeAepi
6OMbIHLIA 3MOKCUrBAHOAMATIH MMMYHTYPAEHAIPYLLI &cepi pacTanabl, COHAAM-aK, oHbiH, AAT-AOK
JKYMECIHIH KepceTKiluTepiHe KaHe aKybl3AapAbIH TOTbIFY MOAMMUKALMICbIHA OH 8Cepi aHbIKTAAADI.

2KyMbICTa OHKOAOTMSIABIK, EMAEAYLLIAEPAIH, MepUdEPUSIAbIK, KaHbIHbIH MOHOHYKAEAPABI >KacyllaAa-
pblHa UMMYHOMDEHOTUNTIK TAaAAQY XKYPri3yAiH MaHbI3ABIAbIFbl KOPCETIAAI.

DMNOKCUrBasHOAMATIH ~ UMMYHUTETTIH  T-kacywlaAblk,  OyblHblHA ~ 6acbiM  ocep  eTeTiH
MMMYHTYPAEHAIPYLLI 8cepi aHbIKTaAAbl. DMOKCUIBAIHOAMA LIUTOCTAaTUKTEPAIH, UMMYHUTETTI TEXKENTIH
acepiH Ty3eTy KacueTiHe me. OcblAaiLla, 3MOKCUMBAsHOAMATI 3epTTey HOTUXKEeAepi OHbIH, Heri3iHAe
LUMTOCTATMKAAbIK, 8cepi 6ap, COA apKbiAbl MMMYHADIK >KYMEHi bIHTAaAQHAbIPATbIH >KaHa MpenaparTbl

>KacayAblH 9AeYeTTi MyMKIHAITIH KepceTeAl.
Tyiinai ce3aep/ce3 Tipkecrepi:

1(10)B-anokcn-5,7a,6B(H)-reain-3(4),11(13)-aneH-6,12-0A14,

MMMYHABIK, >KY1e, IMMYHOMOAYASTOP, CYT 6e3i 06bIpbl, XMMMUOTEparusl.

BBenenue

Ha ceromusmmanii 7eHb U3BECTHO OOJBIIOE KO-
JIUYECTBO HMMYHOMOJYJUPYIOIIMX CPEACTB MHU-
KpOOHOTO, PHJIOTEHHOT'0, CHHTETHYECKOTO W pac-
TUTEJILHOTO TpoucxoxaeHus. [Ipu Hanwuuu mmu-
POKOTO BBIOOpa UMMYHOMOZYJISITOPOB MX HCIOJb-
30BaHUE B KIIMHUKE OTPAaHUUYCHO B CHITY TIOOOYHOTO
JICUCTBUA U psAZla MIPOTUBOIMOKA3aHUM K TTPUMEHE-
Huto [1].

B macrosiiiee BpeMs HE BBIABIEHO ITUTOKHHOB
CO CTPOro CHeru(HUUecKOl aKTHMBHOCTHIO. Takue
ocoOeHHOCTH (YHKITMOHHUPOBAHUS WMMYHHOH CH-
CTEMbI JICTAIOT MPAKTHYSCKH HEBO3MOXKHBIM CY-
IIECTBOBAaHNE HMMMYHOMOJIYIIATOpa C aOCOJIOTHO
CCJICKTHBHBIM KOHCYHBIM BJIMSIHUEM HA UMMYHUTET
[2, 3].

ITo pesynbpraraM KIMHHYECKUX HCCIICIOBAHHIM
onpenenero, uro 1(10)B-smokcen-5,7a,6(H)-rBaii-
3(4),11(13)-auen-6,12-omua (nanee — MOKCUTBASI-

Honun) (1) obmamaetT HU3KOU OOITIEH TOKCUIHOCTHIO
BCJIEACTBHE OBICTPONl MHAKTUBALMU B OPTraHU3ME,
YTO IMO3BOJIIET MPEANOIOKUTH OTCYTCTBUE y HETO
cymnpeccopHoro 3ddexra Ha NK-kmetku [4].

OpHako, ero BIMSHUE Ha CHUCTEMY MPOTHBO-
OITyXO0JIEBOI'0 MMMYHHUTETA /10 KOHIIA HE M3BECTHO.
Mexay TeM MMEHHO MPOTUBOOITYXOJIEBOM AKTUB-
Hoctd NK-KIeTOK mpu pasmuuHBIX BHIAX paka
MIPUIAIOT OTPOMHOE 3HAUYE€HHE BBUAY XOPOIIIO yCTa-
HOBJICHHBIX OOpaTHBIX Koppemsnuid mexnay NK-
AaKTHBHOCTBIO M Iporpeccueil mMeracrazoB. Kpome
TOrO, TIOKa3aHa MpsiMas KOPPEJsIIKsS MEXIY Hpo-
JOJDKUTETBHOCTBIO JKM3HU TAIMEeHTOB IOCie y/a-
neHus onyxone u NK-kieTouHOl aKTUBHOCTBIO Y
HUX.

PacturenbHble mpenapatsl (penaparsl dXHHa-
IIEH, JIEYTEPOKOKKA, KEHBIIEHS, POIUOIBI PO30-
BOMH, TOH3WITOH H U npyrue) 1ocTatoyHo mupoxo
UCTIOJIB3YIOT B KIIMHUYECKOH MpaKkTHKE B Ka4eCTBE
a/1alITOr€HOB M MSITKUX UMMYHOCTUMYJISITOPOB. Og1-
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HAaKO, MEXaHHU3MBI HX JIEHCTBHS 1O KOHIIA HE U3yYe-
HEI [5].

OteyecTBeHHbIE M 3apyOeKHBIE HCCIIEI0BATE-
1 [6-14] yaensiroT 3HaUnTeThHOe BHUMAHUE OIpe-
JIEJICHUIO MOJIEKYJISIPHO-KJIETOYHBIX MEXaHH3MOB
TpaHc(OpMaIMy KIETOK, PAa3BUTHIO CTaJWU TIPO-
MOIIMM M OIyxoJjeBoW mporpeccun. OnHAKO, Kak
M3BECTHO, MAJIMTHU3AINS KJIETKH €Ile He O3HAYaeT
Pa3BUTHS OIYXOJIEBOTO Mpolecca U TeM Oosee OH-
KOJIOTHYECKOT0 3a0oJieBaHus. B yciIoBHAX HOPMBI
OITyXOJIEBBIE KJIETKH TOJBEPraroTCs SJIUMHHALNN
3a cYeT Hecrenu(pUIecKX MEXaHU3MOB PE3UCTEHT-
HOCTH U CHEUU(PHUECKIX WUMMYHOJIOTHYECKUX Me-
XaHU3MOB 3aIUTHI.

Pe3ynbraTel MHOTOJETHHX HCCIEAOBAaHUI ce-
CKBHUTEPIICHOBBIX JIAKTOHOB TOKa3alld, 4TO TBas-
HOJIMJIBI SBIISIIOTCS HamOoJiee CHIBHBIMH HHTHUOH-
topamu NF-kB u ux 3¢ppexTuBHOCTH B OCHOBHOM
o0ycioBieHa «,f3-HEHACHICHHOW KapOOHUIBLHON
rpynmo# [15-19].

CymecTByloT 000CHOBAaHHBIC TPEICTABICHHUS
0 TOM, YTO TPOTPECCHs MIEPBUIHOHN OIyXOJIH B MO-
JIOYHOM KeJle3e HANpPSIMYIO 3aBHCHUT OT LIUTOJIUTH-
YEeCKOW aKTHUBHOCTH JTUM(OIIUTOB, TAKUX KaK HATY-
pansable KmuntepHble (NK) KIeTku u HUTOTOKCHYE-
ckue T-mumbpormter (CTL) [20]. Ipu aTom ocobas
pone otBoauTcs NK-kineTkam, MpeacTaBIISIONIUM

TIOIYJISIIIUIO OOJIBIIUX TPAHYJISIPHBIX JTUMQOIIUTOB,
PACIO3HAIONINX PSIl TTOBEPXHOCTHBIX KIIETOYHBIX
MOJIEKYJI, SKCIIPECCUPYIOLIUXCS HA PAKOBBIX KIIET-
KaX, U YHAYTOXKAIOIMINX KIICTKH-MHIICHU TTOCPEI-
CTBOM «IIUTOJUTHUYECKOTO yJnapa» 0e3 IpenBapu-
TeJIbHON ceHcnommu3anuu [21-23].

OnokcureastHoauA (1) 1eHcTByET Kak MPOTHBO-
OTIYXOJIEBOE CPENICTBO, HHTHOMPYS (papHE3MIIPO-
TeuHTpaHcdepasy, KoTopas sBiseTcs GepMeHTOM,
YYaCTBYIOIIMM B OOpa30BaHUHU 3JI0KAYECTBEHHBIX
onyxoinei (pucynok 1). Kpome toro, nmanuoe co-
CIWHCHUE OKa3bIBaCT WHTHOWpYIOINIee MeHCTBUE
Ha BUpYC Ipumna A, OHO MOXET BOCCTaHABIUBATh
CHHTE3 ITUTOKWHOB W JPYTUX IPOTHBOBOCIIAH-
TENbHBIX MEIUATOPOB, ACHCTBYIOMIMNX KaK MPOTHU-
BOBOCTIAJINTEIIBHBIEC B MOJEIAX BOCIIATIEHHUS N VIVO
(Momeny kapparuHaHa, TuctTama u GopMaiauHa), u
OHO 00JagaeT UMMYHOMOIYJIHUPYIOMIEH aKTUBHO-
cThio [24-25]. Abderrazak A. c coaBTopamu [26]
OTIPEACIIHIIN, YTO YTTOKCUTBASHOH] CHIDKACT BOC-
MajeHue B P-KIETKaX MOKEIyI0YHON JKee3bl in
vivo U B kieTtounon auHuu INS-1 in vitro. Takum
o0pazom, anokcurBastHoaua (1) MokeT mpeacTaB-
JATh CO0OW HOBOE TEPCIEKTUBHOC COCTMHEHUE
JUTS JICUCHUSI OHKOTIAIMEHTOB M OOJBHBIX C BOCHA-
JIUTETLHBIMA TPOIECCAaMH M CaXapHBIM TrabeToM
2 Tuna.

Pucynok 1 — Mexanmusm B3aumoaeicTBus snokcursasonua (1) ¢ ¢papuesmwmporenHTpancdepaszoit

PanmomusupoBaHHbIE KIMHUYECKHE HCCIICIO-
BaHMsI MO3BOJIMIM MOATBEPAUTH UMMYHOMOYJIU-
pyroiee neicTBHe smokcurBasHoiauaa (1) m mpu
9TOM ONPEIEIICHO €r0 MOJOKUTEILHOE BIUSHUE Ha
nokazarenu cucremsl ITIOJI-AO3 1 oKuCIUTEIbHbIC
Moaudukanun 6emkoB [27].
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MEXaHU3M J€MCTBHUSA KOTOPBIX, HAMIPABIEH HA KOP-
PEKITNI0 UMMYHHOW CHCTEMBI.

Lens wuccnenoBaHuss — BBIABICHUE BIUSHUS
1(10)B-amokcu-5,7a,6(H)-rBaii-3(4),11(13)-nuen-
6,12-onMa Ha MOKa3aTelnd UMMYHHOU CHCTEMBI Y
OOJEHBIX PaKOM MOJIOYHOH JKEIIC3Hl.

2. MarepuaJjbl 1 METObI

2.1 UccaexyemMslii MaTepuaJl

B pabote mcnonp3oBaHbl 00pasubl nepudepu-
YeCcKOH KPOBH 3/I0POBBIX JKEHIUH U MAIMEHTOK C
JMaTHO30M DPaK MOJIOUHOW kemne3bl. llepudepmue-
CKYIO KPOBb COOMpPAJIH HATOIIAK U3 JJOKTEBOW BEHBI
B 00BeMe 5 MJI B CTEpHIIbHBIE TPOOUPKH C aHTUKOA-
rynsaToM EDTA.

2.2 PeareHTnl

B xoze SKCHepuMEeHTOB HCIIONB30BAH CIIETY-
IOIIME PEAaKTUBBL: KyJbTypasbHas cpeaa (culture
medium) RPMI-1640 (Sigma-Aldrich), L-rmyTamun
(L-glutamine) (Sigma-Aldrich), crpenromunms/
neHuumH  (Streptomycin/penicillin) - (Sigma-
Aldrich), d¢eranpnas Obubst ceiBopoTka (Fetal
Bovine Serum, FBS) (Sigma-Aldrich), Tpumano-
Bolid cunuil (Trypan Blue) (Sigma-Aldrich), nepkon
(Percoll) (Sigma-Aldrich), docdarHo-coneBoit Oy-
¢epusiit pactBop (Phosphate Buffer Saline, PBS),
musupytommii pacteop (BD Biosciences), ¢myo-
PECLIEHTHO-MEUEHHbIE MOHOKJIOHAJIbHBIE aHTHTEJA
k CD56-PE (Miltenyi Biotech), CD3-PerCP (BD
Biosciences), CD8-PE (BD Biosciences), CD44-
FITC, CD62L-FITC (BD Biosciences), aTunenua-
muHotetpaanerat (EDTA) (Serva, I'epmanus), au-
Metucynbdokcua (DMSO) (Sigma-Aldrich),

2.3 IlpuroToBJjieHHe KYJbTYPaJIbHOI cCpeabl

Kunkyro kyasrypamsHyto cpexy RPMI-1640
TOTOBWJIM M3 CYXOTO TIperapaTa, pacTBOpSAS €ro B
JIEMOHU3UPOBaHHOU Boje u goBojas pH mo 7.4, co-
TJIacHO TpomnucH (GUPMBI-TIpon3BoAnTeNs (Sigma-
Aldrich, I'epmanusi), cTepuau3ys KOHEUHBIA MpO-
IYKT TyTeM YJIbTpadMiIbTpaiyd 4depe3 MeMOpaH-
HBIH QUIABLTP ¢ ArameTpom mop 0,22 MKM.

2.4 BolgesieHre MOHOHYKJICAPHOH (ppakmuu

S MJ UeTbHOM KpPOBM HAcllauBajdud Ha 5 MII C
wiotHocteio 1,076, nenrpudyruposanu 20 MuH
mpu 1400g mpu 20°C. MoHOHYKJICapHBIE KIETKH
MHTEP(A3HOT0 KOJIbIa OTMBIBAIN 20-KpaTHBIM 00b-
emoM cpeasl RPMI-1640 mpu 200g B Teuenue 10
MuH npu 20°C. [ToacunTeiBaNu 5KUBBIE KJIETKU C UC-
MOJTE30BAaHUEM METOJIa MCKIIOYEHHS TPHUIIAHOBOTO
cunero [28].

2.5 KyJbTHBHpOBaHMe KJIETOK

B kauectBe kierok-mueHer mig NK ucrosns-
30BN JIMHUIO KJIETOK SPUTPOJIEMKEMUH YesloBeKa
K-562, xpansmryrocs B KpHoOOaHKe Ta0OpaTOpHH
MOJICKYJISIPHOH WMMYHOJIOTHH ¥ UMMYHOOHOTEXHO-
norun MHCTHTYTA MONEKYIISIpHOM OHoI0THH U OHO-
xumun uM. M. A. AliTxoxxnHa. PazMopaxxuBaHue Kie-
TOK OCYIIECTBISUIM CTaHIAPTHBIM criocoOoMm [28].
Kpuonpobupky ¢ KiieTkam# MepeHOCHIT U3 COCyIa
Iproapa B BomsiHyt0 OaHro ¢ Temmneparypoir 37°C,
MIPEBAPUTENBHO BBIAEPIKAB MPU KOMHATHOM TeMIle-
partype 11 MICapeHust U3 NPOOMPKH OCTaTKOB XKH /-
koro azota. Ilocie momHOrO pa3sMopakuBaHUS Cy-
CIICH3UIO KJIETOK MojBepranu otMbiBke oT DMSO u
FBS B 20-xparHom u36biTke cpeasl RPMI-1640 npu
neHtpudyrupoBanuy mpu 160 g B Teuenne 10 mMuH.
3areM KJIETKH pecyCHeHIUPOBAIH B IOJIHON KYJIbTY-
panbHoii cpene RPMI-1640, conepxameit 10% FBS,
2 MM L-riyramuna, 100 ME/Mn nenunmninaa u 0,1
Mmr/mn crpentomuiHa. Ilocne storo ompexnensim
YKM3HECTIOCOOHOCTh KJIETOK METOJIOM HWCKITIOUEHHS
TPUIIAHOBOT'O CHHETO M HOABEPralN KyJIbTUBHPOBA-
uuio B CO,-unky6arope npu 37°C u 5% CO,,.

2.6 OneHka INUTOJHUTHYECKON AKTHBHOCTH
NK-knerok

O muronutnueckoil axtuBHocTd NK-KiIeTokx
CYIIMJIA TI0 M3MEHEHWIO IUTOIUIa3MaTHYECKUX Jie-
rujporeHas, oueHuBaembix B MTT-tecte. MoHo-
HyKIeapHble KIeTku (2,5x10° KiI./7IyH.) KOKYJIb-
THBUPOBAJIM C KieTkamu Mumensmu (5x10* wi./
JyH.) B 96-TyHOYHBIX KPYTJIOAOHHBIX TUIAHIIETaX
B 200 mxn 10-mponentHoit cpeast RPMI-1640
B TeyeHue 12 4. 3a 4 4 10 OKOHYAHUS KYJIbTU-
BHUPOBaHUS B Kaxaylo sgueilky BHocuian mo 500
Mkr/mir MTT  (3-(4,5-muMeTunTrazon-2-mi)-2,5-
mudenmnrerpazonuyM Opomun). [lo oxoHyaHuio
OTIBITA W3 JIYHOK Y/aJIsUIA CYTIepHATaHT, 00pa3oBaB-
mmecsi Kpuctaibl popMasaHa Mocie MOJHOTO BbI-
cymuBanus pactBopsiid B DMSO u xonopumerpu-
poBaiu ripu 492/630 um. MHAEKC ITUTOTOKCUYHOCTH
(ML) xrerox Beraucisumy o gopmyde: UL=(K-O)/
Kx100%, roe K — cpennee 3HaueHne SKCTUHKITUHU B
koHTpoute, O — To ke camoe B onbiTe. K BRraucIsm,
CYMMUpYS 3HaUCHHS SKCTUHKIMH B TYHKaX ¢ MOHO-
HyKJIeapamu 1 kietkamu-Mutiensmu (K-562).

2.7 llporoyHast UMMYHOUUTOGIYOPUMETPUSE
@DEeHOTHI KIJIETOK OLIEHHWBAJIM MyTEM OIlpejiene-
Husg CD-mapKepoB ¢ MOMOIIBIO NPOTOYHOM UMMY-
HOIUTOQITyOpUMETPHUH. 1JIst 3TOTO HETbHYIO KPOBb
¢ remoctabmmmzaropom (EDTA) o0OpabareiBanm
JU3UPYIOIIMM PACTBOPOM Ul yJAJE€HUS 3PUTPO-
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LUTOB COIJIACHO MPOTOKONY (DUPMBI-TPOU3BOIM-
Tenst. 3aTeM KJIETKH METHUJIM MOHOKJIOHAIbHBIMH
antutenamu k CD-mapkepaM, KOHBIOTMPOBAaHHBI-
mu ¢ ¢uxospurpuaom (PE), dmyopecnenn-uzo-
tuounanaroM (FITC) wnu nmupuamn xmopoduin
nporenHoM (PerCP), cormacuHo mportokomy (upm-
npousBoauteneit (BD Biosciences wnmu Milenyi
Biotech). Hecnenuduueckyto dayopecteHIuo
KOHTPOJINPOBAJM C TOMOIIBI0 MOHOKJIOHAJIBbHBIX
MBIIIUHBIX (prryopectieHTHO-MeueHHbIX 1gG cooT-
BETCTBYIOIIMX M30TUMOB. [lonydyeHHbIe cycrieH3uH
KJIETOK TIPOIYCKaJH dYepe3 MPOTOUYHBINA ITUTOMETP
FACS Calibur u oueHMBa M MPOLEHT KIETOK, HE-
CYIITUX COOTBETCTBYIOIIHE MapKEPHI, a TAK)KE CPe-
HIOIO MHTEHCUBHOCTH (uyopecuenunu (MFI), xax
MTOKa3aTeNlb yPOBHS SKCIIPECCUN MapKepa.

2.8 CratucTnyeckas o0padoTKa JaHHBIX
Hnst craTucTHYecKoil 00pabOTKH HMCIOJIB30-
BalM TPHUKIATHYI0 Tporpammy Microsoft Excel.

Boruucnsinm  cpeaHor0  apudMeTHUecKylo, Cpea-
HIOIO KBaJpaTUYIECKYIO OIMIMOKY CpemHel apudme-
THYECKOM, JJOCTOBEPHOCTh pPasnMuus cpeaHux P
no t-kputeputo Ctoionenta (TTECT) u moctoBep-
HOCTb pasnu4us aucnepcuii P no f-kpurepuro ®u-
mepa (FTECT).

3. Pe3yabTarhl M UX 00CyKAeHUE

Oyenxa cooepoicanus NK-knemox

Anamuz  coxepxanmsi CD3-CD56+ NK-
KJIETOK B Mepu(epuueckoldl KpOBU 3J0POBBIX H0-
HOpPOB " OOJILHBIX 0 JICHCHHUS U B XOA€ JICUCHUA
MOKa3all, YTO YPOBEHb COACPKAHUSI ITHX KIETOK
B CpeJIHEM ObUI OJIMHAKOB BO BCEX MCCIETYEMBIX
rpynnax (pUCyHOK 2) U COOTBETCTBOBaJ HOpME.
OueBHUAHO, UTO ITOT MOKA3aTeJb HE MOXKET OBITh
WCIIOJIb30BaH B KayeCTBE KPHUTEPHUS COCTOSHUS
MMPOTHUBOOITYXOJEBOTO UMMYHHUTETA Y OHKOJIOTH-
4ecKUX OOJBHBIX A0 U MOCHe cneuu(uuecKon Te-
pamnuu.
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Pucynok 2 — Conepxxanne CD3-CD56+ NK-ki1eTok B nepudepuueckoit Kposu
3JJ0POBBIX JJOHOPOB M OOJIBHBIX B JUHAMUKE JICUCHUS

Oyenxa yumonumuueckou axkmugnocmu NK-
KIemox

30JI0TBIM CTAaHIAPTOM JJIA OIICHKH AaKTHB-
Hoctu NK-kIeTok uyenoBeka SBISETCS TECT Ha
[IATOJINTUYECKOE TOBPESKICHUE DPUTPOIICHKEMU-
YECKUX KIETOK uyenoBeka junuu K-562 B ycio-
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BHSIX COBMECTHOTO KIBTUBHUPOBAHUS ex vivo. IIpo-
BCACHHbBIC MCCJICIOBAHUS II0KA3ajad, YTO LIUTOJIH-
THYEeCKasad aKkTUBHOCTh NK-KIIETOK OOJIBHBIX JIFOAEH
110 OTHOIIIEHUIO K KJieTkaM K-562 He oTiimyanace oT
TaKOBOU Y 37IOPOBBIX TOHOPOB M HE M3MEHSIACH B
JIMHAMHUKE JICYeHUs (PUCYHOK 3).



A.M. XKymaxkaesa u jap.
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Pucynok 3 — [{utonuruyeckast aktTuBHOCTb NK-KJI€TOK B OTHOLIEHUH SPUTPOJIEHKEMUYECKON
ketouHol mHUU K-562 y OOJBHBIX B CPABHEHHH CO 37I0POBBIMHU JIOHOPAMH.

Oyenka yposus NK-knemok, sxcnpeccupyrouyux
monexkyny aoeesuu CD62L

NMMyHOQEHOTUITHYECKUH aHalu3 MOHOHY-
KJICapHBIX KJIETOK mepudepudeckoil KpoBH IO-
kazan, uyro CD3-CD56+ CD62L+ mnomymnsmus
NK-ki1eTok y 300pOBBIX JKEHIIMH COCTaBJIsIa

3,6+0,8% ot oOmiero kojnyecTa JUM(OIUTOB B
OUPKYJISIUH. Y OOJNBHBIX PAaKOM MOJIOYHOW JKe-
Jie3bl JI0 Hayaja Tepaluy 3TOT MoKaszarelb CTa-
TUCTHYECKN 3HAYMMO HE OTJIMYAJCSH OT IOKa3a-
Tesist 310poBbIX J0HOPOB (P =0,391) u cocrassii
2,84+0,5% (pucynox 4).
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Pucynok 4 — Coznepxanne CD3-CD56+CD62L+ NK-kierok B nepudepudeckoit Kpopu
3JI0POBBIX JIOHOPOB 1 OOJIBHBIX B IMHAMUKE JICUCHHSI.

Toce XMMHOTEPaIUK ¢ UCTIONB30BAHUEM SIOKCHI Ba-
stHOMa (1) HaOMFOIATIOCh HEKOTOPOE CHIDKEHHE (CTaTH-
CTHYECKH HE3HAYMMOE) CPE/THErO 3HAYCHHMS COJICPKAHMS
B KpoBH 31X KieTok (1,7+0,7%, P=0,088), onHaxo mo-
ClIe XUPYPrUYeCKON OIepalii MPOU30IILIO TTOBBIIICHHS
(P=0,040) ero ypoust 1o Hopmbl (4,9+1,0%, P=0,372).

AHanmorudHas KapThHa HaOmonanach Ipu
aHanu3e skcnpeccun mosekynsl CD62L na mo-
BepxHOCTH NK-KJIETOK (pUCYHOK 5), O KOTO-
poil cyawiM mo cpelHed MHTEHCHBHOCTH (iy-
OPECIEHIIUN KJIETOK, MEUEHHBIX aHTHUTEIaMU K

CD62L.
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Pucynok 5 — Cpennsist uHTeHCUBHOCTE (uryopecueHimy (MFI) NK-kimeTok, HeCymmx MOJIeKyITy aare3ul i XOyMHUHTa

CD62L, B neputepnuveckoil KpOBH 3I0POBBIX JOHOPOB M OOJILHBIX B THHAMUKE JICUCHHS

Hesricoknii nokazarens MFI gng CD62L+ NK-
KJIETOK 370POBBIX TOHOPOB (294+27 OTH.em.) CBU-
JIeTEIbCTBOBAJ O HU3KOH 9KCIPECCHH ATOTO MapKe-
pa B HOpMe. Y OOJBHBIX O JICUCHHUS HAaOII0qa1ach
TEHJCHIMA K CHIKEHHIO ero ypoBHA (86+140TH.
en., P=0,074), nocne 4eThIpeX KypCOB XUMHOTE-
pamMu C MCIOJIb30BaHUEM SIMOKCHUTBAsIHOIUAA €ro
YPOBEHB JOCTOBEPHO OBLT HIKE HOPMEI (55+6 OTH.
en., P=0,021). Ilocne xupyprudyeckod onepanuu
9TO TOKa3aTeNlb 3HAYHUTENHHO TPEBBIIIAT YPOBEHb
HopwMblI (1216+396 otn.en., P=0,011).

Oyenka yposuss NK-knemox, sxcnpeccupyrouux
monexyny adeesuu CD44

[lpu aHamuze cojaepkaHusi B KPOBU 3JI0PO-
BEIX nMoHOpOoB CD44+ NK-kietok (pucyHOK 6)
BBISICHIJIOCh, YTO 3Ta KJIETOYHASs MOMYISIUS
oommpuee, yeM nomyisinus CD62L+ NK-kimetok
(7,8+1,0% w3 10,3£1,0%). VY HenedeHHBIX
OOJIBHBIX TpakTHIecku Bce NK-kiaeTkn ObuTH
CD44+ (12,3+£3,0% u3 12,442,9%), ogHako cTa-
THCTHYECKH 3HAYMMOTO pa3Iu4us C HOPMOil
He Owuto (P=0,231). Xumuorepanus cHuKana
YpPOBEHBb 3THX KJIeTOK Hrpke Hopwmbl (1,3+0,3%,
P <<0,001), a mocne XupypruyecKoi omnepaunuu
HaOJI0aJIOCh OMATH MOBBHIIICHHE WX COAEpKa-
HUS 10 HOpMallbHBIX mokazateneit (14,8+4,5%,
P =0,222).
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Pucynok 6 — Conepxanne CD3-CD56+CD44+ NK-kieTok B nepudeprnieckoil KpOBH 3A0POBBIX

JIOHOPOB U OOJIBHBIX pakom MOJIOYHOM KeJIe3bl B JUHAMUKC JICUCHUS
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A.M. XKymaxkaesa u jap.

OOmast kKapTHHA WU3MEHEHHUW yPOBHS JKC-
npeccun wmapkepa CD44 wa NK-kimeTkax
JIOHOPOB W OOJIBHBIX B XOJE€ JEYEHHUS TMOXO-

Iuia Ha KapTHUHY HM3MEHEHUHN coJepKaHusd
CD44+ knetox B monynsinun NK-kmetok (pu-
CYHOK 7).
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Pucynoxk 7 — Cpennsist untencuBHocTh duyopecueruun (MFI) NK-kietok, HecyIux MojIeKys1y aare3uu
CD44, B nepudepuyeckoit KpOBHU 3T0POBBIX TOHOPOB U OOJBHBIX B JMHAMHKE JICICHUS

B nmenom cnemyer oTMeTHTH 0Oojiee BBICOKYIO
skcnpeccruto CD44 mo cpaBaennio ¢ CD62L, xoTs
JUHAMHUKa U3MEHEHUS DKCIPECCHU O0OMX MapKe-
poB Obuta cxomuoit. Tak, y 6ompHBIX MFI OBIT Cy-
mectBeHHo Boiue (1199+139 orn.en., P <<0,016),
9eM y 37J0pOBBIX JOHOPOB (258+38 otH.em.). Ilo-
cine xumuorepanuu MFI cHuMkancss HUXe ypOBHS
Hopmbl (148+28 orn.en., P=0,033), a mocne xu-
PYPruuecKoi Oornepanuy 3HAYUTEIHHO MOBBIIIAICS
(2183£158 orn.ex., P=0,005).

Oyenka ypoeHs dKcnpeccuu MOREKVI  ao-
eesuu CD62L u CD44 yumomoxcuueckumu
T-numpoyumamu (CTL) ¢ penomunom CD8E+

CTL ompenensimi Kak KJIETKH MOHOHYKJIEApHOU
(bpaximy, BeiENIsIeMble B TUM(OIUTAPHOM TeHTE, He-
CyIIe Ha cBoei moBepxHocTr MoJieky ity CDS. [lanHbre
npoTo4yHol uTodayopumerpun CD8+ KieTok 310po-
BBIX JIOHOPOB 1 OOJIBHBIX PAaKOM MOJIOUHOM JKeJIe3bl B
JMHAMUKE JICYCHUsI TIPE/ICTABIICHBI HA PUCYHKE 8.
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Pucynox 8 — Coznepxanne CD8+ T-kiieTok B nepudeprndeckoil KpoBH 3710pOBBIX

JAOHOPOB U OOJILHBIX B JUHaAMHKC JICYCHUA
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Kak crnemyer u3 pucyHka 7, MEXAy 310pOBBI-
mu poHopamu (37,643,1%) u OGoOnbHBIMH TIepen
Havanom Jedenus (12,7+£3,0%) mo copepikaHUIo
CD8+T-kireTok HAOIIOIANOCH CYIICCTBEHHOE OT-
auuue B cTopony cHmkenus (P<0,001). Ho mo-
Ka3arellb HOPMAalM30BajICs IOCIe XUMHUOTEpAIHu

(33,942,5%, P=0,211) n coxpansiics Ha 5TOM ypOB-
He mocrne xupyprudeckoro jeueHus (41,8+1,5%,
P =0,504).

AHajioruuHasi KapThHa HaOJro1a1ach Mpyu aHa-
nuze coaepxanust CD8+ T-kieTok, sKcrnpeccupyro-
IUX aare3uBHBIC MOJIEKYITHI (pucyHKkax 9, 10).
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Pucynok 9 — Conepxanne CD8+CD62L+ T-kietok B nepudepruueckoil KpoBU 310pOBBIX

JIOHOPOB " OOJILHBIX B JUHAMHUKC JICUCHHUA

Yposenb kak CD62L+, tak u CD44+ CD8+T-
KJIETOK OBUIT JIOCTOBEPHO O0Jiee HU3KUM Y OOJIBHBIX
no Havana aedeHus (CD62L — 9,9+2,5%, P=0,005,
CD44 — 12,0£3,2%, P<0,001) mo cpaBHEHHUIO CO
3I0pPOBBIMHU IOHOPAMHU M BO3BPAIIAJICS K HOpMaJlb-

HBIM 3Ha4YeHHsIM mociie xumuorepanuu (CD62L
- 21,4+0,8%, P=0,495 u CD44 — 32,7+2,5%,
P=0,241) u xupypruueckoir omnepauuu (CD62L
- 22,140,5%, P=0,627 u CD44 — 41,7+1,4%,
P=0,264).
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Pucynoxk 10 — Coneprxanre CD8+CD44+ T-kietok B nepudepuaeckoil KpoBU

3I0POBBIX JOHOPOB N OOJIbHBIX B JHUHAMHKC JICUCHUS
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A .M. Kymaxaesa u zp.

OueHka CTENEeHH OKCIPECCHUU  MOJIEKYJI
CD62L um CD44 mna mnosepxnoctu CD8+T-

KJIETOK IOKa3alla CICAYIIIYI0 KapTHHY (PUCYH-
kax 11, 12).
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Pucynok 11 — Cpennss uareHcuBHOCTH Guryopecueniun (MFI) CD8+ T-knerok, Hecynmx Monekyiy aaresuun CD62L,
B TIepuQepuIecKoil KPOBH 3TOPOBBIX JOHOPOB U OONBHBIX B ANHAMUKE JICUCHUS
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Pucynoxk 12 — Cpenusist nareHcuBHOCTS (uryopectienimy (MFI) CD8+ T-knetok, Hecymux Moiekyiy aaresuun CD44,
B TepudepruiecKkoil KpoBH 310POBBIX JOHOPOB U OONBHBIX B ANHAMUKE JICUSHUS

Oxcnpeccust CD62L na moBepxHoctn CD8+
T-kneToK y OONBHBIX JTIOJEH HE OTJINYAIach OT Ta-
KOBOM y 3710pOBBIX JOHOpPOB. Ilocie KypcoB XuMHu-
oTepanuy HaOI0JalI0Ch €€ I0CTOBEPHOE CHUKEHUE
(P=0,002), a mocne omepammu — 12-kpaTHOE TO-
BeimeHue (P=0,014). Iloxoxas curyarust HaOJrO-
najack Tpu orenke skcrpeccun CD44-mapkepa,
3a MCKJIIOYEHHEM TOTO, YTO Yy HE JICYCHHBIX OOJIb-
HBIX OHa TIPEBHIIIaJa HOPMAJIbHBIE 3HAUYEHUS B 5
pa3 (P=0,033). Xumuorepanus, Kak ¥ B cCiIydae C
CD62L, mpuBoania K JOCTOBEPHOMY HEOOJBIIO-
My CHIXkeHMIO 3kcnpeccun CD44 mo cpaBHEHHIO
¢ Hopmoit (P=0,017), a xupypruueckasi orneparus

OTISATH TOBBIIIANA €€ B 15 pa3 1o OTHOIIeHUH K HOp-

me (p=0,011).
Takum o0Opazom, Juisi HOPMaidbHOTO (YHK-
muoHupoBaHus  NK-KIEeTOK  BaKGH  MMEHHO

OTIpe/IeTICHHBII YPOBEHb COOTHOIIEHUS SKCIIPECCUN
IBYX anre3uBHBIX Mosekyn CD44/CD62L. Ilpu
pake MOJIOUHOM Keje3bl 3TO COOTHOILEHHE
CYLIECTBCHHBIM O0OpPa30M CABHUIAETCSI B CTOPOHY
YBEJIIMYEHHS 3@ CUET OJTHOBPEMEHHOTO CHHKEHHS
akcrpeccun CD62L  u yBennueHHs 3KCIpPECCHH
CD44 na mnosepxHoCcTH IHpKynupyomux NK-
KJeToK. HopManuzamust 3Toro COOTHOLICHHUS, OYe-
BUJIHO, HACTYIAET I10CJIE IIOJIHOTO yaJIEHUs U3 Op-

163



Bmmstane 1(10)B-smoken-5,70,6B(1)-rBait-3(4),11(13)-auen-6, 12-onuaa Ha IMMYHHYIO CHCTEMY OHKOOOJIBHBIX

FaHU3Ma OIMYXOJIEBBIX KJIETOK, HHAYLIUPYIOIIUX €T
MTOBLINICHAUE B XOJIC Pa3BUTHS OOJIC3HM.

YUro kacaercs nuToToKcHmyeckmx  CD8+
T-muM(OIUTOB, COCTABIISIONINX BAKHEUIITYTO YACTh
aJanTUBHOTO MPOTHUBOOITYXOJIEBOT0 HMMYHUTETA,
TO MBI OOHAPYKUJIN CHIDKCHHE B UX O0OIIEM COIep-
YKQaHWH B KPOBH y OOJIBHBIX PAKOM MOJIOUHOM JKeJie-
3. OmHOBpEeMEHHO Taman % comepxkanus CD44+
n CD62L+ ¢pakuuniit B obuiem myse IMMEQOLUTOB.
OTH TIOKA3aTeI HOPMAIH30BAIHUCH yKE TIOCIIE XU-
MUOTEPANUHA U HE U3MEHSUIUCH TOCJE MPOBEACHUS
XUPYPTUYECKOH Olepaluu.

3ak/ouyeHne

[IpoBencHHBICE HAMHU HCCIICIOBAHUS IO pac-
TUTEIbHOMY UMMyHOMoAyisaropy 1(10)B-amoxcu-
5,7a,6B(H)-reaii-3(4),11(13)-nuen-6,12-omug (1)
CBUJCTEIBCTBYIOT O BAXXHOH pOJIM HMMYHOCY-
MPECCUU B HAPYIICHUSAX SITMMUHAIIMKM OITyXOJIEBBIX
KJIETOK, Pa3BUTHUU CTAJMH TIPOMOIIUU U METaCTa3M-
poBanus Tpu pake. M Kak CI€ICTBHE BBICOKOIEP-
CIICKTUBHOW sIBIISIETCsI, pa3paboTKa TMpenapaTos,
MEXaHMU3M JICHCTBHsI KOTOPBIX, HAIIPABJICH Ha KOp-
PEKIIUI0 UMMYHHOM CUCTEMBI.

OnokcursassHoIu I (1), 001amaeT HU3KOM 00TIeH
TOKCHUYHOCTBIO BCIICJICTBUE OBICTPOI WHAKTHUBAIIHH
B OpraHU3Me, UTO MO3BOJISICT MPEANOI0KUTH OTCYT-
CTBHE ero cynpeccopHoro 3gdexra Ha NK-kierku.

YcTaHOBJICHA TMHAMHUKA U3MEHEHUS COOTHOIIIE-
Hus kinetok CD8+CD44+/CD8+CD62L+, conep-
JKaIUXCsl B epudepruuecKkoil KpoBu.

YpoBeHh MMMYHO(DECHOTHITHYECKUX  KIETOK
OTpa)kaeT COCTOSIHME MMMYHHOH CHCTEMBI B 3aBH-
CUMOCTH OT TIPOBOJUMOTO JIeYCHHs. XHUMHUOTEpa-
s cHmkama kommdectBo CD3-CD56+ CD62L+
nonysiuusa NK-knerox Hmke Hopmbl (1,3+0,3%,
P <<0,001) n kax cnencTsue, Hapyaia MpOTUBO-
OITYXOJICBBII OTBET OpraHU3Ma.

OnmHako, COOTHOIIEHUE IKCIPECCHI MapKepoOB
CD44/CD62L na nutorokcudeckux T-mumdorurax

OBUTO TIONTHOCTBHIO MACHTUYHBIM C COOTHOILICHHUEM
yKa3aHHbIX MapkepoB Ha NK-kieTkax.

Tak, HaOmMOTANIOCH 3HAYUTEIBHOE MOBBIIIE-
Hre (B 6 pa3) COOTHOIICHHWE ITUTOTOKCHYCCKHUX
T-mumdonurax k NK-kineTkax y OOJbHBIX 10 Hava-
Jla TEepaIriy U TMOCIEAYyIoIIee CHIKEHNE 10 YPOBHS
HOPMBI (Y 3J0POBBIX JOHOPOB) NMPH MPUMEHEHUU
snokcurBasHonuaa (1).

Takum o6Opazom, 1(10)B-s3nokcu-5,7a,6B(H)-
raii-3(4),11(13)-auen-6,12-omma oka3pIBaeT BeIpa-
JKEHHOE HUMMYMOJYJIMpYIoIlee NeiicTBHE, MPOsBIs-
foleecs B MOBBIIICHUN Yrcia T-TiM(OIHTOoB.

AHanu3 JUTEpPaTypHBIX JaHHBIX W pe3yJbTa-
Thl TIPOBEJIEHHBIX HAMU OKCIEPUMEHTOB II0 W3-
yuenuto BiusHus 1(10)B-smokcu-5,7a,6B(H)-rBaii-
3(4),11(13)-auen-6,12-omuna (1) Ha HMMMYHHYIO
CHUCTEMY OHKONAIMEHTOB, MO3BOJISIOT C/IENaTh BbI-
BOJ O HEOOXOAMMOCTH pPa3padOTKH Tpenaparos,
CIOCOOHBIX OKa3bIBaTh BIIMSHUE HAa HMMMYHHYIO
CHUCTEeMY W YCWJIMBATh TPOTHBOOITYXOJIEBBIA M-
MyHHTET. Pe3yibpTaThl WMMYHOIIUTOJOTHYECKUX
uccnenoannii  1(10)B-smoken-5,7a,63(H)-reaii-
3(4),11(13)-auen-6,12-omuna (1), CBUIETEIBCTBY-
0T O TIOTEHIMAJHHONW BO3MOYKHOCTH Pa3pabOTKH
Ha €ro OCHOBE HOBOI'O IpernapaTa ¢ BbIPa)KEHHBIM
LUTOCTATUYECKUM JIEHCTBUEM, KOPPEKTUPYIOLIUI
MMMYHHYIO CHCTEMY.

Kondaukr nurepecon

Bce aBTOphI MpounTany M 03HAKOMIICHBI C CO-
JIep’KaHueM CTaTbu M HE MMEIOT KOH(IMKTA MHTE-
pecoB.

Hcrounuk puHAHCHMPOBaHUS
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EKIHLUI TUMTI KAHT AUABETI KE3IHAETT TEMATOAOTUAADBIK
KIOHE BUOXMMUAADBIK KAH KOPCETKILUTEPIHE
MEAATOHWHHIH ©SCEPIH 3EPTTEY

KbickapTyaap
AACY- AyHUeXXy3iAik AeHcayAblk, cakTay yrbiMbl, 2TKA, MT- MeAaToOHUH;

ByA Makanapaa MEAATOHMHHIH 3KCMEPUMEHTAAAb! eKiHWI TUNTI KaHT AuabeTiHe LaAAbIKKAH
>KaHyapAapAblH FeMaTOAOTMSABIK, JKOHE OUMOXMMUSIAbIK, KOPCETKIWTepiHAEri e3repictepiHe acepi
KapacTblpbIAFaH.. MeAATOHWH UMPKaAATBIK, bIpFakTapAblH TYPaKTbIAbIFbIH KaMTamacbl3 eTyiMeH Koca
rAIOKO3a aAMaCYbIHbIH MaHbI3Abl PETTEYLUICI PETIHAE A€ aHbIKTaAAbl. ByA XKyMbICTa TOYAIKTIK bipFakTap,
MeTaboAM3MAT GakbiAay XK8He OHbIH BGy3bIAybIHbIH rOMeoCTasfa acepi TypaAbl GiAiMAL KeTiaaipin,
COHbIMEH KaTap 3MM1QU3AIH TYHF i FOPMOHbI MEAATOHUHHIH KAHT AMABETIHIH aAAbIH aAy JKOHE eMAEY YLUiH
SAEYETTI eMAIK Mpernapar peTiHAE MaHbI3AbIAbIFbI aTan eTiAal. OcbiAaiiua, OYA 3epTTeyAiIH MakcaTbl
CTPENnTO30UMH apKblAbl eKiHWI TUMTI KaHT AMabeTiHe LWaAABIKKAH >KaHyapAapAbIH reMaTOAOTMSIAbIK,
>KoHe OMOXMMMSIAbIK, KOPCETKILLTEPIHAETT ©3repiCTepAl aHbIKTar, XaAMbl HOPYbI3 MOALLEPIiHIH XXoHe
SAEKTPOAUTTEPAIH CaHAbIK aHaAM3i XX8He CapbICy KYypPaMbIHAAFbl HOPYbI3AbIH MOALLEepi, e3repiciHe
MEAQTOHMH FOPMOHbIHbIH 8Cepi aHbIKTaAAbl. EKiHLWI TMNTI KaHT AvabeTiHeH TyblHAAFaH e3repicTepre
KapCbl MEAATOHWMHHIH bIKTMMAA KOPFaHbIC 9CePiH >aAnbl KaH npoduaiHae 3epTTesai. MHAyKums
KAQHAQFbl TAIOKO3a MEH CapbICyAaFbl KAHT AeHreiniH 6araray apKblAbl pacTasabl. | — Herisri Ton: 1.
bakpiray >xaHyapAapbl (BXX), 2-6akpiray TOOblHAQ 5 MI/KI MEAATOHMH KabOblAAAFaH >KaHyapAap
(BX+MT (5 mr/kr)), 3- 6akpiray ToObiHAA 10 Mr/Kr MeAaTOHMH KabbiaparaH >kaHyapaap (BXXK+MT
(10 mr/kr)). Texipbueaik TonTarbl ereykyrpbiktapra 0,1 M umutpatTsl 6ycepae (pH-7,4). 1 Mr-HaH
CTPEenTOLO3MH eKMNeciH 7 KyH 60¥ibl KyPCaK,ilWiAiK eHri3y apKbiAbl KQHT AMabeTiHe WAAABIKTbIPY Wapachl
Xyprisiaai. CTpenTouo3mHMeH 2 Tuni KaHT AmMabeTti MHAYKUMSIAaHFaH 24 ereyKympbiKTaH TypaTbiH |1-
Wi Heri3ri TonTbl KeAeC Kiwi TonTapra GeAiHIN, 8pTYPAI TepaneBTik NpoueAypasap >KacaAAbl, SFHU 4
TOM — 2 TUNTI KaHT AMabeTi TyAbipbiAFaH >kaHyapAap (2TKA) AMabeTTik 6akbiAdy KbI3METiH aTKapAbl,
5 Ton — 2 TUNTI KaHT AMabeTi TYAbIPbIAFAH XX8HE MeAaTOHUH KabbiapaaraH Ton (2TKA, + MT (5 mr/kr)),
MEAATOHMHIH a3 KOHLUEHTPaAUMSICbIMEH, 6 TOM — 2-TUNTi KAHT AMabGeTi TyAbIPbIAFAH XXOHE MEAATOHMH
KabbiaparaH ton (2TKA+ MT (10 Mr/Kr)), MEAATOHMHIH >KOFapbl KOHLEHTPALMACBIMEH EMAEAreH
TONTap KOAAAHbIAABL. KaHT AMabeTiMeH ayblpaTblH ereyKympbIKTapAblH FEMATOAOTUSIAbIK, KHEe
OUOXMMMSIABIK, KOPCETKILITEPAE aybITKYAbl KOPCETTi. AEreHMEH, MEAATOHMHAI €Hr i3y reMaTOAOTMSIAbIK,
>KoHE BMOXMMUSIAbIK, KOPCETKILLTEPAE OH ©3repicTepre aKeAreHAIKTepPi aHbIKTaAAbI.

TyiiH ce3aep: MeAaTOHMH, reMaToOAOrMs, eKiHWi TUNTI KaHT AMabeTi, UMPKAATbIK bipFakTap
FAIOKO3a, FeMOrAOBUH, SPUTPOLIMTTED, AEMKOLMUTTEP.

A.E. EcenbekoBa*, H.T. A6aarnxaroBa, A. AynceHbek, A.A. beucosa, 3.b. Ecumcuutosa,
A.M. Myxutamtos, A.K. Teaeybekosa, 3.M. Kenkerapaesa, X.C. Tuaeybaesa
Kasaxckmit HaumMoHaAbHbI YHMBepcUTET UM. Aab-Dapabu, KasaxcTaH, r. AAmarbl
*e-mail: arailymyessenbekova@gmail.com
MNccaepoBaHMEe BAUSIHUSI MEAQTOHMHA Ha reMaTOAOTMYecKue
M 6MOXMMHMUECKHe MoKa3aTeAn KPOBU XXMBOTHbBIX C CA 2 TUMA

B AaHHOI cTaTbe OMMCAHO BAMSHUME MEAATOHMHA Ha M3MEHEHUS TeMaTOAOrMuYeckux U
BUOXMMUYECKUX MOKA3ATEAEN B KCMIEPUMEHTAAbHOM IPYINeE XXMBOTHbIX C CaXxapHbIM AMabeTom 2 Tuna.
97O MCCAEAOBAHME PACLIMPUAO HALLM 3HAHMS O BAUSIHUM METABOAMYECKMX HAPYLLIEHWI HA LMPKAAHbIe
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Exinimi THOTI KaHT qua0eTi Ke3iHaeri reMaToNOTHSIBIK JKOHE OMOXUMUSUTBIK KaH KOPCETKIIITEPIHE ...

PUTMbI, O METABOAMUYECKOM KOHTPOAE M FOMEOCTa3€e, a TAaK>KE MPEANOAOKMAO, BAXKHOCTb MCMIOAb30BaHMS
HOYHOrO NMMHEAAbHOIO FOPMOHA MEAQTOHMHA B KaUeCTBE MOTEHLMAABHOIO TEPANeBTUYECKOro CPeACTBa
AAS IPOMUAAKTUKN 1 AedeHns anabeTa. [03TOMY LeAbI0 HACTOSILLErO MCCAEAOBAHMS BbIAO M3yueHUe
M3MEHEHMI1 TeMaTOAOIMMUYECKNX M OMOXMMUYECKMX MOKA3aTeAeN Y >KMBOTHbIX C CaxapHbiM AMAGETOM
2 TMNa C MCMOAb30BAHMEM CTPENTO30LMHA, a TaKXKe M3yYeHMe BAMSHUS FOPMOHa MEAATOHMHA Ha
KOAMYECTBEHHbIN aHaAU3 06LLEro 6eAKA M SIAEKTPOAUTOB, B TOM YMCAE Ha M3MeHeHMe GeAKa B ChbIBOPOTKE
KpOBU. BO3MOXKHOE 3alMTHOE AECTBME MEAATOHMHA Ha U3MEHEHMS, BbI3BaHHbIE CaxapHbIM AMAbETOM
2 T1na, 6bIAO M3yueHo B obLlem npodumae KpoBu. MHAYKUMS OblAa NMOATBEPXKAEHA OLLEHKOW YPOBHS
rAIOKO3bl B KPOBM M YPOBHSI caxapa B CbIBOPOTKe. |-OCHOBHas rpynna: 1 — KOHTPOAbHbIE >KMBOTHbIE
(K>K), 2 — KOHTpPOAbHas rpynmna >XKMBOTHbIE, MOAyYaBlumne 5 Mr/kr meaatoHunHa (KXK+MT (5 mr/kr)), 3
— KOHTPOABbHasl rpynna >XMBOTHble, MoAyYaBwume 10 mMr/kr meaatoHuHa (KXK+MT (10 mr/kr)). Kpbicam
3KcrnepumeHTaAbHor rpynnbl B 0,1 M umTtpatHom Oycbepe (pH-7,4) B TeueHne 7 AHeR MPOBOAMAACH
BHYTPMBEHHAs MHbeKLUMS CTpenToko3uHa no 1 mr. OcHoBHyto rpynny |l n3 24 kpbic ¢ MHAYUMPOBAHHbIM
CTPENTOUMHOM AMABETOM 2 TWMA Pa3AEAMAM Ha CAEAYIOLLME MOA TPyMMbl U MOABEPrAM PA3AMYHBIM
AeyebHbIM npoueAypam. TakMm 06pasom, rpynna 4 — KMBOTHbIE C MHAYLIMPOBAHHbIM CaxapHbIM AWa-
6etom 2-ro Tina (CA2T) CAYXXMAM AMABETUUECKMM KOHTPOAEM, a Fpynna 5 — >KMBOTHbIE C MHAYLIMPO-
BaHHbIM CaxapHbIM AMAa0eTOM 2-TO TUMa, NOAyYaBLIME MEAATOHMH HM3KOM KoHueHTpauun (CA2T + MT
(5 mr/kr)), rpynna 6 — AnabeTt MHAYLIMPOBAHHbIE >KMBOTHbIE, MOAYYABLUME MEAATOHUH BbICOKOM KOHLIEH-
Tpaumn (DM2T +MT(10 Mr/kr)). Y KpbIC C CaxapHbIM AMABETOM BbISIBAEHbI aHOMAAbHbIE FeMaToAOrnye-
ckue u broxmmmuueckune nokasatean. OaHako 6bIA0 06HapPY>KEHO, YTO BBEAEHME MEAATOHMHA MPUBO-
AWT K MOAOXKMUTEAbHBIM M3MEHEHMSIM FEMATOAOTMYECKUX M OMOXMMUYECKMX MOKa3aTEAEN.

KatoueBble cAoBa: MeAaTOHMH, reMaToAorus, AMabeT BTOPOro Tuna, UMpKaAHble PUTMbI, FAIOKO3a,
reMOrAOGVH, 3PUTPOLMUTbI, AEAKOLMTDI.
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Investigation of the effect of melatonin on hematological and biochemical blood parameters of
animals with type 2 diabetes

This article describes the effect of melatonin on changes in hematological and biochemical param-
eters in an experimental group of animals with type 2 diabetes. This study expands our knowledge of the
impact of metabolic disorders on circadian rhythms, metabolic control, and homeostasis, and uses the
nocturnal pineal hormone melatonin as a potential therapeutic agent for the prevention and treatment of
diabetes. Therefore, the purpose of this study was to study changes in hematological and biochemical
parameters in animals with type 2 diabetes mellitus using streptozocin, as well as to study the effect of
the hormone melatonin on the quantitative analysis of total protein and electrolytes, including changes
in protein in blood serum. The possible protective effect of melatonin on changes caused by type 2 dia-
betes mellitus has been studied in the general blood profile. An assessment of blood glucose and serum
sugar levels confirmed the induction. I-main group: 1 — control animals (CA), 2 — control group animals
are receiving 5 mg/kg of melatonin (CA + MT (5 mg/ kg)), 3 — control group animals are receiving 10
mg/kg of melatonin (CA + MT (10 mg/kg)). The experimental group of rats received an intravenous injec-
tion of streptozocin 1 mg in 0.1 M citrate buffer (pH-7.4) for 7 days. The leading group Il of 24 rats with
streptozocin-induced type 2 diabetes was divided into subgroups and subjected to various therapeutic
procedures. Thus, group 4 — animals with induced type 2 diabetes mellitus (DM2T) served as diabetic
control, and group 5 — animals with induced type 2 diabetes mellitus receiving low-concentration mela-
tonin (DM2T +MT (5 mg/kg)), group 6 — diabetes-induced animals receiving high-concentration mela-
tonin (DM2T +MT (10 mg/kg)). Abnormal hematological and biochemical parameters were detected in
rats with diabetes mellitus. However, it was found that the introduction of melatonin leads to positive
changes in hematological and biochemical parameters.

Key words: Melatonin, hematology, type Il diabetes, circadian rhythms, glucose, hemoglobin,
erythrocytes, leukocytes.

Kipicne eNM-XITIM ceOenTepiHiH apacblHAa JKETIHIII
opeiH ananbl. Kant numaberi TyplepiHiH imriHme
Kant guaberinig Tapamysl Oykin omemae 2 Tunti Kadt nuaberi (2TKJ) kaHT nuaberi

xorapel KapkblHMeH eocyzae. JAJACY wmomimeri  karmainmapeiaeie,  90%-m1aH  acTaMblH  Kypaitasl
OoiipiHma, KaHT nuaberi 2030 xpUTFa Kapald — KOHE THMICPIIMKEMHUSIMEH, HbICaHA TiHIAEPJCTI
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A.E. EcenbekoBa xoHe T.0.

MHCYJIMHTE TO3IMAUTIKICH, CEeMI3MiK, XYpeK-KaH
TaMBIpIapsl Kaymi, OyHpeK XeTKUTKCI3ZIr XoHe
peTHHONATHSAHBI KOca anfaHia, OipkaTap >KYpeTiH
aypyiapMeH cumaTtTanais [1].

2 TUIOTI KaHT Aua0eTI-KaHJarbl TIIFOKO3aHBIH,
KaJbINTaH THIC JKOFApbIIAybIMEH HEMece WHCYJINH
CEKPELMSICHIHBIH TOMEHCYIMEH, COHIal-aK eKeyi-
MEeH J€ CHIIaTTaJaThlH MeTaboNMKaIbIK Oy3bI-
neic [2]. Kanaarsl TIIOKO3aHBIH Y3aK YaKbIT OOHBI
x)orapeiiaybl C TMPOTEHHKUHA3AChIHBIH OCJICEeH/TI-
plyiHe oKeneni, aKybI3ap MEH JUMUATEPAIH TIH-
KalMsCHIH apTTHIPaIbl JKOHE COPOUTOJIIBIH TY3i-
Ty OKBULAaMABIFBIH apTThIpaabl. AKYbI3Aap.IbIH
TIAKANUACh  (ePMEHTTEepIiH OSCepiH e3repTei,
JereHMEH, COPOUTON 3USH/IBI THIIEPOCMOIISPIIBIKTHI
Tyasipaasl [3]. Co3bUIMAaITBI THIIEPTIIMKEMUS HEHPO-
NaTHSHBI, PETUHONATUSAHBI, HEPPOTATHSIHEL, OaybIp
aypyJnapblH JKOHE JKYPEK-KaH TaMbIpiapbl MEH
OpTYpJIi OpraHAapIbIH KYPBIIBIMBI MEH KBI3METiHiH
OY3BUTBICTApBIH TYABIPHIN, ©JIMIe OKeNeTiH Tepic
aceprep kepceteni [4].

I'mroko3aHbl aly MeEH KOJIaHyla TiHACPIiH
KaOiJIeTIH TOMEHAETY, THIIEPIIIMKEMHS NaMHIbl —
’KOFapbl TUIa3MaNbIK KaHT, 00C Mal KBIIIKBUILIAPHI
MEH aMMHOKBIIIKBUIAAPAaH SHEPT 1S alyAbIH OanaMa
smictepi Oencenpipineni. [ umepriukeMusiHbI ©TEY
yIIiH afF3a OYHpeK apKbUIbl apThIK TIJIIOKO3aHBI
KOAOBL. 39pAeri Mejmepi apTanbl, TIHKO3ypHUs
JaMuabl. Buomorusumblk cyHbIKTapAarsl KaHTTHIH
’KOFapbl KOHIIEHTPAIUSCHl OCMOCTBHIK KBICBIMHBIH
JKOFapbUIayblHa oKeJeldi, Oy HMONMMypHUSHBI TYAbI-
palbl — CYWBIKTBIKTBIH JKOHE TY3/IbIH JKOFATYBI Ke-
3iHAE apTBIK 39D IIBIFapy, CYCHI3AaHIBIPYFa JKOHE
Cy DJIEKTPOJIHTIHIH TENe-TCHCI3IITIHE aIbITl KEIeIi.
byn Mexanusmzaep KaHT aAuadbeTiHiH OenrinepiHix
OaceIM OetiriH Kypaiabl — KYIITI MeIiUTiK, KYpFaK
Tepi, 9NCI3AIK, apUTMHS. J{narHocTrka 3epTXaHaibIK
HOTIDKENep HeTiziHe Oenriieneni.

2 TUNOTI KaHT AWa0eTiHAE Kacyllajaap HHCY-
JUHTE OyphIC JKayanm Oepmeii, Oyl HHCYNHHTe
TO3IMIUTIKTI TyAbIpaabl. ¥UKbl 0€31 MHCYIMHAL oIt
Jle TIBIFapajsl, ajaiiaa o MHCYIHHII JKETKUTIKCI3
eTelll HeMece JeHE OHBI THIMII KoJigaHOaiiibl.
COHIBIKTAaH KaHOarbl IVIFOKO3aHBIH IEHIEHl KOFa-
peinaiinel. MHCynWHTE TO3IMIUTIKTIH — aliFalIKbl
Ke3eHAepl mpeaunadber mem aTajambl  JKOHE aKbIp
COHBIHZA 2 TUNITI KAHT qrabeTiHe afHaTybl MYMKIH.

MenatoHuH-OyJ1 HETi3iHeH »nudu3 0e3i MIbI-
FapaTblH aiHaiIManbl TopMOH. On  MayCBIMABIK
KOHE IUPKATIHUSIBIK BIPFAKTApbl PETTEYIN PETiH-
Jie TaHbIMall, OHBIH JAEHIeHl TYHIE >KOFapbl >KoHE
KYHIi3 TeMeH. WHCynWH neHreili MeIaTOHWHTE
TOYeNai CHUHXPOHIAY apKpUIbl KYH MEH TYHHIH

e3repyine Oeifimaeneni. byn perreyni Menato-
HUHHIH WHCYJNHWHHIH MIBIFapbUIybIHA WHTHOUTOP-
JBIK 9cepiMeH TyciHxipyre Oojansl. MenaToHMH
KaHT nradeTiHe )KOHE OHBIMEH OaliyIaHBICTBI METa-
OonuKanblK Oy3bUTyJapFa MHCYIUH CEKPEUUsCHIH
peTTey apKbUTbI FaHa EMEeC, COHBIMEH KaTap OTTETiHIH
OeJiceHal TypJiepiHEeH KOpFayIsl KaMTamachl3 €Ty
ApKBUIBI oCep €TYi MYMKIH, OHUTKeHI YHKBI Oe3iHiH
B-kacymanmapel TOTBIFYy CTpecCiHe oTe ce3iMTal,
AHTUOKCUIAHTTHIK KalineTi TemeH. byn xarmaiina
aF3a MEJAaTOHWHHIH ocepiHe ce3iMTald OoIybl
MYMKIiH, OYJ1 HHCYJTUH CeKPEIHsICHIHBIH OY3bITybIHA
okeneni. MenaToHUHII HHIoneaMuHMeH (N-aIeTHII-
5-METOKCUTPHUINITAMUH) OHJIpPYy, HETi3IHEH CYTKO-
pexTinepain nudu3 MUHEATOUUTTEPIHEH PHUTMH-
KQJIBIK TYpPAC CHHTE3IENCTIH KoHE OeJiHeTiH
KEPriTiKTi HEeHpOropMoH OOJBIN TaObLIaABl AT
OomxaHamel [5]. MenmaToOHWH KapaHFbl YaKbITTa
Kol MeJIepJe CHHTe3Ae]edi, al OHBIH CHHTE31
MEH CEKPEIMSICHl KYHII3Ti YaKbITTa TOMEHICHII.
MenaToHHH HeTi3iHEH 3MU(HU3 apKbUIbI CHHTE3/C-
nendl, MereHMeH, eHIipicTiH 25% — bl anudusneH
TBIC Kepiiepae Oonanel [6]. Menatonun OipHerie
(hM3UOJIOTHUSITBIK TIPOIIECTEPIC, COHBIH IMIIHIE KO-
Ocroni perreynae [7], THpKaIUSIIBIK putmaepae [ 8]
MaHBI3/Ibl POJ ATKAPATHIHBI JIQJICIICHTCH.
MenaToHHH MEH HHCYJIMH CEKPELUSCBIHBIH TOY-
JIKTIK BIPFaFBIHJIAFBl AWKBIH aHBIPMAIIBUIBIK OCHI
TOPMOHJAPBIH OHOTOTHUSIIBIK (QYHKIHSITIAPBIHAAFbI
aflBIpMaIIBIIBIKTapFa OaillaHbICTEL. MeTaTOHNHHEH
alBIPMAIIBUIBIFBL, a1aM1a MHCYTMHHIH MUHAMAIIBI
JeHreri TyHme OalKamanasl, OHTKEHI WHCYJIWHHIH
TaMaKTaH KeWiHri MeTabomu3MIi OaKpLIayJaFbl He-
Ti3ri KBI3METI TYHIE KY3€re achIpblIMaybl Kepek.
Tamak TeH TOyJIK YaKbITHIHBIH KaJbIITHl apa-
KATBIHACBHIHBIH ~OY3bUTYBI, OJIETTEri TaMaKTaHYy-
IOelH 12 caraTka aybICybl €pIKTUIEpA€ HHCYJIMH
OHJIIPICIHIH  JKOFapbUIAyBIMEH Oipre KypeTiHi
KepceTinreH. MenaToHnH MeTaboJIMKaNbIK Mpo-
[eCTePAIH TYHTI KE3€HMEH, aJaMza aIlThIKKa
OarmapiaHfaH yakbITIICH OpEKeT eTeli JKoHe
WHCYJIMH CEKPeNUsACHIH Oasynarybl MyMKiH [9].
Ereyky#ipbIKTap MeH ThIIIKAaHAApAAFbl YHKBI Oe3i
apanmapsiaga MT-1  xone MT-2-mematoHuH pe-
LENTOPIAPBIHBIH ~ OKCIPECCUSCHl  aHBIKTAJIBI
[10]. MT2-penteniTopiap YHKBI 031 apanmgapbiHaa
sKcnpeccusiananpl, 6ipaxk MT1-penentop a3 mo-
pexene skcnpeccusuianaasl. MT1-peuentopnap-
IOBIH OKCIPECCHSCHl HETi3iHeH o-)Kacyllaiapra
ToH, MT2-peneniropnap [-kacymramapma KesJe-
ceni. In vitro sKkcrepuMeHTTEp MENAaTOHWHHIH [-
KacylalapblH/Ia, THIIKAH WHCYJIMHOMA Kacyla-
napeiaaa (MIN-6) xone ereykyipbikrapaa (INS-
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Exinimi THOTI KaHT qua0eTi Ke3iHaeri reMaToNOTHSIBIK JKOHE OMOXUMUSUTBIK KaH KOPCETKIIITEPIHE ...

1) MHCYNMH CEKpEeIUAIChIHA TEXKETII 9CepiH Kep-
ceTei.

Anaiina, TyTac ar3aja MEJATOHUHHIH ocepi
alkpIH OonmMaysl MYMKiH. MenatoHuH Tnepdy-
3USsJIaHFaH  apajlUbIKTapJa TIJIIOKaroHHbBIH A4,
WHCYJIMHHIH JIe CEKPEIUsCHIH BIHTAJIAH IbIPATHIHBI
kepcerinren [11-12]. ob/ob  ThIIIKaHAAPBIHEIH
yiKpIO€31 apaibIKTapblHIa HHCYJIWH CEeKperus-
ChIHa MEJIATOHWHHIH 9CePi )KOK EKeHIr XadapIanabl
(cemizmix xome 2 TunTi KaHT amadeti (2TKI)
mozeni) [13]. MenatoHuH ocepiHiH KeNTYpJiiri
curHan Oepy >KONJIApBIHBIH OpPTYPIUIITiMEH Ty-
ciHmipineni, curHan Oepy >KOJapbIHBIH dcepiepi
apKBUIBI JKY3€re achIpbliajsl. MelaToOHWHHIH HH-
CyJIMH eHAipiciHe Texerim acepi HUAM® xoHe
ul M®-toyeni JKoImapAblH TEXeTyiMeH Oaitra-
HBICTHI, aJl BIHTANAaHABIPYLIBI ocep G(q) aKybI3aapsl,
(hocdonmmaza C xone MHO3UTON (pocdaT apKbLIBI
KY3€ere achpblUIaibl.

Omudusi  KOWBUTFaH IKaHyapjapAa HWHCY-
JUH CEKPeUMsChl MEH TIJII0OKO3a T'OMEOCTa3bIH-
Jarbl  e3repicTep aHBIKTANABl. EreykyipsIKTap-
JaFpl  THHEATIKTOMHSI  OaybIpAblH  WHCYJIHHTE
TO3IMALIITIHE, TJIOKOHEOTEHE3IH OenceHmipi-
JyiHe JKOHE TYHJAE TJIMKeMHUs JCHICHIHIH »KOFa-
phuTaybIHAa oKejeTiHi kepcerinreH [14]. I'moxo-
3aMEH BIHTANAHABIPBUIFAH WHCYJIMH CEKpPEeLHs-
CBIHBIH JKOFapbUIaybl JKOHE OHBIH aMaKTapbhIHBIH
aAMIUTUTYIACBIHBIH ~ OY3BUTYBl HHEAIIKTOMUSIAH
OTKEH CreyKYWpBIKTapJblH [-)KacymianapbiHua
anbikTanasl [15]. 2TK/ moneni Gap ereykyWpbIK-
Tapaarbl AMUQU3AI KOO THIICPUHCYITHHEMHUSFA
XKoHE Oayblpa TPUITMLECPUITEPAIH >KHHATYBIHA
okenmeni [16]. AHamBIK MENATOHWUH KATBIPIMIUTIK
KE3CeHIE OSHEprus ajJMacybIHbIH IHPKaAUSIBIK
puTMaepiHiH Oarmapiamanai anajisl gereH Oomkam
0ap. [lnHeaIsKTOMUS1aH OTKEH eTeyKYHPBIKTapIbIH
ypIakTapelHAa TIOKO3aMEH BIHTAJIAH (BIPBUIFaH
WHCYJHH CEKPEUMSCHIHbIH, OaybIpIbIH WHCYJIHUHTE
TO3IMITITIHIH TOMEH/ICY1 )KOHE COHBIH CaJIIapbhIHAH
KYHZI3r1 JKapbhlK KE3CHIHIH COHBIHAA TIIOKO3aFra
TO3IMIUTIKTIH OY3bUTYBI aHBIKTAIABI [17].

ApTepUsIIBIK TUIIEPTEH3UAMEH aybIpaThiH Hay-
KacTapia TYHI1 MEJATOHWH CEKPEIHSCHIHBIH To-
MEHZICyl alll KapblHFa WHCYJMH JCHTeHiHIH KO-
FappUIaybIMEH JkoHe Homa WHCynmmHTe TO3IMIUTIK
uHAEKCIMEH OainanbicThl. Ochulaiinia, MeJIaTOHUH
TOMEH CEKpelrsi MEH KOFaphl JKarJaiga dHeprus
QIMaCybIHBIH OHTAMJIBI PEKUMIH KYpyFa bIKHAJ
€Tyl MYMKIH.

In vivo xoHe in vitro ToxipuOenepi Mmena-
TOHWHHIH JIGHE caJMarbl MEH aJUMOIUTTePACH
OeNiHeTIH JENTUHHIH MOINIIEPiH peTTey ap-
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KBUTBI DHEPreTUKaJblK TOMEOCTa3la Jla MaHbI3-
Bl pen aTKapaTeiHbIH KepcerTi [18]. Ommdwusi
SKTOMH3UPJICHIEH ereyKYWPBIKTAPABIH  MENaTo-
HAH TOPMOHBI JKCTKUTIKCI3MIITiHEH OJapJblH ar3a-
CBIHBIH, TJIIOKO3ara TO3IMIUII TOMEHIEHIl, IIIfo-
KOHEOT'CHE3IH ITUPKAITHIK JICHIeHl TYPaKThUIBIFbI
Oy3bUTaJbl COHJIBIKTAH TYHI1 YyaKbITTa TIHOKO3a
NeHTreHiHiH )KoFapruiaysl Oatikamass [ 19]. ConpiMeH
KaTtap, MeIaTOHUHII TYPaKThl Oepy anudus 6e3i 6ap
ereyKYMpBIKTapAa TJH0K03a TOMEOCTa3blH PETTEll
KaHa KolMail COHbIMEH KaTap JUETaJbIK TaraMjap
OcpreH WHCYJIMHTE CE3IMTAIIBIFRI  OY3BUIFaH
ereyKYHPBIKTapFa Ja OHTaWbI ocep etemi [20].
CoOHFBI JKBULAAPBl TOYIIKTIK  BIPFAKTap.IbIH
Oy3bUTyHI (YHKBL, 0y PSKUMIHIH, TAMaK KaObu1aay,
aITHIK MUKJIACPIHIH 03repyiHe OaiIaHbICThI) KaHT
MuabeTiHIH JaMybIMEH THIFbI3 OaiJIaHBICTBI OOJIIBI.
By sxymbIcTa TOYJIKTIK BIpFAKTap, META0OIM3MII
0aKplIay JXKoHE OHBIH OY3BUTYBIHBIH TOMEOCTa3Fa
ocepi Typaybl OUTIMIL JKETUTIIPiN, COHBIMEH KaTap
SNUQU3AIH TYHTT TOPMOHBI MEIATOHWHHIH KaHT
nuabeTiHIH ajabH aly jKoHEe eMJey YIUIiH aJleyeTTi
EMJIIK ITperapaT PeTiHe MaHbI3IbUTBIFBI ATAIT O TLJIII.
Byn Makanama 3epTTe€y JKYMBICBIHBIH MAaKCaThl
CTpPEIITO30LIWH aPKBLIBI CKiHIII THIITI KAHT IUa0CTiHEe
HIaIBIKKAH JKaHyapJiapIblH TeMaTOIOTHSUIBIK KOHE
OMOXUMHSAJIBIK KOPCETKIIITEpiHACTl e3repicTepai
aHBIKTAIl, > KaJIbl HOPYBI3 MOINIIEPIHIH KOHE
ANEKTPOIUTTEP/IH CAaHJBIK aHAIM3i JKOHE CaphICy
KYpPaMBIHJIaFbl HOPYBI3IBIH MOJIIepi, e3repiciHe
MEJTaTOHWH TOPMOHBIHEIH 9CEpPi aHBIKTAY.

3epTTey MaTepHaJAapbl MeH dficTepi

2.1 3epTTey MaTepHanIaphl

Toxipouere Ka3z¥ Y-uig Onoaorus xoHe OMOTEX-
HoJoTHsA (aKyJIbTETiHIH BUBapuiliHIe KOOCHUTIITeH,
canmakrapsl 220-350 r. 48 mabopaTOpHSUIBIK aK
aTaJbIK ereyKyupbIkTap (n = 48) maiiganaHbUIBI,
oJIapABl HETI3T1 €Ki TOmKa Oelinm KapacTHIPBUIIHL.
I — wmerisri Tom: 1. bakpuay xaHyapiapsl
(bX), 2-6akpimay TOOBIHAA 5 MI/KT MeENaTOHUH
kaObumaran xanyapnap (BX+MT (5 wmr/kr)), 3-
Oaxputay ToOBIHIA 10 MI/KT MEIaTOHWH KaObUTIaFaH
xkanyapnap (BXK+MT (10 wmr/kr)). ToxipOuemik
TonTarel ereykyipeikrapra 0,1 M mutparTsl Oy-
¢depae (pH-7,4). 1 Mr-Han cTpenTOLO3MH EKIECiH
7 KyH OOWBI KYpCaKIIIiJIK €HTi3y apKbUTbl apKbLIBI
KaHT JualeTiHe MaNABIKTBIPY LIapachl XKYpPri3iimi.
CTpenTorno3nHMeH WHAYKITMSUTAaHFaH KaHT amad-
eTiMeH aybIpaThiH 24 ereyKyHpbIKTaH TypaThiH lI-
Il HeTi3ri TONTHI KeJeci Kimr Tomrapra OeiHim,
OpTYPi  TepameBTIK Mpolexypanap >Kacalfbl,



A.E. EcenbekoBa xoHe T.0.

SFHU 4 — TOm 2-TUNTI KaHT AualeTi TyABIPbUFaH
xanyapiap (2TK/) auabertik Oakputay KbI3METIH
aTKapJibl, 5 — TOI 2-TUNITI KAHT IUA0ETi Ty IBIPhLUIFaH
KOHE MENAaTOHWHIH a3 KOHIIEHTPalUsSCHIMEH
(2TKJ + MT (5 wr/kr)), 6- Tom 2-TUNTI KaHT
MadeTi TyIBIPBUTFaH JKOHE MEJTATOHUHIH KOFaph
KOHIIEHTpanusAckiMeH emaenreH Tonrapra (2TK+
MT (10 mr/kr)) xypri3ingi. Op TOKipHOETIK TOI-
Ta KEMIHJE Ceri3 ereyKyHphIK, OapibIK KaHyapiap
21-23°C TemmepaTypana, CTaHAAPTTHl TOJHUIIPO-
NUIEH TOpJapblHAa YCTalAbl XOHE OJlapFa CTaH-
JApTTHI 3€pPTXaHANBIK TaMak MeH Taza cy Oepiimi.
Menaronnn 100% STun  cnMpTiHe — epiTimim,
100 mr cyra 10 Mr memaToHWH KaThIHACBHIHIA
Oepingi. Ereykyipsikrapasl 3¢up epiTiHgiciMeH
KaHCBI3IaHIBIPHI, KaH yirinepi EDTA Tytikrepae
MOUBIH KOHE KYMPBIK BEHACHIHAH  AJBIHJBI.
Capeicynmap 15 wmumyt O6oitel 3000  aita/muH
neHTpudyranaynan kelin OemiHim, OMOXUMHUSIBIK
anpIkTay yiria 20°C Temneparypana cakTasibl.

KanT nuabeTi aHBIKTalIFaHHAH KEHiH KaHIaFbl
TIIFOKO03a AieHreii enmeni. Erep KaH KypaMbIHIarbl
TIIIOKO3aHbIH, AeHreidl 250 Mr/mi-ke KeTrce KaHT
nmuaberi Oombmn ecentenexi (1 cyper). bapmbik
9KCTIEPUMEHTTIK TONTAp SKCIEPUMEHTTIK XKOCTapFa
coiikec aTajibl )KoHEe HOMIpIICH]II.

2.1. KaHHBIH TeMaTOJIOTHSUIBIK KOPCETKILITEPiH
3epTTey dIicTepi

KaHHBIH reMaToNOTHSAJIBIK  KOPCETKIIITEpiH
Oaranay YIIiH aBTOMATThl BETEPHHAPHUSUIIBIK rema-
TOJIOTHAJIBIK ~aHanu3aTopbl Abacus Junior Vet
(ABcTpus) XKoHE TIIIOKO3aHBI OJIIIeY YIIiH TIFOKO-
metp Element (Kopes) kommaHbUIBIN, KaHHHBIH
KBI3bUT KJICTKAJapbhlHAH JICHKOLUTTEPIIH KaJIIbl
CaHbl, SPUTPOLUTTEPAIH KaJIbl CaHbl, FEMOTIIOONH
KOHIICHTpAIMsIChl, TeMaToKpuT Kepcerkimi (%),
TPOMOOLUTTEPAIH Kallbl CaHbl, TPaHyJIOLUTTED,
TUMQPOLIUTTEP, MOHOIIUT KOPCETKIIITEP] aJIbIHIBI.

2.2. KaHHBIH OHMOXMMUSIIBIK KOPCETKIITEPiH
3epTTey dMIicTepi

Buoxumusanelk kepceTkimrepai Tanpay Di-
mension Xpand Siemens (I'epmaHus) aBTOMAaTTHI
BETEPUHAPHUSAJIBIK OMOXMUMHUSIIBIK aHANM3aTOPBIHAA
KYPTi3ingi, KaH CcapbICybIHaH JKajlIbl HOPYBI3,
anpOymMuH, HecermHop, kpeatuHuH, ANAT, AcAT,
XOJIECTEPHH, J>KaNNbl OWIHPyOWH, TPUTIWULEPUT,
HATpHid, TIO0YJIMH MeJIepi >KOHE MHUKpPO- KOHE
MaKpOdJIEMEHT JICHT €l aHBIKTAJIIbI.

Kanyapnapra sxacanraH OapiblK ic-1apanap
«OKCMEPUMEHTTIK JKaHyapliapra >KYMBIC XYPTi3y

OuosTHKa epexeci» OoibIHIIA
CaKTaJbIN iCKe aChIPBIIIBI.

ToxipubeneHn kediH eMmip cypyre Kabinmercis
xkaHyap «XKaHyapiap[plH 3BTaHA3USCHIHBIH OSTH-
KaJIbIK €PEXECIHIH» HhICAHBIHA COWKEC JIep Ke3iHe
SBTaHU3AIMIIAYFa YITHIPATHUIIBL.

BUONMOTHANBIK KaIABIKTapabl KO0, Tipi opra-
HU3MJICPMEH JKOHE OMOJIOTHSUIBIK TiHIEPMEH (Ma-
TEepHUAIIaPMEH) JKaCaJlFaH DKCIEPUMEHTTEP HOTH-
JKeciHme kaHOaWTBIH OeHOpraHUKaNbIK KaJJIBIK
maiia OoiraHra JCHIH ©3re € KOJDKETIMAl TeX-
HUKAJIBIK 9IICTEPMEH KO3/ICJITCH apHaibl KOHIBIPFBI
WHCUHEPATOP/Ia Kary dJIICIMEH ¥KY3ere achlPbUIJIBL.

Kaiita emmey — Oyn Kazakcran Pecmy0-
JIUKACBIHBIH BETCPUHAPHUSIIBIK CAHUTAPUSIIBIK Ca-
JayaTThUIBIFBI VIIIH, JYPBIC OPBIHIATYBI KaXeT
mapT Oonbln TaOBUTATBIH OipKaTap ic-Lmapanap
CEpUSCHL.

Hotmxenepai  craTUCTHKaNBIK —oHIAEY MS
offis Excel 2007 OarmapiamacbIiHBIH KOMETIMEH
xyprizinni. Oprama, KBaApaTTHIK >XKOHE CTaH-
MApTTBl ayBITKyNap, oOpTama >XoHE MalbI3IbIK
alBIPMaIIBUIBIKTAP aHbIKTANIABL. Duiiep-CThIOACHT
KPUTEPUITiH KOJIJITaHa OTHIPHII, CAJTLICTHIPBLIFAH TOTI-
TapJIbIH KOPCETKIIITepi apachIHIaFbl albIpMalllbl-
TBIKTBIH IYPBICTHIFBIH aHBIKTaFaH Ke3/Ie JKoHe
esrepictep p<0,05 ke3iHae TypbIC ACT CaHAIbI

KaTaH TypAe

3epTTey HITHAKEIIEPI JKIHE 0JIAPABI TAIAAY

Exiami TtunTi  kKaeT gwmaberi  Oap  erey-
KYUpBIKTapJla KaHT Jua0eTi WHAYKIUSChIHAH
keifin 15-20 KYHHEH KeWiH TJIIOKO3a JCHICHiHIH
alTapipIKTall JKOFapbUIaybIH KepcerTTi, Oy Oa-
KbUIAy ereyKYHUpPBIKTApbIMEH CallbICThIpFaHaa T'H-
MIEPIIIMKEMHUSIHBIH  JaMybIH Kepcetemi. [Joko3a
JKOFapblUIaFaHHAH KeWiH MEJIaTOHWH KaObLIJaraH
TONTAa MEJIATOHMHHIH anTa CalbIHFBl KaHIarbl
[JIIOKO3a KepCeTKimTepi OOWBbIHINA —e3repicTep
Oaiikanael. MT- MEH emjenreH aMa0CTTIK erey-
KYHPBIKTApIbl eMIEIMEreH AnaleTTIK ereykyii-
PBIKTapMEH CaJbICTHIPFAaHAAa KaHIAaFbl TIIFOKO3a
JIEHTCHIIepiHIH JKOFapbUIayblHA aWTapIIBIKTal Ke-
Jiepri kenrtipai, Oipak JneHrewnep aii je Oakbuiay
TOOBIHA KapaFraHJa >KOFapbl OOJABI. AJl KaJBINITHI
xkarmaiga (5 mr/kr, 10 mr/kr) MT kaOwiimaraH
EreyKYHpBIK TONTAphlH Oakpliay TOOBIMEH cCa-
JBICTBIPFAaHIA TJIIOKO3a JICHrelyiepli  e3repreH
JKOK.
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Exinimi THOTI KaHT qua0eTi Ke3iHaeri reMaToNOTHSIBIK JKOHE OMOXUMUSUTBIK KaH KOPCETKIIITEPIHE ...
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=
g 2
o
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S o
o 5 KyH 10 kyH 20 ky" 28 kyH
= BaRHITRY TOI s Bargray Tonm +MT (3 Mr/ET) Barsrtay Tom -MT (10MD'5T)
1-cyper — /lnaGeTTiK ereyKyHpBIK YITICIHAET] 9K30T€H/IK METaTOHUHHIH
arrta CallbIHFbI KQH/IaFbI TIIF0K03a JCHIeiiHe acepi
Kant nuaberiHe manaplKKaH JKaHyapilap-  KYPBUIBICBIHIA OYHpeEK, OaybpIpa Maii )KHHATFaHBIH
Jla TEK TJIFOKO3a KOpCEeTKillli FaHa eMec, MiHE3-  aHBIKTaJbIK. byJl e3repicTep OpbIH ajFaH TIOKO03a

KYJIBIKTApbIHAa Jla  ©3repiCTep  aHBIKTAIJBl.  MOJIIEpIepiH TOMEHJEr CypeTTeH Kepe anambl3
JKanyapnapna arpeccus Oabikanmasl, an imki (1 cyper).

1-kecte — ToxipOuenik TonTaparsl FeMaTOIOTMSUTBIK KOPCETKIIITEP

Kepcerkimrep Bakbuiay Ton | bBakpuiay Ton+ | Bakpliay ton+ | 2 THI KaHT KI2T+MT | KI2T+MT (10
(n=28) MT(5 mr/kr) | MT(10 mr/kr) nuaderi (5 mr/kr) (n | wmr/kr) (n=8)
n=238) m=38) n=238) =8)
Tlei 10° 3,7+04 4,1+£0,8 3,5+0,15 13,1 £0,1%** 9,2+0,19 8,5+ 0,3%*
EHKOLIUT X /n
Jlmvmdonut (%) 70,2 £0,22 69,1 £0,2 69,8 £ 0,38 489+0,24 51,3+£0,72 60,2 £ 0,20*
I'panymnonur (%) 7,9+0,8 8,2+0,38 8,5+0,7 39,5+04 35,6 £0,37 30,3+0,26
Mownomnwr (%) 2,5+0,28 2,9+0,5 3,1+0,13 11+£0,71%* 9,7+0,23 10,3 +0,08
5 10° 5,65+0,3 6,42 + 0,27 7,3+0,41 8,3 £0,43%* 7,8 £0,40%* 7.4+04
PUTPOLUT X+ /1T
T'emorno6uH (r/1m) 130,1 +£0,20 131+£0,12 130+£0,27 136 £0,27 132+0,3 127 £0,21
T'emaroxpur (%) 38+0,3 36+0,3 35+£0,21 43 +£0,49 40,2+0,7 39,9+0,3
T 10° 462 + 1,27 460 + 1,36 458 £ 1,26 520+ 1,07* 473 +1,32 460 + 1,72%*
pOMOOIIHT X /n
Eckepry: *- P<0,05; ** — P<0,01; *** — P<0,001
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A.E. EcenbekoBa xoHe T.0.

Kan mapamerpnepiHn 3epTTey JCHCAYJBIK
JKarJaiblH OarajayiblH KEH TapajfaH, COHbIMEH
KaTap HETi3Ti o1 MEUIIMHAIBIK Kypaibl OOJIBII Ta-
Opu1apI[25]. ONMKaHHBIHOPTYPIi KOMIIOHEHTTEPIHIH
GYHKUMSUIApDBIH  €IKEH-TerXeWal  CHIaTTalabl
[26]. Dpurpommrrep (RBCs), remormobun (HB),
rematokput (HCT), kanT nmabeTiMeH aybIpaThiH
ereyKyMpbIKTapJa aWTapiblKTald >KOorapbliaraHbIH
kepcerTi. Anaiina, 5 mr/kr, 10 MI/Kr MenaToOHWH-
MEH emJiey OapJIbIK TOMEHIETCH KOPCETKIIITEePIiH
affTapnpIKTail KanmelHa Keayid kepcerTi. COHbIMEH
KaTap TPOMOOIUTTED, ICHKOIUTTEP XKIHE TPAHYIIO-
IUT KaHT quabeTiMeH aybIpaThlH ereyKYHPBIKTapaa
alTapibIKTall JKOFapblIaraHbIH KepceTTi. Memna-
TOHHUHAI OK30T€HAIK €Hri3y JUMQOLUTTEPIiH,
TPOMOOITUTTEPIIH, JCHKOIUTTEPIIH JKOHE TIpa-
HYJIOIIUTTEP/IIH OaKplIay JEHTeliHe KaThICThl OaH
opi yIrarobiHa Ko oepmeri (2 kecre).

I'emMaTonoTUsIBIK ~ KOPCETKIIITEPAI  3epTTey
KaHyapiapaslH KaH KOpCEeTKIMTepiHae TeK KaHT
IuabeTiH aHBIKTAy YVIOIH FaHa KYpPri3iiMeini.
Kanr nmaberiMeH aybIpaThIH ereyKyMpBIKTapaa
TeMOTJIOOWH JeHreii Oakbuiay TOOBIMEH CajbIC-
TBIpFaHJa auTapJbIKTall *Korapbliaabl. JlereHMeH,
MEJIAaTOHMHJI KaObuIJay TeMOTJIOOWH JICHTeHiH
afTapibIKTall KajmblHAa KenTipai. bynr remorio-
OMH TIUKO3WIJeHYiHe OalIaHBICTEI T'eMOTJIO-
OMH NeHTeHiHIH TOMEHICYIH TYCIHAIpei KOHE O
KaHT JuabeTiMEH aybIpaThlH ereyKYHpBIKTapaa
HbAlc-re aifHamaapl. APTHIK TIIIOKO3a OCIOKTHIH
aHOMaJbJi TJIMKO3WINEHY cebenTepiMeH ope-
kerrecemi [21]. ¥3ak mepsimmi awabeTTiK JKar-
Al  TIUKO3WIJCHTeH TeMOIJIOOWH  JCHTCHiH
KOFapbuIaTaspl. JlereHMeH, SK30TeHIK Menaro-
HUH  JKacylIaJIapbIHBIH WHCYJIUH CEKPEUHUSICHIH
KaJIbIHA KETIPY *KOHE KYLICHTY apKbLIbl TITFOKO-
3a JICHreiiH TeMeHIeTyi MyMKiH. KaHT nmuaberinze
KaJIBINTHl TEMOTJIOOWH JEHreii IKOFaphUIalbI,
OyJ1 SpUTPOLMTTEPIiH KBI3METIH TEXKEYi MYMKIiH,
COHBIMECH Karap OYJI >KacymIajJapAblH eMip Cypy
Y3aKTBIFBIH ©3IepTYi MYMKiH, OYJI SpUTPOLUTTEPAIH
TY3UTYiHIH KOFapblIaybIHA dKeJedl. DPUTPOIUTTED
JICHTeHiHIH TeMeHJeyl jKacyllanapaa OTTeri MeH
KOMIPKBITIIKBUT Ta3bIH TAChIMAIZIAy CHUSKTHI KeHOip
THIHBIC aly TpoOJIeManapblH TYIBIPYBl MYMKIiH.
Kant nmaberiMeH aybIpaThIH eTreyKyMpBIKTapaa
OakplIay TOOBIMEH CANBICTHIPFaH/Ia SPUTPOLUTTED
CaHBIHBIH alTapIIBIKTall TOMEH Y1 OalKaII b,

KanT nuabeti ke3iHme 3pUTPOLUTTEPIiH TY3i-
Tyl MeH KOWBIIYbl apachblHIaFrbl Teme-TeHIiK Oy-
3BUTATHIHBI OaiKanajpl. bipak, AuabeTTiKk TomKa
SHTI31ITeH DK30TCH/IIK MEJaTOHUH OaKplIay TOOBI-
MEH CaJIBICTBIPFAaH/Ia KBI3bUIT KaH jKacyllaJapbIHbIH
caHbIH OipmramMa apTTeIpabl. by

I'moko3a romeocTasblHAAFbl  MEIaTOHWHHIH
PeIi reMOrTIOOMHHIH TIMKO3WIICHY JKbULIaMIBIFbIH
OongsipMayFa xKoHe OakblUIayFa KOMEKTEce .

Kant quabGetimeH aybIpaThiH ereyKyHpbhIKTapaa
JCUKOLMTTEPAIH Kbl CaHBIHBIH OHE OHBIMEH
0alIaHBICTHl ~ AHHBIMANIBUIAPJBIH  KOFAPhLIAYBI
Oatikannel. bipak Oacka 3epTreyiepae KaHT auaderi
Ke3iHJe JICHKOIUTTEP MEH JTUMOOIUTTEP/IIH CaHbBI
azaifraHblH xalapiaraH OYpPBIHFBI 3€pTTEyJIepMEH
cotikec kememi [22]. Jletikonutrep MeH JmMdO-
LUTTEP CaHBIHBIH TOMEHJEYl CyHeK KeMiriHmeri
TIEHKOITUTO3ABIH TOMEHIIEYIMEH OaiTaHbICTBI 00-
JTyel MYMKiH. By Texxenren nelkounTo3 mporeci
WHOEKIHAIaH KOPFAHBICTBIH TOMEHICYIHEH TYbBIH-
naysl MyMKiH. KaHT quaOeTiMeH aybIpaThlH erey-
KYHUPBIKTap TOPT anTa OOWBI Y3MIKCi3 KaObUIIaraH
MEJIATOHUH/II 9K30TeH/IIK €HT13Y, JIEHKOLUTTEP MEH
TMMQOIUTTEp CaHBIHBIH KAIBINTHl JIHATa30HFa
JICHiH alTapibIKTall KaJNbIKa KEJTeHIH KOpPCEeTTi.
Co3puIManbl Hamap TIUKeMHSUIBIK Oakbliay HH-
CYJIMHHIH XeTiCIeYyIIJIriHeH TybIHaal s [23].

OpUTPOLUTTEPiH, TE€MaTOKPUTTIH, TE€MOTJIO-
OMH XOHE ASPUTPOLUTTEPIIH TYHY KBUIJaMIBIFBI
TOMEHICYl aHEMISUTBIK JKaFIalIbl JKOHE TEeMIipIIiH
TOMEH/ICYiH KepceTedi. MenaToOHMHMEH eMJey
aHEeMUsFa KapChl KACHETTEP KOPCETyl MYMKIH, Oy
OHBIH JJICKTpOHFa Oail MHIION CaKWHACHIHA JKOHE
METall WOHJApPhIMEH KOHBIOTAIMSICHIHA Oaiia-
HBICTBL Ooyybl MyMKiH. KanT nuaberiMeH aybl-
paThIiH  eTeYKYUPBIKTapAbl Oakpuiay TOOBIMEH
CaNIBICTBIPFaHa JICHKOUMTTEp CaHbl aUTapIBIKTAl
ocTi. by omapaplH KameIThl  (HU3HOTOTHSITBIK
nporecTepinaeri keibip e3repicTepai KepceTesi.
AFBIMIAFBl 3epPTTEYIIH HOTIDKEIEpI KaHT IHadeTi
YBITTBI KOPiHICTEp MEH UMMYHHTETTIH OY3bLIYBIH
TYIBIPATBIHBIH KepceTTi. JIeWKOouTo3 aypynbiH
aybIpJIBIFBIMEH Tikenel OalaHBICTBI JKOHE JeH-
KOIIUTTEPAiH OarbITTHI JKOFaphUIAYBIMCH OalaHbI-
cTbl Oomysl MyMKiH. KanT nuaGeriMeH aybIpaThiH
ereyKyhphIKTapia JTUMQOIMTTEp CcaHbl erey-
KYHpBIKTapasl Oakpliay TOOBIMEH CalbICTBIPFAHIA
ailiTapneIkTait ecti [24].
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Exinimi THOTI KaHT qua0eTi Ke3iHaeri reMaToNOTHSIBIK JKOHE OMOXUMUSUTBIK KaH KOPCETKIIITEPIHE ...

2-Kecte — Toxipube TonTapbHIarsl OMOXMMHSIIBIK KOPCETKIMITEPIiH IeHreiiepi

Kepcetkimrep Baksbiiay Ton (n | bakbliay ton+ | bakbiuiay ton+ | 2TK/ (n =8) | 2TKA+MT (5 | 2TKA+MT (10
=8) MT(5 mr/kr) (n | MT(10 mr/kr) Mmr/kr) (n =8) | mr/kr) (n =8)
=8) (n=8)
YKamner HopyBI3 (T/11) 61,3+1,0 62,2+0,8 66,1 +£0,9 43,3 +£0,9%* 47,1 +0,7 49,8 £ 0,25%
AnsOymuH (1/71) 39,2+0,43 43,1+0,2 45,8 £0,38 19,5+£0,31%* 20,1 £0,2 23,1 +0,74*
Hecemnuap (MMoIb/1) 3,5+0,9 3,2+0,41 2,9+0,11 14,8+ 0,6 9,8+ 1,0 6,5+1,1
Kpearunun 61,0+ 0,71 53,3+0,5 52,6 +0,9 96 +0,32 78,2+ 0,71 72,3 +0,56
(MKMOJIB/IT)
AnAT (ME/n) 56,2+0,5 57,3+0,27 59,4+0,41 102,2+0,8 98,8 £ 0,63 98,1 +0,75
AcAT (ME/n) 201,8+1,1 203,1+0,12 207+ 0,3 346,1 +£0,23 327,1+0,5 314,8£0,6
Xonecrepux 2,7+ 0,9 2,3+£0,3 24 +£0,8 14,6 £0,5* 8,7+0,1 4,8 £0,9%*
(MMoOITB/1T)
YKannel OunupyOuH 0,9+1,1 1,1+1,3 0,8+1,3 49,9+ 1,1* 56,7+0,9 31,8+1,3
(MMoOIB/IT)
Tpurnuuepun 2,8+1.2 2,1+1.2 2,0+£0,7 5,840,8%* 43+0,7 2,8 £0,3%*
(MMoOITB/1T)
Harpwuii (MMOJTB/1T) 147 +1,1 150,1+0,9 153,5+1,0 98 +1,2 101,3+£0,7 120+ 0,9
TnoGynus 1/ 44,8 £ 0,6 453+0,9 473+0,3 23,2 £0,6%** 25,1+0,5 29,4 +1,0%*
Eckepry: *- P<0,05; ** — P<0,01; *** — P<0,001

Kant nuaberiHeH TybIHIaFaH TJIOKO3aHBIH
YBITTBUIBIFBl JKAIIMBl OMIMPYOHH, JKajlImbl aKybi3
MOJIIepi ereyKyHpBhIKTapaslH Oakpuiay TOOBIMEH
CaJIBICTRIpFaHAa aWTapiIbIKTal TOMEH OOoNIbl (Ke-
cre 2). CoHbIMEH KaTap MeJaTOHUH MpenapaTbiMeH
KOppeKIusIaraHHaH J>KOFApBIAAFrel KOPCETKIITep
MOHi OakplIay TOOBIHBIH KOPCETKiIliIMEH TEHECKEeH
MKOK.

Kant nuabGeriMeH aybIpaThlH HayKacTapjaa KaH
CapbICyBIHIAFBl OWIMPYOMH IEHTEeHiHIH aiTap-
JIBIKTAl JKOFapbUIaybl OaiKayibl, an JUa0CTUKKE
EHTI3UITeH JK30TeHAIK MENAaTOHWH KOCIHachl Ou-
JUpYOMH KYPaMbIHBIH aWTaplIbIKTail  KaJIblHA
KeIyiH KOpCETKEH JXOK. bmmmpyOwH kaTabomm3m
KOHE DPUTPOLUTTEPHAIH BIABIPAYBl MpPOLECIiHAES
TY3UIedi KoHe Oayblp apKbUIBI IIBIFAPhUIATET [25].
Hemek, OnnupyOuHHIH OaybIpABIH KaJbIOTHl (QH-
3UONOTHAIIBIK  (DYHKIIUSIIaphIHA apanacybl KOCHI-
JIBICKA J1a, UIBIFAPBUTY KbUINAMIBIFBIHA JIa 9cep
ereni. CoHBIMEH KaTap, OWIMpYOWMH IEHTEHiHIH
JKOFapbUIaybl  OaybIpAblH (QYHKIIMOHAIIBI JKaF-
JIlaiblH, COHMAM-aK ar3ajilaH aKybI3JlapJbl KOIOJIbIH
XKaJmsl OnoMapkepi 00JbIT TaObLUTaAbL.

KpeatnHUH KOHIICHTPAIUACHIHBIH KOPCETKIIITi
0akpiIay TOOBIMEH CAJIBICTBIPFaHNIA  KaJbIIITHI
JKarmala MEJaTOHWHHIH OpTYPJi KOHIICHTPAITHs-
ChIH KaOBUIJIaFaH ereyKYWPBIKTAPBIHBIH TOOBIH/IA
TOMEHICTEHI, aJl TMa0CSTTIK TOIIEH CATBICTBIPFaH 1A
afTapibIKTal )KoFapiaaraHbl 0alKaIbl. OaKbLIAYIITHI
TONKAa KaparaHia KaHT JIuHa0eTiMEH aybIpaThliH
ereyKyHphIKTapa aiTapibikTail sxorapeuiaasl. Co-
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HBIMEH KaTrap MeJaTOHWHAI OepreHHeH KeWiH Kpe-
ATUHUH KOHIICHTPAIUSACHIHBIH MOJIIIEPi TUAOCTTIK
ereyKYMPBIKTADMEH CaNBICTBIPFaH/Ia €Keyi Je P
<0,05 Temenaemi.

Hecenmnopain Memuepi 0akpuIaylIbl TOIKA
KaparaHaa KaHT »ara0eTiMeH aybIpaThlH erey-
KyHpbIKTapJa alTapiblKTail korapbuiaisl. Anaiaa
Tek MenaToHuHHIH (10 MT/KT) )KOFaphl KOHIIEHTpA-
IUSACBIH OCPreHHEH KeHiH HeCemHOpIiH Meepi
(p<0,01) nmabeTTiK TONIEH CaANBICTBIPFAHAA aii-
TapibIKTaii TOMEHJeN, Oakpuiay TOOBIHAFbI
MOHTE ColKec Kemmi. A TeK KaJbINTHI JKarmaiaa
MEJIATOHHHHIH 9PTYPJIi KOHICHTPAIMSICHIH KaObLi-
JlaFaH TOI ereyKYWPBHIKTapHIHBIH HECENHIp KOH-
HEHTpaUsIChl 0akbuiay TOOBIMEH CaJbICTBIPFaHIA
TOMEHIETeHI Oaitkaapl, Oipak KaJIbIIITH KOPCETKIII
MOHIHE KaKbIH.

AnAT xome AcAT wemmepi OakbUIAyIIBI
TONKA KaparaHJa KaHT JHa0CTIMEH aybIpaThbiH
ereyKyhupbIKTapAa alTapiblKTail >KOFapblIajibl.
Anaiina menatoHuHAi OepreHHeH kewiH AnAT
meH AcAT nmeHreiti muabeTTiK ereyKyHphIKTapMeH
canbpIcThIpFanaa exeyi ne p <0,05 temenaeni.

Kanr muaGeriMeH aybIpaThIH ereyKYHPBIKTap
toObiHAa Tpuriauuepun (TG) sxoHe XonecTepuH,
KOPCETKIMTEPIHIH aHTapibIKTall JKOFapbUIaybIHA
0aliIaHBICTBl KAIBINTHl €MEC JIMIHJ TPOQIITiH
KOPCETTi, a1 MEJIaTOHWHMEH (eMICITeHHEH) KOp-
peKIUsUIaFaHHAH KeWiH oJlapAblH 2 THUNTI KaHT
nrabeTiMEH aybBIpaThIH E€TeYKYHPBHIKTap TOOBIMEH
CaJIBICTBIPFaHa Oy KepCeTKIIUTepAiH MeJjiepi




A.E. EcenbekoBa xoHe T.0.

alfTapnbpIKTail TOMEHIENl, SFHU Oakpuiay TOOBIMEH
CaJBICTRIpFaHAA 2 THINTI KAHT MUa0EeTIHE A ABIFBIIL,
MEJIATOHMHMEH €MJICITeH ereyKYWPHIKTap TOOBIH-
Jla JMIUAATEP MEH JIMIONPOTEHATEP aaMacybIHbIH
Oy3bUTYBI Kakcapbl. KaH capbICybIHIAFbl JIATU-
tepai mpoduiai Tek MT KaObuigaraH ereykyii-
pBIKTapia aWTapibIKTalk e3repreH koK (3- ke-
cre). 2TKJ Tyre3putbin, apteiHad MT (10 mr/kr)
JKOFapbl KOHIIGHTPAIUSICHIH KaObLIaFaH TOITHI
MT (5 Mr/kr) KOHIIEHTPaLUMSICHIH KaObUIIaFaH TOII-
MeH CaJBICTHIPFAHAa aNTapIBIKTAll JKaKChl dcep
KOPCETKCHIH OaitkaliMbI3.

DJEeKTPOIUTTEPAIH CaHIBIK KOPCETKILIH 3epT-
TEy Ke3iHJIe HATPpUi aHATM3iHIH MeJIepi OakplIay
TOOBIHA KaparaHJa KaHT JAHa0CTIMEH aybIpaThIH
eTeYKYUPBHIKTap/Ia alTapasIKTall ToMeHae . Aaii-
Jla METIAaTOHUH/II OCpreHHEH KeiiH HaTpuil JeHIeii
muabeTTiKk  ereyKyWphIKTapMEH CallbICThIpFaHIa
skorapeutagpl. Ochl  TONMTap apachblHIa MHKpPO-
KOHE MAKPOIJIEMEHT JIeHTeliH 3epTTey OaphICHIH-
Jla CTPENTO30IUHHIH 3EPTTENETIH AIEMEHTTePIiH
KYPaMbIHIaFbl ©3M€PiCiH TYAbIPATHIHBIH aHBIKTAIbI.

Ocpinaifia, CTpENTO30IMHII CHTI3T¢HHEH KeWiH
15-mm1i KyHI )aHyapiapaa HaTpuii neHreiinin 9,4%-

Fa XoHe KanuimiH 35%-Fa azaliraHbl aHBIKTAJIIBL.
AT KaHT nuabeTiHe MANIBIKKAH ereyKYHpPhIKTapFa
EHTI3IIreH JK30T€HOIK MEIATOHUH KOCIAchl Ha-
TPUI JEHTEeWiHIH KallblHA KeMyiHe ocep ETKEH
JKOK, KEepICiHIIIe KaTMITiH ICHT CHiHIH alTapIIbIKTai
KaJIITbIHA KeTyiH kepceTTi. KanT muaberiMeH aybipa-
TBIH ereyKYUPBIKTAPABIH KAaHBIHIAFbI KaJIbIIHi KOH-
nentparusicel 5,30 = 0,07 Monb/nm Aeiin Oakpuiay
TOOBIHA KaparaHaa KOrapbuiajabl (0aKelIay >KaHy-
apmapsrana 1,95 +0,06). Anaiina menaToHUHII Oep-
TCHHEH KEWiH KaHBIH/IaFbl KaJbIHii KOHIICHTPAIHS-
CBI TNA0ETTIK ereyKyHphIKTapMeH CalbICTBIPFaH/a
ekeyi ae p<0,05 sxorapeimanel. byn perre kammid-
kapmid  koddumuentinig moHi 0,37-re  nelin
TeMEH/Ie1, al OaKbuIay skaHyapaapbeiHaa Oy Kodd-
¢unwment 1,6 6omapl (3-kecte).

KanTt muaberi TYFBI3bUTFaH ereyKYHPBIKTaPIbIH
KaHBIHIAFbl MBIC, TEMIp JKOHE MBIPBIIITHIH Kypa-
MBIH 3epTTey Ke3iHae MbIC JeHreliniH 8,44 =+
0,32 Mxmonw/n -Te aeitin, (Oakpimay Tomra 9,08 +
0,14 mxmounbe/n p < 0,01), Temipnin 31,86 + 2,65
MKMOJIB/IT IefiiH (6axpiiay ToobrHaars: 41,39 + 0,43
MKMOIb/I-Te , p < 0,01) sxoHe MbIpbim 22,56 + 0,36
MKMOJTB/JT ACHIH TOMEHEY1 TipKeIIi.

3-Kecre — CTpenTo301IMHMEH HHAYKLIUSUIAHFAH KaHT quadeTi 6ap ereyKyiphIKTapablH KaH CapbICyBbIHAAFbl MUKPO- )KOHE

MaKpO3JIEMEHTTEP/IiH MeJIIIepi

Kopcerximep BaksbL1ay Tomn (n = 8) Bakspliay ton+ MT(10 2TKA (n=38) 2TKA+MT (10 mr/
Mr/kr) (n = 8) Kr) (n = 8)

Hatpwuii, MMosb/it 187,50 £ 1.27 180,44 + 1,27 169,90 + 7,03** 154,40 £ 5,58**

Kaunuii, MMosb/n 3,049 £0,16 2,85 +0,25 1,98 + 0,12** 2,30 £0,13%*

Kanb1uii, MoJib/i1 1,95+ 0,06 1,74 £ 0,064* 5,30 £0,07** 5,95+0,25
MBIpBbIII, MKMOJIB/JT 26,50 + 1,60 25,59 + 1,59 17,09 + 0,87** 22,56 £ 0,35%

Temip, MKMOJIB/JT 42,74 +£ 0,45 41,39+0,43 31,86 £ 2,60%* 53,58 £1,91*

MEIC, MKMOJIB/IT 9,25+0,11 9,08 £0,14 8,44 + 0,32%* 8,75 + 0,60*
Eckeprty: *- P<0,05; ** — P<0,01; *** — P<0,001

CrpenTo30lMHMEH  WHAYKOWSUTAHFaH — KaHT
muaberi Oap KaHyapiapAblH MHKPOAJIEMEHTTIK
KypaMblH 3epTTey OapbiCbIHOAa MaKpo KOHE
MHUKPOAJIEMEHTTEePAIH KYpaMBbIHIAFrbl Oy3bLTyIap
Oalikasbl. MBIpBIII, MBIC K9HE TEMIpJIiH TOMEHEY1
Oipkarap (yHKIMOHANABI XoHE MOP(HOIOTHSIBIK
Oy3bUTyJIapMEH TYCIHAIPLTY1 MYMKiH. MBICAIIbI, MBI-
PHIII YHAKBI 0€3i KacylraaapblHa WHCYIWH]II CHH-
Te37eyAe, )KHHAKTAy1a )KOHE OHBI OOl MIbIFapyaa
MaHbI3pl pesl arkapaisl [26]. MHCynuH YHKbI
0e3iH/Ie «MBIPBIIL-MHCYITUH» KEIIeH] TYPiHe )KUHA-
Jajpl, OHBIH KypaMbiHja mamaMeH 0,5% Kypaiabl.
In vitro 3epTTeynepae MBIPBILI HHCYJIHHHIH JKacy-

ma MeMOpaHachIMEH OalIaHBICYBIH apTThIPAJBbI,
JTUTIONN3TI TeXKEH 1 )KOHE JTUTTOTEHEe3 /T apTThIPAIBI,
opi Kapaii TIII0OKO3aHBIH TachbIMaJIaHybl, COHIai-aK
AJIUTIONUTTEPJIET] TOTBHIFY KOFApbUIAiIbl. MBIphIII
TaNIIBUIBIFEL 0ap ereyKyHphIKTapaa MPOUHCYIUHI
WHCYJIMHTE aWHaIIBIpaThlH  KapOOKCHUIICTITHIa3a
(hepMeHTIHIH OCJICEHAUTITI TPUTICUH OCJICCHTLTITIHIH
100% xoMITEHCATOPIIBIK JKOFApBIIAYBIMEH €Ki ece
TeMeHaei 1. Cebebi MBIPBIIT HOHAAPHI O1p )KaFbIHAH
MIPOWHCYJNHHIH epITiIlTITiH apTTHIPaabl, eKiHII
JKaFbIHAH WHCYJIMHHIH epITIIITITIH TOMEHACTE ],
SIFHM WHCYJIMHHIH TYHJBIPBUTYBl MEH KpHUCTaia-
HYBI MBIpBIIIKA Toyenmi [27].
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KopbITBIHABI

Y ChIHBUIFaH JICPEKTEP HHCYJINH CEKPEIUACHIHBIH
TOYIIKTIK BIPFAKTAPBIH )KOHE TITFOK032 TOMEOCTa3bIH
peTTeyeri MeNaTOHUHHIH HET13T1 POIiH KOpCceTe/i.
OcBl 3epTTeyAiH HOTHXKENepiHe CYWeHEe OTHIPHI,
KaHT Jua0eTi JKajmbl JKaCylIaNIbIK aKybI3JIbIH,
TJIMKOT€HHIH KYpPaMbIHAAFbl OY3bUTyJapAsl  Ty-
JBIpasibl JIETeH KOPBITBIHABIFA Keni. COHBIMEH
Kartap, OyJ1 KaHT TuadeTi KaH caphICyBIH/IaFbl DJIEK-
tponutTep iy (N+) ®KoHE MaKpO-MUKPO DJIEMEHT-
TEPIiH, JKaIIBl KaH MPOQIITiHIH 63repyiHe oKeei.
BHOXMMUSIITBIK KOPCETKIIITEP MEH FeMaTOJIOT USITBIK
KOPCETKIMITEPiHiH Oy e3repicTepi (PH3HONOTUSIBIK
MPOLIECTEPAl TEXKEW I (aHEMUSI, OTTErl ChIMBIMJIbI-
JIBIFBI, IMMYHHUTET TAIIIBIIBIFBl KE€31HET] QJICI3MIIK

JKOHE JKapaHbIH JKa3bUTYBIHBIH Kemriryi). Memnaro-
HAHMEH eMJIey Kbl KaH MpOoUIiHIH OaKbuiay
JICHTeHiHe >KaKbIH ©3repiCTepiH KaNIbIHA KENATIpAi.
2 tunTti KaHT awaberi ’muQuU3Ieri TOYIIKTIK Me-
JATOHWUH OHIPICIHIH >XOHE KaHIAFbl MEJIaTOHUH
KOHIICHTPAIMSACHIHBIH OY3bUTYBIMEH CHIIATTAJIa]Ibl.
OKCIEpUMEHTTIK AdJIeNIep MEIaTOHMHHIH [-Kacylia
TUCQYHKIMSICEIH a3alThII, 2 THUNTI KaHT JUAOCTIHIH
JIaMYBIH ’K9HE OHBIH aCKbIHYJIAPBIH KELTKTIpY1 MYMKIiH
ekeHiH kepceremi. KaHt amaOeriHmeri MenaTOHWUH
CEKPELMSCHIHBIH, OY3bLTYBIHBIH MaTO(QU3HOIOTUSITBIK
perm JKoHE OCBl TOPMOH/BI TEpPameBTIK KOJIaHy
MYMKIHAITT KOCBIMIIIA 3ePTTEYIi KAKET eTe/i.

Myanenep KaKThIFBICH — aBTOpIIapAa MYAEIep
KaKTBIFBICHI YKOK
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